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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year
from date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable
batteries, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise thiswarranty, write or call your local Keithley representative, or contact Keithley headquartersin Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility. Repairswill be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeabl e batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PRO-
VIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NORANY OF ITSEMPLOYEES SHALL BE LIABLE FORANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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NELENSY Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read and follow all installation,
operation, and maintenance information carefully before using the
product. Refer to the manual for complete product specifications.

If the product is used in a manner not specified, the protection pro-
vided by the product may be impaired.

The types of product users are:

Responsible body istheindividual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating properly, for example, setting the line voltage
or replacing consumable materials. Maintenance procedures are de-
scribed inthemanual. The procedures explicitly stateif the operator
may perform them. Otherwise, they should be performed only by
service personnel.

Service personnel are trained to work on live circuits, and perform
safeinstallations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Keithley products are designed for use with electrical signals that
arerated Measurement Category | and Measurement Category |1, as
described in the International Electrotechnical Commission (I1EC)
Standard |EC 60664. M ost measurement, control, and datal/O sig-
nals are Measurement Category | and must not be directly connect-
ed to mains voltage or to voltage sources with high transient over-
voltages. Measurement Category |l connections require protection
for high transient over-voltages often associated with local AC
mains connections. Assume all measurement, control, and data /O
connections are for connection to Category | sources unless other-
wise marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring.

Operators of this product must be protected from electric shock at
all times. The responsible body must ensure that operators are pre-
vented access and/or insulated from every connection point. In
some cases, connections must be exposed to potential human con-
tact. Product operators in these circumstances must be trained to
protect themselves from the risk of electric shock. If the circuit is
capable of operating at or above 1000 volts, no conductive part of
the circuit may be exposed.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sourcesto switching cards, install protective devicesto lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to aproperly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

When installing equipment where access to the main power cord is
restricted, such as rack mounting, a separate main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAY S remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such asinstalling or removing jumpers.

Do not touch any object that could provide a current path to the com-
mon side of the circuit under test or power line (earth) ground. Always
make measurements with dry hands while standing on adry, insulated
surface capable of withstanding the voltage being measured.

Theinstrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal level s of theinstrumentsand ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in aproduct, replace with same type and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using atest fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.
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If a @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The & symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The /J7 symbol indicates a connection terminal to the equipment
frame.

The WARNING heading in amanual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
componentsin mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliersas
long asthey are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled accordingtoin-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.
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General Information

1.1 Introduction

This section contains general information about the Model
6517A Electrometer/High Resistance Meter. It isarranged in
the following manner:

1.2 Features

1.3 Warranty information
1.4 Manual addenda

1.5 Safety symbols and terms
1.6 Specifications

1.7 Inspection

1.8 Options and accessories

1.2 Features

Some important Model 6517A features include:

< Full range of functions — Exceptional sensitivity and
accuracy for voltage, current, charge, and V/I resistance
and resistivity (surface and volume) measure-
ments.With the Models 6517-RH and 6517-TP, relative
humidity and external temperature can be measured.

 Voltage source — Theinternal 1000V V-Source can be
configured with the ammeter to make V/I resistance/re-
sigtivity measurements, and to force voltage, measure
current.

» Two-linedisplay — Readings and front panel messages
are provided on the top line (primary) 20-character, and
bottom line (secondary) 32-character alphanumeric dis-
play. The multiple display provides supplemental infor-

mation about the reading, such as min/max readings,
bar graphs for the reading, and time and date.

Reading and setup storage — Readings and setup data
can be stored and recalled from memory. Over 15,000
readings can be stored in the buffer, and up to 10 instru-
ment setups can be stored in memory.

Test sequences— Built-in tests for the following appli-
cations: device characterization, resistivity, high resis-
tancelresistivity (alternating polarity method), surface
insulation resistance, and voltage sweeps.

GPIB interface — Accommodates two separate lan-
guages for IEEE-488 operation. The SCPI language
conforms to the IEEE-488.2 and SCPI standards. The
617 emulation mode (DDC language) allowstheinstru-
ment to be controlled using device-dependent com-
mand programming.

RS-232 interface — Theinstrument can instead be con-
trolled over this seria interface using SCPI commands.

Talk-only mode— From thefront panel, you can set the
instrument to send readings to a printer. Talk-only is
available over both the GPIB and RS-232 interfaces.

Scanning — The Model 6517A has an option sot that
will accommodate an optional scanner card (Models
6521 and 6522). The instrument can also be configured
to operate with an external switching system (i.e., Mod-
el 7001 or 7002) to scan external channels.

Trigger link — This is a new trigger concept that pro-
vides more versatile and precise external triggering. It
isin addition to the standard Trigger In/Meter Complete
Out BNC external triggering techniques.

Digital calibration — The instrument may be digitaly
calibrated from either the front panel, or over the RS-
232 interface or GPIB bus (SCPI language).
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1.3  Warranty information

Warranty information is located on the inside front cover of
this instruction manual. Should your Model 6517A require
warranty service, contact the Keithley representative or au-
thorized repair facility in your area for further information.
When returning the instrument for repair, be sure to fill out
and include the service form at the back of this manua to
provide the repair facility with the necessary information.

14 Manual addenda

Any improvements or changes concerning the instrument or
manual will be explained in an addendum included with the
manual. Be sure to note these changes and incorporate them
into the manual.

15 Safety symbols and terms

Thefollowing symbols and terms may be found on an instru-
ment or used in this manual.

The A symbol on an instrument indicates that the user
should refer to the operating instructions|ocated in the manual.

The Asymbol on an instrument shows that high voltage
may be present on the terminal(s). Use standard safety pre-
cautions to avoid personal contact with these voltages.

The @ symbol indicates that the test fixture (i.e. Model
8009) must be connected to a safety earth ground using #18
AWG wire or larger.

The WARNING heading used in this manual explains dan-
gers that might result in personal injury or death. Always
read the associated information very carefully before per-
forming the indicated procedure.

The CAUTION heading used in this manual explains haz-
ardsthat could damage the instrument. Such damage may in-
validate the warranty.

1.6  Specifications

Full Model 6517A specifications are found in Appendix A.

1.7 Inspection

The Model 6517A was carefully inspected, both electrically
and mechanically before shipment. After unpacking all items
from the shipping carton, check for any obvious signs of
physica damage that may have occurred during transit.
(Note: There may be a protective film over the display lens,
which can be removed.) Report any damage to the shipping
agent immediately. Save the original packing carton for pos-
sible future reshipment.

If an additional manual is required; order the appropriate
manual package:

¢ Model 6517A User's Manual — Keithley P/N
6517A-900-00

* Model 6517 Getting Started Manual — Keithley
P/N 6517-903-00

e Model 6517 Service Manual — Keithley P/N
6517-905-00

1.8 Options and accessories

The following options and accessories are available from
Keithley for use with the Model 6517A:

Model 237-ALG-2 Triax Cable: Thisis a 2-meter (6.6 ft.)
low noise triax cable terminated with a3-slot maletriax con-
nector on one end and 3 aligator clips on the other.

Model 237-BNC-TRX Adapter: Thisis amale BNC to 3-
lug female triax adapter (guard disconnected). It is used to
terminate atriax cable with aBNC plug. Suitablefor usewith
the Model 6517A V-Source in high voltage applications.

Model 237-TRX-T Adapter: Thisisa3-dot maleto dual 3-
lug female triax tee adapter for use with 7078-TRX triax ca-
bles. Suitable for use with the Model 6517A V-Source in
high voltage applications.

Model 7078-TRX-BNC Adapter: Thisisa3-dot maletriax
to female BNC adapter. This adapter lets you connect aBNC
cable to the triax input of the Model 6517A. Suitable for use
with the Model 6517A in high voltage applications.

Model 237-TRX-TBC Connector: This is a 3-lug female
triax bulkhead connector with cap for assembly of custom
panels and interface connections. Suitable for use with the
Model 6517A V-Sourcein high voltage applications.

Model 1050 Padded Carrying Case: A carrying case for a
Model 6517A. Includes handles and shoulder strap.



Model 4288-1 Single Fixed Rack Mount Kit: Mountsasin-
gle Model 6517A in astandard 19-inch rack.

Model 4288-2 Side-by-side Rack Mount Kit: Mounts two
instruments (Models 182, 428, 486, 487, 2001, 2002, 6517,
6517A, 7001) side-by-sidein a standard 19-inch rack.

Model 4288-3 Side-by-side Rack Mount Kit: Mounts a
Model 6517A and a Model 199 side-by-side in a standard
19-inch rack.

Model 4288-4 Side-by-side Rack Mount Kit: Mounts a
Model 6517A and a5%-inch instrument (Models 195A, 196,
220, 224, 230, 263, 595, 614, 617, 705, 740, 775, etc.) side-
by-sidein a standard 19-inch rack.

Model 5156 Electrometer Calibration Standard Set: This
calibration fixture contains standardized resistors and capac-
itors needed to calibrate the Model 6517A.

Model 6517-1LC-3 Safety Interlock Cable: Designed to
connect the lid interlock circuit of the Model 8009 test fix-
ture to the interlock circuit of the Model 6517A.

Model 6517-RH Humidity Probe with Cable: This sensor
allowsthe Model 6517A to make relative humidity measure-
ments (0 to 100%). Also included is an extension cable (part
number CA-129-1).

Model 6517-TP Thermocouple with Leads: This type K
thermocouple sensor allowsthe Model 6517A to make exter-
nal temperature measurements from -190°C to 1350°C.

Model 6521 Low Current Scanner Card: This 10-channel
low current scanner card isterminated with BNC connectors
and plugs into the option slot of the Model 6517A.

Model 6522 Low Current/Low Voltage Scanner Card:
This 10-channel low current/low voltage scanner card is ter-
minated with triax connectors and plugs into the option slot
of the Model 6517A.

Model 6524 Hi-R Software Package: Designed to aid in
making more repeatable high resistance/resistivity measure-
ments. Four windows-driven programs increase measure-
ment precision, ease download and analysis of Hi-R data,
and alow cross-correlation of environmental factors.

Models 7007-1 and 7007-2 Shielded IEEE-488 Cables:
Connect the Model 6517A to the IEEE-488 bus using shield-
ed cables and connectors to reduce electromagnetic interfer-
ence (EMI). The Modd 7007-1 is one meter long; the Model
7007-2 istwo meters long.

Models 7078-TRX-3, 7078-TRX-10 and 7078-TRX-20
Triax Cables: These arelow noise triax cables terminated at
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both ends with 3-slot male triax connectors. The -3 model is
3 ft. (0.9m) in length, the -10 model is 10 ft. (3m) in length,
and the -20 model is 20 ft. (6m) in length.

Model 7078-TRX-TBC Connector: Thisis a 3-lug female
triax bulkhead connector with cap for assembly of custom
panels and interface connections. Suitable for use with the
Model 6517A V-Source in high voltage applications.

Model 8002-ILC-3 Safety Interlock Cable: Designed to
connect the lid interlock circuit of the Model 8002A test fix-
ture to the interlock circuit of the Model 6517A.

Model 8002A High Resistance Test Fixture: Used with the
Model 6517A to make accurate high resistance measure-
ments of DUT. Designed to minimize leakage currents that
can corrupt the integrity of the measurement.

Model 8009 Resistivity Test Fixture: Thisis aguarded test
fixture for measuring volume and surface resistivities. It can
accommodate sheet samples 64 to 102mm (2-1/2to 4 in.) in
diameter and up to 3.175mm (1/8 in.) thick.

Models 8501-1 and 8501-2 Trigger Link Cables: Connect
the Model 6517A to other instruments with Trigger Link
connectors (e.g., Model 7001 Switch System). The Model
8501-1 is one meter long; the Model 8501-2 is two meters
long.

Model 8502 Trigger Link Adapter: Allows you to connect
the Trigger Link of the Model 6517A to instruments that use
the standard BNC (In/Out) external triggering technique.

Model 8530 IEEE-488 to Centronics Printer Adapter Ca-
ble: Trandates the |IEEE-488 connector pinout and signal
level to a Centronics termination. This permits a standard
Centronics paralel printer to be connected to a Model
6517A in TALK-ONLY mode.

Model 8606 High Performance Probe Tip Kit: Consists of
two spade lugs, two alligator clips, and two spring hook test
probes. (The spade lugs and aligator clips are rated at 30V
RMS, 42.4V peak; thetest probes are rated at 1000V.) These
components are designed to be used with high performance
test leads terminated with banana plugs, such as the Model
8607 High Performance Banana Cables.

Model 8607 High Performance Banana Cables: Consists
of two high voltage (1000V) banana cables. The cables are
terminated with banana plugs that have retractable sheaths.

CS-751 Barrel Adapter: Thisisabarrel adapter that allows
you to connect two triax cables together. Both ends of the
adapter are terminated with 3-lug female triax connectors.
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2.1 Introduction

This section contains detailed information for front panel op-
eration of the Model 6517A. It is organized as follows:

2.2 Power-up — Coversinformation on connecting thein-
strument to line power, warm-up period, default condi-
tions, and the power-up sequence.

2.3 Display — Covers display formats, and messages as-
sociated with operation.

2.4 Connections — Electrometer input and voltage source
output: Provides basic information on the connections
used for typical electrometer and high-resistance meter
measurements. Summarizes guarding and shielding
techniques, and explains the potential hazards present-
ed by floating circuits. Recommends cables and test
fixtures that can be used, and provides guidelines for
building atest fixture.

2.5 Voltage measurements — Provides the basic proce-
dure to measure voltage. Includes configuration infor-
mation and measurement considerations for the volts
function.

2.6 Current measurements — Provides the basic proce-
dure to measure current. Includes configuration infor-
mation and measurement considerations for the amps
function.

2.7 Resistance measurements — Provides the basic pro-
cedures to perform resistance and resistivity measure-
ments. Includes configuration information, the
multiple display and measurement considerations for
the ohms function.

2.8 Charge measurements — Provides the basic proce-
dure to measure charge. Includes configuration infor-

2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

mation, multiple displays and measurement consider-
ations for the coulombs function.

Voltage source — Covers V-source operation includ-
ing how to use the safety interlock.

Analog outputs — Provides information needed to
use the 2V analog output and the preamp outpui.

Using external feedback — Explains how to use ex-
ternal feedback to extend the capabilities of the Model
6517A.

Range and resolution — Covers both manua and
auto ranging and resolution.

Zero check and relative — Provides details on the
zero check and relative (REL) features.

Test sequences — Covers the test sequences that can
be configured and run.

Triggering — Detailstypes of trigger modesaswell as
trigger sources that can be used.

Buffer — Covers use of the reading buffer including
programming the buffer size, recalling data and time
stamp.

Filter — Covers the use of the digital filter types that
can be used to reduce reading noise.

Math — Describes the calculations that can be per-
formed on readings.

Menu — Covers selections controlled from the main
menu, such as saving instrument setups, communica-
tion configuration (GPIB and RS-232), and limits.

Scanning — Summarizes internal scanning using one
of the optional scanner cards, and explains how to use
the Model 6517A in an external scanning system.

2-1
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2.21 Other measurement considerations — Covers the
measurement considerations that generally apply to al
measurements.

2.22 Relative humidity and external temperature read-
ings — Explains how to include these readings with
each volts, amps, ohms and coulombs measurement.

2.2  Power-up

2.2.1 Line power connections

Follow the procedure below to connect the Model 6517A to
line power and turn on the instrument.

1. First check to see that the line voltage selection switch
(see Figure 2-1) on the rear panel isin the correct posi-
tion for the operating voltagein your area. The 115V po-
sition is for line power in a voltage range from 90V to
125V. The 230V position is for line power in a voltage
range from 180V to 250V. The instrument will operate
at aline frequency of 50Hz, 60Hz or 400Hz.

CAUTION

Operating the instrument on an incor-
rect line voltage may cause damage to
the instrument, possibly voiding the
warranty.

SELECTED
LINE VOLTAGE

90-110V | 180-220V
105-125V | 210-250V

ik

Figure 2-1
Line voltage switch

2. Before plugging in the power cord, make sure the front
panel power switch isin the off (0) position.

3. Connect the female end of the supplied power cord to
the AC receptacle on the rear panel. Connect the other
end of the power cord to a grounded AC outlet.

WARNING

The power cord supplied with the Model
6517A contains a separate ground wire
for use with grounded outlets. When
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proper connections are made, instru-
ment chassis is connected to power line
ground through the ground wire in the
power cord. Failure to use a grounded
outlet may result in personal injury or
death due to electric shock.

2.2.2 Line fuse replacement

A rear panel fuse located below the AC receptacle protects
the power lineinput of the instrument. If the fuse needsto be
replaced, perform the following steps:

WARNING

Make sure the instrument is disconnect-
ed from the line and other equipment
before replacing the line fuse.

1. With the power off, place the end of aflat-blade screw-
driver into the rear panel LINE FUSE holder. Push in
gently and rotate the fuse carrier one-quarter turn coun-
terclockwise. Release pressure on the holder and itsin-
ternal spring will push the fuse carrier out of the holder.

2. Remove the fuse and replace it with the type recom-
mended in Table 2-1.

CAUTION

Do not use a fuse with a higher current
rating than specified, or instrument
damage may occur. If the instrument re-
peatedly blows fuses, locate and correct
the cause of the trouble before replacing
the fuse.

Install the new fuse and fuse carrier into the holder by revers-
ing the above procedure.

Table 2-1
Line fuse selection
Keithley
Line voltage Fuse type part no.
90-125V 12A, 250V, SloBlo |FU-71
180-250V V4A, 250V, SloBlo |FU-96-4




2.2.3 Power-up sequence

On power-up, the Model 6517A performs self-tests on its
EPROM and RAM, and checksum tests on data stored in
non-volatile memory. (See Table 2-2.) If afailureis detected,
the instrument momentarily displays an error message and
the ERR annunciator turns on. (Messages are listed in Table
2-3)

NOTE

If a problem develops while the instru-
ment is under warranty, return it to Kei-
thley Instruments, Inc. for repair.

If the instrument passes the self-tests, the firmware revision
levels and the communications status are displayed. An ex-
ample of this display is shown as follows:

Model 6517A
Rev. B12 A02 |IEEE Addr=27 SCPI

The firmware revision levels (left to right) are for the main
microcontroller and display microcontroller. The revision
level number may be different in your particular unit. The
| EEE-488 addressisits default value of 27 and the SCPI lan-
guage is selected. DDC will be displayed if the DDC lan-
guageis selected instead. If the RS-232 interfaceis selected,
the message “RS-232 enabled” is displayed instead of the
| EEE-488 address.

Next, if the unit is configured to display the calibration due
date at power-up, the unit shows the following:

Model 6517A
Cadlibration due: mmm/dd/yy

where “mmm” is the month abbreviation, “dd” is the day,
and “yy” isthe year. If no calibration date is set, the display
shows that it is due now. (See the Model 6517 Service Man-
ual to set the calibration due date and paragraph 2.19.3 of this
manual to set the display option.)

After the power-up sequence, the instrument begins its nor-
mal display with zero check enabled (“Zero Check” dis-

played).

Power-up error messages

Error messages that may be displayed during power-up are
summarized in Table 2-3. These are shown when one of the
checksum tests of Table 2-2 fails.
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Table 2-2
Data checked on power-up
Data Type of storage
|EEE-488 address Electrically-erasable PROM

Power-on default Electrically-erasable PROM
Calibration constants | Electrically-erasable PROM
Calibration dates Electrically-erasable PROM
Instrument setups 10 in electrically-erasable PROM

Reading buffer Non-volatile RAM
Table 2-3
Power-up error messages
Message Action
Error +515, The cal dates are set to factory

Calibration dates |ost default values, but they are not
stored into EEPROM.
To do this, perform a compre-

hensive calibration.

Error +514, Cal constants are set to factory

Calibration lost default values, but they are not
stored into EEPROM. To do
this, perform a comprehensive
calibration.

Error +512, Power-on defaults are reset to

Power-on state lost factory defaults (bench) and
stored into EEPROM.

GPIB addressisreset to factory
default (27) and stored into
EEPROM.

Error +510, The reading buffer controls are
Reading buffer datalost | reset to factory defaults, but
they are not stored into
NVRAM. To do this, store read-
ingsin the buffer.

Error -314, Instrument setup is reset to
Savelrecall memory lost | bench defaults are stored in
EEPROM.

Error +511,
GPIB address lost

Note: Any of these error conditions may occur the first time aunit is
turned on or after replacing the firmware.

2.24 Power-on default conditions

Power-on default conditions are those conditions the instru-
ment assumeswhen it isfirst turned on. You can change these
power-on default conditions (except the primary address) by
using the save setup feature that is available with the MENU
key, as described in paragraph 2.19.1.
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Depending on the installed memory option, either one, five,
or ten user-defined setups can be stored, any one of which
could be selected as the power-on defaullt.

Table 2-30 in paragraph 2.19.1 lists the default conditions
that are set at the factory to optimize bench and GPIB (IEEE-
488) operation.

2.25 Warm-up period

The Model 6517A can be used within one minute after it is
turned on. However, the instrument should be turned on and
allowed to warm up for at least one hour before use to
achieve rated accuracy.

2.2.6 IEEE-488 primary address

The |EEE-488 primary address of the instrument must be the
same as the primary address you specify in the controller's
programming language. The default primary address of the
instrument is 27, but you can set the address to any value
from O to 30 by using the MENU key. Refer to paragraph
2.19.2 for step-by-step instructions on setting the primary
address.

2.3 Display

The display of the Model 6517A is primarily used to display
readings along with the units and type of measurement.
When not displaying readings, it is used for informational
messages, such as menu headings and selections. At the top
of the display are annunciators to indicate various states of
operation.

2.3.1 Exponent mode (Engineering or Scientific)

Readings on the display can be expressed in engineering
units or in scientific notation as shown in Table 2-4. In the
scientific mode, the exponent can be fixed to a specified val-
ue, or it can be floating. In the floating mode, the instrument
will automatically select the exponent value.

All exponent mode selections are performed from the DIS-

PLAY option of the GENERAL menu, which is part of the
MAIN MENU (see paragraph 2.19.7 for details).
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Table 2-4
Typical display exponent values
Engineering units Scientific notation
Value Display Value Display
Picoamperes pA 10°A | e12A
Nanocoulombs nC 10°C e-9C
Microamperes A 10°A e-6A
Milliamps mA 10°A e3A
Kilo-ohms kQ 10%Q e3Q
Mega-ohms MQ 10%Q e6Q
Giga-ohms GQ 10°Q e9Q
Tera-ohms TQ 10%%Q e12Q
Peta-ohms PQ 1015 el5Q
2.3.2 Information messages

Press the INFO key to view context-sensitive information
from most of the displays. An arrow (< or p ) on the bot-
tom line indicates that there is more information. Use the
cursor keys (¢ and p ) to view the complete line. To exit
an INFO display, just press INFO, ENTER, EXIT or afunc-
tion key.

Range messages

The following display messages may occur when making
measurements:

OVERFLOW — This message is displayed when the inte-
grated (average) input signal level (voltage, current, or
charge) exceeds 105% of full scale for the selected measure-
ment range. For example, on the 20nA measurement range,
the OVERFL OW message occurs when the integrated input
level exceeds 21nA.

An OVERFLOW condition can be resolved by selecting a
higher measurement range, using AUTO range, or reducing
the magnitude of the input signal.

The OVERFLOW message will NOT occur during resis-
tance or resistivity measurements.

UNDERFLOW — This condition is similar to OVER-
FLOW but pertains to resistance and resistivity measure-
ments. An ohms measurement is performed by sourcing
voltage and measuring current. An ohms measurement that is
too low causes the current to exceed full scale. Thus, the
message UNDERFLOW is used to indicate that the mea-
sured resistance or resistivity islower than the lower limit of
the selected range.



The UNDERFLOW condition can usually beresolved by se-
lecting a lower ohms range or by using AUTO range. Para-
graph 2.7 (Ohms Ranges) covers range limits and explains
how to select the optimum range for chms measurements.

OUT OF LIMITS — This message indicates that amomen-
tary or transient out-of-range condition appeared at the input,
even though the integrated (or average) signal waswithin the
full scale range of the A/D converter. It usually indicates that
there is too much noise on the input signal for a valid mea-
surement.

Generally, the OUT OF LIMITS condition can be eliminated
by better shielding of the signal source or by using other
noise reduction methods. Another solution is to select the
next higher range (or lower R range) to keep the transients
lessthan full scale.

The2nA, 20nA, and 200nA ranges (and the R measurements
that use these current ranges) are particularly susceptible to
this condition because of the combination of speed and sen-
sitivity.

A sine wave signal riding on adc bias level is used to dem-
onstrate an OUT OF LIMIT reading. Figure 2-A shows a
sine wave riding on a 20nA bias level. If thissignal is mea-
sured on the 200nA range at normal speed, it would simply
read 20nA (which isthe dc average). If however, you usethe
20nA range, the positive peaks of the sine wave will be
clipped as shown in Figure 2-B. Clipping occurs at 110% of
full range (22nA on the 20nA range). Because of clipping,
the measurement of the input signal is significantly less than
20nA. To avoid these bad readings, the Model 6517A dis-
plays the OUT OF LIMITS message instead of the inaccu-
rate reading.

Note that the positive peaks of theinput signal (which exceed
full scale) will not cause an OVERFLOW condition on the
20nA range since the average reading over the 16.67msinte-
gration period isless than full scale.

The A/D hardware limit detection circuit can be disabled,
which in turn disablesthe OUT OF LIMITS message. How-
ever, the presence of OUT OF LIMIT readings may result in
measurements that are slightly, severely, or totally inaccu-
rate. Paragraph 2.19.7 explains how to disable the OUT OF
LIMIT message.

When both OVERFLOW and OUT OF LIMITS conditions
occur, the OVERFLOW message will be displayed.
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Figure 2-A
Input signal
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Figure 2-B
Measurement on 20nA range

2.3.3 Status and error messages

During Model 6517A operation and programming, you will
encounter anumber of front panel messages. Typical messag-
es are either of status or error variety, aslisted in Table 2-5.

The most recent status or error messages can be momentarily
displayed. Just enter aconfiguration menu or the main menu,
and press the PREV range key. (The display is blank if no
message is queued.)
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Table 2-5 (cont.)
Satus and error messages

Table 2-5
Satus and error messages
Number | Description Event
-440 “Query UNTERMINATED after EE
indefinite response”
-430 “Query DEADLOCKED” EE
-420 “Query UNTERMINATED” EE
-410 “Query INTERRUPTED” EE
-350 “Queue overflow” EE
-330 “Self Test failed” EE
-314 “Savelrecall memory lost” EE
-285 “Program syntax error” EE
-284 “Program currently running” EE
-282 “Illega program name’ EE
-281 “Cannot create program” EE
-260 “Expression Error” EE
-241 “Hardware missing” EE
-230 “Data corrupt or stale” EE
-224 “Illegal parameter value’ EE
-223 “Too much data’ EE
-222 “Parameter data out of range” EE
-221 “ Settings conflict” EE
-220 “Parameter Error” EE
-215 “Arm deadl ock” EE
-214 “Trigger deadlock” EE
-213 “Init ignored” EE
-212 “Arm ignored” EE
-211 “Trigger ignored” EE
-210 “Trigger error” EE
-202 “Settings lost dueto rtl” EE
-201 “Invalid whilein local” EE
-200 “Execution error” EE
-178 “Expression data not allowed” EE
-171 “Invalid expression” EE
-170 “Expression error” EE
-168 “Block data not allowed” EE
-161 “Invalid block data’ EE
-160 “Block data error” EE
-158 “String data not allowed” EE
-154 “String too long” EE
-151 “Invalid string data” EE
-150 “String data error” EE
-148 “Character data not allowed” EE
-144 “Character data too long” EE
-141 “Invalid character data’ EE
-140 “Character data error” EE
-128 “Numeric data not allowed” EE
-124 “Too many digitsin number” EE
-123 “Exponent too large” EE
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Number | Description Event
-121 “Invalid character in number” EE
-120 “Numeric data error” EE
-114 “Header suffix out of range” EE
-113 “Undefined header” EE
-112 “Program mnemonic too long” EE
-111 “Command Header Separator Error” | EE
-110 “Command Header Error” EE
-109 “Missing Parameter” EE
-108 “Parameter not allowed” EE
-105 “GET not allowed.” EE
-104 “Data Type Error” EE
-103 “Invalid Separator” EE
-102 “Syntax Error” EE
-101 “Invalid Character” EE
-100 “Command Error” EE
000 “No Error” SE
+101 “Operation Complete” SE
+121 “Device cdibrating” SE
+122 “Device settling” SE
+123 “Deviceranging” SE
+124 “Device sweeping” SE
+125 “Device measuring” SE
+126 “Device calculating” SE
+161 “Program running” SE
+171 “Waiting in trigger Layer” SE
+172 “Waiting in arm layer 1" SE
+173 “Waiting in arm layer 2" SE
+174 “Re-entering theidle layer” SE
+301 “Reading overflow” SE
+302 “Low limit 1 event” SE
+303 “High limit 1 event” SE
+304 “Low limit 2 event” SE
+305 “High limit 2 event” SE
+306 “Reading Available” SE
+307 “Voltmeter Complete” SE
+308 “Buffer Available” SE
+309 “Buffer half full” SE
+310 “Buffer full” SE
+311 “Buffer Overflow” SE
+312 “Buffer Pretriggered” SE
+313 “Reading out of Limit" SE
+315 “V-Source compliance detected” SE
+320 “Buffer & Format element mismatch” | EE
+321 “Buffer Sizing error; setto MAX” EE
+322 “Buffer Sizing error; set to MIN” EE




Table 2-5 (cont.)
Status and error messages
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Number | Description Event
+350to | Calibration commands (see Model

427 6517 Service Manual)

+510 “Reading buffer datalost” EE
+511 “GPIB address lost” EE
+512 “Power-on state lost” EE
+513 “Calibration data lost” EE
+514 “Calibration dates lost” EE
+515 “Calibration tolerances lost” EE
+516 “Calibration tables lost” EE
+517 “Voltage Offset lost” EE
+518 “Current Offset lost” EE
+519 “Installed option id lost” EE
+520 “Option card not supported” EE
+521 “Cal Card Data Error” EE
+522 “GPIB communication language lost” | EE
+610 “Questionable Calibration” SE
+611 “Questionable Temperature” SE
+612 “Questionable Humidity” SE
+617 “Questionable Test Sequence” SE
+618 “Resistivity:l OutOfLimit” EE
+700 “Low Battery detected” EE
+800 “RS-232 Framing Error detected” EE
+801 “RS-232 Parity Error detected” EE
+802 “RS-232 Overrun detected” EE
+803 “RS-232 Break detected” EE
+804 “RS-232 Noise detected” EE
+805 “Invalid system communication” EE
+806 “RS-232 Settings Lost” EE
+807 “RS-232 OFLO: Characters Lost” EE
+808 “ASCII only with RS-232” EE
+850 “Invalid Test Sequence Setting” EE
+851 “Test Sequence Running” SE
+860 “Interlock Violation Error” EE
+861 "V source Limit too low for auto” EE
+900 “Internal System Error” EE
+950 “DDC Reading overflow” SE
+951 “DDC Reading Available” SE
+952 “DDC Buffer full” SE
+953 “DDC Mode IDDC Error” EE
+954 “DDC Mode IDDCO Error” EE
+955 “DDC Trigger Overrun Error” EE
+956 “DDC No Remote Error” EE
+957 “DDC Number Error” EE
+958 “DDC Ready” SE

2.34 Multiple displays

Each measurement function hasits own set of “multiple dis-
plays’ shown in the bottom line of the front panel display.
The PREViousand NEXT DISPLAY keysscroll through the
selections for the present function.

The multiple displays can show areading in adifferent form,
or give additional information about the reading, for exam-
ple:

» Top line showsareading; bottom line shows azero-cen-
ter bar graph with adjustable limits.

To scroll through the multiple displays available for each
measurement functions, repeatedly press and release the
NEXT DISPLAY key. The same action with the PREVious
DISPLAY key does areverse scroll through the displays. To
return to the default reading display, just press and hold ei-
ther key.

Multiple displays that are specific to a particular function or
operation are discussed later in this section, such as the cal-
culations display in math (see Table 2-6 for paragraph refer-
ences). Some of the displays that are common to all
measurement functions are discussed here.

Time/Day/Date

This display provides the time, day of week, and the date.
The time, date and format (12-hour or 24-hour) are set from
the CLOCK option of the GENERAL MENU (which is se-
lected from the MAIN MENU). See paragraph 2.19.7
(CLOCK) for details.

SE = Status event
EE = Error event

Table 2-6
Multiple (Next) displays by function
Paragraph
Function | Next display reference
All Time, day and date 234
Bar graph 234
Zero-centered bar graph 234
Maximum and minimum values |2.3.4
Relative and actual values 2133
Calculated and actual values 2.18.7
Limits bar graph 2.195
Relative humidity and external 234
temperature stamp
R Source (V) and measure (1) values | 2.7.4
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Bar graph

The “normal” bar graph, with a zero at the left end, is a
graphical representation of areading as a portion of arange.
(See Figure 2-2.) The vertical lines displayed along the bar
designate 0%, 25%, 50%, 75%, and 100% of full scale. Each
full segment of the bar represents approximately 4% of the
range limit.

The right endpoint of the bar graph is plus full scale of the
present range for positive readings, and minus full scale for
negative readings. When the 100% line changes to an arrow,
the reading exceeds the present range.

-11.9685 V
Olnmeenbnsnendnn | -20v
T Full
Range
25% of 50% of
full range full range 75% of full range
Figure 2-2

Bar graph (zero-at-left) multiple display

Zero-centered bar graph

The zero-centered bar graph is a graphical representation of
areading with plus and minus limits. (See Figure 2-3.) The
limits are expressed in a user-sel ectable percentage of range.

The vertical lines displayed along the bar designate the plus
and minus limits, zero, and halfway to either limit. There are
ten full segments between zero and each end, so each full
segment represents 10% of the limit. When aline at the limit
changes to an arrow, the reading exceeds the programmed
range.

-05.9577 VvV

50% | oleemeed | | +50v

-50% of range j 1 +50% of range

-25% of range 25% of range
0%

Figure 2-3
Zero-centered bar graph multiple display

The plus and minus percentage of range that is programmed
(0.01 - 99.99%) applies to all functions. Because of round-
ing, values greater than 99.5% are shown as 100% and, like-
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wise, values greater than 1% (such as 1.67%) are shown
rounded to the nearest integer percent.

Perform the following to view or change the plus and minus
percentage of range:

1. From ameasurement function, press CONFIG and then
NEXT or PREV DISPLAY. Thefollowing is displayed:

ZERO-BARGRAPH+/-50.00%

2. Change the percentage by using the cursor keys and the
RANGE 4 and v keysto enter anumeric value (0.01 -
99.99%). Press ENTER when done.

Maximum and minimum

The maximum and minimum multiple display shows the
maximum and minimum readings since the display was en-
tered. (See Figure 2-4.) The maximum and minimum values
are reset by the following:

« Pressing the present function key.

« Leaving the display by changing function or entering a
menu.

The resolution, units, and prefix on the bottom line are the
same as shown for top line reading.

-15.8286 V
Max = -05.7460 Min =-15.8286
Maximum J L Minimum
value value

Figure 2-4
Maximum and minimum multiple display

Relative humidity and external temperature

This display provides the relative humidity and the external
temperature readings. Note that the appropriate sensors have
to be connected to instrument, and they haveto be enabled in
order to get valid readings. (See paragraph 2.22 for details.)

2.3.5 Navigating menus

There are basically two types of menu structures; the Main
Menu and the Configure menus. The Main Menu accesses
items for which there are no dedicated keys, and Configure
menus are used to configure measurement functions and oth-
er instrument operations.



Use the following rules to navigate through the menu struc-
ture:

1. Thetop level of the Main Menu is accessed by pressing
the MENU key. A Configuration menu is accessed by
pressing CONFIG and then the desired function (V, I,
etc.) or operation (TRIG, STORE, etc.).

2. A menu item is selected by placing the cursor on it and
pressing ENTER. Cursor position is denoted by the
blinking menu item or parameter. The cursor keys (<
and » ) control cursor position.

3. Adisplayed arrow (¢ and p ) onthe bottom lineindi-
cates that there are one or more additional items (mes-
sages) to select from. Use the appropriate cursor key to
display them.

4. A numeric parameter is keyed in by placing the cursor
on the digit to be changed and using the RANGE A or
v key to increment or decrement the digit.

5. A changeisonly executed when ENTER is pressed. En-
tering an invalid parameter generates an error and the
entry isignored.

6. The EXIT key isused to back out of the menu structure.
Any change that is not entered is cancelled when EXIT
ispressed. The EXIT key has additional actions and are
summarized in Table 2-7.

7. TheVOLTAGE SOURCE v and a keysareused adjust
the V-Source value. TheV-Source is decremented or in-
cremented by placing the cursor on the desired digit and
pressing ¥ or A. With the cursor on the polarity sign,
pressing ¥ or A togglesthe polarity. Pressing CONFIG
and then v or A displays the CONFIGURE V-
SOURCE menu.

24  Connections — electrometer, high-
resistance meter, and V-source
The following information provides basic information on

electrometer, high-resistance meter, and V-source connec-
tions. Also covered is the use of low-noise cables and shield-
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ing. The concepts of guarding and floating circuits are
introduced here.

NOTE

Detailed connection schemes are included
with the measurement procedures (see
paragraphs 2.5.1, 2.6.1, 2.7.1 and 2.8.1).

24.1 Electrometer input connector

Therear panel triax INPUT connector isa 3-lug female triax
connector that will mate to a cable terminated with a 3-slot
male triax connector.

Input configurations — As shown in Figure 2-5, the input
connector can be configured in two ways. With GUARD off
(Figure 2-5A), input low is connected to theinner shell of the
connector. This configuration is used for current, resistance,
coulombs and unguarded voltage measurements.

NOTE

Where possible, make input low connec-
tions directly to the INPUT connector low
terminal instead of using COMMON to
avoid interna voltage drops that may af-
fect measurement accuracy.

With GUARD on (Figure 2-5B), guard is connected to thein-
ner shell of the triax connector. Input low is accessed viathe
COMMON binding post through an internal 1Q resistor.
This configuration is used for guarded voltage measurements
only. Note that guard can only be enabled (on) for the volts
function. For ohms, amps and coulombs, guard isalwaysdis-
abled (off). For voltage measurements, guard is enabled or
disabled from the Configure Voltage menu structure as ex-
plained in paragraph 2.5.2.

The INPUT triax connector isalso used for the Force Voltage
Measure Current configuration. This configuration utilizes
the V-source to make resistance measurements (see para-
graph 2.4.2) and current measurements (see paragraph
2.4.3).

Table 2-7

EXIT key actions

Condition EXIT key action

Temporary message displayed | Cancels display of temporary message.

(e.g., TRIGGERSHALTED)

INFO message displayed Cancels INFO message, returns to menu or normal reading display.
Reading display hold Cancels reading display hold, resumes normal reading display.
Scanning Disables scanning. Also stops data storage if enabled.

Data storage Stops data storage. Temporary message STORAGE INTERRUPTED

isdisplayed.
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Input High

Input Low

Chassis Ground

250V PEAK
Volts, Amps, Ohms & Coulombs

A. Unguarded (GUARD off)

Input High
y 10
‘\ Guard
\\—» Chassis
INPUT Ground COMMON Input Low
250V PEAK
Volts only

B. Guarded (GUARD on)

Figure 2-5
Input connector configurations

Maximum input levels — The maximum input levelsto the
Model 6517A are summarized in Figure 2-6.

WARNING

The maximum common-mode input
voltage (the voltage between input low
and chassis ground) is 500V peak. Ex-
ceeding this value may create a shock
hazard.

CAUTION

Connecting PREAMP OUTPUT, COM-
MON, or 2V ANALOG OUTPUT to
earth while floating the input may dam-
age the instrument.

Input protection — The Model 6517A incorporates protec-
tion circuitry against nominal overload conditions. However,
a high voltage (>250V) and resultant current surge could
damage the input circuitry. A typical test circuit to measure
the leakage current of a capacitor is shown in Figure 2-7.
When Switch Sisclosed, aninitial surge of charging current
will flow and the high voltage will be seen across the input
of the Model 6517A.

2-10

Input High O
Max Input Signal * T
500V Peak

Input Low O

Chassis Ground %O

* Max Input Signal - 250VRMS, DC to 60Hz sine wave
(10 seconds maximum in mA ranges).

500V Peak

Figure 2-6
Maximum input levels

oo ||

S .
Capacitor

L Under Test
— v A ) 6517A
— Ammeter

Figure 2-7
Capacitor test circuit without protection

Adding aresistor and two diodes (1IN3595) as shown in Fig-
ure 2-8 will provide considerable extra protection. Theresis-
tor must be large enough to limit the current through the
diodesto 10mA or less. It must a so be large enough to with-
stand the supply voltage. The protection circuit should be en-
closed in alight-tight conductive shield.

This same protection circuit is useful when measuring thein-
sulation resistance of films or high-voltage cables. Without
such added protection, a pinhole or other defect could cause
an arc, destroying the electrometer input.

Protection Circuit

S o— F—VW\
Capacitor R HI
Under Test
iV DI, D24\ A?fgeér
I 0
Figure 2-8

Capacitor test circuit with protection



2.4.2 High-resistance meter connections

The Model 6517A uses the Force Voltage Measure Current
(FVMI) configuration to measure resistance. From the
known voltage and measured current, the resistance is cal cu-
lated (R = V/I) and displayed.

The resistance to be measured is connected to the center con-
ductor of the INPUT triax connector and the V. SOURCE
OUT HI binding post as shown in Figure 2-9A. This config-
uration assumes that V-Source LO isinternally connected to
ammeter LO via the METER-CONNECT option of the
CONFIGURE V-SOURCE menu structure (see paragraph
2.9.1). The equivalent circuit for this configuration is shown
in Figure 2-9B.

WARNING

The maximum common-mode voltage
(the voltage between V-Source/Elec-
trometer LO and chassis ground) is
500V peak. Exceeding this value may
create a shock hazard.

o @) !

V SOURCE

ouT
R
Note: V-SOURCE LO connected to ammeter input LO

via METER-CONNECT option of CONFIGURE
V-SOURCE Menu.

INPUT
250V PEAK

A. Basic connections

Ammeter V-Source

Ao

Hli Hi

B. Equivalent circuit

Figure 2-9
Force voltage measure current

Front Panel Operation

2.4.3 Voltage source output connections

The voltage source output is accessed at the rear panel V
SOURCE OUT HI and LO binding posts as shown in Figure
2-10A. Using these terminals simply places the independent
V-Source in serieswith the external circuit (RL) asshownin
Figure 2-10B.

The V-Source can also be used be with the Electrometer to
form the Force Voltage Measure Current (FVMI) configura-
tion as shown in Figure 2-9. This configuration isused for re-
sistance measurements (see paragraph 2.4.2) and current
measurements. For these measurements, V-Source LO and
ammeter input LO can be connected internaly via the
METER-CONNECT option of the CONFIGURE V-
SOURCE menu (see paragraph 2.9.1).

WARNING

The maximum common-mode voltage
(the voltage between voltage source low
and chassis ground) is 750V peak. Ex-
ceeding this value may create a shock

hazard.
LO @l) HI
)
V-Source Out
R
A. Basic connections
V-Source
1M
LO HI
N ;\
R
B. Equivalent Circuit
Figure 2-10
V-source output
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V-source probes and cables

The following probe and cable sets are available from Kei-
thley as options:

* Model 8606 High Performance Probe Tip Kit: Con-
sists of two spade lugs, two aligator clips, and two
spring hook test probes. (The spade lugs and alligator
clipsarerated at 30V RMS, 42.4V peak; the test probes
arerated at 1000V.) These components are designed to
be used with high performance test leads terminated
with banana plugs, such as the Model 8607 Perfor-
mance Banana Cables.

* Model 8607 High Performance Banana Cables: Con-
sists of two high voltage (1000V) banana cables. The
cables are terminated with banana plugs that have re-
tractable sheaths.

244 Low noise cables, shielding, and guarding

When making precision measurements, you should always
use low noise cables and, when feasible, utilize proper
shielding and guarding techniques.

Low noise input cables

Triax cables can generate enough triboelectric currents to
corrupt the measurement. These currents are caused by fric-
tion between the center conductor and the inner shield when
the cableisflexed or alowed to move around. The use of low
noise cables help minimize these triboelectric currents. See
paragraph 2.21.2 for more information on minimizing tri-
boelectric currents.

The following low noise cables are recommended for use
with the Model 6517:

* Model 237-ALG-2 — This 2-meter low noise triax ca-
ble is terminated with a 3-slot male triax connector on
one end and three alligator clips on the other end. The
alligator clip with thered boot is connected to the center
conductor (input high). The black booted clip is con-
nected to the inner shield (input low or guard). The
green booted clip is connected to the outer shield (chas-
sis ground).

* Model 7078-TRX-3 — This 3-foot low noise triax ca-
ble is terminated with a 3-slot male triax connector on
either end.

¢ Model 7078-TRX-10 — Thisis the same as the Model
7078-TRX-3 except that it is 10 feet in length.

* Model 7078-TRX-20 — Thisis the same as the Model
7078-TRX-3 except that it is 20 feet in length.

2-12

Notes:

1. For voltage measurements, the increased input capaci-
tance caused by along input cable can significantly slow
down the reading response. To minimize this problem,
always use the shortest possible triax input cable and/or
use guarding.

2. For current and resistance measurements, the increased
input capacitance caused by along input cable can result
in noisy readings. To minimize this problem, always use
the shortest possible triax input cable and/or enable
damping (see paragraphs 2.6.2 and 2.7.2). Damping will
reduce the noise but it will also slow down the response
time of the measurement.

Shielding and guarding

The following information covers the basics on using noise
shields, guard shields and safety shields.

Noise shield — A noise shield is used to prevent unwanted
signals from being induced on the el ectrometer input. Effec-
tive shielding enclosesthe device or circuit under test and ex-
tends to the electrometer input viaatriax cable. The generic
connection for the noise shield is shown in Figure 2-11
which also summarizes the measurements that may benefit
fromit.

Metal Noise Shield

®—————>» Connectto 6517A LO, chassis ground

i
I
I Deviceor | or both (via triax cable)
I Circuit I
: U_Ir_’éciter : Use Noise shield for:
| | 1) Unguarded voltage measurements
) 1 2) Unguarded current measurements

_______ (below TuA)

3) Low level charge measurements

Figure 2-11

Noise shield

Typically, the noise shield is connected to el ectrometer input
LO. However, sometimes better noise performance can be
achieved by instead connecting the noise shield to both elec-
trometer LO and chassis ground. Electrometer LO can be
connected to chassis ground at the rear panel of the Model
6517 by installing the ground link between the COMMON
binding post and the chassis ground hinding post. You may
have to experiment to determine which method provides the
best noise performance.



CAUTION

Do not make floating measurements
with electrometer LO connected to chas-
sis ground. If the rear panel ground link
is installed between COMMON and
chassis ground, remove it before floating
the instrument.

Guard shield — Guarding is used to greatly reduce |eakage
current in a high impedance test circuit. Leakage resistance
existsin theinput cable (between conductor paths) and in the
test fixture (at connectors and insulators). The concept of
guarding is to surround the input high node or DUT with a
guard shield that is at the same potential. Current cannot flow
through aleakage resistance that hasa OV drop acrossit. The
generic connection for the guard shield is shown in Figure 2-
12, which also summarizes the measurements that guard is
used for. Notice that a safety shield is also used since guard-
ed measurements can place hazardous voltages on the guard
shield (see Safety Shield).

Metal Safety Shield
ﬁ Metal Guard Shield

@———> Connect to 6517A Guard

Device or (via triax cable)

|

|

| (|
| Circuit |l
| Under Pl
| Test (.
| 1|
|
]

Safety Use Guard for:
Earth 1) Guarded voltage measurement
Ground 2) Guarded, floating current measurements

Figure 2-12
Guard shield

For voltage measurements, guarding should be used when
thetest circuit impedanceis=1GQ or when long input cables
are used. Guard is enabled from the Configure Voltage menu
structure (see paragraph 2.5.2). When enabled, the guard po-
tentia is placed on the inner shield of the triax input cable.
Figure 2-21 in paragraph 2.5.1 shows detailed connections
for guarded voltage measurements. See paragraph 2.5.3
(Guarding) for more information on guard.

For current measurements, guarding should be used when
the test circuit impedance =1GQ. Significant leakage could
occur across a DUT through insulators and corrupt the mea-
surement. Input LO (inner shield of the input triax cable) is
used as the guard. Paragraph 2.6.3 (Guarding) explains how
guarding affects high impedance current measurements and
is shown in Figure 2-30.

Front Panel Operation

For floating current measurements, a unique guard technique
is used in a high impedance test circuit where significant
leakage current may exist between the ammeter input and
test circuit common. This unique guard technique for float-
ing current measurements is explained in paragraph 2.6.3
(Guarding) and is shown in Figure 2-31.

Safety shield — A safety shield is required whenever a haz-
ardous voltage is present on the noise shield or guard shield,
or when atest circuit is floated above earth ground at a haz-
ardous voltage level (see paragraph 2.4.5). A shock hazard
exists at a voltage level equa to or greater than 30V rms.
Hazardous voltages up to 500V may appear on the noise/
guard shield when performing floating measurements or
guarded measurements.

The generic connections for the safety shield are shown in
Figure 2-13. The metal safety shield must completely sur-
round the noise or guard shield, and must be connected to
safety earth ground using #18 AWG or larger wire.

@®——>» Connect to 6517A chassis

! |
! i
! Deviceor | 1 ground (via triax cable)
| | Circuit |
| Under Pl
- Test P Use safety shielding whenever
I ;] =30V is present on the guard or
N 0] noise shield. Guarded measure-
| | ments and floating measurements
o - K_ - can place hazardous voltages on
Safety Metal the guard/noise shield.
Earth Safety
Ground Shield

* Connect the safety shield to safety earth ground
using #18 AWG wire or larger.

Figure 2-13
Safety shield

24.5 Floating circuits

Many measurements are performed above earth ground and,
in some test situations, can result in safety concerns. Figure
2-14 shows two examples where the Model 6517A floats at
a hazardous voltage level. In Figure 2-14A, a shock hazard
(100V) exists between meter input LO and chassis ground. If
meter input LO is connected to a noise shield, then the shock
hazard will aso be present on that shield. In Figure 2-14B, a
shock hazard (200V) exists between the meter input (HI and
LO) and chassis ground. If meter input LO is connected to a
noise or guard shield, then the shock hazard will aso be
present on that shield.
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HI
6517A
Ry \oltmeter
+
pe— LO
200V — Ry = R,)
R, 100V
[
A. Voltage measurement
6517A
Rq Ammeter
1+ Rs
200V —

B. Current measurement

Figure 2-14
Floating measurements

The V-Source of the Model 6517A can also be operated
above earth ground as shown in Figure 2-15. In this circuit,
the V-Source is floating 100V above ground. Thus, a shock
hazard (100V) exists between V-Source LO and chassis
ground. A shock hazard exists at a voltage level equal to or
greater than 30V rms. To avoid possible shock hazards, al-
ways surround exposed floating circuits and shields with a
safety shield asexplained in paragraph 2.4.4 (Saf ety Shield).

2-14

WARNING

The maximum voltage (common-mode)
between electrometer LO and chassis
ground is 500V. The maximum voltage
between V-Source LO and earth (chas-
sis) ground is 750V. Exceeding these val-
ues may create a shock hazard.

WARNING

When floating input LO above 30V from
earth (chassis) ground, hazardous volt-
age will be present at the analog outputs
(PREAMP OUTPUT and 2V ANALOG
OUTPUT). Hazardous voltage may also
be present when the input voltage ex-
ceeds 30V in the volts function.

CAUTION

Connecting PREAMP OUTPUT, COM-
MON or 2V ANALOG OUTPUT to
earth (chassis) ground while floating the
input may damage the instrument.

H

6517A
V-Source

T 200V
T LO 100kQ
100V
l 100kQ

Figure 2-15

Floating V-source



2.4.6 Test fixtures

Whenever possible, use shielded, low |eakage test fixturesto
make precision measurements.

Keithley test fixtures

Keithley offers a variety of different test fixtures. The ones
that are typically used with the Model 6517A are described
asfollows.

Model 8002A High Resistance Test Fixture — Thistest fix-
tures allows resistance measurements as high as 10'°Q. Fea-
turesinclude:

¢ A 3-lug triax connector and dua binding posts make
connections to the Model 6517A simple.

e Twoin-line DUT connection posts that are mounted on
aguard plate.

* Light-free environment for light sensitive DUT.

« Safety Interlock. When connected to the Model 6517A,
voltage cannot be sourced to thetest fixturewhen thelid
is open.

» Screw terminal on test fixture chassis for connection to
safety earth ground.

Note: Figure 2-33 in paragraph 2.7.1 shows connections to
the Model 6517A and the equivalent circuit.

Model 8009 Resistivity Test Fixture — Thistest fixture al-
lows volume resistivity in the range from 10° to 10'8Q-cm,
and surface resistivity in the range from 10° to 1017Q/sq.
Featuresinclude:

¢ A 3-lug triax connector and dua binding posts make
connections to the Model 6517A simple.

« Guarded €electrodes that can accommodate samples up
the 5" thick and 4" x 4".

« Safety Interlock. When connected to the Model 6517A,
the V-Source goes into standby when the test fixture lid
is open.

¢ Screw terminal on test fixture chassis for connection to
safety earth ground.

Note: Figure 2-37 in paragraph 2.7.1 shows connections to
the Model 6517A and the equivalent circuit.

Custom built test fixtures

Two examples of custom built test fixtures are shown in Fig-
ures 2-16 and 2-17. The first is a dedicated test fixture to
source voltage and measure current to a single DUT (resis-
tance measurements). The second is a multi-purpose test fix-
ture that can be used to make any Model 6517A measurement.

Front Panel Operation

These two examplesillustrate the basic techniques that should
be applied when building atest fixture. These same basic tech-
niques should be used if you need to build amore complex test
fixture to accommodate your test measurement requirements.

The test fixture in Figure 2-16 assumes that ammeter input
LO is connected to V-Source LO inside the Model 6517A.
This LO-to-LO connection is controlled from the METER
CONNECT selection in the CONFIGURE V-SOURCE
menu (see paragraph 2.9.1).

The following requirements, recommendations and guide-
lines are provided in order to build a quality test fixture that
issafeto use.

NOTE

After building a test fixture you should
clean it (see Handling and Cleaning Test
Fixtures).

Test fixture chassis

1. Thechassis of the test fixture should be metal so that it
can function as a shield for the DUT or test circuit
mounted inside. The chassis of the test fixture will be
connected to chassis ground of the Model 6517A viathe
triax cable.

2. Thetest box must have a lid that closes to prevent con-
tact with live circuitry inside.

WARNING

Safe operation requires that a safety in-
terlock switch be used to place the V-
Source in standby when the test fixture
lid is open or ajar (see Interlock).

3. Thetest fixture chassis must have a screw terminal that
is used exclusively for connection to safety earth
ground.

WARNING

To provide protection from shock haz-
ards, the test fixture chassis must be
properly connected to safety earth
ground. A grounding wire (#18 AWG or
larger) must be attached securely to the
test fixture at a screw terminal designed
for safety grounding. The other end of
the ground wire must be attached to a
known safety earth ground.
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Guard plate

A metal guard plate will provide guarding or noise shielding
for the DUT or test circuit. It will also serve as a mounting
panel for DUT or test circuits. The guard plate must be insu-
lated with 1000V spacing from the chassis of the test fixture.

Connectors, terminals and internal wiring

Figures 2-16 and 2-17 show the types of connectors needed
to usethetest fixtureswith theModel 6517A. All connectors,
except thetriax connector, must beinsulated from the chassis
of thetest fixture. The outer shell of the triax connector must
be referenced to chassis ground. Thus, DO NOT insulate the
outer shell of the triax connector from the metal chassis of
the test fixture.

DUT and test circuits are to be mounted on the guard plate
using insulated terminals. To minimize leakage, select termi-
nals that use virgin Teflon insulators.

Inside the chassis of the test fixture, you may use coaxia ca-
ble to extend guard from the triax connector to the DUT. The
shield (guard) of the cable should extend asfar as possible to
the DUT.

Interlock

When anormally-open, SPST momentary switch is properly
implemented as a safety interlock, the V-Source will go into
standby whenever the test fixturelid isopen or gjar. See para-

graph 2.9.4 for more information on the interlock feature of
the Model 6517A.

NOTE

An "Interlock Violation Error" message
will be displayed when the interlock is
open.

The switch must be mounted inside the test box such that it
will be closed when thelid of thetest fixtureis closed. Open-
ing the lid must cause the interlock switch to open. There
must never be enough clearanceto allow finger accessinside
the box while the switch is closed. The interlock must be de-
signed so that it cannot be defeated.

By using an appropriate bulkhead connector on the test fix-
ture, the Keithley Model 6517-1LC-3 Interlock cable can be
used to connect theinterlock switch to the Model 6517A (see
Figure 2-18A). The connector needed is shown in Figure 2-
18C. Figure 2-18B shows the dimensions of the hole that
must be cut into the test fixture chassis to mount the connec-
tor. Figure 2-18D shows how to wire the connector to the test
fixture interlock switch.

As an alternative, you can remove one of the plugs from the
Model 6517-1LC-3 and hard wire theinterlock cable directly
to the interlock switch of the test fixture as shown in Figure
2-19.

Interlock Switch

To 6517A 2>
Interlock 3>

1 >—4o/o:|
Open Lid = Open Switch

47—

— Insulated
To 6517A Terminal
V Source >— Post (2)

Out HI
Screw Terminal for
To 6517A @ S>— Safety Earth Ground
Input S

@ Interlock Connector

Banana Jack

1 Warning: Test fixture must
be connected to safety earth
ground using #18 AWG wire
or larger.

@ 3-Lug Female Triax Connector

Figure 2-16

Test fixture to source voltage, measure current (resistance measurements)
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Figure 2-17

To 6517A
Interlock

To 6517A
V Source
Out

To 6517A
Input

To 6517A
Common

Multi-purpose test fixture

Figure 2-18
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2>—
3>
4>

Interlock Switch

17 Open Lid = Open Switch

e «—— Guard Plate

® @

>_
©>>:,

® @

I
I
Gl
— Insulated

! Terminal
! o Post (5)
| [
| [
| [
| DUT I
! or ||
| Test I
) Circuit I
| [
] (] Screw Terminal for
] (] Safety Earth Ground
| [
e )

Warning: Test fixture must
be connected to safety earth

ground using #18 AWG wire

&

@ Interlock Connector or larger.
Dual Banana Jacks
@ 3-Lug Female Triax Connector
@ Banana Jack
6517A
39889 o= -
omwe® O Interlock Cable
Interlock
I"—. / Connector
Interlock Test Fixture
A. Interlock Connection to Unit
__________ Q- —— - - - - - - - 7 - = === - =
444 +.004 3 #1 Normally-open SPST
--000 Momentary Switch
| 7\ ME% o
\

A
T l: 422 +.004

—.196

-.000

B. Panel cutout dimensions

Side View #4

#2

|

|

T

|

! Open lid = Open Switch

View from inside |

of test box I

C. Interlock Connector: I
Keithley P/N : CS-659 (3-pin)

CS-459 (4-pin) |

Switchcraft P/N : |

TB3M (3-pin) I

TB4M (4-pin) |

D. Interlock Wiring

Interlock connections
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Interlock |_ Normally-Open

6517-ILC-3 Cable* = SPST ,\SAO‘TT']mary
WItC
= Clear /

/ '| Black

Strain relief for cable Test Fixture

6517A

* Plug at test fixture end of cable removed

Figure 2-19
Hard-wired interlock

Handling and cleaning test fixtures

Dust, body oil, solder flux and other contaminants on con-
nector and terminal insulators can significantly decrease the
leakage resistance resulting in excessive leakage currents.
Also, contaminants on DUT and test circuit components can
create a leakage path. These leakage currents may be large
enough to corrupt low-level measurements.

Handling tips:

» Do not touch the bodies of DUT or test circuit compo-
nents. If you cannot handlethem only by their leads, use
clean cotton glovesto install them in the test fixture.

« Do not touch any connector or terminal insulator.

« If installing atest circuit that is on a pc-board, handle
the board only by the edges. Do nhot touch any board
traces or components.

Cleaning tips:

e Usedry nitrogen gas to clean dust off of connector and
terminal insulators, DUT and other test circuit compo-
nents.

* If you have just built the test fixture, remove any solder
flux using methanol along with clean foam-tipped
swabs or aclean soft brush. Clean the areas as explained
in the next tip.

* To clean contaminated areas, use methanol and clean
foam-tipped swabs. After cleaning a large area, you
may want to flush the area with methanol. Blow dry the
test fixture with dry nitrogen gas.

« After cleaning, the test fixture (and any other cleaned
devices or test circuits) should be allowed to dry in a
50°C low-humidity environment for several hours.
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2.5 \oltage measurements

The Model 6517A can make unguarded or guarded voltage
measurementsfrom 1V to 210V. Guard should be used if re-
sponsetime or leakage resistance is a consideration. The con-
cepts of guarding are discussed in paragraphs 2.4.4 and 2.5.3.

25.1 Basic measurement procedure
The voltage measurement procedureis summarized asfollows:

NOTE

To ensure proper operation, aways enable
zero check ("ZeroCheck" displayed) be-
fore changing functions (V, I, R, or Q).
The Z-CHK key controls zero check.

1. With zero check enabled (“ZeroCheck” displayed), se-
lect the volts (V) function. The Z-CHK key toggles zero
check between the on and off states.

NOTE

The input circuit configuration changes
with zero check enabled. See paragraph
2.13 for details.

2. Enable or disable guard as needed. Guard is controlled
from the GUARD option of the Voltage Configuration
menu (see paragraph 2.5.2).

NOTE

The “Grd” message on the display indi-
cates that guard is enabled (on).

3. To achieve optimum accuracy for low voltage measure-
ments, it is recommended that you zero correct the instru-
ment. To do S0, select the lowest measurement range (2V)
and press REL. The REL indicator turns on and the
“ZCor” messageis displayed. Correcting zero on the low-
est rangewill correct all rangesbecause of internal scaling.

NOTE

If guard is enabled, the “ZCor” message
will replace the “Grd” message. Keep in
mind that guard is ill enabled even
though the“ Grd” messageis not displayed.



4. Select a manual measurement range that is consistent
with the expected reading, or enable auto range (see
paragraph 2.12 for detailed range information).

5. Connect the Model 6517A to the voltage to be mea-
sured. Figure 2-20 shows typical connections for un-
guarded measurements, and Figure 2-21 shows typical
connections for guarded measurements.

WARNING

Hazardous voltage may be present on
the inner shield of the triax cable when
GUARD is on. A safety shield connect-

237-ALG-2

Red (HI) Cable

Front Panel Operation

ed to safety earth ground (as shown in
Figure 2-21) should be used for voltage
measurements at or above 30V.

6. Press Z-CHK to disable zero check and take a reading

from the display.

NOTE

To disable zero correct,

and press REL.

Measured

Voltage — Vs

[+

P
___________ 1 Black (LO)
Shield (Optional)
A. Connections
Ranging
Amp
I — AN W
HI
L U LO —AAN\—
| — ! 4 B
I T o b GND
| - |
| l .
I * J7
TTTTT J PREAMP OUTPUT
COMMON %
2V ANALOG OUTPUT

B. Equivalent circuit

Figure 2-20
Typical connections for unguarded voltage measurements

A%

enable zero check

To A/D
Converter
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237-ALG-2
Cable

Voltage

Lo
L
Lo
]
L
! : Measured
o
Lo
]
L
| ]
|

Safety
Earth
Ground

A. Connections

Ranging

________ [ . Input Amp
[ | npu Amp — VW
N o LA S A ——s
I
e S Guakn ) VWV Ly ToAD
= VR - Converter
N : \ / GND 150kQ
P! : |
(! '
L o

-1---! PREAMP OUTPUT

COMMON ,\1/3\/

2V ANALOG OUTPUT t AAA

B. Equivalent circuit

Figure 2-21
Typical connections for guarded voltage measurements
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2.5.2 \Volts configuration

The following information explains the various configura-
tion optionsfor the voltsfunction. The configuration menuis
summarized in Table 2-8. Thismenu is accessed by pressing
CONFIG and then V. Paragraph 2.3.5 summarizes the rules
for navigating through the menu structure.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

GUARD

The GUARD optionisused to enable or disable guard. When
disabled, the inner shell (shield) of the triax connector (and
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cable) is connected to meter input LO. Thismode is used for
unguarded voltage, current and charge measurements. When
enabled, the inner shell (shield) of the triax connector (and
cable) is connected to guard, which follows the potential of
meter input HI. This mode is used for guarded voltage mea-
surements. Guarding is explained in paragraphs 2.4.4 and
254,

Guard is only in effect when the instrument is in the volts
function. In any other function, guard is not used. The fol-
lowing menu items are used to control GUARD:

ON: Enable guard
OFF: Disable guard

Table 2-7
CONFIGURE VOLTS menu structure
Menu item Description
GUARD Enable or disable guard.
EXT-FDBK Enable or disable external feedback mode.
SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration in PLC (0.01-10).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Filter menu:
AVERAGING Configure digital averaging filter:
TYPE Select type of averagefilter:
NONE No average filtering performed.
AVERAGING Program a simple average filter (1-100 rdgs).
ADVANCED Program a simple average filter (1-100 rdgs). with noise tolerance window (O-
100% of range).
AVERAGING-MODE Select moving average or repeating average mode.
MEDIAN Configure median filter:
DISABLE Disable median filter.
ENABLE Enable median filter and specify range (1-5).
RESOLUTION Display resolution menu:
AUTO Default to resolution appropriate for integration time.
3.5d, 4.5d, 5.5d, 6.5d Select a specific resolution.
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EXT-FDBK

Thisoption is used to enable or disable the external feedback
mode. External feedback isexplained in paragraph 2.11. The
following menu items are used to control external feedback:

OFF: Disable external feedback
ON: Enable external feedback

SPEED

The speed parameter sets the integration time of the A/D
converter, the period of timetheinput signal is measured (al-
so known as aperture). The integration time affects the us-
able resolution, the amount of reading noise, as well as the
ultimate reading rate of the instrument. Any triggersreceived
while the instrument is processing a reading are ignored.
From the front panel, the integration time is specified in pa-
rameters based on a number of power line cycles (NPLC),
where 1 PLC for 60Hzis16.67msec and 1 PLC for 50Hz and
400Hz is 20msec.

The SPEED parameters for all functions (except frequency)
are explained asfollows:

FAST: Setsintegration timeto 0.01 PLC. Use FAST if speed
is of primary importance at the expense of increased reading
noise and less usabl e resolution.

MEDIUM: Setsintegration timeto 0.1 PLC. Use MEDIUM
when acompromise between noise performance and speedis
acceptable.

NORMAL.: Sets integration time to 1 PLC. A compromise
like MEDIUM, but NORMAL provides better noise perfor-
mance at the expense of speed.

HIACCURACY: Sets integration time to 10 PLC. Use HI-
ACCURACY when high common-mode and normal-mode
rejectionisrequired.

SET-SPEED-EXACTLY: When this parameter is selected,
the present PLC value is displayed. By using the cursor keys
(<« and p» ) andthe RANGE A and v keys, you can enter
any PLC value from 0.01 to 10. Be sureto pressENTER af -
ter keying in anew value. Notethat an integer PLC valuewill
increase noise rejection.

SET-BY-RSLN: This parameter optimizes the integration
time for the present resol ution setting. See Table 2-18 for the
default integration times for the volts, ohms, amps and cou-
lombs functions.
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FILTER

Usethismenu item to configure the two basic filter types: av-
eraging and median. Note that you can use either the averag-
ing filter, the median filter, or both.

The filter menu is available from the function configuration
menus (i.e. press CONFIG V) or by pressing CONFIG FIL-
TER with the desired function already selected. All of the pa-
rameters (menu items) for FILTER are explained in
paragraph 2.17.

RESOLUTION

All functions can operate with 3.5 to 6.5-digit resolution, or
they can default to a setting appropriate for the selected inte-
gration time.

3.5d, 4.5d, 5.5d or 6.5d: Setsresolution to the specified num-
ber of digits.

AUTO: Optimizes the resolution for the present integration
time setting. See Table 2-19 for the default resolutions of the
volts, amps, ohms and coulombs functions.

2.5.3 Voltage measurement considerations

Some considerations for making accurate voltage measure-
ments are summarized in the following paragraphs. Addi-
tional measurement considerations are summarized in
paragraph 2.21. For comprehensive information on precision
measurements, refer to the Low Level Measurements hand-
book, which is available from Keithley.

LOADING EFFECTS

Circuit loading can be detrimental to high-impedance volt-
age measurements. To see how meter loading can affect ac-
curacy, refer to Figure 2-22. Rg represents the resistance
component of the source, while R, represents the input re-
sistance of the meter. The percent error dueto loading can be
calculated using the formula in the illustration. To keep the
error under 0.1%, the input resistance (R;y) must be about
1000 times the val ue of the source resistance (Rg). Theinput
resistance of theModel 6517A is>2 x 10EX4Q. Thus, to keep
the error under 0.1%, the source resistance of the measured
voltage must be <2 x 10EM1Q.



Source
Meter
Rg
— & Rin <V>
% Error = %
Rs+ Ry

Figure 2-22

Meter loading

CABLE LEAKAGE RESISTANCE

In an unguarded voltage measurement, leakage current oc-
curs in the input triax cable between the center conductor
(HI) and the inner shield (LO). This leakage resistance
shunts the voltage source to be measured. If the resistance of
the sourceis not significantly lessthan the leakage resistance
of the cable, then measurement errors will occur.

The effects of leakage resistance can be eliminated by using
guard to make high impedance voltage measurements. See
GUARDING for more information. In general, guarding
should be used when the resistance of the voltage source is
10%Q or greater.

INPUT CAPACITANCE

At very high resistance levels, the very large time constants
created by even aminima amount of capacitance can slow
down response time considerably. For example, measuring a
source with an internal resistance of 100G<2, would result in
an RC time constant of one second when measured through
acable with anominal capacitance of 10pF. If 1% accuracy
isrequired, a single measurement would require at least five
seconds.

Basically, there are two ways to minimize this problem: (1)
keep the input cable as short as possible, and (2) use guard-
ing. Of course thereis alimit to how short the cable can be.
Using guard can reduce these effects by up to a factor of
1000 (see Guarding).

GUARDING

Guarding should be used for high-impedance voltage mea
surements and for voltage measurements that use long input
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cables. The basic procedure to make guarded voltage mea-
surements is provided in paragraph 2.5.1.

To understand the concept of guarding, let usfirst review the
unguarded circuit shown in Figure 2-23. Eg and Rg repre-
sents the resistance and voltage components of the source,
and R, and C, represents the leakage resistance and cable
capacitance of the triax input cable. The equivalent circuit
shows the divider that is formed. If Rg is large enough, the
divider will significantly attenuate the voltage seen at the in-
put of the Model 6517A (see CABLE LEAKAGE RESIS
TANCE). Also, Rg and the cable capacitance (C) could
create along RC time constant resulting in a slow measure-
ment response (see INPUT CAPACITANCE).

Center

Triax Cable Conductor

Source

PR WY O HI
§ R, Re C
To 6517A
Input
; Eg Inner Shield
O LO
HI
To 6517A
Input

OLO

Equivalent Circuit

Figure 2-23
Unguarded voltage measurements

Guarding the circuit minimizes these effects by driving the
inner shield of thetriax cable at signal potential, as shownin
Figure 2-24. Here, a unity gain amplifier with a high input
impedance and low output impedance is used. Sincethe cen-
ter conductor (HI) and the inner shield (Guard) of the cable
are at virtually the same potential, the potential acrossR| is
zero, so no current flows. Also, with a zero potential across
C_, there is no capacitor charging process to slow down the
measurement response.
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Not shown in Figure 2-24 isthe outer shield of thetriax cable
which is connected to chassis ground. The leakage between
the inner shield and the outer shield is of no consequence
since that current is supplied by the low impedance source,
rather than by the signal itself.

Center

Triax Cable Conductor

Source

Guard

6517A Input

= Inner Shield
T WA
15kQ

Figure 2-24
Guarded voltage measurements

2.6  Current measurements

The Model 6517A can make current measurements from
10aA to 21mA.

2.6.1 Basic measurement procedure

To achieve optimum precision for low-level current mea-
surements, input bias current and voltage burden can be min-
imized by performing the offset adjustment procedures in
paragraph 2.19.3 (OFFSET-ADJ).

NOTE

After measuring high voltage in the volts
function, it may take a number of minutes
for input current to drop to within speci-
fied limits. Input current can be verified by
placing the protection cap on the INPUT
triax connector and then connecting a
jumper between COMMON and chassis
ground. With the instrument on the 20pA
range and zero check disabled, allow the
reading to settle until theinput bias current
iswithin specifications.

Perform the following steps to measure current:
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NOTE

To ensure proper operation, always enable
zero check ("ZeroCheck" displayed) be-
fore changing functions (V, I, R, or Q).
The Z-CHK key controls zero check.

1. With zero check enabled (“ZeroCheck” displayed), se-
lect the amps (1) function. The Z-CHK key toggles zero
check between the on and off states.

NOTE

The input circuit configuration changes
with zero check enabled. See paragraph
2.13for details.

2. To achieve optimum accuracy for low current measure-
ments, it is recommended that you zero correct the in-
strument. To do so, sel ect the lowest measurement range
(20pA) and press REL. The REL indicator turns on and
the“ZCor” messageisdisplayed. Correcting zero on the
lowest range will correct all ranges because of internal
scaling.

3. Select a manual measurement range that is consistent
with the expected reading, or enable auto range (see
paragraph 2.12 for detailed range information).

4. Connect the Model 6517A to the current to be mea
sured. Figure 2-25 showstypical connectionsfor current
measurements.

NOTE

If measuring current in a floating circuit
where significant leakage may exist be-
tween the ammeter input and circuit low,
connect the Model 6517A to the circuit as
shown in Figure 2-26. Notice that amme-
ter input LO is connected to circuit high.
Paragraph 2.6.3 (Guarding; Floating Cur-
rent Measurements) explains how this
guarding technique affects the measure-
ment. Also note that a safety shield should
be used if theinput of the ammeter isfloat-
ing a a hazardous voltage level
(VE=30V).

5. Press Z-CHK to disable zero check and take a reading
from the display.
NOTE

To disable zero correct, enable zero check
and press REL.
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Figure 2-25
Typical connections for current measurements
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Figure 2-26
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2.6.2 Amps configuration

The following information explains the various configura-
tion options for the amps function. The configuration menu
issummarized in Table 2-9. This menu is accessed by press-
ing CONFIG and then I. Paragraph 2.3.5 summarizes the
rules for navigating through the menu structure.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

SPEED

The SPEED parameter sets the integration time of the A/D
converter, the period of timetheinput signal is measured (al-
so known as aperture). It is discussed in paragraph 2.5.2.

FILTER

Usethismenu item to configure the two basic filter types:. av-
eraging and median. Note that you can use either the averag-
ing filter, the median filter, or both.

The filter menu is available from the function configuration
menus (i.e. press CONFIG V) or by pressing CONFIG FIL-
TER with the desired function already selected. All of the pa-
rameters (menu items) for FILTER are explained in
paragraph 2.17.

RESOLUTION

The RESOLUTION parameter sets the display resolution. It
isdiscussed in paragraph 2.5.2 and 2.12.

AUTO-RANGE

The AUTO-RANGE option is used to configure autorange
for the amps function. This option allows you to speed up the
autoranging search process by eliminating upper and/or low-
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er measurement ranges. For example, if you know that read-
ings will not exceed 1pA, you can specify the 2pA range to
be the maximum range. When the instrument autoranges (as-
suming AUTO RANGE isenabled), it will not search into the
current ranges above 2UA.

NOTE

Allow sufficient time for settling when
autoranging over multiple ranges or down
to the lower current ranges, or erroneous
readings may occur.

USE-ALL-RANGES: With this selection, all current ranges
are used in the autoranging search process.

SET-LIMITS: Thisselection allows you to specify minimum
and maximum ranges in the autoranging search process:

« MIN-AUTO — Use to select the lowest range that you
want the instrument to autorange to.

« MAX-AUTO — Useto select the highest range that you
want the instrument to autorange to.

DAMPING

High capacitance seen at the input will increase reading
noise. This capacitance can be attributed to along input cable
or to the capacitance of the source, or acombination of both.
Enabling damping will reduce this type of noise. However,
damping will also slow down the response of the measure-
ment.

Do not confuse damping with filtering. Damping is used to
reduce noise caused by input capacitance, while filtering is
used to reduce noise caused by anoisy input signal.

ON: Enable current damping
OFF: Disable current damping
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Table 2-9
CONFIGURE AMPS menu structure
Menu item Description
SPEED M easurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration in PLC (0.01-10).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Filter menu:
AVERAGING Configure digital averaging filter:
TYPE Select type of averagefilter:
NONE No average filtering performed.
AVERAGING Program a simple average filter (1-100 rdgs.).
ADVANCED Program a simple average filter (1-100 rdgs.) with noise tolerance window (O-

100% of range).
AVERAGING-MODE

Select moving average or repeating average mode.

MEDIAN Configure median filter:
DISABLE Disable median filter.
ENABLE Enable median filter and specify rank (1-5).
RESOLUTION Display resolution menu:
AUTO Default to resolution appropriate for integration time.
3.5d, 4.5d, 5.5d, 6.5d Select a specific resolution.
AUTO-RANGE Autorange menu:
USE-ALL-RANGES Use dl ranges when autoranging.
SET-LIMITS Limit the ranges used in the autorange search:
MIN-AUTO Specify the minimum range in the search.
MAX-AUTO Specify the maximum range in the search.
DAMPING Enable or disable damping.

2.6.3 Current measurement considerations

Some considerations for making accurate current measure-
ments are summarized in the following paragraphs. Addi-
tional measurement considerations are summarized in
paragraph 2.21. For comprehensive information on precision
measurements, refer to the Low Level Measurements hand-
book, which is available from Keithley.
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INPUT BIAS CURRENT

An ideal ammeter would read OA with an open input. In
practice, however, ammeters do have some current that flows
when the input is open. This current is known as the input
bias (offset) current and may be large enough to corrupt low
current measurements.

The input bias current for the Model 6517A islisted in the
specifications. Input bias current may be reduced by per-
forming the offset adjustment procedure explained in para-
graph 2.19.3 (OFFSET-ADJ).



VOLTAGE BURDEN

The input resistance of the ammeter causes a small voltage
drop across the input terminals. Thisvoltage is known asthe
voltage burden. If the voltage burden is large in relation to
the voltage of the measured circuit, then significant measure-
ment errors will occur.

Refer to Figure 2-27 to see how voltage burden affects cur-
rent measurements. Assume Vg is 5mV and Rg is 5kQ2 to
configure a 1pA current source (5mV/5kQ = 1pA). Anideal
ammeter with zero voltage burden would measure the cur-
rent source as follows:

In practice however, every ammeter has a voltage burden. If
thevoltage burden (V) is1mV, the current will be measured
asfollows:

_ VsV _ 5mv-imV _ oo

'w = Rg 5kQ

The 1ImV voltage burden caused a 20% measurement error.
Percent error in a measured reading (ly,) due to voltage bur-
den can be calculated as follows:

100%
(Vg/Vp)

I\ Yoerror =

The voltage burden of the Model 6517A depends on the se-
lected range (see specifications). Voltage burden may be re-
duced by performing the offset adjustment procedure
explained in paragraph 2.19.3 (OFFSET-ADJ).

Source Meter
R | —>
W +
=% =%
‘ (Voltage
Burden)
= Ys-VB
M= Rs
Figure 2-27

\oltage burden considerations
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NOISE

Noise can serioudly affect sensitive current measurements.
The following paragraphs discuss how source resistance and
input capacitance affect noise performance.

Source resistance

The source resistance of the DUT will affect the noise per-
formance of current measurements. As the source resistance
isreduced, the noise gain of the ammeter will increase, aswe
will now discuss.

Figure 2-28 shows asimplified model of the feedback amme-
ter. Rgand Cgrepresents the source resistance and source ca-
pacitance, Vg is the source voltage, and Vo, sg is the noise
voltage. Finally, Rg and Cr are the feedback resistance and
capacitance respectively.

The source noise gain of the circuit can be given by the fol-
lowing equation:

OutputV g sg = INputVy o se(1+Re/Rg)

Note that as Rg decreases in value, the output noise increas-
es. For example, when Rg = Rg, theinput noise is multiplied
by a factor of two. Since decreasing the source, resistance
can have adetrimental effect on noise performance, there are
usually minimum recommended source resistance values
based on measurement range. Table 2-10 summarizes mini-
mum recommended source resistance values for various
measurement ranges. Note that the recommended source re-
sistance varies by measurement range because the Rg value
also depends on the measurement range.

Table 2-10
Minimum recommended source resistance values

Minimum recommended
Range |source resistance
pA 1 GQ to 100 GQ
nA 1MQ to 100 MQ
PA 1 kQ to 100 kQ
mA 1 Qto 100 Q
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Source capacitance

DUT source capacitance will also affect the noise perfor-
mance of the Model 6517A ammeter. In general, as source
capacitance increases, the noise aso increases. To see how
changes in source capacitance can affect noise gain, let us
again refer to the simplified anmeter model in Figure 2-28.
The elements of interest for this discussion are the source ca-
pacitance, Cg and the feedback capacitance Cg. Taking into
account the capacitive reactance of these two elements, our
previous noise gain formula must be modified as follows:

OutputV g sg = INpUtV g se(Ze/Zs)
Here, Z represents the feedback impedance made up of Cg

and Rg, while Zg is the source impedance formed by Rg and
Cs. Furthermore,

R
Ze = £
(2nfRCp)2 + 1
and,
R
zg = S

[(2nfRgCg)2+1

Note that as Cg increases in value, Zg decreases in value,
thereby increasing the noise gain. Again, at the point where
Zs=Zg, theinput noise is amplified by afactor of two.

The maximum value of source capacitance (Cg) for theMod-
el 6517A ammeter is 10,000pF. You can, however, usualy
measure at higher source capacitance values by inserting a
resistor in series with the ammeter input, but remember that
any series resistance will increase the voltage burden by a
factor of |y * Reer|es: For example, the range of resistance
listed in Table 2-10 will result in voltage burden valuesin the
range of 1mV to 1V. A useful aternative to a series resistor
isaseriesdiode, or two diodesin parallel back-to-back. The
diodes can be small-signal types and should be in a light-
tight enclosure.
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GUARDING

For current measurements, guarding is used to drastically re-
duce leakage currents in high impedance test circuits. Am-
meter input LO (inner shield of thetriax cable) is used asthe
guard.

High impedance current measurements — Significant
leakage could occur across a high impedance (<1GQ) DUT
through the insulators as shown in Figure 2-29A where R, ¢
and R, , represent the |leakage resistance. So instead of mea-
suring just the current (1) through R, you are al so measuring
the leakage current (1, ). The current measured by the amme-
teris lR + ||_.

By connecting ammeter input LO to the metal mounting
(guard) plate as shown in Figure 2-29B, the leakage current
(1) is shunted to ammeter input LO and is not measured by
the ammeter. Thus, the anmeter only measures |g.
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Figure 2-29

High impedance current measurements

Floating current measurements — As discussed in para-
graph 2.5.4 for voltage measurements, guarding uses a con-
ductor at essentially the same potential as the sensitive input
to drastically reduce leakage currents in high impedance test
circuits. No current can flow when thereisa OV drop across
aleakage resistance.

For floating current measurements, ammeter input low is
used asthe guard sinceit totally surroundsinput high (viathe
input triax cable), and it is at nearly the same potential asin-
put high. In reality, the ammeter drops <1mV and is known
as the voltage burden.

Figure 2-30A shows an unguarded floating current measure-
ment in a high impedance circuit. The goal isto measure the
current (1) through resistor R. However, aleakage path (R )
exists from ammeter input LO to test circuit common. Since
the ammeter drops <1mV, approximately 10V is dropped by
R_. The current through R will be approximately 10nA
(10V/1GQ = 10nA). Thus, the current that is measured by
the Model 6517A is the sum of the two currents (1 = Ig +
10nA). Obviously, if Ig isalow level current, then the 10nA
leakage current will corrupt the measurement.
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Figure 2-30B shows the guarded version of the same circuit.
Notice that the only difference is that the connections to the
electrometer are reversed. Resistor R now represents the
leakage from ammeter input HI to ammeter input LO, and re-
sistor Rg represents the leakage from ammeter input LO
(guard) to test circuit common. As previously mentioned, the
ammeter drops <1mV. It then follows that there is a <1mV
drop across R . Thus, the current through R, is <1pA
(<IMV/1GQ = <1pA). The current that is measured by the
Model 6517A isthe sum of thetwo currents (I = Ig + <1pA).
The use of guarding reduced the leakage current from 10nA
to <1pA. Note that the 10nA leakage current (Ig) from am-
meter input LO to test circuit low still exists, but it is of no
conseguence sinceit is not measured by the Model 6517A.

+10V 2
HI 6517A
I=Ig+ 10nA
— <« Ik LO
— 1oV
R
R, - 1oV _
§ oo IL=Gg = 10nA
N
A) Unguarded
A. Unguarded
+10V 6517A
I=1Ig +<1pA
; 10V
R _<ImV _
1GLQ VL Tcg = <1PA
Rg =10V,
1GQ V“‘mg = 10nA
B) Guarded
B. Guarded
Figure 2-30

Floating current measurements
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2.7  Resistance and resistivity
measurements

The Model 6517A can make resistance measurements and
resistivity measurements (surface and volume). High resis-
tance measurements (above 1IMQ) may exhibit problematic
background currents and can be improved using the Alter-
nating Polarity Test Sequence (see paragraph 2.14).

Auto V-Source

The Model 6517A has an auto V-Source mode for resistance
and resistivity measurements. With AUTO V-Source select-
ed, the Model 6517A will automatically set the V-Source to
an optimum test voltage level; either 40V or 400V. The se-
lected test voltage and current measurement range depends
on which ohms measurement range is being used (see Table
2-11). With AUTO V-Source selected, the Model 6517A will
display the ohms measurement range and the V-Source val-
ue. Note that with AUTO V-Source selected, you will not be
able to manually adjust the VV-Source or change the V-Source
range when in the ohms function.

NOTE

If AUTO V-source ohmsis on, the voltage
limit of the V-source is <400V, an ohms
range that requires 400V is selected, an er-
ror message will occur, and the voltage
source will be turned off. See “Setting a
Voltage Limit” in paragraph 2.9.3 to
change the voltage limit value.

The published specificationsfor ohmsonly
apply for the specified AUTO V-Source
test voltages. If using the MANUAL V-
Source setting, you must add the V-Source
errors to the amps measurement range er-
rors to determine the total ohms errors.

With the MANUAL V-Source setting selected, you can set
the V-Source to any value and change the V-Source range
while in the ohms function. The Model 6517A will display
the amps range that is being used for the measurement and
the V-Source value.

WARNING

A hazardous voltage (400V) may automat-
ically be set for the ohms function when
AUTO V-Source is selected. Table 2-11
identifies the ohms ranges that use 400V.

TheV-Source setting (AUTO or MANUAL ) is selected from

the VSOURCE item of CONFIGURE OHMS menu (see
paragraph 2.7.3 for details).
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Ohms Ranges

Each measurement range for the ohms function has a lower
reading limit that is one decade below the selected range.
For example, the 20MQ range has a lower reading limit of
2MQ. Thereading ranges for the ohmsfunction arelisted in
Table 2-11.

Ohms measurements are performed by sourcing voltage and
measuring current. Thus, ohms ranges are actually current
ranges with ohms displayed.

When the resistance of the DUT (device under test) is too
low for the selected ohmsrange, the resultant current will ex-
ceed full scale and cause the UNDERFLOW message to be
displayed. This message indicates that the measured resis-
tance is below the lower reading limit of the selected range.

This problem can be resolved by manually selecting the next
lower range or by using AUTO range.

There are three ways you can be assured of optimum range
selection:

e Use AUTO range.

« Select the next lower rangewhen UNDERFLOW isdis-
played.

« Withthe MANUAL V-Source selected, usethe multiple
(NEXT) display that provides the actual measured cur-
rent. This allows you to check that the selected amps
range is the lowest range that can handle the measured
current.

Note that with AUTO range selected, the instrument cannot
go to the 2TQ, 20TQ, or 200T<Q ranges since a hazardous
voltage level (400V) may be selected by the instrument. You
must select these ranges manually. To speed up the auto
range process, you can set upper and/or lower range limits.
Eliminating ranges in the auto range search speeds up the
measurement process. See paragraph 2.7.3 (AUTORNG) for
details.

With AUTO V-Source selected, the Model 6517A will dis-
play the ohms measurement range and the VV-Source value.
With MANUAL V-Source selected, the amps range for the
measurement and the V-Source value will be displayed.

NOTE

Since AUTO ohms uses the Source V,
Measure | measurement method, a cur-
rent measurement overflow will result in
an UNDERFLOW error. Conversely, a
OA measured current will result in an
OVERFLOW error. To avoid confusion,
use NEXT to show the measured current
on the secondary display.



Table 2-11
Ohms reading ranges and AUTO V-Source
AUTO V-Source
Test Amps
Reading range voltage range
200kQ — 2MQ 40V 200pA
2MQ —20MQ 40V 20pA
20MQ — 200M Q2 40V 2uA
200MQ — 2GR 40V 200nA
2GQ — 20GL2 40V 20nA
20GQ2 — 200GQ 40V 2nA
200G - 2T 400V 2nA
2TQ —20TQ 400V 200pA
20TQ —200TQ 400V 20pA

2.7.1 Resistance measurements

The Model 6517A can make resistance measurements up to
10'7Q using the force voltage measure current (FVMI) tech-
nigue. From the known sourced voltage and measured cur-
rent, the Model 6517A calculates and displays the resultant
resistance (R = V/I). TheV-Source level can be set automat-
ically by the Model 6517A or it can be manually set by the

Thefollowing steps summarize the basic stepsto measurere-
sistance:

WARNING

Make sure the V-Source is in standby. In
standby, the OPERATE indicator is off.
The OPER key toggles the V-Source be-
tween standby and operate.

NOTE

To ensure proper operation, always enable
zero check ("ZeroCheck" displayed) be-
fore changing functions (V, I, R, or Q).
The Z-CHK key controls zero check.

1. Enable zero check by pressing Z-CHK.
2. Select RESISTANCE from the MEAS-TY PE selection

of the ohms configuration menu. The ohms configura-
tion menu is accessed by pressing CONFIG and the R
(see paragraph 2.7.3 for details).

NOTE

Step 2 can be skipped if the instrument is
already in the resistance measurement
mode.

3. Select the V-Source adjustment mode. With AUTO V-

Source selected, theinstrument will automatically select

Front Panel Operation

the optimum V-Source value (40V or 400V) for the mea-
surement range. With MANUA L V-Source selected, you
select the V-Source range and value. The V-Source ad-
justment mode is selected from the VSOURCE item of
the CONFIGURE OHMS menu. See paragraphs 2.7
(Auto V-Source) and 2.7.3 (VSOURCE) for details.

. Connect the resistance to be measured to the Model

6517A. Figure 2-31 shows typical connections while
Figure 2-32 shows connections using the Model 8002A
High Resistance Test Fixture.

NOTE

The connections in Figure 2-33 assume
that V-Source LO is internally connected
to ammeter LO. This internal connection
is controlled from the METER-CON-
NECT option of the CONFIGURE V-
SOURCE menu (see paragraph 2.9.1).
This LO-to-L O connection can instead be
made by using an external cableto connect
V-Source LO to ammeter LO.

. Select the ohms function by pressing the R key.
. |f the manual V-Source adjustment modeis selected, use

the «, » , and the VOLTAGE SOURCE A and Vv
keysto set the voltage level. The VV-Source range can be
changed from the RANGE item of the CONFIGURE V-
SOURCE menu. See paragraph 2.9.2 for details on set-
ting range and level for the V-Source. Note that you will
not be able to adjust the V-Source if AUTO V-Sourceis
selected.

WARNING

To avoid a possible shock hazard, do not
use a voltage level that exceeds the max-
imum input voltage rating of the test fix-
ture. For example, the maximum input
voltage to the Model 8002A High Resis-
tance Test Fixture must not exceed
200V peak.

. Usethe A and ¥ RANGE keys to select the resistance

measurement range, or select AUTO range. Note that
with AUTO range selected, the instrument will not go to
the 2TQ, 20TQ and 200TQ ranges.

NOTE

For optimum accuracy, leakage currentsin
the test fixture can be cancelled by per-
forming REL on the current component of
the measurement. To cancel leakage cur-
rent, perform “Cancelling Test Fixture
Leakage Current” which follows Step 9 of
this procedure.
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8. Disable zero check by again pressing Z-CHK and press
OPER to source voltage to the DUT.

NOTE

A flashing VOLTAGE SOURCE OPER-
ATE LED indicates that the V-Source has
gone into current limit. The programmed
voltage is not being applied to the load. In
thissituation, try using alower voltage for
the measurement.

! 237-ALG-2
' Red Cable

9. Takethereading from the display.

6517A

Black

# ERIAL OPERATOR SERVICABLE PARTS,SER
) @

PREAMP OUT COMMON
250V PEAK

INPUT
gggggggg

WARNING

Place the V-Source in standby before
making or breaking connections to the
test fixture or DUT.

WARNING no s

¢ 99

Resistance

LO connected
to shield

I
I
I
I
I
I
] Measured § Ry
I
I
I
I
I

Shield (Optional)

@@V

Note: V-Source low internally

A) Connections

A. Connections

Input
Amplifier

o Meter
Connect

» Relay

1
Output —_ SOL\l/rce
LO

>

PREAMP OUTPUT

COMMON

2V ANALOG OUTPUT

connected
low.

to electrometer

Ranging
Amp

To A/D
} > Converter

B) Equivalent Circuit

B. Equivalent circuit

Figure 2-31
Typical connections for resistance measurements
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8002-ILC-3 Interlock Cable

WARNING:NO INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QURLI

" IERLOCK
| (]
7078-TRX-3 Triax Cable
\ - Model 6517A
Note: Set fixture mode switch 8607 Banana Plug Cables
to picoammeter operation.
Warning: Connect @ of fixture

to safety earth ground using

safety ground wire (supplied

with 8002A test fixture).

A) Connections
Input
Amplifier
Ranging
Guard Plate /\{Q\/\/ Amplifier
F
—— Input — VW
| ' At amn—-
| | —
i . U LO VWV Ly ToAD
I R | i Converter
| X « \ Z 3 GND
| |
| | 37
| |
| 1 HI
I | _I_
' I V-Source ~ Out  — V Source
: ! o T
T
| |
|
| | ,O/O : Interlock To Interlock
| Lid Interlock | nterlock  petection Circuits
| |
| ]
8002A Test PREAMP OUTPUT
Fixture COMMON /\1/?/\/
2V ANALOG OUTPUT AANA —
S:/

Figure 2-32

Connections for resistance measurements using Model 8002A test fixture

B) Equivalent Circuit
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Cancelling test fixture leakage current

Significant leakage in the test fixture can corrupt aresistance
measurement. This leakage current can be cancelled by per-
forming a REL on the current component of the resistance
measurement. Perform the following steps to cancel leakage
current:

NOTE

The following procedure assumes that
steps 1 through 7 of the preceding resis-
tance measurement procedure has been
performed.

1. WiththeV-Sourcein standby, removethe DUT from the
test fixture.

2. Select theampsfunction (1) and then disable zero check.
Also make sure that REL is disabled (REL indicator
off).

3. Press OPER to source the programmed V-Source level
to the test fixture.

4. Select thelowest possible measurement range to display
the current reading. This reading is the leakage current
in the test fixture.

5. Press REL to zero the reading. This cancels the leakage
current reading.

6. Press OPER to placetheV-Sourcein standby and enable
zero check.

7. Perform the following steps to establish the amps REL
value for the ohms function:

A. Press CONFIG and then R to display the CONFIG-
URE OHM S menu.

B. Select the AMPSREL menu item.

C. Select YESto establish the amps REL value.

D. Usethe EXIT key to back out of the menu structure.

8. Re-ingtall the DUT in the test fixture.

9. Select theohmsfunction (R) and proceed to step 8 of the
resistance measurement procedure.

2.7.2 Resistivity measurements

The Model 6517A can make surface resistivity measure-
ments from 10° to 1017 ohms and volume resistivity mea-
surements from 102 to 108 ohm-cm.

Typical resistivity test fixtures (such asthe Model 8009) use
circular electrodes. In order to use these test fixtures, thein-
sulator sample must be large enough such that all the surfac-
es of the electrodes make contact with the sample.
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NOTE

When using the Model 8009 test fixture,
you do not have to make any calculations.
For volume resistivity, you only need to
know the thickness (in mm.) of the sam-
ple. The Model 6517A will automatically
perform the calculation and display the
reading.

Surface Resistivity — Surface resistivity is defined as the
electrical resistance of the surface of an insulator material. It
is measured from electrode to electrode along the surface of
the insulator sample. Since the surface length is fixed, the
measurement isindependent of the physical dimensions (i.e.
thickness and diameter) of the insulator sample.

Surface resistivity is measured by applying a voltage poten-
tial acrossthe surface of the insulator sample and measuring
the resultant current as shown in Figure 2-33. The Model
6517A automatically performsthe following calculation and
displays the surface resistivity reading:

ps = KgR

pg = Surface resistivity (per square).
R = Measured resistance in ohms (V/1).
KS = P/g

where: P = The effective perimeter of the guarded electrode
(mm).
g = Distance between the guarded electrode and the
ring electrode (mm). Refer to Figure 2-34 to deter-
mine dimension g.

Guard

Top
Electrode)

Ring

Electrode
Guarded HI
Hi Electrode
— 6517A 6517A
— V-Source Picoammeter
LO 0
Figure 2-33

Surface resistivity measurement technique



For circular electrodes:

P = nD,

Dg = Dq + g (refer to Figure 2-34 to determine dimension
D).

Ring
Electrode

Guarded
Electrode

< D, ————>
<—— Dy——>
l«<—— D, —>

| Sample |
Guarded Electrode
| ‘ ‘ ‘ ‘ ‘\L Ring Electrode
g —>‘ ‘(—
D,-D
g= 172 Dp=D;+g
2
Test Fixture
Dimensions (cm)
Model 8009
D,| 2.000in
Dy| 2.125in
D, 2.250 in
8 0.125in
Figure 2-34

Circular electrode dimensions

Volume Resistivity — Volume resistivity is defined as the
electrical resistance through a cube of insulating material.
When expressed in ohm-centimeters, it would be the el ectri-
cal resistance through a one-centimeter cube of insulating
material. If expressed in ohm-inches, it would be the electri-
cal resistance through aone-inch cube of insulating material .

Front Panel Operation

Volume resistivity is measured by applying a voltage poten-
tial across opposite sides of theinsulator sample and measur-
ing the resultant current through the sample as shown in
Figure 2-35. The Model 6517A automatically performs the
following calculation and displays the volume resistivity
reading:

Ky

pv:TR

py = Volume resistivity.

Ky = The effective area of the guarded electrode for the par-
ticular electrode arrangement employed.

T = Average thickness of the sample (mm).

R = Measured resistance in ohms (V/1).

For circular electrodes:

D, = Outside diameter of guarded electrode.

g = Distance between the guarded electrode and the ring
electrode.

B = Effective area coefficient.

Top
Electrode
Ring
< Electrode
Guarded Hi
HI Electrode
—_—  6517A 6517A
—— V-Source Picoammeter
LO
Guard LO
Figure 2-35

\olume resistivity measurement technique

Notes:

1. Refer to Figure 2-34 to determine dimensions D1 and g.
2. An effective area of coefficient (B) of Oistypically used
for volume resistivity.
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General measurement procedure

Thefollowing steps summarize the basic stepsto measurere-
sistivity:

NOTE

To ensure proper operation, always enable
zero check ("ZeroCheck" displayed) be-
fore changing functions (V, I, R, or Q).
The Z-CHK key controls zero check.

WARNING

Make sure the V-Source is in standby. In
standby, the OPERATE indicator is off.
The OPER key toggles the V-Source be-
tween standby and operate.

. Enable zero check by pressing Z-CHK.

. Select and configure the desired resistivity measurement
type from the MEAS-TY PE (RESISTIVITY) option of
the ohms configuration menu as explained in paragraph
2.7.3.

. Select the V-Source adjustment mode. With AUTO V-
Source selected, theinstrument will automatically select
the optimum V-Source value (40V or 400V) for the mea-
surement range. With MANUAL V-Source selected, you
select the V-Source range and value. The V-Source ad-
justment mode is selected from the V-SOURCE item of
the CONFIGURE OHMS menu. See paragraphs 2.7
(Auto V-Source) and 2.7.3 (V-SOURCE) for details.

. Connect the sample to be measured to the Model
6517A. Figure 2-36 shows the connections to the Model
8009 for surface and volume resistivity measurements.

. Select the ohms function by pressing R.
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. If the manual V-Source adjustment modeis selected, use

the «, » , and the VOLTAGE SOURCE A and Vv
keysto set the voltage level. The V-Source range can be
changed from the RANGE item of the CONFIGURE V-
SOURCE menu. See paragraph 2.9.2 for details on set-
ting range and level for the V-Source. Note that you will
not be able to adjust the V-Source if AUTO V-Sourceis
selected.

. Usethe A and v RANGE keysto select the ohms mea-

surement range, or select AUTO range. Note that with
AUTO range selected, the instrument will not go the
2TQ, 20TQ and 200TQ ranges.

. Disable zero check by again pressing Z-CHK.
. Press OPER to place the V-Source in operate and after

an appropriate el ectrification period (biastime), notethe
resistivity reading. Typically, an electrification period of
60 seconds is used. See paragraph 2.7.5 (Electrification
Time) for details.

NOTE

A flashing VOLTAGE SOURCE OPER-
ATE LED indicates that the V-Source has
gone into current limit. The programmed
voltage is not being applied to the load. In
this situation, try using alower voltage for
the measurement.

10. Place the V-Source in standby by again pressing OPER

and enable zero check.

WARNING

Place the V-Source in standby before
making or breaking connections to the
test fixture or DUT.
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6517-1LC-3 Interlock Cable

Model 8009

Ar
Q9 e =1

7078-TRX-3 Triax Cable

AN

¢

‘ INTERLOCK

KEITHI

Model 6517A

8607 Banana Plug Cables

Warning: Connect @ of fixture
to safety earth ground using
safety ground wire (supplied
with 8002A test fixture).

Figure 2-36

Connections for measurements using Model 8009 test fixture

2.7.3 Ohms configuration

The following information explains the various configura-
tion options for the ohms function. The configuration menu
issummarizedin Table 2-12. Thismenu isaccessed by press-
ing CONFIG and then R. Paragraph 2.3.5 summarizes the
rules for navigating through the menu structure.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

SPEED

The SPEED parameter sets the integration time of the A/D
converter, the period of timetheinput signal is measured (al-
so known as aperture). It is discussed in paragraph 2.5.2.

FILTER

Usethismenu item to configure the two basic filter types; av-
eraging and median. Note that you can use either the averag-
ing filter, the median filter, or both.

The filter menu is available from the function configuration
menus (i.e. press CONFIG V) or by pressing CONFIG FIL-
TER with the desired function already selected. All of the pa-

rameters (menu items) for FILTER are explained in
paragraph 2.17.

RESOLUTION

The RESOLUTION parameter sets the display resolution. It
is discussed in paragraphs 2.5.2 and 2.12.

AMPSREL

Leakage current in atest fixture can corrupt aresistance mea-
surement. Thisleakage current can be cancelled by perform-
ing a REL on the current component of the measurement.
With this menu item, you can use the established amps REL
value for the resistance measurement. See “ Cancelling Test
Fixture Leakage Current” in paragraph 2.7.1.

ENABLED: Use this option to use the amps REL value. Af-
ter this option is selected, the instrument will display the sta-
tus of REL for the ohms function and for the amps function.
If REL for the amps function is disabled, then no amps REL
operation will be performed on the measurement.

DISABLED: Use this option if you do not wish to use the
amps REL value for resistance measurements.
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AUTORNG

TheAUTORNG option isused to configure autorange for the
ohms function. This option allows you to speed up the autor-

will not exceed 1G<, you can specify the 2GQ range to be
the maximum range. When the instrument autoranges (as-
suming AUTO range is enabled), it will not search into the
ohms ranges above 2GQ. Note that the 2TQ, 20TQ2 and

anging search process by eliminating upper and/or lower
measurement ranges. For example, if you know that readings

200T<2 ranges are not available for AUTO range.

Table 2-12
CONFIGURE OHMS menu structure
Menu item Description
SPEED M easurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration timein PLC (0.01-10).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Filter menu:
AVERAGING Configure digital averaging filter:
TYPE Select type of averagefilter:
NONE No average filtering performed.
AVERAGING Program a simple average filter (1-100 rdgs.).
ADVANCED Program asimple averagefilter (1-100 rdgs.) with noise tolerance window (0-100%

AVERAGING-MODE
MEDIAN

of range).
Select moving average or repesting average mode.
Configure median filter:

DISABLE Disable median filter.
ENABLE Enable median filter and specify range (1-5).

RESOLUTION Display resolution menu:

AUTO Default to resolution appropriate for integration time.
3.5d, 4.5d, 5.5d, 6.5d Select a specific resolution.

AMPSREL Enable or disable amps REL.

AUTORNG Autorange menu:

USE-ALL-RANGES Use all ranges when autoranging.

SET-LIMITS Limit the ranges used in the autorange search:
MIN-AUTO Specify the minimum range in the search.
MAX-AUTO Specify the maximum range in the search.

DAMP Enable or disable damping.

MEAS-TYPE Resi stance measurement type menu:
RESISTANCE Select the resistance measurement mode.
RESISTIVITY Select the resistivity measurement mode:

SURFACE Configure surface resistivity measurements.
VOLUME Configure volume resistivity measurements.
VSOURCE Select AUTO or MANUAL V-Source.
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USE-ALL-RANGES: With this selection, al ohms ranges
(except the 2TQ, 20TQ and 200TQ ranges) are used in the
autoranging search process.

SET-LIMITS: Thisselection allows you to specify minimum
and maximum ranges in the autoranging search process:

¢ MIN-AUTO — Useto select the lowest range that you
want the instrument to autorange to.

« MAX-AUTO — Useto select the highest range that you
want the instrument to autorange to.

DAMP

High capacitance seen at the input will increase reading
noise. This capacitance can be attributed to along input cable
or to the capacitance of the source, or acombination of both.
Enabling damping will reduce this type of noise. However,
damping will also slow down the response of the measure-
ment.

Don't confuse damping with filtering. Damping is used to re-
duce noise caused by input capacitance, while filtering is
used to reduce noise caused by anoisy input signal.

ON: Enable current damping
OFF: Disable current damping

MEAS-TYPE

The MEAS-TY PE option is used to select and configure the
measurement type for the ohms function.

RESISTANCE: Use this menu item to configure the ohms
function to make normal resistance measurements.

RESISTIVITY: Use this menu item to configure the ohms
function to make surface or volume resistivity measure-
ments:

NOTE

If the Model 6517A is aready configured
to use the Model 8009 Resistivity Test
Fixture (see FIXTURE-MODEL) then the
interlock cable MUST be connected to
that test fixture. Measurement type (sur-
face or volume) is automatically selected
by the switch position on the test fixture.
Attempts to change measurement type
fromthe menu will beignored. If theinter-
lock cable is not connected, then the set-
tings for volume or surface will not work
properly, and you will not be able to
change measurement type from the menu.

Front Panel Operation

SURFACE — Select this option to make surface resistivity
measurements. After the option is selected, the following
menu items are used to configure the resistivity measure-
ment:

MODEL-8009: Use this option if you are using the Model
8009 Resistivity Test Fixture. This option automatically sets
the parameters for the surface resistivity calculation (see
paragraph 2.7.2) since the electrode dimensions are known.

USER: Use this option if using another manufacturer’s test
fixture or a custom-built test fixture. After selecting this op-
tion you will be prompted to enter the value for K. Para-
graph 2.7.2 explains how to calculate K.

VOLUME — Select this option to make volume resistivity
measurements. After the option is selected, the following
menu items are used to configure the resistivity measure-
ment:

THICKNESS: Use to specify (in millimeters) the thickness
of the sample.

FIXTURE-MODEL: Use this menu item to select the test
fixture that you are going to use:

* MODEL-8009 — Select this option if using the Model
8009 Resigtivity Test Fixture. Thisoption automatically
sets the parameters for the volume resistivity calcula
tion (see paragraph 2.7.2) since the electrode dimen-
sions are known.

e USER — Use this option if using another manufactur-
er's test fixture, or a custom-built test fixture. This op-
tionisalso used for the Model 8009 test fixtureif using
an effective area coefficient lessthan one (B < 1). After
selecting this option you will be prompted to enter the
value for K,,. Paragraph 2.7.2 explains how to calculate
Ky

VSOURCE

TheVSOURCE menu item is used to select either AUTO V-
Source or MANUAL V-source:

¢ MANUAL — Select thisoption if you wish to manually
set the V-Source range and level for the ohms function.

¢ AUTO — Select this option if you wish the Model
6517A to automatically select the optimum V-Source
range and level for the ohms function; 40.000V for the
2MQ through 200G<2 ranges, and 400.00V for the 2TQ2
through 200T<2 ranges. With AUTO V-Source selected,
you will not be able to manually set the V-Source range
or level while in the ohms function.
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WARNING

A hazardous voltage (400V) may auto-
matically be set for the ohms function
when AUTO V-Source is selected. Table
2-11 identifies the ohms ranges that use
the high voltage.

2.74 Multiple display

Thereisonemultiple display that isuniqueto the ohmsfunc-
tion.

Measure/Source: When this NEXT display is selected, the
amps measurement and V-Source value are shown on the
secondary display. The resistance measurement is shown on
the primary display.

2.7.5 Ohms measurement considerations

Some considerations for making accurate resistance and re-
sistivity measurements are summarized in the following
paragraphs. High resistance measurements (above 1MQ)
may exhibit problematic background currents (see paragraph
2.21) and can be improved by using the Alternating Polarity
Test Sequence (see paragraph 2.14). Additional measure-
ment considerations are summarized in paragraph 2.21. For
comprehensive information on precision measurements, re-
fer to the Low Level Measurements handbook, which is
available from Keithley.

LEAKAGE RESISTANCE

Even though the FVMI method for resistance measurements
minimizesthe effects of |eakage resistance, there some cases
where leakage can affect the measurement. For example, test
fixture leakage paths may appear in parallel with the device
being measured, introducing errors in the measurement.
These errors can be minimized by using proper insulating
materials (such as Teflon) in test fixture terminals and keep-
ing them clean and moisture free.

Leakage currents in the test fixture can be cancelled by per-
forming a REL on the current component of the measure-
ment (see Cancelling Test Fixture Leakage Current in

paragraph 2.7.1).

VOLTAGE COEFFICIENT

The measured value of a high-megohm resistor will often
vary with the applied voltage. Such variation in resistanceis
known as the voltage coefficient, and is usually expressed in
percent/volt or ppm/volt values. To obtain consistent test re-
sults, these resistors should aways be biased at the same
voltage.
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The Model 6517A can be used to characterize such resis-
tance changes by measuring the resistance with a number of
different applied voltages. Once the variations are known,
the voltage coefficient of the resistor being tested can be de-
termined.

TEST VOLTAGE and ELECTRIFICATION TIME

Test Voltage — Typically specified test voltages to be ap-
plied to the insulator sample are 100V, 250V and 1000V.
Higher test voltages are sometimes used, however the maxi-
mum voltage that can be applied to the Model 8009 is 1000V,
which isthe maximum output of the Model 6517A V-Source.
Unless otherwise specified, the applied direct voltage to the
insulator sample should be 500V.

Electrification Time — Electrification time (also known as
bias time) is the total time that the specified voltage is ap-
plied to the insulator sample when the measurement is taken.
For example, for an electrification time of 60 seconds, the
measurement isto be taken after the insulator sampleis sub-
jected to the applied test voltage for 60 seconds. The conven-
tional arbitrary electrification time is 60 seconds. Keep in
mind that special studies or experimentation may dictate a
different electrification time.

CURRENT MEASUREMENT CONSIDERATIONS

Ohms measurements are performed by forcing voltage and
measuring current (FVMI). Thus, accurate measurementsre-
quire accurate current measurements. Current measurement
considerations are covered in paragraph 2.6.3.

NOTE

Capacitive inputs will increase preamplifier
noise, resulting in increased noise across the
voltage source terminals. See page 2-29 for
details.

2.8  Charge measurements (Q)

The Model 6517A is equipped with four coulombs rangesto
resolve charges as low as 10fC (10"14C) and measure as high
as 2.1uC. In the coulombs function, an accurately known ca-
pacitor is placed in the feedback |oop of the amplifier so that
the voltage devel oped is proportional to theintegral of thein-
put current in accordance with the formula:

V=é"idt=%s

The voltage is scaled and displayed as charge.



2.8.1 Basic measurement procedure

NOTE

After measuring high voltage in the volts
function, it may take a number of minutes
for input current to drop to within speci-
fied limits. Input current can be verified by
placing the protection cap on the INPUT
triax connector and then connecting a
jumper between COMMON and chassis
ground. With the instrument on the 20pA
range and zero check disabled, allow the
reading to settle until theinput bias current
iswithin specifications.

Auto Discharge — The Model 6517A has an auto discharge
feature for the coulombs function. When enabled, auto dis-
charge resets the charge reading to zero when the charge
reading reaches the specified level.

After the integrator resets, the charge measurement process
simply restarts at zero. For more details and the procedure to
configure auto discharge, see paragraph 2.8.2.

Use the following basic procedure to make charge measure-
ments:

NOTE

To ensure proper operation, always enable
zero check ("ZeroCheck" displayed) be-
fore changing functions (V, I, R, or Q).
The Z-CHK key controls zero check.

1. Enable zero check by pressing Z-CHK.

2. Select the coulombs function and select the desired
manual measurement range or auto range.

3. Auto discharge is configured from the Coulombs Con-
figuration menu. Refer to paragraph 2.8.2 to check or
change its configuration.

4. Connect the test cable to the Model 6517A. With thein-
put open, disable zero check and enable REL to zero the
instrument.

5. Connect the circuit to the INPUT of the Model 6517A
as shown in Figure 2-37.

NOTE

Do not connect the circuit to the instru-
ment with zero check enabled.

6. Take the charge reading from the display.
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2.8.2 Coulombs configuration

The following information explains the various configura-
tion options for the coulombs function. The configuration
menu issummarized in Table 2-13. Thismenu is accessed by
pressing CONFIG and then Q. Paragraph 2.3.5 summarizes
the rules for navigating through the menu structure.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

SPEED

The SPEED parameter sets the integration time of the A/D
converter, the period of time theinput signal is measure (also
known as aperture). It is discussed in paragraph 2.5.2.

FILTER

Usethismenu item to configure the two basic filter types; av-
eraging and median. Note that you can use either the averag-
ing filter, the median filter, or both.

The filter menu is available from the function configuration
menus (i.e., press CONFIG V) or by pressing CONFIG FIL-
TER with the desired function already selected. All of the pa-
rameters (menu items) for FILTER are explained in
paragraph 2.17.

RESOLUTION

The RESOLUTION parameter sets the display resolution. It
is discussed in paragraph 2.5.2.

AUTO-DISCHARGE

The AUTO-DISCHARGE optionisused to enable or disable
auto discharge. When enabled, auto discharge resets the
charge reading to zero at the specified level. After the inte-
grator resets, the charge measurement process simply re-
starts at zero.

The AUTO-DISCHARGE selections are as follows:

OFF: Use this selection to disable auto discharge. With auto
discharge disabled, you can use zero check to reset the inte-
grator.

ON: Usethis selection to enable auto discharge. After select-
ing ON, you will be prompted to enter the discharge level.
The charge reading will reset every time the specified charge
level isreached. Notethat if you specify alevel that exceeds
the measurement range, the display will overflow before the
integrator resets.
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AUTORANGE ment autoranges (assuming AUTO range is enabled), it will

The AUTORANGE option is used to configure autorange for ot search into the high ranges.

the coulombs function. This option allows you to speed up
the autoranging search process by eliminating the low (2nC
and 20nC) or high (200nC and 2uC) measurement ranges.
For example, if you know that the readings will not exceed
10nC, you can select LO autorange limits. When the instru-

LO(2nC-20nC): Usethisoption to limit the autorange search
to the low measurement ranges.

HIGH(200nC-2uC): Use this option to limit the autorange
search to the high measurement ranges.

6517A

R ] WARNING:NO INTERNAL OPERATOR SERY
| ! 237-ALG-2 >
' s 205 o ©.@,@), ¢
: ) A N COMMON

Al 7
| | == A
I Measured —— Q ! \
I Charge —T1 5!
| ]
| ]
| ]
|
|

Black (LO) (#
___________ ]
Shield (Optional) \
Input low connected 5
to shield

A) Connections

A. Connections

Input Amplifier
|

I I Ranging

T [ Triax Amp
| : Input Cr — VW
Q> N H >
I
. : U LO VWV Ly ToAD
| — | - v Converter
| | SIZ N GND
! |
: *
------ : PREAMP OUTPUT

COMMON 18

2V ANALOG OUTPUT /\/\/\/

B) Equivalent Circuit

B. Equivalent circuit

Figure 2-37
Typical connections for charge measurements

2-44



Front Panel Operation

Table 2-13
CONFIGURE COULOMBS menu structure
Menu item Description
SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration timein PLC (0.01-10).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Filter menu:
AVERAGING Configure digital averaging filter:
TYPE Select type of averagefilter:
NONE No average filtering performed.
AVERAGING Program a simple average filter (1-100 rdgs).
ADVANCED Program a simple average filter (1-100 rdgs) with noise tolerance window (0-100% of

range).
AVERAGING-MODE

MEDIAN Configure median filter:
DISABLE Disable median filter.
ENABLE

RESOLUTION Display resolution menu:

AUTO

3.5d, 4.5d, 5.5d, 6.5d

AUTO-DISCHARGE
AUTORANGE

Select moving average or repeating average mode.

Enable median filter and specify rank (1-5).

Default to resolution appropriate for integration time.
Select a specific resolution.

Enable (specify level) or disable auto discharge.
Select autorange limits (high or low).

2.8.3 Charge measurement considerations

Some considerations for making accurate charge measure-
ments are summarized in the following paragraphs. Addi-
tional measurement considerations are summarized in
paragraph 2.21. For comprehensive information on precision
measurements, refer to the Low Level Measurements hand-
book, which is available from Keithley.

INPUT BIAS CURRENT

A primary consideration when making charge measurements
isthe input bias (offset) current of the integrating amplifier.
Any such current is integrated along with the input signal
and reflected in the final reading. The Model 6517A has a
maximum input bias of 4fA (4 x 10"1°A) for change at 23°C.
Thisinput offset trandatesinto a charge of 4fC per second at
a temperature of 23°C. This value must be subtracted from
the final reading to obtain the correct value.

Input bias current may be reduced by performing the offset
adjustment procedure explained in paragraph 2.19.3 (OFF-
SET-ADJ).

EXTERNAL VOLTAGE SOURCE
When using an external voltage source, the input current
should belimited to lessthan 1mA by placing aresistor in se-

rieswith the high input lead. The value of thisresistor should
be at least:

R =1000 x V (ohms)

where; V isthe voltage across the resistor, or the compliance
of the current being integrated.

MEASUREMENT TIMES

Long measurement times may degrade charge measurement
accuracy. See the Model 6517A coulombs specifications in
Appendix A.
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ZERO CHECK HOP and AUTO DISCHARGE HOP

Using the zero check feature (going from the enabled state to
the disabled state) causes a sudden change in the charge
reading and is known as zero check hop. This sudden change
in charge also occurs when the auto discharge feature resets
the charge reading to zero. This hop in charge can be elimi-
nated by taking a reading the instant zero check is disabled
or when an auto discharge occurs, and subtracting it from all
subsequent readings. A better way to deal with this hop in
charge isto enable REL immediately after zero check isdis-
abled or when auto discharge resets the charge reading. This
action nulls out the charge reading caused by the hop.

2.9 \oltage source

Thebuilt-in, bipolar, 1W voltage source of the Model 6517A
can source up to 1000V (the V-Source may reach £1010V
if it is uncalibrated). The two voltage ranges of the voltage
source are summarized in Table 2-14.

Table 2-14
V-Source ranges
Maximum output
Range | Voltage | Current | Step size
100V +100V +10mA 5mvV
1000V | +1000V | +1mA 50mV
WARNINGS

The maximum common-mode voltage for
the V-Source is 750V peak. That is, the
voltage between V-Source LO and earth
(chassis) ground must never exceed 750V
peak, and the voltage between V-Source HI
and earth (chassis) ground must never ex-
ceed 1760V peak. Exceeding these values
may create a shock hazard. See paragraph
2.4.5 for information on floating the V-
Source.

With the voltage source in operate, the pro-
grammed voltage value (possibly hazard-
ous) will be applied to the output terminals
of the voltage source. Keep the voltage
source in standby until ready to safely
source voltage. NEVER make or break any
connections with the instrument in oper-
ate. The voltage source is in operate when
the VOLTAGE SOURCE OPERATE indi-
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cator light is on. To place the voltage
source in standby, press the OPER key.
This key toggles the V-Source between op-
erate and standby.

NOTE

Capacitive inputs increase preamplifier
noise, resulting in noise across the voltage
source terminals. See page 2-29 for details,

V-Source configuration

Operationsto configure the V-Source are performed from the
V-Source configuration menu which is summarized in Table
2-15. The CONFigure V-SOURCE menu is displayed by
pressing CONFIG and then OPER (or A or V). Paragraph
2.3.5 summarizes the rules for navigating through the menu
structure. The various items of this configuration menu are
explained in the following paragraphs.

Table 2-15
CONFIGURE V-Source menu structure
Menu item Description
RANGE Select V-Source range (100V or
1000V).
V-LIMIT Voltage limit menu:
CONTROL Use to enable or disable V-Limit.
LIMIT-VALUE Set maximum absol ute output

limit.
RESISTIVE-LIMIT |Enable or disable resistive |-Limit.

METER-CONNECT | Enable or disable internal V-Source
LO to ammeter LO connection.

2.9.1 Sourcing options

The voltage source can be used as an independent source or
it can beinternally connected to the ammeter to force voltage
measure current (FVMI).

Independent source — When used as an independent
source, voltageisavailable at theV-SOURCE HI and LO ter-
minals on the rear panel (see Figure 2-38). In this configura-
tion, the V-Source functions as a stand-al one voltage source.
TheV-Source isisolated (>1G€2) from the measurement cir-
cuits of the Model 6517A when V-Source LO is not internal-
ly connected to ammeter LO (see Ammeter LO to V-Source
L O Connection).
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# WAFNING:HO INTERNAL OPERATOR SERVICABLE PARTS SERVICE 5 QUALI

RL § %} e %ERLOCK
! Model 6517A

Connections

Equivalent Circuit

Figure 2-38
V-source (independent configuration)

FVMI source — When used to force voltage measure cur-
rent (FVMI), V-Source LO is connected to ammeter LO as
shown in Figure 2-39. Notice that the V-SOURCE HI and
INPUT HI terminals are used for this configuration. The V-
Source LO to ammeter LO connection can be controlled
from the METER CONNECT option of the CONFigure V-
SOURCE menu (see Ammeter LO to V-Source LO Connec-
tion).
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Note: Ammeter LO internally connected to V-Source LO
via METER Connect option of CONFIG V-Source

menu.

When the voltage source is connected to a
capacitor, the inherent noise of the preamplifier
is amplified. This is expected performance. Adding
a series resistance will not decrease the noise.
However shunting the output of the V SOURCE
(HI to LO) with a 0.TuF capacitor will recude this

noise.

Figure 2-39
V-source (FVMI configuration)

Ammeter LO to V-Source LO connection

The METER CONNECT option of the CONFIG V-SOURCE
menu (see Table 2-15) is used to make or break the internal
connection between V-Source LO and ammeter LO and is
summarized as follows:

1. From the CONFIG V-SOURCE menu, select METER
CONNECT to display the connection options (on or off).

2. Toconnect meter LO toV-Source L O, placethe cursor on
the ON option and press ENTER. Conversely, to discon-
nect meter LO from V-Source LO, place the cursor on
OFF and press ENTER.

3. Usethe EXIT key to back out of the menu structure.
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2.9.2 Setting voltage source value

The following information covers the VV-Source display, and
explains how to select range and set the voltage value.

Displaying voltage source value

With the instrument in the normal measurement display
state, the programmed voltage source value is displayed on
theright hand side of the secondary display. If in another dis-
play state, you can display the voltage source as follows:

o If a multiple (NEXT) display is currently being dis-
played, pressand hold inthe NEXT key (or PREV key)
until the NEXT display state is cancelled.

 Ifinamenu structure, usethe EXIT key to back out of it.



While in the multiple (NEXT) display state, you can tempo-
rarily display the voltage source value by pressing the A or
v key. The voltage source value will appear on the second-
ary display for three seconds, unless an editing operation is
performed (see Adjusting Voltage Source Value).

Selecting voltage source range

NOTE

The voltage source range cannot be
changed while in Auto V-Source Ohms
(see“Auto V-Source” in paragraph 2.7).

With the voltage source value displayed, the position of the
decimal point denotes the currently selected range. For ex-
ample, a reading of 000.000V is OV on the 100V range,
while areading of 0000.00V isQV on the 1000V range. The
RANGE option of the CONFIG V-SOURCE menu is used to
changetheV-Source range and is summarized in Table 2-15.

1. From the CONFIG V-SOURCE menu, select RANGE
to display the range options (+100V or £1000V). Note
that the 100V range provides better resolution; 5mV vs.
50mV for the 1000V range.

2. Placethe cursor on the desired range and pressENTER.

3. Usethe EXIT key to back out of the menu structure.

Adjusting voltage source value

NOTE

The voltage source value cannot be
changed while in Auto V-Source Ohms
(see“Auto V-Source” in paragraph 2.7).

The voltage source value can be changed
whilein operate. Whilein operate, the out-
put voltage will immediately update to re-
flect the displayed value.

1. Select the voltage source edit mode by pressing the A,
Vv, « or p key. The EDIT annunciator turns on and
the cursor position for the voltage source value is denot-
ed by theflashing digit. Note that the voltage source edit
mode will be cancelled if no edit operations are per-
formed within any three second period.

2. Using the keys, place the cursor on the digit to be
changed use the A or v key to increment or decrement
the value.

3. Polarity changes can be made in two ways:

« Increment or decrement the reading past OV to change
polarity.

 Place the cursor on the polarity sign (+ or -) and press
A or v totoggle polarity.
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4. When finished, the voltage source edit mode will cancel
(EDIT annunciator off) after three seconds.

2.9.3 Voltage and current limit

The V-Source has a ImA current limit for the 1000V range,
a 10mA limit for the 100V range, and an adjustable voltage
limit. If the current limit is reached, the VOLTAGE
SOURCE OPERATE indicator flashes. Whilein current lim-
it, the programmed voltage value is not being sourced. For
exampl e, assume the voltage sourceis programmed to source
200V to a 100k<2 load. In this situation, current limit occurs
at approximately 100V (100kQ x 1mA = 100V). Thus, the
voltage source will only output 100V.

A resistive current limit is also available for the V-Source.
When selected, a 20MQ resistor is placed in series with the
V-Source HI lead. This allows current to be limited. For ex-
ample, with a programmed voltage of 100V, current will be
limited to 5pA (100V/20M Q = 5uA).

Setting a voltage limit

NOTE

Whilein AutoV-Source Ohms, the voltage
limit of the V-Source can only be set to a
value that is >400V (see “Auto V-Source”

in paragraph 2.7).

The V-Source can be set to a maximum absolute value of
voltage that can be sourced. For example, setting a value of
30V limits the voltage output from -30V to +30V. The V-
LIMIT option of the CONFigure V-SOURCE menu is used
to set the V-Source voltage limit and is summarized in Table
2-15.

1. From the CONFigure V-SOURCE menu, select V-LIM-
IT to display the voltage limit selections:

CONTROL — Use this selection to enable (ON) or dis-
able (OFF) the voltage limit. When enabled, the V-
Source will be limited to the specified voltage limit val-
ue (see LIMIT VALUE).

LIMIT VALUE — Use this selection to set the voltage
limit using the A, v, «« and » keys. Make sure to
press ENTER after changing the value.

2. Usethe EXIT key to back out of the menu structure.

Selecting resistive current limit

Selecting theresistive current limit placesa20MQ resistor in
series with the HI lead of the V-Source. The RESISTIVE
LIMIT option of the CONFIGURE V-SOURCE menu is
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used to enable or disable resistive current limit, and is sum-
marized in Table 2-15.

1. From the CONFigureV-SOURCE menu, select RESIS-
TIVE LIMIT to display the options (on or off).

2. To select resistive current limiting, place the cursor on
the ON option and press ENTER. Conversely, to de-se-
lect resistive current limiting, place the cursor on OFF
and press ENTER.

3. Usethe EXIT key to back out of the menu structure.

2.9.4 Interlock and test fixtures

The voltage source should be used with atest fixture that in-
corporates a safety interlock switch, such as the Keithley
Model 8002A High Resistance Test Fixture or the Keithley
Model 8009 Resistivity Test Fixture. By using the interlock
feature, the Model 6517A cannot source voltage when thelid
of the test fixture is open or gjar.

Interlock is automatically enabled when the appropriate in-
terlock cable is connected to the Model 6517A. When used
with the Model 8002A or 8009, the V-Source will go into
standby whenever the lid of the test fixture is open or gjar.

When using the V-Source with the Model 8009 Resistivity
Test Fixture, use the Model 6517-1LC-3 Interlock Cable as
shown in Figure 2-36. This cable uses an extraline to detect
which resistivity measurement type is selected at the test fix-
ture (surface or volume).

When using the V-Source with the Model 8002A High Re-
sistance Test Fixture, use the Model 8002-ILC-3 Interlock
Cable as shown in Figure 2-32. This cable providesthe 4-pin
to 3-pin conversion required for the Model 8002A. Morein-
formation on the Model 8002A and 8009 test fixturesis pro-
vided in paragraph 2.4.6.

WARNING

Do not connect the interlock of the
Model 6517A to the interlock of another
instrument. The interlock is designed to
be connected to a single-pole interlock
switch of a test fixture. If connecting two
or more Model 6517As to a single test
fixture, an isolated interlock switch for
each instrument is required. Connecting
multiple instrument interlocks to the
same switch could cause the safety in-
terlock system to fail.
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295 Operate

WARNING

With the instrument in operate (OPER-
ATE indicator on), the displayed volt-
age level (possibly hazardous) will be
applied to the output terminals of the
V-Source. The V-Source should be kept
in standby until ready to safely source
voltage to a load.

The OPER key toggles the output between standby and op-
erate. In standby, the voltage sourceis removed from the rear
panel output terminals. In operate (VOLTAGE SOURCE
OPERATE indicator on), the voltage source is applied to the
output terminals.

A flashing VOLTAGE SOURCE OPERATE indicator de-
notes that the voltage source isin current limit as explained
in paragraph 2.9.3.

CAUTION

A relay switch, in series with OUTPUT
HI, is opened when the voltage source is
placed in standby. The transition to an
open output creates a potential for noise
spikes. The open output allows dielec-
tric absorption to recharge capacitors to
unexpected voltage levels.

2.10 Analog outputs

The Model 6517A has two analog outputs on the rear panel.
The 2V ANALOG OUTPUT provides a scaled 0-2V output
with a value of 2V corresponding to full-range input. The
PREAMP OUT is especialy useful in situations requiring
buffering. These two analog outputs are discussed in the fol-
lowing paragraphs.

WARNING

When floating input Low above 30V
RMS from earth ground, hazardous
voltage will be present at the analog out-
puts. Hazardous voltage may also be
present when the input voltage exceeds
30V RMS in the volts function, or when
input currents exceed 30pA in the amps
function.

CAUTION

Connecting PREAMP OUT, COM-
MON, or 2V ANALOG OUTPUT to
earth while floating the input may dam-
age the instrument.



2.10.1 2V analog output

The 2V ANALOG OUTPUT provides a scaled 0-2V output
that is non-inverting in the volts mode. Connectionsfor using
this output are shown in Figure 2-40. For a full-range input,
the output will be 2V; typical examples are listed in
Table2-16. The 2V ANALOG OUTPUT signal is not
corrected during calibration. Gain errors of up to 15% may
appear at this output, depending on function and range
selection.

Note that the output impedance is 10kQ; to minimize the
effects of loading, the input impedance of the device
connected to the 2V ANALOG OUTPUT should be as high
as possible. For example, with a device with an input
impedance of 10MQ, the error due to loading will be
approximately 0.1%.
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Table 2-

16

Typical 2V analog output values

Nominal 2V analog
Range |Applied signal |output value*
20pA 10.4pA -1.04v
2uA 1.65pA -1.65V
200V |35V 0.35v
20nC  |19nC -1.9v

*Qutput values within £15% of nominal value.
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/
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w4
! Model 1683

Measuring Device
(Example: Chart recorder)

COM R, = Input Resistance of

Model 6517A Test Lead kit
A. Connections
E Rp = 4.99kQ 5
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f L 24.9kQ ‘ L0kG ;
Input from >— = ', 2V Analog Output
Prescaler i NN ' 8P
s : :
5 10 5

Model 6517A

B. Equivalent Circuit

Figure 2-40
Typical 2V analog output connections

measuring device
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2.10.2 Preamp out

The PREAMP OUT of the Model 6517A follows the signal
amplitude applied to the INPUT terminal. Some possible
uses for the inverting PREAMP OUT include buffering of
the input signal, as well as for guarding in the volts mode.
Connections and equivalent circuits for the preamp output
are shown in Figure 2-41. Full-range outputs for various
functions and ranges are listed in Table 2-17. Since the
PREAMP OUT signa is not corrected during calibration,
gain error of up to 15% may appear at this output, depending
on function and range selection. For al volts range,
PREAMP OUTPUT accuracy istypically 10ppm.

WARNING

High voltage may be present between
the PREAMP OUT and COMMON ter-
minals depending on the input signal
(see Table 2-17).

CAUTION

Connecting PREAMP OUT, COM-
MON, or 2V ANALOG OUTPUT to
earth while floating input may damage
the instrument.
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Note that the PREAMP OUT output resistance is 1Q. The
output resistance appears between Input Low and Analog
Output Low to keep the resistor out of the loop when using
external feedback elements. To keep loading errors under
0.1%, the device connected to the PREAMP OUT should
have a minimum input impedance of 100k<.

CAUTION

To prevent damage to the Model 6517A,
do not connect a device to PREAMP
OUT that will draw more than £100uA.
For example, at 200V, the impedance
connected to PREAMP OUT must be at
least 2MQ (200V/100pA = 2MQ).

Table 2-17
Full-range PREAMP OUT values
Full-range
Function* | Range value
Volts 2V 2V
20V 20V
200V 200V
Amps 2nA, 2pA, 2mA 2V
20pA, 20nA, 20pA, 20mA | 20V
200pA, 200nA, 200pA 200V
Coulombs |2nC, 20nC, 200nC 20V
2uC 200V

*PREAMP OUT value for the Ohms function corresponds to the
value for the Amps range that is being used to make the measurement.
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Figure 2-41
Typical preamp out connections
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2.11 Using external feedback

The external feedback function provides a means to extend
the capabilities of the Model 6517A Electrometer to such
uses as logarithmic currents, non-decade current ranges, as
well as non-standard coulombs ranges. The following para-
graphs discuss the basic electrometer input circuitry and
methods to implement these functions.

2.11.1 Electrometer input circuitry

A simplified diagram of the electrometer input in the external
feedback mode is shown in Figure 2-42. An input current ap-
plied to the inverting (-) input of the op amp is nulled by a
current feedback through the internal feedback network
made up of Rgg and Crg. Because the output of the op amp
appears at the PREAMP OUT, this internal network can be
replaced by an external network connected between the
preamp output and Input HI connections. When using exter-
nal feedback, the following factors must be taken into ac-
count:

' CFB
E oo AN
Rrg
Zero Check
E 7
' m
i 100MQ PR, <10 Ranging
i Amplifier
HI :
D —
Input i
Common
Preamp Out
! (Chassis)
Figure 2-42

Electrometer input circuitry (external feedback mode)
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4. The maximum current value that can be supplied by the
preamp output is 20mA in amps and ohms (1ImA in
volts). The maximum voltage span in external feedback
is+20V.

5. The input impedance in the external feedback mode is
given by the relationship Z, = Zgg/Ay, Where: Zgg is
the impedance of the external feedback network, and A
is the open-loop gain of the electrometer (typically
greater than 55><106). Note that the input impedance is
Z\N = 10MQ || Zgg When zero check is enabled.

6. The voltage at the PREAMP OUT termind is given by
the formula:

V :_IZFB

7. Any feedback elements should be housed in a suitable
shielded enclosure (see paragraph 2.11.2 below). Insula-
tors connected to Input HI should be made of Teflon or
other high-quality insulating material and should be
thoroughly cleaned to maintain the high input imped-
ance and low input current of the Model 6517A. If these
insulators become contaminated, they can be cleaned
with methanol and then with clean, pressurized air.

2.11.2 Shielded fixture construction

Since shielding is so critical for proper operation of external
feedback, it isrecommended that a shielded fixture similar to
the one shown in Figure 2-43 be used to house the feedback
element. The fixture is constructed of a commercially avail-
able shielded fixture modified with the standard BNC con-
nectors replaced with triaxia female connectors. For
convenience, a banana jack can be mounted on the box to
make the necessary PREAMP OUT connection.

Alternately, a wire could be run through a rubber grommet
mounted in a hole in the side of the box. Note that input |ow
is connected to chassis ground within the shielded box. This
connection can be made by using a small solder lug secured
with a screw.
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B. Equivalent Circuits

Parts List
Item | Description MFR Part Number
1 | Shielded Fixture Pomona #2390
2 | Female Triaxial Keithley 7078-TRX-TBC
3 | Banana Jack Keithley BI-9-2
4 | Triaxial Cable Keithley 237-ALG-2
5 | Triaxial Cable Keithley 7078-TRX-3
Figure 2-43
Shielded fixture construction
2.11.3 External feedback procedure 3. Select external feedback as follows:
. . E. PressCONFIGYV todisplay the CONFIGURE DCV
Use the following procedure to operate the Model 6517A in menu s
the external feedback mode, F. Placethe cursor on EXT-FDBK and press ENTER.
1. Connect the feedback element between the PREAMP G. Placethe cursor on ON and press ENTER.
OUT terminal and the Input High terminal. H. Usethe EXIT key to back out of the menu.
2. Select the volts (V) function. 4. Thedisplay will shown the voltage measured at the out-

put of the input preamplifier (PREAMP OUT).
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2.11.4 Non-standard coulombs ranges

In its standard form, the Model 6517A has four coulombs
ranges alowing it to measure charge between 10fC and
2.1uC. Different charge measurement ranges can be used by
placing an externa feedback capacitor between the
PREAMP OUT and Input HI and then placing the instrument
in the external feedback mode.

Charge isrelated to capacitance and voltage by the formula:

Q=CV, where Q is the charge in coulombs, C is the capaci-
tance in farads, and V is the voltage in volts. The Model
6517A display will read charge directly in units determined
by the value of C. For example, a 10uF capacitor will result
in adisplayed reading of 10uC/V.

In practice, the feedback capacitor should be greater than
100pF for feedback stability and of suitable dielectric mate-
rial to ensure low leakage and low dielectric absorption.
Polystyrene, polypropylene, and Teflon dielectric capacitors
are examples of capacitor types with these desirable charac-
teristics. The capacitor should be mounted in a shielded fix-
ture like the one in Figure 2-43.

To discharge the external feedback capacitor, enable zero
check. The discharge time constant will be given by: t =
(10M L) (Cgp)- Allow five time constants for discharge to
within 1% of final value.

2.11.5 Logarithmic currents

Theuse of adiodejunction in the external feedback path per-
mits a logarithmic current-to-voltage conversion. This rela-
tionship for ajunction diode is given by the equation:

V= ka/q |n(|/|0) + IRB

Where: ¢ = unit of charge (1.6022 x 10°%°)
k = Boltzmann's constant (1.3806 x 10°%3)
T = temperature (K).

The limitations in this equation center on the factors 1o, m,
and RB. | is the extrapolated current for V. An empirical
proportional constant, m, accountsfor the different character
current conduction (recombination and diffusion mecha
nisms) within the junction, typically varying between 1 and
2. Finally, RB constitutes the ohmic bulk resistance of the di-
ode junction material. | and RB limit the useful ness of the
junction diode at low and high currents respectively. Thefac-
tor mintroduces non-linearities between those two extremes.
Because of these limitations, most diodes have a limited
range of logarithmic behavior.
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A solution to these constraints is to use a transistor config-
ured asa*“transdiode” in the feedback path, as shown in Fig-
ure 2-44. Analyzing the transistor in this configuration leads
to the relationship:

V = KT/q[In(1/1g) - In(he/ (1 + hee))]

where heg isthe current gain of the transistor.

From this equation, proper selection of Q1 would require a
device with high current gain (hgg), which is maintained
over a wide range of emitter currents. Suitable devices for
this application include Analog Devices AD812 and Preci-
sion Monolithics MAT-01. Use the enclosure in Figure 2-43
to shield the device.

Frequency compensation/stabilization is accomplished by
adding afeedback capacitor, Crg. Thevalue of this capacitor
depends on the particular transistor being used and the max-
imum current level expected. Compensation at maximum
current is required because the dynamic impedance will be
minimum at this point. It should be noted that the response
speed at lower currents will be compromised due to the in-
creasing dynamic impedance, which is given by the follow-
ing formula:

z- d—\l’ - KT/ql = 0.026/1(@25°C)

Using the above transistors, aminimum RC time constant of
100psec at maximum input current would be used. At 1y
(max) of 100pA, thisvalue would correspond to 0.4uF. Note
that at 100nA, this value would increase the RC response
time constant to 100msec. A minimum capacitance of 100pF
is recommended.

Although theinput signal to this particular circuit is assumed
to be a current, conversion to voltage input could be per-
formed by placing ashunt resistor acrossthe input. However,
the nominal voltage burden of 1mV must be considered asan
error signal that must be taken into account.

Further processing of the current response can be achieved
by using the suppress feature. For example, REL could be
enabled with areference input current applied. For al subse-
guent currents, the natural logarithm of the ratio of the mea-
sured current to the suppressed current would then be

displayed:
Vpisp=VgeL KT/q (In (Irgap/lo) - In (IreL/10))
=KT/q (In (Irgap/!reL))
=0.26/I (ln (lREAD“REL)) @ 25°C



NOTE

The circuit topology of Figure 2-44 works
for positive input currents only. For bipo-
lar input signals, an external offset bias
must be applied, or use a PNP transistor
for Q1.

2.11.6 Non-decade current gains

The Model 6517A electrometer input uses internal decade
resistance feedback networksfor the current ranges. In some
applications, non-decade current gains may be desirable. As
shownin Figure 2-45, an external feedback resistor, Rgg, can
be used to serve this purpose. Limitations on the magnitude
of the feedback current require that the value of Rgg be
greater than 10%Q.

2.12 Range and resolution

Therange and resol ution setting (fixed or auto) for each mea-
surement function are saved when changing functions.

2.12.1 Measurement range

The measurement range affects the accuracy of the measure-
ment as well as the maximum signal that can be measured.
The measurement ranges for each function are listed in the
specifications. The maximum input signal level for voltage,
current, and charge measurements is 105% of the measure-
ment range. For example, the maximum signal level on the
2V rangeis 2.1V (2V x 1.05 = 2.1V). When the integrated
(average) input level exceeds the selected range, the OVER-
FLOW message will be displayed. However, if astray out of
range transient (such as a noise spike) occurs, the message
OUT OF LIMIT will be displayed (assuming the integrated
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signal level is still within the selected range). For details on
these display messages, see paragraph 2.3.2.

For the ohms function, each measurement range has a lower
reading limit that is one decade bel ow the selected range. For
example, the 20MQ range has alower reading limit of 2MQ.
Measuring adevice that islessthan 2MQ will cause the UN-
DERFLOW message to be displayed. See paragraphs 2.3.2
and 2.7 (Ohms Ranges) for more information.

With AUTO range selected, the instrument will automatical-
ly go to the most sensitive (optimum) range to make the mea-
surement. Note that with AUTO range selected for the ohms
function, the instrument cannot go to the 2TQ, 20TQ or
200TQ ranges since a hazardous voltage level (400V) may
be selected by the instrument. You must select these ohms
ranges manually.

For the amps, ohms and coulombs function, you can set au-
torange limits to speed up the autoranging process. Setting
limits eliminates upper and/or lower ranges from the autor-
ange search. This speeds up the measurement process. These
limitsare set from the AUTORANGE option of the appropri-
ate function configuration menu.

2.12.2 Display resolution

TheModel 6517A can display readingsat 3.5, 4.5, 5.5 0r 6.5
digit resolution. The display resolution of areading depends
on the selected resol ution setting (fixed or auto). The default
display resolution for every functionis 5.5 digits. Table 2-18
summarizes the relationship between speed (SET-BY-RSLN
setting) and the sel ected resol ution setting. With auto resolu-
tion selected, the instrument selects the optimum resolution
for the present speed (integration period setting). See Table
2-19. See paragraphs 2.5.2 (volts), 2.6.2 (amps), 2.7.2
(ohms) and 2.8.2 (coulombs) to set display resolution and
speed.

Model 6517A
O
Zero
Check
"}E’”Ut 10MQ
Current
Input -t
: LO o To Ranging
, 10 Amplifier
Commpn /\/\/\/ Op Amp
NS <; S

Preamp /J7
Out

(Chassis)

Figure 2-44
“Transdiode” logarithmic current configuration
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Zero

Input Check
HI 10MQ
Current
Input —
LO o + To Ranging
, 10 Amplifier
§ Common : AN Op Amp Q
Reg S
Pr(e)aur?p (Chassis)

Figure 2-45
Non-decade current gains

The display resolution for ohms readings may be less than
what was selected. For example, assume for an ohms mea-
surement that the measured current is 00.100pA (20pA
range, 42 digit resolution). If you discount the leading ze-
roes, the amps reading actually has ausable resolution of 22
digits (.100pA). Since the current measurement only uses
2, digits, the resolution of the ohms display will also be
limited to 2% digits.

Table 2-18
Integration times set-by-resolution (all functions)

Resolution Integration time
Auto* 1.00PLC
3.5d 0.01PLC
4.5d 0.02PLC
5.5d 0.20PLC
6.5d 2.00PLC

*With AUTO resolution selected, display resolu-
tion is set to 6.5 digits.

Table 2-19
Auto resolution (all functions)

Resolution Integration time

3.5d 0.01t0<0.02PLC
4.5d 0.02t0<0.20PLC
5.5d 0.20t0<2.00PLC
6.5d 2.00t0 10.00 PLC

NOTE: If SET-BY-RSLN integration is selected,
display resolution will be 6.5 digits and the inte-
grationtime 1.0 PLC.
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2.13 Zero check, relative, and zero correct
2.13.1 Zero check

When zero check is enabled (on), the input amplifier is re-
configured to shunt the input signal to low as shown in Fig-
ure 2-46. When you enable or disable zero check, that state
is assumed regardless of which function you select. In other
words, you cannot set a unique zero check state (on or off)
for each function.

Zero check isenabled by pressing the Z-CHK key. When en-
abled, the “Zerocheck” message is displayed. Pressing Z-
CHK asecond time disables zero check.

NOTE

To ensure proper operation, always enable
zero check before changing functions (V,
I, R, or Q).

In coulombs, enabling zero check dissipatesthe charge. That
is, the chargereading isreset to zero. When zero check isdis-
abled, a sudden change in the charge reading (zero check
hop) occurs. This effect can be cancelled by enabling REL
immediately after zero check is disabled. REL is explained
in paragraph 2.13.2.

For voltage, current and resistance measurements, leave zero
check enabled when connecting or disconnecting input sig-
nals. For charge measurements, disable zero check before
connecting the input signal. If zero check is left enabled
when you connect the input signal, the charge will dissipate
through the 10MQ resistor (see Figure 2-46).
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Figure 2-46
Equivalent input impedance with zero check enabled

2.13.2 Relative (REL)

The rel (relative) operation subtracts a reference value from
actual readings. When rel is enabled by the REL key, thein-
strument uses the present reading as a relative value. Subse-
quent readings will be the difference between the actual
input value and the rel value. You can also enter and enable a
relative value from the CONFIG-REL display (see configur-
ing rel).

A rel value can be established for each measurement func-
tion. The state and value of rel for each measurement func-
tion are saved when changing functions.

Once arel value is established for a measurement function,
the value is the same for all ranges. For example, if 15V is
set asarel value on the 20V range, therel isaso 15V on the
200V and 2V ranges.

A relative value can be aslarge as the highest allowabl e read-
ing for the particular function.

Selecting a range that cannot accommodate the rel value
does not cause an overflow condition, but it also does not in-
crease the maximum allowable input for that range. For ex-
ample, on the 2mA range, the Model 6517A till overflows
for a2.1mA input.

Front Panel Operation

Configuring rel

Pressing CONFigure REL displays the rel value for the
present measurement function. You can change the rel value
using the cursor keys (-« and » ) and the RANGE A and
v keys. When ENTER is pressed, the instrument returns to
the measurement display state with that value of rel enabled.
If you try to enter an invalid rel value, a message indicating
the rel limit will be displayed and the rel operation will be
cancelled.

Note that a bench or GPIB reset clears any stored rel values
and disablesrel for all functions.

Enabling rel

From the normal reading display, the REL key togglestherel
operation on and off. Each time rel is enabled by the REL
key, the present reading becomes the new rel value for that
function. You cannot rel an overflow reading. To make anew
reading the rel value, rel must first be disabled and then en-
abled again. Disabling rel doesnot clear any stored rel value.

When rel is enabled, the resulting reading is the algebraic
difference between the actual input value and the rel value:

rel’d reading = actual value - relative value

With math enabled, the rel’d reading is acted on by the math
operation:

displayed reading = math operation (rel’d reading)

WARNING

With rel enabled, the voltage on the in-
put may be significantly larger than the
displayed value. For example, if a 150V
rel value is stored, an applied voltage of
+175V will result in a displayed value of
only +25V.

Multiple display of rel

One of the “multiple displays’ allows you to view the read-
ing without rel applied on the bottom line of the display and
the rel’d reading on the top line. The display is available by
repeatedly pressing either the NEXT or PREVious DIS
PLAY key to scroll through the multiple displays of the par-
ticular function. The following is atypical message for arel
multiple display:

+000.012 mA
Actual=+001.012 (without REL)
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2.13.3 Zero correct

TheZ-CHK and REL keyswork together to cancel (zero cor-
rect) any internal offsets that might upset accuracy for volts
and amps measurements.

Perform the following stepsto zero correct the volts or amps
function:

1. SelecttheV or | function.

2. Press Z-CHK to enable Zero Check.

3. Select therange that will be used for the measurement.

4. PressREL to zero correct theinstrument (REL indicator
will belit and "Zcor" displayed).

NOTE

For the volts function, the "Zcor" message
will not be displayed if guard was already
enabled ("Grd" displayed).

5. Press Z-CHK to disable zero check.
6. Readings can now be taken in the norma manner.

Note that the instrument will remain zeroed even if the in-
strument is upranged. If downranged, re-zero the instrument.

To disable zero correct, press REL with zero check enabled.

2.13.4 "Properly zeroed" (as defined for instrument
specifications)

For taking measurements "when properly zeroed", per
instrument specifications:

1. Perform the zero correct procedure described in
section 2.13.3.

2. Provide a zero input from a calibration source, or short

leadsinV function, open leadsin | function.

Press REL to null remaining measurement off sets.

4. Readings can now be taken in the normal manner. (REL
indicator will remain on.)

w

NOTE

Repeat steps 1 through 4 whenever the
measurement range is changed.

To disable REL mode, press REL with zero check not
enabled.

2.14 Test sequences
The Model 6517A has the following built-in test sequences:

« Device Characterization Tests:
Diode L eakage Current
Capacitor Leakage
Cable Insulation Resistance
Resistor Voltage Coefficient
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¢ Resistivity Tests:
Normal (Surface and volume)
Alternating Polarity

 Surface Insulation Resistance (SIR) Test

e Sweep Tests:
Square-wave
Staircase

2.14.1 Test descriptions

The following information describes each test, shows the
connections to the Model 6517A, and explains how to set up
the Model 6517A for the measurements.

The results of atest are stored in the buffer. If, for example,
atest performs 10 measurements, those 10 readings will be
stored in the buffer at locations 0 through 9. If atest only per-
forms one measurement, then that single reading will be
stored at memory location 0. Note that when a test is per-
formed, previous data stored in the buffer will be lost.

Diode leakage current test

This test is used to measure the leakage current for a diode.
Figure 2-47 shows the connections and the simplified sche-
matic. By sourcing a positive voltage, the leakage current
through the diode will be measured. Note that if you source
a negative voltage, you will forward bias the diode. Resistor
Risusedto limit current in the event that the diode shorts out
or it becomes forward biased. Select a value of R that will
limit current to 20mA or less.

Thistest allows you to measure the current at various voltage
levels. When the test is configured, you specify the start volt-
age (START V), the step voltage (STEP V), the stop voltage
(STOPV) and the DELAY between steps. Figure 2-48 shows
an example using the default test parameters. When thetest is
run, 10 current measurements will be performed (one at each
voltage step) and stored in the buffer. Thistest is selected and
configured from the CONFIGURE SEQUENCE menu
(DEV-CHAR; DIODE). See paragraph 2.14.2 for details.

Capacitor leakage current test

Thistest is used to measure the leakage current for a capaci-
tor. The magnitude of the leakage is dependent on the type of
dielectric and the applied voltage. Figure 2-49 shows the
connections for this test. A resistor and a diode are used to
limit noise for the measurement.

For thistest, afixed voltage (BIASV) isapplied to the capac-
itor for specified time intervals to allow the capacitor to
charge (current decays exponentially with time). Theleakage
current is measured at each interval and stored in the buffer.
Thistest is selected and configured from the CONFigure SE-
QUENCE menu (DEV-CHAR; CAPACITOR). See para
graph 2.14.2 for details.
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Figure 2-47
Connections; diode leakage current test
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Figure 2-48
Default measurement points; diode leakage current test
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Figure 2-49
Connections; capacitor |eakage current test

Cable insulation resistance test

Thistest is used to measure the insulation resistance of ace-
ble. Figure 2-50 shows the connections for this test. The re-
sistance of the insulator between the shield and the inner
conductor is being measured. The cable sample should be
kept as short as possible to minimize input capacitanceto the
ammeter.

For thistest afixed voltage (BIASV) isapplied acrossthein-
sulator for a specified time to alow the charging effects of
cable capacitance to stabilize. The resistance is then mea-
sured and stored in the buffer. This test is selected and con-
figured from the CONFIGURE SEQUENCE menu (DEV-
CHAR; CABLE). See paragraph 2.14.2 for details.

Resistor voltage coefficient test

High valued resistors often have a change in resistance with
applied voltage. Thischangein resistanceis characterized as
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the voltage coefficient. Voltage coefficient is defined as the
percent change in resistance per unit change in applied volt-

age:

R1-R2
R1

1

Voltage Coefficient = x Tr—vi

Thistest makes two resistance measurements at two different
voltage levels, and cal cul ates the voltage coefficient. The test
circuitisshownin Figure 2-51. Theresistor should be placed
in ashielded test fixture that is designed to minimize leakage
resistance, such asthe Model 8002A test fixture. If using the
Model 8002A, refer to Figure 2-32 for connection informa-
tion. If using a different test fixture, refer to Figure 2-31 for
basic connection information.

For this test, the first specified voltage (SOURCE V1) is ap-
plied to theresistor and, after the specified delay (DELAY 1),
a resistance measurement is made. The second voltage
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(SOURCEV2) isthen applied and, after the next delay (DE- figured from the CONFigure SEQUENCE menu (DEV-
LAY 2), a second resistance measurement is made. The CHAR; RESISTOR). See paragraph 2.14.2 for details.
Model 6517A then automatically cal cul ates the voltage coef-

ficient and storesit inthe buffer. Thistest is selected and con-

i o © 0 @
7078-TRX Cable A "NPUT PR CoMMal
— Shield
Cable ,/. / (%
Insulator — o Center
Conductor
Note: Ammeter LO internally
connected to V-Source

LO (See Paragraph 2.9.1).

A) Connections

Cable HI
+| HI Resistance 6517A

6517A ~—
V-Source —— Ammeter

B) Equivalent Circuit

Figure 2-50
Connections; cable insulation resistance test
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Test circuit; resistor voltage coefficient test

Standard Method Resistivity tests (Surface and Volume)

This test is used to measure the resistivity (surface or vol-
ume) of an insulator sample. When used with the Model
8009 Resistivity Test Fixture, thetest conformsto theASTM
D-257 standard. For detailed information on resistivity mea-
surements, refer to paragraph 2.7.2. Figures 2-33 and 2-35
show the test circuits for the respective measurement, and
Figure 2-36 shows the connections to the Model 8009. Refer
to theinstruction manual for the Model 8009 to install thein-
sulator sample in the test fixture.

When this test is run, the V-Source will initially be set to
source OV for a specified time (PRE-DISCH time) to allow
any chargeto dissipate. The V-Source will then apply a spec-
ified voltage (BIASV) to the electrodes of the test fixture for
a specified time (BIAS-TIME). This “bias’ period allows
currentsin thetest circuit to stabilize. The V-Source then ap-
plies the test voltage (MEAS-V) and, after a specified delay
(MEAS-TIME), the Model 6517A measures the resistivity
of the sample and stores the reading in the buffer. Note that
the test voltage (MEAS-V) is typically at the same level as
the bias voltage (BIASV).
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The Surface Resistivity Test and the Volume Resistivity Test
are selected and configured from the CONFIGURE SE-
QUENCE menu (R/RESISTIVITY; NORMAL; SURFACE
and VOLUME). See paragraph 2.14.2 for details.

Alternating Polarity Resistance/Resistivity test

The Alternating Polarity Resistance/Resistivity test is de-
signed to improve high resistance/resistivity measurements.
These measurements are prone to large errors due to back-
ground currents. By using an aternating stimulus voltage, it
is possible to eliminate the effects of these background cur-
rents. Thistest will measure Surface or Volumeresistivity, or
Resistance, as selected in the CONFIGURE RESISTANCE
menu. For detailed information on resistivity measurements,
refer to paragraph 2.7.2. Figures 2-33 and 2-35 show the test
circuits for the respective measurements, and Figure 2-36
shows the connections to the Model 8009. Refer to the Mod-
el 8009 Instruction Manual for information on installing the
sample in the test fixture.

When this test is run, the V-Source will dternate between two
voltages (V-OFS + V-ALT) and (V-OFS - V-ALT) a timed inter-



vas (MEAS-TIME). Current measurements are taken a the end
of each of these dternations and after cdculation of |4 ress
tancevauesare computed. | . isaweighted average of thelatest
four current measurements, each et the end of a separate dterna
tion. Theresistance valueisthen converted to aresitivity vaueif
the meter has been configured for resistivity measurements. The
first few readings can be rgjected (DISCARD XXX RDGS) as
the sample or resistance achieves asteady-sate responseto thed-
ternating voltage. After this, the alternation will continue until a
specified number of readings (STORE XXX RDGS) have been
stored in the buffer. The time required to complete a sequenceis
(STORE + DISCARD + 4) * MEAS-TIME. For example, ase-
quence dternating at 15 second intervals, discarding 3 readings,
and storing 3 readingswill take 2.5 minutes.

Figure 2-52 shows an example of the Alternating Polarity test
using the test parameters shown and the resulting sample cur-
rent from atypical high resistance sample. Note that the sample
currents shown exhibit some capacitive decay, asmany high re-
sistance samples dso tend to have significant capacitance.

When the Alternating Polarity sequence is first armed by
pressing SEQuence and then ENTER, the settings for the
current measurements made internally to the sequence
are preset to the settings for the amps function. If the amps
function is set to a specific range, the sequence defaults to
that range. If the amps function is autoranging, the sequence
will default to autoranging. The range can be changed after
the sequence is armed by pressing the A, Vv, or auto keys.
TheAlternating Polarity sequence will not autorange past the
2nA range. If the resistance/resistivity to be measured ishigh
and a more sensitive range is required, the user must set this
range manually using the A or v keys. (For the 20 pA and
200 pA ranges, use a measure time of at least 15 seconds).
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While in the armed condition, the sequence parameters may
be changed (CONFIG-SEQ . . .), the range may be changed,
the output result type may be changed (resistance, surface of
volume resistivity), and the resistivity parameters edited. To
run the sequence, press TRIG after arming. Pressing EXIT
after arming disarms the sequence, and returns the Model
6517A to the function in use when it was armed.

During execution, the sequence will show “-------- " until the
first reading becomes available and is sent to the buffer. After
this, the latest calculated value will be displayed. If, at the
end of any alteration the current exceeds the amps range in
use, the error +618 Resistivity:l OutOfLimit will occur and
the sequence will abort, returning it to the function in use be-
fore it was last armed. If the Alternating Polarity sequence
calculates a current of zero, “<Infinity>" will be displayed,
but the sequence will continue. A lower current range should
be selected.

The Alternating Polarity Test is selected and configured
from the CONFIGURE SEQUENCE menu (APPLICA-
TIONS; R/RESISTIVITY; ALT-POLARITY). See para-
graph 2.14.2 for details.

Surface Insulation Resistance (SIR) test

This test is used to measure the insulation resistance between
PC-board traces. Figure 2-53 shows the connections and the
equivalent circuit. Note that thedrawing showsa“Y” test pattern
for the measurement. Thisisatypicd test pattern for SIR tests.

When thistest isrun, aspecified voltage (BIASV) isapplied
to the test pattern for a specified time (BIAS-TIME). This
“bias’ period is used to polarize the test pattern. The test
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Figure2-52
Alternating polarity resistance/resistivity test
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Figure 2-53
Connections; surface insulation resistance test

voltage (MEAS-V) isthen applied and, after aspecified time
(MEAS-TIME), the Model 6517A measures the resistance
and stores the reading in the buffer.

This test is selected and configured from the CONFIGURE
SEQUENCE menu (SIR). See paragraph 2.14.2 for details.

Sweep Tests (Square Wave and Staircase)

The sweep testsare not geared to any specific gpplication. These
voltage/measure sweeps can be used for any type of measure-
ment; volts, amps, ohmsor coulombs. Thus, make sureto select
the measurement function before running one of these tests.

The Square Wave Sweep Test allows you to make a series of
measurements at an alternating high and low voltage level.
When thetest is configured, you specify the high voltage lev-
el (HI-LEVEL), the time spent at the high level (HI-TIME),
the low level voltage (LO-LEVEL), the time spent at the low
level (LO-TIME), and the number of cycles to repeat (CY-
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CLE COUNT). Figure 2-54 shows an example using the de-
fault test parameters. When the test is run, 20 measurements
will be performed (at each high and low level) and stored in
the buffer. This test is selected and configured from the
CONFIGURE SEQUENCE menu (SWEEP;, STAIRCASE).
See paragraph 2.14.2 for details.

The Staircase Sweep Test alows you to make measurements
at staircased voltage levels. When the test is configured, you
specify the START voltage, the STEP voltage, the STOP volt-
age and the delay (STEP TIME) between steps. Figure 2-55
shows an example using the default test parameters.

When the test is run, 10 measurements will be performed
(one at each voltage step) and stored in the buffer. This test
is selected and configured from the CONFigure SE-
QUENCE menu (SWEEP; STAIRCASE). See paragraph
2.14.2 for details.
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Cycle: 1 2 3 10
o0 o
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ov oo o

-1v

A A
—] = 1sec

Test Parameters:
Hl-Level = +1V

A = Measurements HI-Time = 1sec
LO Level = -1V

LO-Time = 1sec
Cycle Count = 10
Figure 2-54
Default measurement points; square wave sweep test
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9 —
8 —
7 —
6 —
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L 5 7 Test Parameters:
4 - Start = +1V
Stop = +10V
Step = +1V
3 Step Time =1 sec
2 —
’1‘ = Measurement
1

1 2 3 4 5 6 7 8 9 10

Delay in seconds

Figure 2-55
Default measurement points; staircase sweep test
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2.14.2 Configure Test Sequence

The CONFIGURE SEQUENCE menu is used to select and
configure atest sequences and is summarized in Table 2-20.
Thetop level of the menu is displayed by pressing CONFIG
and then SEQ.

General rules to navigate the menu levels are provided in
paragraph 2.3.5.

APPLICATIONS
This menu item is used to select the application:

DEV-CHAR: Use this menu item to select and configure
one of the device characterization tests:

DIODE — Use this option to select and configure the Diode
Leakage Current Test. After selecting LEAKAGE-CURRENT,
you will be prompted to enter the start voltage, stop voltage,
step voltage and the delay. After entering thesetest parameters,
use the EXIT key to back out of the menu structure.

CAPACITOR — Use this option to select and configure the
Capacitor Leakage Current Test. After selecting LEAKAGE-
CURRENT, you will be prompted to enter the bias voltage,
number of readings, and the time interval. After entering
these test parameters, use the EXIT key to back out of the
menu structure.

CABLE — Usethis option to select and configure the Cable
Insulation Resistance Test. After selecting INSULATION-
RESISTANCE, you will be prompted to enter the bias volt-
age, humber of readings, and time interval. After entering
these test parameters, use the EXIT key to back out of the
menu structure.

RESISTOR — Use this option to select and configure the
Resistor Voltage Coefficient Test. After selecting VOLT-
AGE-COEFFICIENT, you will be prompted to enter thefirst
voltage, first delay, second voltage, and second delay. After
entering these test parameters, use the EXIT key to back out
of the menu structure.

RESISTIVITY: Use this menu item to select and configure
one of the standard method resistivity tests or the alternating
polarity test:

NORMAL: Use this menu item to select and configure one
of the standard method Resistivity Tests:

SURFACE — Use this option to select and configure the Sur-
face Resigtivity Test. You will be prompted to enter the pre-
discharge time, bias voltage, biastime, measure voltage, mea-
suretime, and discharge time. After entering these test param-
eters, usethe EXIT key to back out of the menu structure.

VOLUME — Usethis option to select and configure the Vol -
ume Resigtivity Test. You will be prompted to enter the pre-
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discharge time, bias voltage, bias time, measure voltage, mea-
suretime, and discharge time. After entering these test param-
eters, usethe EXIT key to back out of the menu structure.

ALT POLARITY: Use this menu to select and configure the
Alternating Polarity Resistance/Resistivity Test. You will be
prompted to enter the offset voltage, alternating voltage, mea-
sure time, readings to discard, and readingsto store. After en-
tering these test parameters, use the EXIT key to back out of
the menu structure. (See paragraph 2.14.1 for more details.)

SIR: Use this menu item to select and configure the Surface
Insulation Resistance Test. After selecting SUR-INSUL-
RES-TEST, you will be prompted to enter the bias voltage,
biastime, measure voltage, and measure time. After entering
these test parameters, use the EXIT key to back out of the
menu structure.

SWEEP: Use this menu item to select and configure one of
the sweep tests:

SQUARE-WAVE — Use this option to select and configure
the Square Wave Sweep Test. You will be prompted to enter
the high level voltage, time at the high level, low level volt-
age, and time at the low level. After entering these test pa
rameters, usethe EXIT key to back out of the menu structure.

STAIRCASE — Use this option to select and configure the
Staircase Sweep Test. You will be prompted to enter the start
voltage, stop voltage, step voltage, and the step time. After
entering these test parameters, use the EXIT key to back out
of the menu structure.

CONTROL

This menu item is used to select the trigger source that will
start the armed test. The SEQ key is used to arm the selected
test (see paragraph 2.14.3).

MANUAL: Use this option to select the manual trigger
source. Once the test is armed, it will start when the TRIG
key is pressed.

IMMEDIATE: Use this option to select the immediate trig-
ger source. The test will start as soon asit is armed.

LID-CLOSURE: Usethisoption to select thelid of the Model
8009 or 8002A test fixture asthe trigger source. Once the test
isarmed, it will start when thelid of the test fixture is closed.

GPIB: Use this option to select the GPIB trigger source.
Once the test is armed, it will start when the Model 6517A
receives a bus trigger (GET or *TRG). Note that the TRIG
key can instead be used to start the test.

EXTERNAL: Use this option to select the external trigger
source. Once the test is armed, it will start when the Model
6517A receives an external trigger via the EXT TRIG IN
connector. Note that the TRIG key can instead be used to
start the test.
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TRIGLINK: Use this option to select the trigger link trigger
source. After selecting TRIGLINK you will be prompted to

when the Model 6517A receives a trigger via the selected
trigger link line. Note that the TRIG key can instead be used

select thetrigger link line. Oncethetestisarmed, it will start to start the test.
Table 2-20
CONFIGURE SEQUENCE menu structure
Default
Menu item Description parameter
APPLICATIONS Select type of test:
DEV-CHAR Device Characterization Tests:
DIODE
LEAKAGE-CURRENT Diode Leakage Current Test:
STARTV Specify start voltage. +1V
STOPV Specify stop voltage. +10V
STEPV Specify step voltage. +1V
DELAY Specify delay. 1sec
CAPACITOR
LEAKAGE-CURRENT Capacitor Leakage Current Test:
BIASV Specify bias voltage. +1V
STORE nnnnn READINGS Specify number of readings. |10
INTERVAL Specify timeinterval. 1sec
CABLE
INSULATION-RESISTANCE Cable Insulation Resistance Test:
BIASV Specify bias voltage. +1V
STORE READINGS Specify number of readings. |5
INTERVAL Specify timeinterval. 1lsec
RESISTOR Resistor Voltage Coefficient Test:
VOLTAGE-COEFFICIENT Specify 1st test voltage. +1V
SOURCE V1 Specify 1st delay. 1sec
DELAY 1 Specify 2nd test voltage. +2V
SOURCE V2 Specify 2nd delay. 1sec
DELAY 2
R/RESISTIVITY Resistance/Resistivity Tests:
NORMAL Standard Method Resistivity Tests:
SURFACE Surface Resigtivity Test:
PRE-DISCH Specify pre-discharge time. 0.2 sec
BIASV Specify bias voltage. +500V
BIASTIME Specify bias time. 1lsec
MEAS-V Specify measurement voltage. | +500V
MEAS-TIME Specify measurement time. 0sec
DISCHARGE Specify discharge time. 2sec
VOLUME Volume Resistivity Test:
PRE-DISCH Specify pre-discharge time. 10 sec
BIASV Specify bias voltage. +500V
BIASTIME Specify bias time. 1lsec
MEAS-V Specify measurement voltage. | +500V
MEAS-TIME Specify measurement time. 0sec
DISCHARGE Specify discharge time. 2sec

2-69



Front Panel Operation

Table 2-20 (cont.)
CONFIGURE SEQUENCE menu structure

Default
Menu item Description parameter
ALT-POLARITY Alternate Polarity Test:
V-OFS Specify offset voltage. ov
V-ALT Specify aternating voltage. 10V
MEAS-TIME Specify measurement time. 15 sec
DISCARD RDGS Specify discarded readings. 3
STORE RDGS Specify readings to store. 1
SIR
SUR-INSUL-RES-TEST Surface Insulation Resistance Test:
BIASV Specify bias voltage. +50V
BIASTIME Specify biastime. 1lsec
MEAS-V Specify measurement voltage +100V
MEAS-TIME Specify measurement time. 1sec
SWEEP Sweep Tests:
SQUARE-WAVE Square Wave Sweep Test:
HI-LEVEL Specify high level voltage. +1V
HI-TIME Specify time at high level. 1sec
LO-LEVEL Specify low level voltage. -1v
LO-TIME Specify time at low level. 1sec
CYCLE COUNT Specify number of cycles. 10
STAIRCASE Staircase Sweep Test:
START Specify start voltage. +1V
STOP Specify stop voltage. +10V
STEP Specify step voltage. +1V
STEPTIME Specify step time. 1sec
CONTROL Select trigger source to start test: Manual
MANUAL Start when TRIG key pressed.
IMMEDIATE Start immediately.
LID-CLOSURE Start when test fixture lid closed.
GPIB Start on GPIB trigger (GET or *TRG).
EXTERNAL Start when external trigger received.
TRIGLINK Start when trigger is received viathe speci- | Line #1
fied Trigger Link line.

2.14.3 Running the selected test

Perform the following steps to run the selected test:

1

2.

Enable zero check and make sure the V-Source is in
standby (OPERATE LED off).

Connect and configure the Model 6517A for the desired
test as explained in paragraph 2.14.1.

Select and configure the desired test as explained in
paragraph 2.14.2.

Press the SEQ key. The selected test will be displayed.
Press ENTER to arm the test. When the selected trigger
source event occurs, zero check will disable and the test
will run.
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6. When the test is finished, zero check will stay disabled

and the V-Source will go into standby.

7. The measured readingsfor thetest are stored in the buff-

er. To access these readings, press RECALL.

Notes:

1. If the IMMEDIATE trigger source is selected, the test

will start immediately after it is armed. With any other
trigger source (except LID CLOSURE) selected, thetest
can be started by pressing TRIG.

. While a test is armed or running, the flashing “SEQ”

message is displayed on the Model 6517A.



3. Readings are automatically stored in the buffer starting
at memory location (reading #) zero.

4. The Alternating Polarity test will be re-armed upon
completion of a sequence. When the selected trigger
source event occurs, the test will re-run. Readings may
be recalled, or the sequence re-configured while the
6517A awaits the trigger. When the sequence is armed
the first time, trigger source is set to manual but can be
re-configured to any other trigger source. To end the se-
guences, press EXIT to return to normal operation.
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2.15 Triggers

The following paragraphs discuss front pandl triggering, trigger
configuration and externd triggering, including example setups.

Model 6517A triggers are set up from the CONFIGURE
TRIGGER menu. The menu structure is shown and summa-
rized in Table 2-21.

Notice from Table 2-21 that there are two trigger configura-
tion structures, BASIC and ADVANCED. The basic menu

structure can be used when simple trigger operations will
suffice. The advanced menu structure must be used when
more sophisticated trigger operations (such as scanning) are
required. The differences between basic and advanced trig-
gering are explained in the next paragraph.

Table 2-21
CONFIGURE TRIGGER menu structure
Menu item Description
BASIC Select and configure basic triggering:
MODE Select trigger mode:
CONTINUOUS Use for continuous triggering.
ONE-SHOT Use for one-shot triggering.
SOURCE Select source of triggers:
IMMEDIATE Use to make measurements immediately.
MANUAL Use TRIG key to control measuring.
GPIB Use bus triggers to control measuring.
EXT Use external triggersto control measuring.
TIMER Use atimer to control measuring. Enter trigger interval (0.001 - 999999.999 sec.).
ADVANCED Select and configure advanced triggering:
MEASURE Measure layer menu:
SOURCE Select measure source:
IMMEDIATE Use to make measurements immediately.
EXTERNAL Use external trigger to control measuring.
MANUAL Use TRIG key to control measuring.
GPIB Use bus triggers to control measuring.
TRIGLINK Use Trigger Link triggers to control measuring. Enter Trigger Link mode and
lines.
TIMER Use atimer to control measuring and enter interval between triggers (0.001 -
999999.999 sec.).
HOLD Use to hold up the measurement in the measure layer.
DELAY Use to delay measurement in the measure layer (0.001 - 999999.999 sec.).
COUNT Define number of measurements to make:
INFINITE Repeat measuring indefinitely.
ENTER-CHAN-COUNT Specify count (1 - 99999).
CONTROL Select trigger control mode:
SOURCE Enable Source Bypass.
ACCEPTOR Disable Source Bypass.
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Table 2-21 (cont.)

CONFIGURE TRIGGER menu structure

Menu item Description
SCAN Scan layer menu:
SOURCE Select scan source:
IMMEDIATE Use to pass operation immediately into the measure layer.
EXTERNAL Use external triggersto control scanning.
MANUAL Use TRIG key to control scanning.
GPIB Use bus triggers to control scanning.
TRIGLINK Use Trigger Link triggersto control scanning. Enter Trigger Link lines.
TIMER Use atimer to control scanning and enter interval between scans (0.001 -
999999.999 sec.).
HOLD Use to hold up the measurement in the scan layer.
DELAY Useto delay scan in the layer (0.001 - 999999.999 sec.).
COUNT Define number of scans to be performed:
INFINITE Repeat scanning indefinitely.
ENTER-SCAN-COUNT Specify count (1 - 99999).
CONTROL Select trigger control mode:
SOURCE Enable Source Bypass.
ACCEPTOR Disable Source Bypass.
ARM Arm layer menu:
SOURCE Select arm source:
IMMEDIATE Use to arm meter immediately and pass operation into the scan layer.
EXTERNAL Use external triggersto arm meter.
MANUAL Use TRIG key to arm meter.
GPIB Use bus triggers to arm meter.
TRIGLINK Use Trigger Link triggersto arm meter. Enter Trigger Link lines.
RT-CLOCK Use clock to arm instrument. Enter time and date.
HOLD Use to hold up the measurement in the arm layer.
COUNT Define number of timesto arm meter:
INFINITE Continuously re-arm meter.
ENTER-ARM-COUNT Specify count (1 - 99999).
CONTROL Select trigger control mode:
SOURCE Enable Source Bypass.
ACCEPTOR Disable Source Bypass.
INIT Enable or disable continuous initiation.
HALT Useto halt triggers. Press TRIG key to resume triggering.
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2.15.1 Trigger model

Thefollowing information describes triggering of the Model
6517A from the front panel. The flowchart of Figure 2-56,
which is the simplified trigger model, summarizes basic
front panel triggering. The flowchart of Figure 2-57, which
is the complete trigger model, summarizes advanced front
panel triggering.

MODE Continuous

One
Shot

Control Event
Source Detection

Immediate
Manual
GPIB
External
Timer

Output Trigger

Device
Action

Figure 2-56
Basic trigger model

BASIC TRIGGER MODEL

As shown in Figure 2-56, the basic trigger model provides
the fundamental trigger options needed for many instrument
operations.

Basic triggering is selected and configured from the BASIC
menu item of the CONFIGURE TRIGGER menu. Refer to
Figure 2-56 for the following explanation of the basic trigger
model.

Idle

While in the idle state, the instrument cannot perform mea-
surements. The front panel ARM indicator is off when thein-
strument isin idle. Pressing TRIG takes the instrument out
of idle (ARM indicator turns on).

Trigger Mode

With the continuous trigger mode sel ected, operation contin-
uously loops around the control source to make measure-
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ments (device action). This trigger mode provides
continuous reading conversions.

With the one-shot trigger mode selected, operation waits for
the selected control source event to occur before making a
measurement (device action). A measurement occurs every
time the source event is detected (see Control Sources).

The trigger mode is selected from the BASIC (MODE) op-
tion of the CONFIGURE TRIGGER menu.

Control Sources

With the one-shot trigger mode selected, ameasurement (de-
vice action) does not occur until the selected control source
event is detected. The control sources are explained as fol-
lows:

* Immediate — With this control source selected, event
detection isimmediately satisfied allowing operation to
continue. Using this selection is effectively the same as
using the continuous trigger mode.

e Manua — Event detection is satisfied by pressing the
TRIG key. Note that the Model 6517A must be taken
out of remote before it will respond to the TRIG key.
Pressing LOCAL takes the instrument out of remote.

* GPIB — Event detection is satisfied when a bus trigger
(GET or *TRG) isreceived by the Model 6517A.

« External — Event detection is satisfied when an input
trigger viathe EXTERNAL TRIGGER connector isre-
ceived by the Model 6517A.

e Timer — Event detection is immediately satisfied on
the initial pass through the layer. Each subsequent de-
tection is satisfied when the programmed timer interval
(1 t0 999999.999 seconds) elapses.

Output Triggers

After every measurement (device action) a trigger pulse is
applied to the METER COMPLETE connector on the rear
panel of the instrument. This out-going trigger pulse can be
used to trigger another instrument to perform an operation
(see paragraph 2.15.4 External Triggering).

ADVANCED TRIGGER MODEL

As shown in Figure 2-57, the advanced trigger model pro-
vides more triggering options, which are programmed from
the ADVANCED menu item of the CONFIGURE TRIG-
GER menu. Note that scanning operations use this trigger
model.

Advanced triggering is selected and configured from the
ADVANCED menu item of the CONFIGURE TRIGGER
menu. Refer to Figure 2-57 for the following explanation of
the advanced trigger model.
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Figure 2-57
Advanced trigger model
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Idle

Theinstrument is considered to be in the idle state whenever
it is not operating within one of the three layers of the trigger
model. The front panel ARM indicator is off when theinstru-
ment isintheidle state. Whilein theidle state, theinstrument
cannot perform any measurement or scanning functions.

From the front panel there are three ways to put the instru-
ment into idle:

e Select RESET GPIB from the SAVESETUP option of
the main menu. Press the TRIG key to take a reading.
After each reading, the instrument returns to the idle
state.

e Select HALT from the ADVANCED item of CONFIG-
URE TRIGGER menu. Press the TRIG key to resume
triggering. The INIT (ON) option of the ADVANCED
trigger menu structure will also take the instrument out
of idle.

e Press the OPTION CARD key to place the Model
6517A in the scan mode. Triggering will resume when
the scan is started or if the scan is aborted by pressing
EXIT.

Trigger Model Layers

As can be seen in Figure 2-57, the trigger model uses three
layers: the Arm Layer, Scan Layer and Measure Layer. For
| EEE-488 bus operation, these layersare known asArm Lay-
er 1, Arm Layer 2 and the Trigger Layer.

Once the Model 6517A istaken out of the idle state, opera-
tion proceeds through the layers of the trigger model down
to the device action where a measurement occurs.

Control Sources — In general, each layer contains a control
source which holds up operation until the programmed event
occurs. The control sources are described as follows:

* Immediate — With this control source selected, event
detection isimmediately satisfied allowing operation to
continue.

e Manua — Event detection is satisfied by pressing the
TRIG key. Note that the Model 6517A must be taken
out of remote before it will respond to the TRIG key.
Pressing LOCAL takes the instrument out of remote.

* GPIB — Event detection is satisfied when a bus trigger
(GET or *TRG) isreceived by the Model 6517A.

» RT-Clock — Event detection in the Arm Layer is satis-
fied when the programmed time and date occurs. The
real-time clock control source is not available in the
Scan Layer and Measure Layer.
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« Timer — Event detection is immediately satisfied on
the initial pass through the layer. Each subsequent de-
tection is satisfied when the programmed timer interval
(1 to0 999999.999 seconds) elapses. A timer resetsto its
initial state when operation loops back to a higher layer
(or idle). Note that atimer is not available in the Arm
Layer.

e External — Event detection is satisfied when an input
trigger viathe EXTERNAL TRIGGER connector isre-
ceived by the Model 6517A.

« Triglink — Event detection is satisfied when an input
trigger viathe TRIGGER LINK isreceived by the Mod-
el 6517A.

» Hold — With this selection, event detection is not satis-
fied by any of the above control source events and oper-
ation isheld up.

Source Bypasses — As can be seen in the flowchart, each
layer has apath that allows operation to loop around the con-
trol source. Each path is called a source bypass.

When a source bypassis enabled, and the external or trigger
link (triglink) control source is selected, operation loops
around the control source on theinitial pass through the lay-
er. If programmed for another event detection in the layer,
the bypass|oop will not bein effect though it is still enabled.
The bypass loop resets (be in effect) if operation loops back
to ahigher layer (or idle).

Inthe Arm Layer and Scan Layer, enabling a source bypass
also enablesthe respective output trigger. Inthe Trigger Lay-
er, its output trigger is always enabled and occurs after every
device action. See Output Triggers for more information.

Delays — The Scan Layer and the Measure Layer have a
programmable delay (0 to 999999.999 seconds) that is en-
forced after an event detection.

Device Action — The primary device action is a measure-
ment. However, the device action could include a function
change and a channel scan (if scanner is enabled). A channel
is scanned (closed) before a measurement is made. When
scanning internal channels, the previous channel opens and
the next channel closes (break-before-make). Also included
in the device action isthe internal settling time delay for the

relay.

Output Triggers — In the Arm Layer and Scan Layer the
output triggers are enabled only if their respective source by-
passes are also enabled. If a trigger link (triglink) control
sourceis selected, the output trigger pulseis available on the
selected TRIGGER LINK output line. For all other control
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source selections, the trigger pulse is available at the
METER COMPLETE connector.

In the Measure Layer, the output trigger is always enabled
and occurs after every device action. If the control sourceis
set for external, immediate, manual, GPIB or timer, the out-
put trigger pulse is available at the METER COMPLETE
connector. If the trigger link (triglink) control source is se-
lected, output trigger action occurs on the selected TRIG-
GER LINK output line as follows:

* |If the asynchronous Trigger Link mode is selected, the
output trigger pulse is available on the programmed
output line.

« |f the semi-synchronous Trigger Link mode is selected
and the source bypassis disabled, the Trigger Link line
isreleased (goes high).

« If the semi-synchronous Trigger Link mode is selected

and the source bypass is enabled, the Trigger Link line
is pulled down low and then released.

Counters — All three layers use programmable counters
which allow operation to return to or stay in the respective
layer. For example, programming the Measure Layer counter
for infinity keeps operation in the Measure Layer. After each
device action and subsequent output trigger, operation loops
back to the Trigger Layer control source. A counter resets
when operation loops back to a higher layer (or idle).

2.15.2 Basic trigger configuration

The following information explains how to configure the
Model 6517A for basic triggering. If you instead wish to use
advance triggering, refer to paragraph 2.15.3. Basic trigger-
ing is configured from the BASIC item of the CONFIGURE
TRIGGER menu (see Table 2-21), which is displayed by
pressing the CONFIG key and then the TRIG key. General
rules for navigating the menu structure is provided in para-
graph 2.3.5.

The BASIC TRIGGERING menu items are explained asfol-
lows:

MODE

Use this menu item to select the trigger mode for basic trig-
gering.

CONTINUOUS: Use this trigger mode to place the instru-
ment in the continuous measurement mode.

ONE-SHOT: Usethistrigger modeto place theinstrument in
the one-shot measurement mode. In this mode, the instru-
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ment waits for the selected control source event to occur be-
fore making a measurement (see SOURCE).

SOURCE

Use thismenu item to sel ect the control source event for one-
shot triggering.

IMMEDIATE: With this selection, events (such as TIMER
and EXTERNAL triggers) do not control the measurement
interval. Oncethe Model 6517A starts measuring, it will take
readings as fast as its measurement configuration allows.

MANUAL: With this selection, the front panel TRIG key
controls the measure source. A device action is performed
when the TRIG key is pressed.

NOTE

The front panel TRIG key is active when
EXT, GPIB, or TIMER is selected.

GPIB: With this selection, bus triggers control the measure-
ment interval. When the Model 6517A receives abus trigger
(GET or *TRG), it performs a measurement. See Section 3
for detailed information on bus triggers.

NOTE

The front panel TRIG key (see MANU-
AL) is active with bus triggering selected.
Pressing the TRIG key performs a mea-
surement.

EXT: With thisselection, external triggersare used to control
the measurement interval. Each trigger stimulus applied to
the Model 6517A resultsin a measurement.

The external trigger is applied to the rear panel “EXTER-
NAL TRIGGER” BNC connector. See paragraph 2.15.4 for
detailed information on external triggering.

NOTE

The front panel TRIG key (see MANU-
AL) is active with external triggering se-
lected. Pressing the TRIG key performs a
device action.

TIMER: Use the timer to control the time interval between
measurements. The timer can be set for an interval from
0.001 seconds (1msec) to 999999.999 seconds with 1msec
resolution.



The first measurement occurs immediately, while all subse-
guent measurements occur at the end of the programmed
timer interval. If however, the programmed timer interval is
shorter than the time it takes to complete a single measure-
ment, the next measurement will not start until the previous
oneisdone.

NOTE

The front panel TRIG key (see MANU-
AL) isactive with thetime selected. Press-
ing the TRIG key after the completion of a
measurement startsthe next measurement.

2.15.3 Advanced trigger configuration

The following information explains how to configure the
Model 6517A for advanced triggering. If you instead wish to
use basic triggering, refer to paragraph 2.15.2. Advanced
triggering is configured from the ADVANCED item of the
CONFIGURE TRIGGER menu (see Table 2-21), which is
displayed by pressing the CONFIG key and then the TRIG
key. General rulesfor navigating the menu structure are pro-
vided in paragraph 2.3.5.

Configuring measure layer

The measure layer is used for the following operations:

 To select the measuring event (SOURCE) for theinstru-
ment.

« To delay operation in the measure layer.
¢ To designate the number of measurements the instru-
ment will make (COUNT).

« To enable or disable the Source Bypass.

The measure layer is configured from the MEASURE item
of the ADVANCED TRIGGERING menu.

SOURCE

This menu item selects the event that controls the measure
source.

IMMEDIATE: With this selection, events (such as TIMER
and EXTERNAL triggers) do not control the measurement
interval. Oncethe Model 6517A starts measuring, it will take
readings as fast as its measurement configuration allows.

EXTERNAL: With this selection, external triggers are used
to control the measure source. Each trigger stimulus applied
to the Model 6517A performs a device action, as defined by
the trigger model. In addition to ameasurement, thismay in-
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clude range changing, filtering, calculations, data storing,
scanning, and other operations.

The external trigger is applied to the rear panel “EXTER-
NAL TRIGGER” BNC connector. See paragraph 2.15.4 for
detailed information on external triggering.

NOTE

The front panel TRIG key (see MANU-
AL) is active with external triggering se-
lected. Pressing the TRIG key performs a
device action.

MANUAL: With this selection, the front panel TRIG key
controls the measure source. A device action is performed
when the TRIG key is pressed.

NOTE

The front panel TRIG key is active when
EXTERNAL, GPIB, TRIGLINK, or TIM-
ERis selected.

GPIB: With this selection, bus triggers control the measure
source. When the Model 6517A receives abustrigger (GET
or *TRG), it performs adevice action, as defined by the trig-
ger model. In addition to a measurement, this may include
range changing, filtering, calculations, data storing, scanning
and other operations. See Section 3 for detailed information
on bustriggers.

NOTE

The front panel TRIG key (see MANU-
AL) is active with bus triggering selected.
Pressing the TRIG key performs a device
action.

TRIGLINK: With this selection, the measure source is con-
trolled by the Trigger Link of the Model 6517A. Trigger
Link is an enhanced trigger system that uses up to six lines
to direct trigger pulses to an from other instruments.

When the Model 6517A receives atrigger over the Trigger
Link, it performs a device action, as defined by the trigger
model. In addition to ameasurement, this may include range
changing, filtering, calculations, data storing, scanning, and
other operations.

See paragraph 2.15.5 for details on using the Trigger Link.
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NOTE

The front panel TRIG key (see MANU-
AL) isactive with the Trigger Link select-
ed, Pressing the TRIG key performs a
device action.

After selecting TRIGLINK asthe measurement event, select
one of the following trigger link modes:

*« ASYNCHRONOUS — The asynchronous trigger link
mode is used for trigger configurations that require in-
put and output triggers to be routed on separate lines.
After selecting this trigger link mode, you will be
prompted to select an input line and then an output line.
Note that you cannot use the same trigger line for both
input and output.

¢ SEMI-SYNCHRONOUS— Inthismode, theinput and
output triggers for the Model 6517A are assigned to the
same line. After selecting this trigger link mode, you
will be prompted to select the trigger line.

TIMER: Use the timer to control the time interval between
measurements. The timer can be set for an interval from
0.001 seconds (1msec) to 999999.999 seconds with 1msec
resolution.

The first measurement occurs immediately, while all subse-
guent measurements occur at the end of the programmed
timer interval. If however, the programmed timer interval is
shorter than the time it takes to complete a single measure-
ment, the next measurement will not start until the previous
oneisdone.

NOTE

The front panel TRIG key (see MANU-
AL) isactivewith thetime selected. Press-
ing the TRIG key after the completion of a
measurement starts the next measurement
(assuming the Model 6517A is pro-
grammed for another measurement; see
COUNT).

HOLD: When HOLD is selected, the measure source is sup-
pressed. As aresult, measuring is stopped and does not con-
tinue until HOLD is cancelled by selecting one of the other
measure source selections. Select HOLD from the SELECT
MEASURE SRC menu by pressing the cursor on HOLD and
pressing ENTER. Theinstrument returnsto the SETUP mea-
sure layer menul.
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DELAY

Thisdelay is used to hold up operation in the measure layer.
After the measure event occurs, theinstrument waits until the
delay period times out (0 - 999999.999 sec.) before perform-
ing a device action.

COUNT

With this selection, you determine the number (count) of
measurements per scan sequence. The user programmed
count can be smaller, equal to, or larger than the number of
channelsin the scan list. For example, if the scan list ismade
up of four channels, you can program a count of 12. Withthis
count value, the instrument repeats the scan three times. An
advantage of repeating channels (rather than scans) is that
delays in the scan layer of operation are avoided. The mea-
sure layer delays among all 12 channels are the same.

INFINITE: Use this selection to continuously repeat mea-
surements (and looping in the measure layer).

ENTER-CHAN-COUNT: With this selection, the user deter-
mines the number of readings per scan. You can program the
Model 6517 to measure up to 99999 times.

CONTROL

Use this menu item to enable or disable the source bypass.
The source bypassis used to bypass the measure event on the
first pass through the measure layer.

SOURCE: With this selection, the source bypassis enabled.
The measure event will be bypassed on the first pass through
the scan layer. This allows operation to proceed to the Delay
and Device Action without having to wait for the pro-
grammed event.

ACCEPTOR: With this selection, the source bypass is dis-
abled.

Configuring scan layer

The scan layer is used for the following operations:
« To select the scanning event (SOURCE) for the instru-
ment.
» To delay operation in the scan layer.

¢ To designate the number of scan sequences the instru-
ment will perform (COUNT).

« To enable or disable the Source Bypass.

The scan layer is configured from the SCAN item of the AD-
VANCED menu.



SOURCE: This menu item selects the event that controls the
scan source.

IMMEDIATE: With this selection, operation passesimmedi-
ately into the measure layer.

EXTERNAL: With this selection, external triggers are used
to control the scan source. A trigger stimulus applied to the
Model 6517A passes operation into the measure layer. The
external trigger is applied to the rear panel “EXTERNAL
TRIGGER” BNC connector. See paragraph 2.15.4 for de-
tailed information on external triggering.

NOTE

The front panel TRIG key (see MANU-
AL) is active with external triggering se-
lected. Pressing the TRIG key passes
operation into the measure layer.

MANUAL: With this selection, the front panel TRIG key
controls the scan source. Operation passes into the measure
layer when the TRIG key is pressed.

NOTE

The front panel TRIG key is active when
EXTERNAL, GPIB, TRIGLINK, or TIM-
ERis selected.

GPIB: With this selection, bus triggers control the scan
source. Operation passesimmediately into the measure layer
when abustrigger (GET or *TRG) is received by the Model
6517A. See Section 3 for detailed information on bus trig-
gers.

NOTE

The front panel TRIG key (see MANU-
AL) is active with bus triggering selected.
Pressing the TRIG key passes operation
into the measure layer.

TRIGLINK: With this selection, the scan source is con-
trolled by the Trigger Link of the Model 6517A. Trigger
Link is an enhanced trigger system that uses up to six lines
to direct trigger pulsesto and from other instruments. Oper-
ation passes into the measure layer when the Model 6517A
receives a trigger over the Trigger Link. See paragraph
2.15.5 for details on using the Trigger Link.
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NOTE

The front panel TRIG key (see MANU-
AL) isactive with the Trigger Link select-
ed. Pressing the TRIG key passes
operation into the measure layer.

After selecting TRIGLINK, you will be prompted to select
an input line and then an output line. Note that you cannot
use the sametrigger line for both input and output.

TIMER: Usethetimer featureto control thetimeinterval be-
tween scan sequences when scanning. The timer can be set
for an interval from 0.001 seconds (1msec) to 999999.999
seconds with 1msec resolution.

Thefirst scan sequence occursimmediately, while all subse-
guent scans start at the end of the programmed timer interval .
If, however, the programmed timer interval is shorter than
thetime it takes to compl ete a single scan, the next scan will
not start until the previous oneis done.

NOTE

The front panel TRIG key (see MANU-
AL) is active with the timer selected.
Pressing the TRIG key after the comple-
tion of a scan sequence starts the next scan
seguence (assuming the Model 6517A is
programmed for another scan sequence;
see COUNT).

HOLD: When HOLD is selected, the scan source is sup-
pressed. Asaresult, operation does not passinto the measure
layer until HOLD is cancelled by selecting one of the other
scan source selections. Select HOLD from the SELECT
SCAN SOURCE menu by placing the cursor on HOLD and
pressing ENTER. The instrument returns to the SETUP
SCAN LAY ER menu.

DELAY

Thisdelay is used to hold up operation in the scan layer. Af-
ter the scan event occurs, the instrument waits until the delay
period times out (O to 999999.999 sec.) before proceeding to
the measure layer.

COUNT

This menu item defines the number of times operation re-
turnsto the scan layer.

INFINITE: Use this selection to continuously return opera-
tion to the scan layer.
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ENTER-CHAN-COUNT: With this selection, the user deter-
mines the number of times operation returnsto the scan lay-
er. You can program the Model 6517A to scan up to 99999
times.

CONTROL

Use this menu item to enable or disable the source bypass.
The source bypass is used to bypass the scan event on the
first pass through the scan layer.

SOURCE: With this selection, the source bypass is enabled.
The scan event will be bypassed on thefirst pass through the
scan layer. Thisallows operation to proceed into the measure
layer without having to wait for the programmed event.

ACCEPTOR: With this selection, the source bypass is dis-
abled.

Configuring arm layer

The arm layer is used for the following operations:

e To select the arming event (SOURCE) for the instru-
ment.

» Todesignate the number of timestheinstrument isto be
armed (COUNT).

« To enable or disable the Source Bypass.

The arm layer is configured from the ARM item of the AD-
VANCED menu.

SOURCE

This menu item selects the event that controls the arm
source.

IMMEDIATE: With this selection, operation passesimmedi-
ately into the scan layer.

EXTERNAL: With this selection, external triggers are used
to control the arm source. A trigger stimulus applied to the
Model 6517A passes operation into the scan layer. The exter-
nal trigger is applied to the rear panel “EXTERNAL TRIG-
GER” BNC connector. See paragraph 2.15.4 for detailed
information on external triggering.

NOTE

The front panel TRIG key (see MANU-
AL) is active with external triggering se-
lected. Pressing the TRIG key passes
operation into the scan layer.
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MANUAL: With this selection, the front panel TRIG key
controls the arm source. Operation passesinto the scan layer
when the TRIG key is pressed.

NOTE

Thefront panel TRIG key isactivewhen EX-
TERNAL, GPIB or TRIGLINK issdected.

GPIB: With this selection, bustriggers control the arm source.
Operation passes immediately into the scan layer when a bus
trigger (GET or *TRG) is received by the Model 6517A. See
Section 3 for detailed information on bus triggers.

NOTE

The front panel TRIG key (see MANU-
AL) is active with bus triggering selected.
Pressing the TRIG key passes operation
into the scan layer.

TRIGLINK: With this selection, the arm source s controlled
by the Trigger Link of the Model 6517A. Trigger Link isan
enhanced trigger system that uses up to six lines to direct
trigger pulsesto and from other instruments. Operation pass-
esinto the scan layer when the Model 6517A receivesatrig-
ger over the Trigger Link. See paragraph 2.15.5 for detailson
using the Trigger Link.

NOTE

The front panel TRIG key (see MANU-
AL) isactive with the Trigger Link select-
ed. Pressing the TRIG Kkey passes
operation into the scan layer.

After selecting TRIGLINK, you will be prompted to select
an input line and then an output line. Note that you cannot
use the same trigger line for both input and output.

RT-Clock: With this selection, the arm sourceis controlled by
the real-time clock. When the programmed time and data oc-
curs, the Model 6517A passes operation into the scan layer.

e SET-TIME — Use this selection to set the time (hour,
minute and second) for the arm event. Set thetime using
the 12-hour format if “AM” or “PM” is displayed (see
CLOCK in paragraph 2.19.7). Otherwise, set the time
using the 24-hour format.

e SET-DATE — Usethis selection to set the date (month,
day and year) for the arm event.



NOTE

Thefront pand TRIG key isactivewhen EX-
TERNAL, GPIB or TRIGLINK is selected.

GPIB: With this selection, bustriggers control the arm source.
Operation passes immediately into the scan layer when a bus
trigger (GET or *TRG) is received by the Model 6517A. See
Section 3 for detailed information on bus triggers.

NOTE

The front panel TRIG key (see MANU-
AL) is active with bus triggering selected.
Pressing the TRIG key passes operation
into the scan layer.

TRIGLINK: With this selection, the arm source s controlled
by the Trigger Link of the Model 6517A. Trigger Link isan
enhanced trigger system that uses up to six lines to direct
trigger pulsesto and from other instruments. Operation pass-
esinto the scan layer when the Model 6517A receives atrig-
ger over the Trigger Link. See paragraph 2.15.5 for detailson
using the Trigger Link.

NOTE

The front panel TRIG key (see MANU-
AL) isactive with the Trigger Link select-
ed. Pressing the TRIG key passes
operation into the scan layer.

After selecting TRIGLINK, you will be prompted to select
an input line and then an output line. Note that you cannot
use the same trigger line for both input and output.

RT-Clock: With this selection, the arm source is controlled by
the real-time clock. When the programmed time and data oc-
curs, the Model 6517A passes operation into the scan layer.

e SET-TIME — Use this selection to set the time (hour,
minute and second) for the arm event. Set thetimeusing
the 12-hour format if “AM” or “PM” is displayed (see
CLOCK in paragraph 2.19.7). Otherwise, set the time
using the 24-hour format.

e SET-DATE — Usethis selection to set the date (month,
day and year) for the arm event.
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HOLD: When HOLD is selected, the arm source is sup-
pressed. Asaresult, operation does not passinto the scan lay-
er until HOLD is cancelled by selecting one of the other arm
source selections. Select HOLD from the SELECT ARM
SOURCE menu by placing the cursor on HOLD and press-
ing ENTER. The instrument returns to the SETUP arm layer
menu.

COUNT

This menu item defines the number of times operation re-
turnsto the arm layer.

INFINITE: Use this selection to continuously return opera-
tion to the arm layer.

ENTER-ARM-COUNT: With this selection, the user deter-
mines the number of times operation returnsto the arm layer.
You can program the Model 6517A to arm up to 99999
times.

CONTROL

Use this menu item to enable or disable the source bypass.
The source bypassis used to bypass the arm event on thefirst
pass through the arm layer.

SOURCE: With this selection, the source bypassis enabled.
The arm event will be bypassed on the first pass through the
arm layer. Thisallows operation to proceed into the scan lay-
er without having to wait for the programmed event.

ACCEPTOR: With this selection, the source bypass is dis-
abled.

Continuous Initiation

The INIT item of the ADVANCED TRIGGERING menu is
used to enable or disable continuous initiation.

ON: Use this option to enable continuous initiation. The in-
strument will not go into idle when all trigger model opera-
tions are done. Operation will instead start over from the top
of the advanced trigger model.

OFF: Use this option to disable continuous initiation. After
all advanced trigger model operations are done, the instru-
ment will go intoidle.

Halting triggers

The HALT option of the ADVANCED TRIGGERING menu
is used to disarm the instrument and place it in theidle state.
You can press the TRIG key to resume front panel triggers.
Enabling (ON) continuousinitiation will also taketheinstru-
ment out of idle.

Front Panel Operation

2.15.4 External triggering

The Model 6517A has BNC connections on the rear panel
for external triggering (see Figure 2-58). The EXT TRIG IN
jack allowsthe Model 6517A to betriggered by other instru-
ments. The MTR COMP OUT jack alowsthe Model 6517A
to trigger other instruments.

MTR COMP
ouT

EXT TRIG
IN

Figure 2-58
External triggering connectors

External trigger

The EXT TRIG IN jack requires a falling-edge, TTL-com-
patible pul se with the specifications shown in Figure 2-59.

In general, external triggers can be used as events to control
measure operations. For the Model 6517A to respond to ex-
terna triggers, the appropriate layers of the trigger model
must be configured for it. Paragraphs 2.15.2 and 2.15.3 ex-
plain how to program the three layers of the measurement.

Triggers on
Leading Edge

TTL High
(2V-5V)
TTL Low
(=0.8V)
--— Zps —
Minimum
Figure 2-59

External triggering and asynchronous trigger link input
pul se specifications

Meter complete

TheMTR COMP OUT jack providesaTTL-compatible out-
put pulse that can be used to trigger other instruments. The
specificationsfor thistrigger pulse are shown in Figure 2-60.
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Meter
Complete

Y

TTL High
(3.4V Typical)

TTL Low
(0.25V Typical)

<— 10pus—»
Minimum

Figure 2-60
Meter complete and asynchronoustrigger link output
pulse specifications

Typicaly, you would want the Model 6517A to output atrig-
ger after the settling time of each measurement. (Settling
time includes the internally set measurement settling time
and the user programmed DELAY period.) An output com-
pletion pulse occurs after each measurement as long as the
measure source is set to external, timer, manual, or immedi-
ate. See paragraphs 2.15.2 and 2.15.3 for details.

The Model 6517A can also output a completion pulse while
inthe scan and/or arm layers of operation. Figure 2-57 shows
where these triggers occur in the trigger model. If the scan
layer Source Bypass is enabled (Control = Source) and the
Scan Source is programmed for External, an output trigger
occurs on each return path through the scan layer. If the arm
layer Source Bypass is enabled (Control = Source) and the
Arm Source is programmed for External, an output trigger
occurs on each return path through the arm layer. See para-
graph 2.15.3 for programming the scan and arm layers.

7001 or 7002 Switch System

i@
: External
Trigger

External triggering example #1

Inatypical test system, you may want to close achannel and
then measure the DUT connected to that channel with amul-
timeter. Such a test system is shown in Figure 2-61, which
uses a Model 6517A Electrometer to measure ten DUTS
switched by aModel 7158 multiplexer card in aModel 7001
or 7002 Switch System.

The external trigger connections for this test are shown in
Figure 2-62. Channel Ready (output) of the Model 7001 or
7002 is connected to External Trigger Input of the Model
6517A. Meter Complete Output of the Model 6517A is con-
nected to External Trigger (input) of the Model 7001 or
7002. For this example, the Models 6517A and 7001/7002
are configured as follows:

6517A
| | =
DUT ° i \
N i 1 G/‘O : OUTPUT A@:
I ! =
I @®
o smebans
| | 3
| |
. Lo \
. e ! {
. . i |
! L)
e e |
‘,—o—o/oi I
SR codt ]
7158 MUX Card
Figure 2-61
DUT test system

Channel
Ready

B

7051-2

BNC to BNC y

Cables (2)
Figure 2-62
External trigger connections

2-82




Model 6517A:;

Idle State:
Bench reset =:INIT:CONT ON*

Arm layer:

Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:

Scan source = Immediate*
Scan count = Infinite*
Scan trigger control = Acceptor*

Measure layer:

Measure source = External
Measure count = Infinite*
Measure trigger control = Acceptor*

* |ndicates that the setting isthe BENCH RESET (and factory) default con-
dition.

Model 7001 or 7002;

Idle State:

Reset =:INIT:CONT OFF*
Scan List = 111-1110,
Arm layer:

Arm spacing = Immediate*

Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan spacing = Immediate*
Number of scans= 1
Scan trigger control = Acceptor*

Channel Layer:

Channel spacing = External
Number of channels = Use Scanlist length*
Channel trigger control = Source*

* |ndicates that the setting is the RESET (and factory) default condition.

Notice that the Model 6517A is reset to BENCH defaults.
With this selection, the electrometer stays armed. Since the
arm source and scan source are set to Immediate, the Model
6517A waitsin the measure layer for atrigger.

With the Channel Trigger Control of the switch system set
for Source, scan operation initially bypasses the need for an
external trigger to close the first channel. Since arm spacing
and scan spacing are set to Immediate, the scan starts as soon
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as the scanner is taken out of the idle state by pressing the
STEP key. When the front panel STEP key is pressed:

¢ The scanner arms and closes the first channel.

e After Channel 11 settles, atrigger is sent from Channel
Ready of the Model 7001/7002 to External Trigger Input
of theModel 6517A totrigger ameasurement of DUT #1.

e After the Model 6517A completes the measurement, it
outputs atrigger from Meter Complete Output to Exter-
nal Trigger of the Model 7001/7002, which closes the
next channel.

« After Channel 1!2 settles, atrigger is sent to the Model
6517A to trigger a measurement of DUT #2.

This process continues until all ten channels are scanned and
measured.

The data store capability of the Model 6517A could be used
to store the measurements as they occur. Just press the
STORE key to set the number of readingsto store, then press
ENTER. TheModel 6517A waits (with the asterisk annunci-
ator lit) for an external trigger from the Model 7001/7002 be-
foretaking areading, storing it, and sending atrigger pulse.

External triggering example #2

External triggering can also be used in atest system consist-
ing of aModel 6517A Electrometer and a Model 706 Scan-
ner with an appropriate scanner card.

The external trigger connections are the same as those shown
in Figure 2-62 for the Models 6517A and 7001/7002. Chan-
nel Ready Output of the Model 706 is connected to External
Trigger Input of the Model 6517A. External Trigger Input of
the Model 706 is connected to Meter Compl ete Output of the
Model 6517A.

The trigger configuration of the Model 6517A does not
change from the previous example. The Model 706 is config-
ured for external triggering.

2.15.5 Trigger Link

The Model 6517A has enhanced external triggering capabil -
ities using the Trigger Link. The Trigger Link has six lines
allowing up to six instruments to be controlled over thistrig-
ger bus. The pin layout of the 8-pin micro-DIN sockets used
for the Trigger Link is shown in Figure 2-63.

In general, Trigger Link input triggers to the Model 6517A

are used to control the measure operation. For the Model
6517A to respond to Trigger Link compatible triggers, the
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appropriate layers of the trigger model must be programmed
for it. For example, if youwant Trigger Link input triggersto
control the measuring process, you must program Measure
Source for TRIGLINK trigger events. Typicaly, a Trigger
Link output trigger from the Model 6517A would be used to
trigger a scanner to close the next channel.

There are two modes of operation for Trigger Link: asyn-
chronous and semi-synchronous. In the asynchronous mode,
separate lines are used for input and output triggers; in the
semi-synchronous mode, the same lineis used for both input
and output triggers.

©00
© ©0
(010

TRIGGER LINK

s
5

Trigger Link Line

Line #1
Line #2
Line #3
Line #4
Line #5
Line #6
Digital Common
Digital Common

CONOUTHA WN —

Figure 2-63
Trigger link connector

Asynchronous operation

In the asynchronous operating mode, Trigger Link functions
fundamentally in the same manner as Externa Triggering
(see paragraph 2.15.4). Like External Triggering, the asyn-
chronous mode uses separate lines for input and output trig-
gers. Also, the asynchronous mode uses the same TTL-
compatible pulses as External Triggering. The specifications
for the input and output trigger signals of asynchronous
mode are shown in Figures 2-59 and 2-60, respectively.

For typical asynchronous Trigger Link operation, the mea-
sure layer is configured with Measure Source set to
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TRIGLINK and Trigger link mode set to ASYNCHRO-
NOUS. You must also select input and output lines for the
measure layer. Input and output triggers can be set to any of
the six lines, but they cannot use the same line. For example,
if you select line #1 for input triggers, then output triggers
must use one of the other five lines (#2 through #6).

During operation in the measure layer, each Trigger Link in-
put trigger makes a measurement. After the user-pro-
grammed DELAY and the measurement settling time, the
Model 6517A outputs aTrigger Link completion pulse (typ-
icaly to a scanner to close the next channel). The measure
layer is configured using he CONFIGURE TRIGGER menu
(see paragraph 2.15.3).

The scan layer and/or arm layer can also be programmed for
Trigger Link, where Scan Source is set to TRIGLINK, and
Arm Source is set to TRIGLINK. When using Trigger Link
in these layers, you must also select input and output lines as
you did in the measure layer. Keep in mind that you can use
the same lines in the scan and arm layers as selected in the
measure layer.

Asynchronous Trigger Link example #1

In atypical test system, you may want to close a channel and
then measure the DUT connected to the channel with a meter.
Such a test system is shown in Figure 2-64, which uses a
Model 6517A Electrometer to measure ten DUTS switched
by a Model 7158 multiplexer card in a Model 7001/7002
Switch System.

The Trigger Link connections for thistest system are shown
in Figure 2-64, Trigger Link of the Model 6517A is connect-
ed to Trigger Link of the Model 7001/7002 Switch System.
Notice that only one Trigger Link cable is needed. For this
example, the Models 6517A and 7001/7002 are configured
asfollows.
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o/ﬁs
D#L{T 1 ; Output
. o
DUT * o//o
#2 c/‘
O—e

DUT 10 0//0
#10 o/'
O_
Card 1
7158 MUX Card

Figure 2-64
DUT test system

7001 or 7002 Switch System

Model 6517A

Trigger !—‘
Link
Trigger J
Link Cable

(8501)

Figure 2-65
Trigger Link connections (asynchronous example #1)
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Model 6517A:;

Idle State:
Bench reset = :INIT:CONT ON*

Arm layer:

Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:

Scan source = Immediate*
Scan count = Infinite*
Scan trigger control = Acceptor*

Measure layer:

Measure source = External
Measure count = Infinite*
Measure trigger control = Acceptor*

* |ndicates that the setting isthe BENCH RESET (and factory) default con-
dition.

Model 7001 or 7002:

Idle State:
Reset = :INIT:CONT OFF*

Scan List = 1!1-1110,
Arm layer:

Arm spacing = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:

Scan spacing = Immediate*
Number of scans=1
Scan trigger control = Acceptor*

Channel Layer:

Channel spacing = External
Number of channels = Use Scanlist length*
Channel trigger control = Source*

* |ndicates that the setting is the RESET (and factory) default condition.

Notice that the Model 6517A is reset to BENCH defaults.
With this selection, the electrometer stays armed. Since the
arm source and scan source are set to Immediate, the Model
6517A waitsin the measure layer for atrigger.

With the Channel Trigger Control of the Model 7001/7002

set for Source, scan operation initially bypasses the need for
a Trigger Link trigger to close the first channel. Since arm
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spacing and scan spacing are set to Immediate, the scan starts
as soon as the scanner is taken out of the idle state by press-
ing the STEP key.

To run the test and store the readings in the Model 6517A,
press STORE on the electrometer, enter the desired number
of readings (ten), and pressENTER. The Model 6517A waits
(with the asterisk annunciator lit) for a Trigger Link trigger
from the Model 7001/7002.

Press STEP on the Model/7002 to start the scan. The scan-
ner's output pulse triggers the Model 6517A to take a read-
ing, store it, and send a trigger pulse. The following
explanation on operation is referenced to the operation mod-
el shown in Figure 2-66.

@ The BENCH RESET condition arms the Maodel
6517A and places electrometer operation at point A in the
flowchart, whereit iswaiting for aTrigger Link trigger. Note
that since both the arm layer and scan layer are programmed
for Immediate Source, operation immediately drops down to
the measure layer at point A.

Pressing STEP takes the Model 7001/7002 out of the
idle state and places operation at point B in the flowchart.
Since both the arm layer and scan layers are programmed for
Immediate Spacing, operation drops down to the Channel
Layer at point B.

@ Since Channel Trigger Source is set to Source, the
scan does not wait at point B for atrigger. Instead, it bypass-
es “Wait for Trigger Link Trigger” and closes the first chan-
nel (point C). Note that the Bypass is in effect only on the
first pass through the model.

@ After the relay settles, the Model 7001/7002 outputs a
Channel Ready pulse (point D). Since the instrument is pro-
grammed to scan ten channels, operation loops back up to
point B, where it waitsfor an input trigger. Note that Bypass
isno longer in effect.

@ and @ Remember that the Model 6517A operation
isat point A waiting for atrigger. The output Channel Ready
pulse from the Model 7001/7002 triggers the el ectrometer to
measure DUT #1 (point E). After the measurement is com-
plete, the Model 6517A outputs acompletion pulse (point F)
and then loops back to point A, where it waits for another in-
put trigger. Thetrigger applied to the Model 7001/7002 from
the Model 6517A closes the next channel in the scan. This
triggers the electrometer to measure the next DUT. The pro-
cess continues until all ten channels are scanned and mea-
sured.
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Press STEP to start scan 6517A
Bypass
Wait for A Wait
Trigger Link [€—————7] 1 vvait for
Trigger |——-|'———9 Trlgger Link
| | Trigger
| |
o J
|
Scan | | Make
© Channel I I Measurement @
| |
| |
| |
@ Output TriggerJl I_ T_Irig'_ger Output ®
Trigger o Trigger

Figure 2-66
Operation model for asynchronous trigger link example #1

External Triggering and Trigger Link

Aspreviously mentioned, thetrigger pulsesfor the asynchro-
nous Trigger Link areidentical to the trigger pulses used for
External Triggering. The only thing that prevents them from
being used together in atest system is connection incompat-
ibility. Trigger Link uses an 8-pin micro-DIN connector
while External Triggering uses two BNC connectors.

This connection problem can be solved by using the Model
8502 Trigger Link Adapter. The adapter has two 8-pin micro-
DIN connectors and six BNC connectors. The micro-DIN
connectors mate directly to the Trigger Link connector on
the Model 6517A using atrigger link cable. The BNC con-
nectors mate directly to the External Triggering BNC con-
nectors on other instruments using standard male BNC to
BNC cables.

Figure 2-67 showshow aKeithley Model 706 Scanner can be
connected to the Trigger Link of the Model 6517A using the
adapter. With this adapter, aModel 706 could be substituted

Measurements
?

for the Model 7001/7002 in the previous example (Asyn-
chronous Trigger Link example #1). With the Model 706 set
for External Triggering, the test would start when the single
scan mode is selected and initiated.

Asynchronous Trigger Link example #2

In this example, the test system (Figure 2-68) includes a
Model 6517A to measure each DUT at two different current
levelsthat are provided by aModel 220 current source. With
the source set to the first current level, the ten channels are
scanned and measured. The source is then set to the second
current level and the ten channels are again scanned and
measured.

Since this example uses an instrument that does not have
Trigger Link (Model 220), the Model 8502 Trigger Link
Adapter is required. Connections are shown in Figure 2-69.
For this example, the Model 220 is programmed for External
Triggering and is set to source the first current level. The
Models 6517A and 7001/7002 are configured as follows.
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Trigger
Link Cable
(8501)

8502
Trigger
Link
Adapter = m m D m ks = :@ I] |
— BNC to BNC "
Cables (2) ‘C,Qa“(;‘e'
(7501) ® Exte;rn)zlil
@ Trigger
Model 6517A =] =] =] H H H H H = Y e |
7002 Scanner
Figure 2-67
Connections using Trigger Link adapter
puT "o :
P AL { OUTPUT
OUTPUT : 5
5 0 DUT[ 1 OO;C : P
@ © |, o o | #2 M. :
(e : o ;
® . il
@® e :
o : :
; o o '
220C 5 S0 |t 10 : \_- -—I
urrent Source L1 #10 : O/C : Model 6517A
E Card 1 :
7158 MUX Card
Figure 2-68

DUT test system (asynchronous exampl e #2)
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7001 or 7002 Switch System

00006 | —[]]

External Trigger

| IN@

|

e

220 Current Source

Figure 2-69

Trigger Link connections (asynchronous example #2)

Model 6517A:

Idle state:
Bench reset = :INIT:CONT ON*

Arm layer:

Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan source = |mmediate*

Scan count = Infinite*
Scan trigger control = Acceptor*

Measure layer:

Measure source = TrigLink

Trigger link mode = Asynchronous
Input line = #3

Output line = #4

Measure count = 20

Measure trigger control = Acceptor*

Front Panel Operation

Trigger
Link Cables

(8501) Model 6517A

.0 @06 00

‘t;_] Q 9 ‘©) M=

Trigger Link
Adapter

<<— BNC to BNC
Cables
(7501)

Model 7001 or 7002;

Idle state:

Reset = :INIT:CONT OFF*
Scan list = 111-1!10,
Arm layer:

Arm spacing = Immediate*

Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan spacing = TrigLink
Trigger link mode = Asynchronous
Input line = #2
Output line = #1
Number of scans = 2
Scan trigger control = Source

Channel layer:

Channel spacing = TrigLink
Trigger link mode = Asynchronous
Input line=#4

Output line = #3

* Indicates that the setting isthe BENCH RESET (and factory) default con- Number of channdls = 20

dition.

Channel trigger control = Source*

* |ndicates that the setting is the RESET (and factory) default condition.
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Notice that the Model 6517A is reset to BENCH defaults.
With this selection, the electrometer stays armed. Since the
arm source and scan source are set to Immediate, the Model
6517A waits in the measure layer for atrigger.

To run the test and store the readings in the Model 6517A,
press STORE on the electrometer, enter the desired number
of readings (20), and pressENTER. The Model 6517A waits
(with the asterisk annunciator lit) for a Trigger Link trigger
from the Model 7001/7002.

Press STEP on the Model 7001/7002 to start the scan. The
following explanation on operation is referenced to the oper-
ation model shown in Figure 2-70.

7001or 7002
Press STEP

—— > ldle )
Bypass @

Wait for
Trigger Link K= ———————————— - —————— |

Trigger

Bypass

Wait for
Trigger Link g———————=-=-=-=-=—————— b
Trigger

1

|

|

|

|

|

Scan |
Channel © :
|

|

|

|

l

Trigger | Trigger 6517A | Trigger !
@ Qutput F——1r-—3 tomake f—r—-—
Trigger
700Tor | Measurement [ 6517
7002 and Output
Trigger
6517

Scanned
10
Channels
?

Trigger 220 @

@®| Ouput | Trigger o tosource | Trigger |
Trigger =l next current LI
7001 or level 220
7002 and Output
Trigger

220

No Performed
2

Scans

Figure 2-70
Operation model for asynchronous Trigger Link example #2
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@ Pressing STEP on the Model 7001/7002 takesit out of
theidle state and places operation at point A in the flowchart.
Since the arm layer is programmed for Immediate Spacing,
operation drops down to the scan layer at point A.

Since Scan Trigger Control of the Model 7001/7002 is
set for Source, the scan does not wait at point A for atrigger.
Instead, it bypasses“Wait for Trigger Link Trigger” and pro-
ceedsto point B. Notethat thisBypassisin effect only on the
first pass through the model.

@ Since Channel Trigger Source of the Model 7001/
7002 is also set to Source, the scan does not wait at point B
for atrigger. Instead, it bypasses“Wait for Trigger Link Trig-
ger” and closes the first channel (point C). Note that the By-
passisin effect only on the first pass through the model.

@ After therelay settles, the Model 7001/7002 outputs a
Trigger Link trigger pulse (point D). Since the instrument is
programmed to scan ten channel s, operation loops back up to
point B, where it waitsfor an input trigger. Note that Bypass
isno longer in effect.

@ The trigger pulse from the Model 7001/7002 triggers
the Model 6517A to make a measurement of DUT #1. After
the measurement is complete, the electrometer outputs a
Trigger Link trigger pulse (point E). The trigger applied to
the Model 7001/7002 from the Model 6517A closes the next
channel in the scan, which in turn triggers the electrometer
to measure the next DUT. This process continues until all ten
channels are scanned and measured.

@ After the last channel is scanned and measured, oper-
ation proceeds to point F, where the Model 7001/7002 out-
puts a trigger pulse. Since the Model 7001/7002 is
programmed to perform two scans, its operation loops back
up to point A, where it waits for an input trigger. Note that
Bypassis no longer in effect.

@ The trigger pulse from the Model 7001/7002 triggers
the Model 220 to output the next programmed current level.
After the current level is set, the Model 220 outputs atrigger
pulse (point G).

The trigger pulse applied to the Model 7001/7002 from the
Model 230 places operation at point B. The Bypassis again
in effect because thisisthe beginning of anew scan. Thisal-
lows operation to drop down to point C, where thefirst chan-
nel is again closed and eventually measured. As previously
explained, al ten channels are scanned and measured.

After the last channel of the second scan is closed and mea-
sured, the Model 7001/7002 returnsto the idle state.



Semi-synchronous operation

In the Semi-synchronous Trigger Link mode, all triggering
(input and output) is controlled by a single line. When the
normally high (+5V) trigger lineispulled low (OV), atrigger
occurs on the negative-going edge. When the trigger line is
released, a trigger occurs on the positive-going edge (see
Figure 2-71). The advantage of thissingle line trigger is that
aslong as one of theinstrumentsin the system holds the line
low, the trigger is suppressed. In other words, the trigger
does not occur until all instruments in the system are ready.

Trigger on Trigger on
negative-going  positive-going
edge edge
o i
+5V
oV
cC
77
Pulled low by Released by

source instrument acceptor instruments

Figure 2-71
Semi-synchronous Trigger Link specifications

For example, assume that a Model 6517A is connected to
two Model 7001 or 7002 Switch Systems for semi-synchro-
nous operation, as shown in Figure 2-72. All three instru-
ments are programmed to use trigger line #1. The two Model

Front Panel Operation

70015/7002s have relay settling times of 10msec and
50msec, respectively. The Model 6517A is designated asthe
trigger control source and the two Model 7001/7002 units as
trigger control acceptors.

Assume that the Model 6517A initialy performs a measure-
ment. After the reading is done, the Model 6517A drivesthe
trigger line low. The negative-going edge triggers both Mod-
el 7001s/7002s to close a channel. While the Model 7001s/
7002s are in the process of closing a channel, they hold the
trigger line low. Ten milliseconds after switch closure, the
first Model 7001/7002 rel eases the trigger line. However, the
second Model 7001/7002 continuesto hold thelinelow since
it is not finished. Fifty milliseconds after switch closure, the
second Model 7001/7002 releases the trigger line. The posi-
tive-going edge triggers the Model 6517A to make a mea-
surement and subsequently pull thetrigger line back down to
close the next channels. This process continues until all
channels are scanned and measured.

Semi-synchronous Trigger Link example

This example uses the same test system (Figure 2-64) that
was used for the Asynchronous Trigger Link example #1.
However, triggering is done using the Semi-synchronous
mode. Trigger Link connections are shown in Figure 2-73.
The two instruments are configured as follows:

Trigger Link

Trigger Link
Connector
|
.0 @006, 0O
s = GO 2 NP o
: | CEHE B e
o __cf@mmo Line #1
~ Model 6517A

7001 or 7002 Switch System

Figure 2-72
Typical semi-synchronous mode connections

Trigger 5_1

Cables (2)
/ (8501) \

Line #1

Link - Link
7001 or 7002 Switch System
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!—lLine #1

Trigger
Link

9 r 4
cuweo® @

[—p
.

REIET

Model 6517A

7001 or 7002 Switch System

Figure 2-73
Trigger Link connections (semi-synchronous example)

Model 6517A:

Idle state:
Benchreset = :INIT:CONT ON*

Arm layer:

Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan source = Immediate*

Scan count = Infinite*
Scan trigger control = Acceptor*

Measure layer:

Measure source = TrigLink

Trigger link mode = Semi-synchronous
Semi-sync line = #1*

Measure count = 10

Measure trigger control = Acceptor*

* Indicates that the setting isthe BENCH RESET (and factory) default con-

dition.
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A

Trigger Link
Cable (8501)

Model 7001 or 7002:

Idle state:
Reset = :INIT:CONT OFF*
Scan list = 111-1!10,
Arm layer:
Arm spacing = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*
Scan layer:
Scan spacing = Immediate*
Number of scans=1
Scan trigger control = Acceptor*
Channel layer:
Channel spacing = TrigLink
Trigger link mode = Semi-synchronous
Semi-sync line = #1
Number of channels = Use Scanlist length*
Channel trigger control = Source*

* Indicates that the setting is the RESET (and factory) default condition.
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To run the test and store the readings in the Model 6517A, The following explanation on operation is referenced to the
press STORE on the electrometer, enter the desired number operation model shown in Figure 2-74.

of readings (ten), and pressENTER. The Model 6517A waits

(with the asterisk annunciator lit) for a Trigger Link trigger

from the Model 7001/7002. Press STEP on the Model 7001/

7002 to start the scan.
7001or 7002
Press STEP to start scan 6517A
Bypass
Wait for
Tr|_|g_ger Link K- — — — Wait for
rigger - Tri Link
) Mrger
Scan | Make
@ Channel : | Measurement @
Pull Trigger |_ T Release,
@ Line Low L | Trigger Line @
Sca1n61ed Mlage No
Channels Measur?ements
? ?
Figure 2-74

Operation model for semi-synchronous Trigger Link example
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@ The BENCH RESET condition arms the Model
6517A and places electrometer operation at point A in the
flowchart, whereit iswaiting for aTrigger Link trigger. Note
that since both the arm layer and scan layer are programmed
for Immediate Source, operation immediately drops down to
the measure layer at point A.

Pressing STEP takes the Model 7001/7002 out of the
idle state and places operation at point B in the flowchart.
Since both the arm layer and scan layers are programmed for
Immediate Spacing, operation drops down to the Channel
Layer at point B.

@ Since Channel Trigger Source is set to Source, the
scan does not wait at point B for atrigger. Instead, it bypass-
es “Wait for Trigger Link Trigger” and closes the first chan-
nel (point C). Note that the Bypass is in effect only on the
first pass through the model.

@ After the relay settles, the Model 7001/7002 pulls
down the Trigger Link trigger line (point D). Since the in-
strument is programmed to scan ten channels, operation
loops back up to point B, where it waits for an input trigger.
Note that Bypassis no longer in effect.

@ and @ Remember that the Model 6517A operation
is at point A waiting for a trigger. When the trigger line is
pulled low by the Model 7001/7002, the leading negative-go-
ing edge triggers the Model 6517A to measure DUT #1
(point E). Note that the electrometer holds the trigger line
low. After the measurement is complete, The Model 6517A
releasesthetrigger line (point F) and then loops back to point
A whereit waits for another input trigger.
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When the Model 6517A releases the trigger line, the leading
positive-going edge triggers the Modd 7001/7002 to close the
next channe inthe scan. This pullsthetrigger linelow, trigger-
ing the Model 6517A to measure the next DUT. The process
continues until all ten channels are scanned and measured.

2.16 Buffer

TheModel 6517A hasabuffer to storereading data. The max-
imum possible number of stored readings depends on how
many optional data elements are selected. (Table 2-22 shows
the minimum guaranteed values of the MAX valuefor various
element choices.)

The basic data elements include the reading, units, reading#
and status (overflow or underflow). The reading# indicates
the location of the reading in the buffer. In addition to these
items, recalled data also includes statistical information, such
as minimum, maximum, average, and standard deviation,
which are part of the NEXT displays (see paragraph 2.16.3).

Optional data elements include timestamp, humidity, exter-
nal temperature and channel number (for scanning). When
selected, the timestamp is available on the primary display
along with the reading. If a scan was performed, the channel
number will also bedisplayed along with thereading if it was
selected as a data element. Humidity and external tempera-
ture are available asaNEXT display (see paragraph 2.16.3).

Thefollowing paragraphs discuss configuration of the buffer as
well as recalling buffered data. The CONFIG DATA STORE
menu structure is shown and summarized in Table 2-23.
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Table 2-22
Maximum buffer readings

Buffer elements

CHANNEL | TIMESTAMP | ETEMperature| HUMIDITY VSOURCE Max Buffer Size =

15706
11779
11779
9423
10470
8566
8566
7248
13462
10470
10470
8566
9423
7852
7852
6730
11779
9423
9423
7852
8566
7248
7248
6282
10470
8566
8566
7248
7852
6730
6730
5889

PRPRPPRPPRPRPPRPOO0OO0OO0CO0O0O0O0ORRPRRPRRPRPRPRPPOOOOOOOO
PRPRPPRPOOOORRRLRRPROOOORRPRRPRPRPOOOORRRLRRLROOOO
PRPOORRFRPOORROORRPROORRFRPROORRPRPROORROORRLROO
PORORORORORORORORORORORORORORORO
PRPRRPRPRPRPRPRPRPRRPRRPRRPPRPRPRPRPPRPO0OO0O000000000O0O0O0O0O0

=

0= N (not included)
1=Y (included)
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2.16.1 Configuring data storage

The data storage configuration menu is used for the follow-
ing operations:

» To select the buffer control.

« To clear the buffer of readings and statistics.

 To specify the number of readingsto store.

Table 2-23
CONFIGURE DATA STORE menu structure

» To specify the source of readings to be stored.
« To select optional data elements.

The buffer is configured from the CONFIG DATA STORE
menu (see Table 2-23). This menu is displayed by pressing
CONFIG and then STORE. Rulesfor navigating menu struc-
tures are provided in paragraph 2.3.5.

Menu item Description
Count Select buffer size.
Enter-count Enter number of readingsto store.

Use-trigger-model
Control

Use (finite) measure count from trigger model.
Select type of buffer control.

Fill-and-stop Fill buffer with readings and stop.

Pretrigger Wait for pretrigger event; store before and after readings.
Percentage Enter percentage of stored readings before trigger.
Reading-count Enter count of stored readings before trigger.
Event Select source for pretrigger event.

Continuous Store readings in buffer continuously.

Never Readings are not stored.

Clear-all Clear al stored readings and buffer statistics.
Timestamp Configure timestamp:

Type Check or change type:

Relative-Time Reference timestamp to relative time.

Real-Time Reference timestamp to real-time.
Format Select timestamp format:

Absolute

Reference each timestamp to the first buffer reading (relative), or to the time and date (real).
Delta Reference each timestamp to the previous buffer reading.

Elements Enable/disable optional data elements; timestamp, humidity, external temperature, channel and
V-Source.
Display Enable/disable storage display.
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COUNT

With this menu selection, you specify the number of read-
ingsto store.

ENTER-COUNT: Thisitem alows you to specify the buffer
sizein number of readings. The maximum buffer sizeissum-
marized in Table 2-22.

The minimum buffer sizeis one reading. Note that with only
one reading stored in the buffer, the buffer math operations
(MIN, MAX, StdDev) may not be useful or may not return
valid data.

USE-TRIGGER-MODEL.: This selection lets you default to
the measure count in the present trigger configuration, as
long as the measure count is afinite value.

CONTROL

This menu item controls the type of data storage.

FILL-AND-STOP: This control selection fills the buffer
with the requested number of readings and stops. You can
then recall the readings.

PRETRIGGER: This selection continuously stores readings
until a user-programmed trigger event occurs. It then stores
post-trigger readings. For example, with a buffer size of 100
readings, there can be 50 readings stored before the trigger
event and 50 readings stored after the trigger. The first read-
ing after the trigger is reading zero. Pretrigger readings have
reading numbers and rel ative time-stamps with aminus sign;
post-trigger readings have reading numbers and relative
time-stamps with a plus sign. After selecting PRETRIG-
GER, configure pretrigger control further as follows:

* PERCENTAGE or READING-COUNT — Specify the
number of readingsto store before thetrigger event asa
percentage of the total number of stored readings, or as
anumber of pretrigger readings. You will be prompted
to enter the percentage or count value.

e EVENT — Sdlects the source of the pretrigger or
“mark-point” event. This can be aManual, GPIB, Trig-
ger Link or External trigger.

CONTINUOUS: With this control selection, readings are al-
ways stored in the buffer. The process continues, with the
oldest readings being overwritten in a circular manner, until
storage isinterrupted with the EXIT key.

NEVER: Gets set to thisif data storage has been interrupted.
Pressing the STORE key changes NEVER to FILL-AND-
STOPR.
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CLEAR-ALL

This action (yes or no) can be used at any time to clear the
data buffer of all stored readings and buffer statistics.

TIMESTAMP

A timestamp is included with each buffer reading if it is se-
lected asadataelement (see ELEMENTS). Thismenu selec-
tion is used to check and/or change the timestamp type and
format.

TYPE: This menu item is used to check and/or change the
timestamp type. Note that changing the timestamp type
clears the buffer.

e RELATIVE-TIME — With this selection, timestamps
are oriented to a timer with the first buffer reading
timestamped at 0.000000 seconds. Each following
timestamp is then based on the currently selected for-
mat (see FORMAT). With the ABSOLUTE format se-
lected, the timestamp for each reading is referenced (in
seconds) to the first buffer reading. With the DELTA
format selected, each timestamp is referenced (in sec-
onds) to the previous timestamp.

« REAL-TIME — With this selection, timestamps are
oriented to the real-time clock and are based on the cur-
rently selected format (see FORMAT). With the ABSO-
LUTE format selected, each reading is simply
timestamped with the actual time and date. Time can be
expressed in the 12-hour (AM, PM) format or the 24-
hour format (see CLOCK in paragraph 2.19.8).

With the DELTA format selected, the first buffer reading is
timestamped at 00000d 00h 00m 00.00s (zero days, hours,
minutes and seconds). Each subsequent timestamp is refer-
enced (in days, hours, minutes and seconds) to the previous
timestamp.

Timestamp type for buffer readingsis coupled to timestamp
type for bus readings. Thus, if you change timestamp type
from this menu structure, it also changes in the MAIN
MENU structure (see TIMESTAMP in paragraph 2.19.8).

FORMAT: This menu item is used to check and/or change
the timestamp format. Note that if format is changed after
readings are stored in the buffer, the timestamps will change
to reflect the alternate format.

« ABSOLUTE — With this selection, each timestamp
provides the time and date that the reading was taken
(see REAL-TIME timestamp type), or the number of
seconds from the first buffer reading that the reading
was taken (see RELATIVE-TIME timestamp type).
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DELTA: With this selection, each timestamp is referenced to
the timestamp for the previous reading. This provides the
time between buffer readings. Timestamps are provided in
days, hours, minutes and seconds (see REAL-TIME times-
tamp type) or in seconds (see RELATIVE- TIME timestamp

type).

ELEMENTS

Optional data elements can be included for each reading
stored in the buffer. After selecting ELEMENTS, the status
of each optional data element will be displayed. A “y” indi-
cates that the element is in included, while a “n” indicates
that the data element is not included. To change the status of
a data element, place the cursor on the data element status
and pressthe RANGE A or v key.

The optional data elements are described as follows:

Timestamp — When selected, the timestamp will be dis-
played on the primary display for each stored reading. The
form that timestamp is displayed depends on the selected
TYPE and FORMAT (see TIMESTAMP).

Humidity and External Temperature— When selected, these
readings are included in a NEXT display (see paragraph
2.16.3). Note that the appropriate sensor has to be connected
to the instrument, and it has to be enabled via the DATA-
STAMP item of GENERAL menu (see paragraph 2.19.7).

Channel — When selected, the scanned channel number will
be displayed on the primary display for each stored reading.
Notethat if ascan was not performed, achannel number will
not be displayed even though it is a sel ected data element.
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V-Source— When selected, the sourced voltage level will be
available as a multiple (NEXT) display (see paragraph
2.16.3).

DISPLAY

This menu item is used to enable or disable the display dur-
ing the storage process.

YES: This option enables the display. When enabled, read-
ings are displayed along with the message that indicates that
readings are being stored.

NO: With this option selected, the display and front panel are
disabled (“FRONT PANEL DISABLED” message dis-
played). This option optimizes speed and provides a more
uniform interval between readings. Pressing LOCAL during
the storage process, will return the display and front panel
back to normal.

2.16.2 Storing and recalling readings

Tables 2-24 through 2-26 detail the sequence of stepsfor the
various modes of buffer control. Thetables assumethe buffer
isconfigured as explained in paragraph 2.16.1. Note that dur-
ing data storage, the reading number on the bottom line of
the display is one ahead of the reading on the top line.

There are “multiple displays’ available when recalling buff-
ered readings. These are explained in paragraph 2.16.3.
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Table 2-24
Fill-and-stop sequence
Action Result Annunciator
STORE STORE 00100 READINGS
ENTER Storing reading #xx of 100 (* on)
Storage complete; press RECALL (* off)
RECALL | Rdg#+00000 @Time=+000.000000 sec
Rdg#+00099 @Time=+002.700473 sec
EXIT (normal reading display)
Table 2-25
Continuous sequence
Action Result Annunciator
STORE STORE 00100 READINGS
ENTER Storing reading #xx of 100 (* on)
100 rdgs stored; continuous ON
RECALL Rdg#+00000 @Time=+003.903546 sec
EXIT 100 rdgs stored; continuous ON
RECALL Rdg#+00000 @Time=+067.709331 sec
EXIT 100 rdgs stored; continuous ON
EXIT STORAGE INTERRUPTED (* off)
Acquired 100 of 100 readings
(normal reading display)
Table 2-26

Pretrigger sequence

Action Result Annunciator
STORE STORE 00100 READINGS
ENTER Waiting for pretrigger event (* on)
TRIG Storing reading #xx of 50

Storage complete; press RECALL (* off)
RECALL Rdg#-00050 @Time=-004.999990 sec

Rdg#+00000 @Time=-+000.000000 sec

Rdg#+00049 @Time=+004.899996 sec
EXIT (normal reading display)

Note: A manual trigger is used as an example. Other pretrigger eventsinclude GPIB, trigger link,

and external.
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2.16.3 Buffer multiple displays

Math operations performed on buffered readings are avail-
able when readings are recalled. Just press NEXT DISPLAY
to view the math operation on the bottom line of front panel
display, inthe following order. Note that the appropriate data
store element has to be selected in order to get the reading.

1. RH and ET - relative humidity and external tempera-
ture, for example:

Rdg#+00000 RH=35% ET= 23°C

Note: In order to get these readings, the appropriate sen-

sor has to be connected to the Model 6517 and it has to

be enabled (see A/D-CONTROLSin paragraph 2.19.7).
2. V-Source —V-Source output, for example:

V source = +0001.000V

3. MAX — maximum reading in buffer, for example:
MAX=+1.635968e+00 at RDG# +00090

Notes:

A. Display response may be slow due to calculation of
statistics for large buffers.
B. Exponentsarein terms of primary units of function
on top line (i.e., volts, not millivolts).
4. MIN — minimum reading in buffer, for example:

MIN=+1.627611e+00 at RDG# +00012

5. Average — This math operation displays the mean value
of the buffered readings, for example:

Average = +1.6345e+00
The eguation used to calculate the meanis:

1N\ =]
X

<
1

where: x; isastored reading, and
n is the number of stored readings.

Note: If n=0, theresult is NAN (not a number).

6. StdDev — This operation displays the standard deviation
of the stored readings, for example:

StdDev = 1.4944e-03
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The equation used to calculate the standard deviation is:

2

n 5 1 n
2 Xi '[ﬁ X
= li=l i=1

n-1

y

where: x; isastored reading, and
n is the number of stored readings.

Note: If n <1, theresult isNAN (not a number).

NOTE

These statistics are invalid if the measure-
ment function changed during data store
(e.g., when scanning different functions).

The Model 6517A uses IEEE-754 floating point format for
math calculations.

The last display in this series alows you to dump the buff-
ered readingsto aprinter. See paragraph 2.19.2 for details on
configuring printers.

2.17 Filters

Filtering stabilizes noisy measurements caused by noisy in-
put signals.

The Model 6517A uses two types of filters: digital and me-
dian. The displayed, stored or transmitted reading is simply
the result of thefiltering processes. Note that both the digital
and median filters can be in effect at the same time.

When FILTER is enabled, the selected filter configuration
for that measurement function is in effect. Filtering is en-
abled by pressing the FILTER key (FILT annunciator turns
on). Pressing FILTER a second time disables filter.

When FILTER is enabled, the status of the two filterswill be
briefly displayed. For example,

Filter Enabled
Digital =ADV(10) Median ON

The above display message indicates that the advanced filter
(average 10 readings) isin effect and the median filter ison.
If no digital filter is selected (NONE) and the median filter is
off, the message “No Filters Selected” will be displayed. In
this case, enabling FILTER has no effect on theinput signal.

Filtering is performed only on primary display measure-
ments; it has no effect on multiple displays.



2.17.1 Digital filters

Digital filter types

The Model 6517A has two types of digital filters: averaging
and advanced. Both types are a simple average of oneto 100
reading conversions. The difference between them is the
user-programmable noise “window” of the advanced filter.

The noise window, which is expressed as a percentage of
range (0-100%), allows afaster responsetimeto large signal
step changes (e.g., scanned readings). A reading conversion
outside the plus or minus noise window fillsthe filter “ stack”
immediately.

If the noise does not exceed the selected percentage of range,
the reading is based on an average of reading conversions. In
this case, the advanced filter works the same asthe averaging
filter. If the noise does exceed the selected percentage, the
reading is a single reading conversion, and new averaging
starts from this point. The two filter types are compared in
Figure 2-74.

Digital filter modes

An additiona filter parameter is the mode, either moving or
repeating. A moving filter is afirst-in, first-out stack, where
the newest reading conversion replaces the oldest. An aver-
age of the stacked reading conversions yields a reading.
Therefore, after a selected number of conversions, a moving
filter gives anew reading for every new conversion.

A repeating filter takes a selected number of reading conver-
sions, averages them, and yields areading. It then flushesits
stack and starts over. This characteristic is useful when scan-
ning channels.

Filter modes are compared in Figure 2-76.
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Response time

The various filter parameters have the following effects on
the time needed to display, store, or output afiltered reading:

* Filter type: The time to the first reading is the same for
both types, but thereafter moving mode yields a faster
reading than repeating mode. Also, advanced has afaster
response to changesin the input signal than averaging.

< Number of reading conversions. Speed and accuracy
are tradeoffs.

» Noise window: For the advanced type, a tradeoff of
speed, accuracy, and response to input signal changes.

2.17.2 Median filter

The median filter is used to determine the “middle-most”
reading from agroup of readingsthat are arranged according
to size. For example, assume the following readings:

20V, 1V, 3V

Thereadingsarere-arranged in an ascending order asfollows:

1v, 3V, 20V

From the above readings, it can be plainly seen that 3V isthe
median (middle-most) reading.

The number of sample readings used for the median calcula-
tion is determined by the selected rank (1 to 5) asfollows:

Samplereadings=(2x R) + 1
where; R isthe selected rank (1 to 5)

For example, arank of 5 will use the last 11 readings to de-
termine the median; (2x 5) + 1 =11.

Each new reading replaces the oldest reading, and the medi-
an is then determined from the updated sample of readings.

2-101



Front Panel Operation

Voltage
l+1 % of range
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Figure 2-75

Digital filter; averaging and advanced filter types

2-102

Conversions:

Conversions:

Conversions:

Reading Reading Readlng Readmg Reading Reading Reading Reading Reading Reading Reading
#5 #6 #7 #8

#1

#2

Ay

By
By
By

#9

B;
B>
B
B
By

#9

#10

B4
Bs
By
By
By

#10

#11

Bs
By
B3
By
By

#11

Reading Reading Reading Reading Reading Reading Reading Reading Reading Reading Reading
#3 #4 #5 #6 #7 #8

#1

#2

A3
Ay
Aq
Ar
A

Ay
A3
Ay
Ay
Ay
A1
Ay

Reading
#1

Reading
#1

By
By
By
By

Reading
#2

By
B3
By
By
By

Reading
#2

Bs
Bs
Bs
Bs

Bs
By
B3
By
By



Front Panel Operation

Conversion #10 Conversion
#9
#8
#7
#6
i #5 |—— Reading °
) #4 #1 )
° #3 °
#2
Conversion #1 Conversion

A. Type - Average, Readings = 10, Mode - Moving

Conversion #10 Conversion
#9
#8
#7
#6
i #5 ——= Reading ®
) #4 #1 °
' #3 °
#2
Conversion #1 Conversion

#20
#19
#18
#17
#16
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#14
#13
#12
#11

B. Type - Average, Readings = 10, Mode - Repeating

Figure 2-76
Digital filter; moving and repeating filter modes

2.17.3 Configuring the filters

Each measurement function has its own filter configuration
and is summarized in Table 2-27.

Choosing the filter parameters for each function follows the
same procedure. There are three ways to display afilter con-
figuration menu:

» To configure thefilter of the present function, just press
CONFIG, then FILTER.

« To configure thefilter of another function and remainin
the present function, press CONFIG, and the appropri-
ate function key, then select FILTER from its menu.

< To configurethefilter of another function and changeto
that function, press the appropriate function key, and
CONFIG, then FILTER.

Conversion #12
#11
#10
#9
#8
|—» Reading hd #7 +—» Reading
#2 ° #6 #3
° #5
#4
Conversion #3
Conversion #30
#29
#28
#27
#26
——» Reading o #25 —— Reading
#2 ° #24 #3
° #23
#22
Conversion #21
AVERAGING

Select this menu item to configure the digital filter:

TYPE: Useto select the type of digital filter:

* NONE — Use this selection for no digital filtering.

* AVERAGING — Use this selection for a non-win-
dowed averaging filter. A message indicating the pres-
ently set number of reading conversionsto average (the
“stack” size) isdisplayed. If you change thefilter value,
be sure to press ENTER.

Note that the number of reading conversions selected for the

averaging filter typeis also coupled to that for the advanced
filter type.
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 ADVANCED — Thisselection isfor an averaging filter
with anoise window. A message indicating the present-
ly set number of reading conversions to average (the
“stack” size) is displayed.

You can retain the present filter value or you can key in an-
other value. In either case, press ENTER to display the max-
imum noise window.

The displayed level isthe plus or minus percentage of range
window around the first reading conversion in the stack. Be
sure to press ENTER if you key in a different percentage.
Note that the number of reading conversions (filter value) se-
lected for the advanced filter is also coupled to that for the
averaging filter.

AVERAGING-MODE: This selection determines the mode
of an averagefilter for ameasurement function, either amov-
ing or repeating average:

¢ MOVING — Thisitem selects amoving filter, where a
new reading conversion isshifted into astack asthe old-
est conversion is shifted out (FIFO). When the stack is
full, asimple average is taken to yield areading.

e REPEAT — This menu item selects a repeating filter,
where an average of a selected number of reading con-
versionsis taken for each reading.

MEDIAN
Use this selection to enable or disable the median filter.

DISABLE: Use this selection to disable the median filter.
ENABLE: Use this selection to enable the median filter and

specify therank. If you change therank, be sureto press EN-
TER.

Table 2-27
CONFIGURE FILTER menu structure
Menu item Description
FILTER Filter menu:
AVERAGING Configure digital averaging filter:
TYPE Select type of averagefilter:
NONE No average filtering performed.
AVERAGING Program a simple average filter (1-100 rdgs.).
ADVANCED Program a simple average filter (1-100 rdgs.) with noise tolerance window

AVERAGING-MODE

MEDIAN Configure median filter:
DISABLE Disable median filter.
ENABLE

(0-100% of range).
Select moving average or repeating average mode.

Enable median filter and specify range (1-5).
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2.18 Math

Model 6517A math operations are divided into four catego-
ries.

» Math performed on single readings (polynomial, per-
cent, percent deviation ratio and logarithmic).

e Math performed on buffered readings (maximum and
minimum values, average, and standard deviation).

« Math performed on single readings as a part of a pass/
fail limitstest.

The first category is configured from the CONFIGURE
MATH menu and is described in this paragraph. Math oper-
ations on buffered readings are available in multiple displays
of recalled data and are discussed in paragraph 2.16.3. Limit
tests are described in paragraph 2.19.5, under main menu op-
erations.

Note that once enabled for a function, the CONFIGURE
MATH calculations are in effect across function changes.

NOTE

The Model 6517A uses | EEE-754 floating
point format for math calculations.

2.18.1 Polynomial

This math operation alows you to mathematically manipu-
late normal display readings (X) according to the following
polynomial calculation:;

Y = (a2)X? + (al)X + (20)

where: X isthe normal display reading
a2, al and a0 are user entered constants
Y isthe displayed result

The value of the “a2”, “al” and “a0” constants can be
changed through the CONFIGURE MATH menu (see para-
graph 2.18). The before and after calculation can be viewed
with one of the multiple displays, as described in paragraph
2.18.8. When necessary, theresultingY valueisdisplayedin
scientific notation.

2.18.2 Percent

This operation lets you specify a target reading value. The
displayed reading will be expressed as a percentage of the
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target value, often in scientific notation. The percentage cal-
culation is performed as follows:

Input Reading

Target Value x 100

Percent =

Asan example, consider the default target value for percent-
age calculations, where:

100% = +1.000000e+00
Therefore, a1V input would be 100% of the target value and
atypical reading would be displayed as follows:
+100.000 V%

With the calculate multiple display selected, as described in
paragraph 3.18.8, the display would be:

+100.000 V%
Reading = +1.00000

where the bottom line shows the reading (in the units and
multiplier prefix of the top line) before the percentage cal cu-
lation is performed.

2.18.3 Percent deviation

The following math calculation provides the percent devia-
tion between the normal display reading and the user speci-
fied reference value:

%Dev = (XY;Y)X 100

where: X isthe normal display reading
Y isthe specified reference value

Percent Deviation is enabled through the CONFIGURE
MATH menu (see paragraph 2.18.7).

2.18.4 Deviation

The following math calculation provides the deviation be-
tween the normal display reading and the user specified ref-
erence value:

Deviation = @

where: X isthe normal display reading
Y isthe specified reference value
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Deviation is enabled through the CONFIGURE MATH
menu (see paragraph 2.18.7).

2.18.5 Ratio

Thefollowing calculation divides the normal display reading
by the user specified reference value:

Ratio =

<1X

where: X isthe normal display reading
Y isthe specified reference value

Ratio is enabled through the CONFIGURE MATH menu
(see paragraph 2.18.7).

2.18.6 Logarithmic

This calculation converts input readings to logarithmic base
10 values. The calculation is shown as follows:

Ioglo X=Y

where: X istheinput reading
Y isthelogarithmic result

Example: Assumethat exactly 1mA isbeing measured by the
Model 6517A.

log; 1.000000mA = -3

Note that this cal culation uses the absolute value of the nor-
mal input reading since you cannot compute the log of aneg-
ative number.

2.18.7 Selecting and configuring math

The polynomial, percent ratio, percent deviation or logarith-
mic calculation is selected and configured from the CON-
FIGURE MATH menu (see Table 2-28). The selected
calculation is enabled by pressing the MATH key (MATH
annunciator turns on). The Model 6517A then displays the
result of the calculation, using scientific notation where nec-
essary. The following display messages indicate which math
calculation is being used:

NONE No calculation selected
POLY  Polynomial
% Percent calculation selected
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%DEV  Percent deviation calculation selected
DEV Deviation calculation selected

RAT Ratio calculation selected

LOG L ogarithmic calculation selected

Pressing MATH a second time disabl es the calculation.

Table 2-28
CONFIGURE MATH menu structure
Menu item Description
None Select no calculation when MATH
key is pressed.
Polynomial Select polynomial calculation and
enter constants.
Percent Select percent calculation and enter
target (reference) value.
%DEV Select percent deviation calculation
and enter reference value.
DEVIATION Select deviation calculation and enter
reference value.
Ratio Select ratio calculation and enter ref-
erence value.
Logl0 Select logarithmic base 10 calcula
tion.
NONE

With this menu item, no math operation goes into effect
when the MATH key is pressed. The MATH annunciator
lights, but NONE is displayed on thetop line.

POLYNOMIAL

This menu item selects the polynomia calculation and al-
lows you to program the polynomial constants. The “a2"
constant is displayed first. You can retain the displayed value
or key inanew value. In either case, pressENTER to display
the “al” constant. Retain or change this constant and press
ENTER to display the “a0” constant. If you change the “&0”
constant, be sure to again press ENTER.

PERCENT

This menu item selects the percent calculation and lets you
specify the target value. If you key in a new target value, be
sureto press ENTER.



%DEV

This menu item selects the percent deviation calculation and
lets you specify the reference value. If you key in anew ref-
erence, be sureto pressENTER.

DEVIATION

Thismenu item sel ects the deviation cal culation and lets you
specify thereference value. If you key in anew reference, be
sure to press ENTER.

RATIO

This menu item selects the ratio calculation and lets you
specify thereference value. If you key in anew reference, be
sure to press ENTER.

LOG10

This menu item selects the logarithmic base 10 calculation.
When MATH isenabled, the absolute value of theinput read-
ing will be converted to its log base 10 equivalent and dis-

played.

2.18.8 Calculate multiple display

One of the multiple displayslets you view the reading on the
bottom line of the display and the result of the calculation on
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the top line. Thisdisplay is available by repeatedly pressing
either the NEXT or PREVious DISPLAY key to scroll
through the multiple displaysfor the particular function. The
following is atypical message for a percentage calculation:

-7.04310e+01 V%
Reading = -0.704310

The display resolution on the bottom linefollowsthat chosen
for the top line. The value on the bottom line tracks the units
and prefix of the top line. (For example, if the top line dis-
plays UA, then the units on the bottom line are uA.)

2.19 Menu

The main menu accesses the various instrument operations
for which there are no dedicated keys, such as setup storage,
communication setup, calibration, self-test and limits. The
main menu structure is summarized in Table 2-29.

The top level of the main menu is displayed by placing the
instrument in the reading display state, and then pressing the
MENU key.

General rules to navigate the menu levels are provided in
paragraph 2.3.5.

2-107



Front Panel Operation

Table 2-29
MAIN MENU STRUCTURE
Menu item Description
SAVESETUP Setup menu:
SAVE Save setup at a memory location (0-9).
RESTORE Return 6517A to setup stored at a memory location (0-9).
POWERON Power-on Menu:
BENCH Power on to bench default setup conditions.
GPIB Power on to GPIB default setup conditions.
USER-SETUP-NUMBER Power on to setup stored at amemory location (0-9).
RESET Reset Menu:
BENCH Return 6517A to bench default setup.
GPIB Return 6517A to GPIB default setup.
COMMUNICATION Communications Menu:
GPIB Select and configure GPIB:
ADDRESSABLE Addressable menu:
ADDRESS Check/change | EEE-488 bus address (0-30).
LANGUAGE Select SCPI or DDC language.
TALK-ONLY GPIB/Printer Talk-only mode menu:
INTERFACE Select printer interface:
|EEE-488 Specify |EEE-488 printer.
CENTRONICS Specify Centronics paralel printer.
INTERVAL Specify printing interval (every reading to 1 out of 9999).
FORMFEED Formfeeds menu:
CONTROL Enable/disable page breaks.
SET-PAGE-SIZE Set number line between form feeds (1-255).
ELEMENTS Select GPIB data elements (reading, units, reading number, relative humidity, chan-
nel number, timestamp, internal temperature, external temperature, status).
STATUS Display |EEE-488 bus status byte.
RS-232 Select and configure RS-232:
CONTROL Select operating mode:
SEND-RECEIVE Send receive mode.
TALK-ONLY Talk-only mode; set up printer interval and formfeeds.
BAUD Select baud rate (19,200, 9600, 4800, 2400, 1200, 600 or 300).
BITS Select number of data bits (7 or 8).
PARITY Select parity (none, odd or even).
STOP Select stop hits (1 or 2).
ELEMENTS Select data elements (reading, units, reading number, relative humidity, channel
number, timestamp, internal temperature, external temperature, status).
TEST Self-test menu:
FRONT-PANEL-TESTS Test display board.
KEYS Verify operation of front panel keys.
DISPLAY-PATTERNS Verify operation of display.
CHAR-SET Display the entire character set.
CAL Calibration menu:
COMPREHENSIVE See 6517 Service Manual.
POINT-CALS See 6517 Service Manual.
CAL-DATES See 6517 Service Manual.
OFFSET-ADJ Null input offset current and voltage burden.
CAL-OPT See 6517 Service Manual.
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MAIN MENU STRUCTURE
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Menu item Description
LIMITS Limits menu:
LIMIT-SET-1 Limit-Set-1 menu:
CONTROL Enable/disable limit set #1.
LOLIM1 Set value of low limit #1.
HILIM1 Set value of high limit #1.
LIMIT-SET-2 Limit-Set-2 menu:
CONTROL Enable/disable limit set #2.
LOLIM2 Set value of low limit #2.
HILIM2 Set value of high limit #2.
STROBE-CONTROL Enable/disable limit strobe signal of digital output #4 when trigger occurs.
PASS-PATTERN Specify patterns on digital outputs to signify limit pass.
STATUSMSG Enable/disable status message mode.
GENERAL General menu:
DIGOUT Digital output menu:
STATE Check/change states of digital output lines.
LOGIC-SENSE Check/change sense of digital output lines.
SERIAL # Display serial number, memory option SCPI version, and firmware revisions.
A/D-CONTROLS A/D menu:
LINE-SYNC Enable/disable line synchronization. Also displays power line frequency.
DATA-STAMP Configure A/D to measure additional inputs (humidity and external temperature).
LIMIT-CTRL Enable/disable A/D hardware limit.
TIMESTAMP Configure timestamp:
TYPE Check or change type.
RELATIVE-TIME Reference timestamp to relative time.
REAL-TIME Reference timestamp to real time.
RESET-TIME Reset relative timestamp to zero.
RESET-RDG# Reset reading number to zero.
DISPLAY Display menu:

NUMERIC-FORMAT

DECIMAL-CHAR
CLOCK

TIME

DATE

FORMAT

Select measurement units (engineering or scientific).
Select period or comma as decimal point.
Clock menu:
Check or set time of day.
Check or set date.
Select clock format: (12-hour or 24-hour format).
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2.19.1 SAVESETUP

The SAVESETUP option of the main menu is used for the
following operations:

* To save the present instrument configuration in non-
volatile memory.

« To restore the instrument to a previously saved instru-
ment configuration.

* To set the instrument's power-on configuration.

¢ To reset the instrument to a factory default configura-
tion.

SAVE

Use this menu item to save the present instrument setup in a
specific memory location. You can store up to 10 setups in
non-volatile memory.

After selecting SAVE, you will be prompted to save the
present setup in amemory location. Note that the numbering
of setup locations starts with setup #0. You can save the setup
in memory location #0 or you can use the RANGE A and V
keysto enter a different value. With the desired memory lo-
cation displayed, press ENTER.

RESTORE

Use this menu item to return the instrument to a setup that
was previoudly stored (see SAVE) in memory.

After selecting RESTORE you will be prompted to enter the
memory location number of the setup that you wish to re-
store. Note that #0 isavalid memory location. Use the range
keys (A and V) to key in the desired location and press EN-
TER. The instrument will immediately restore that setup
configuration.

POWERON

Use this menu item to select the instrument setup that goes
into effect on power-on.
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The instrument can be set to power on to the factory bench
defaults, the factory GPIB defaults, or to a user setup stored
(see SAVE) at a specific memory location. The POWERON
options are explained as follows:

BENCH: Use this option to return the instrument to the
bench default conditions (see Table 2-30) the next timeit is
turned on.

GPIB: With this option, the unit returns to the GPIB default
conditions (see Table 2-30) the next timeiit is turned on.

USER-SETUP-NUMBER: Using this option, the instrument
powers on to as user setup saved at a specific memory loca
tion (see SAVE).

After selecting USER-SETUP-NUMBER, you will be
prompted to enter the memory location number of the setup
that you wish the instrument to power up to. Note that #0 is
avalid memory location. Usetherange keys (A and V) to key
in the desired memory location and press ENTER.

RESET

Use this menu option to reset the instrument to the bench or
GPIB default conditions (see Table 2-30). The RESET op-
tions are explained as follows:

BENCH: With this option, the instrument returns to the
bench default conditions (see Table 2-30). After selecting
BENCH, the instrument returns to the normal display of
readings after requesting an ENTER to confirm your selec-
tion.

GPIB: With this option, the unit returns to the GPIB default
conditions (see Table 2-30). After selecting GPIB, theinstru-
ment returns to the normal display of readings after request-
ing an ENTER to confirm your selection. Note that the
instrument goes to the Idle state.



Table 2-30
Factory default conditions
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Function or operation

Bench default
(SYSTem:PRESet)

GPIB default (*RST)

A/D Controls:
Line Synchronization
Data Stamp:
Temperature (external)
Humidity
Hardware Limit
Buffer:
Control
Count
Timestamp
Elements
Display
Clock

Communications:
Interface (GPIB or RS-232)
GPIB:
Address
Language
Talk-Only (printer setup):
Interface
Interval
Formfeed
Page Size
Elements
RS-232:
Control (send/receive or talk-only)
Talk-Only (printer setup):
Interval
Formfeed
Page Size
Baud Rate
Data Bits
Parity
Stop Bits
Elements

Digital Output:
States
Logic Sense

Display:

Numeric Format
Scientific Format
Decimal Character
Temperature Units

Off

Off
Off
On

Fill and stop
No effect
No effect
No effect
Yes

No effect

No effect

No effect
No effect

|EEE-488
1

Off

60 Lines
(see note)

No effect

1

Off

60 Lines
No effect
No effect
No effect
No effect
(see note)

No effect
No effect

Engineering
Floating Exp
Period

°C

Off

Off
Off
On

Fill and stop
No effect
No effect
No effect
Yes

No effect

No effect

No effect
No effect

|EEE-488
1

Off

60 Lines
(see note)

No effect

1

Off

60 Lines
No effect
No effect
No effect
No effect
(see note)

No effect
No effect

Engineering
Floating Exp
Period

°C
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Table 2-30 (cont.)
Factory default conditions

Function or operation

Bench default
(SYSTem:PRESet)

GPIB default (*RST)

Filter
Digital Filter
Averaging
Readings
Advanced
Readings
Noise Tolerance Level
Filter Mode
Median Filter
Rank

I (Amps):
Damping
Range

Autorange
Limits
Limits:
Limit Set #1 and #2f
Low Limit
Action
High Limit
Action
Strobe Control
Pass Pattern

Math
Function
Percent Target Vaue
Polynomial Constants:
Ilwll
"ol
Ila2ll
%Deviation Reference
Deviation Reference
Ratio Reference

Q (Coulombs):
Auto Discharge
Range
Autorange
Limits
R (Ohms):
Amps Rel
Damping
Measurement Type
Resistivity Type
Fixture
Ks, Kv

Thickness

On

On

On

10

Off

10

1%
Moving
On

1

Off

Manual (20mA)
Off

Use all ranges

Off
-1.0
0
1.0
0
Off
0

Off
Polynomial
1.0

0.0
10
0.0
10
10
10

Off

Manua (2uC)
Off

High

Off

Off
Resistance
Surface
User

1.0
1.0mm

Off
On

On

10

Off

10

1%
Repeat
On

1

On

Manual (20mA)
Off

Useall ranges

Off
-1.0
0
1.0
0
Off
0

On
Polynomial
1.0

0.0
10
0.0
10
10
10

Off

Manual (2uC)
On

High

Off

Off
Resistance
Surface
User

1.0

1.0 mm
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Factory default conditions
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Function or operation

Bench default
(SYSTem:PRESet)

GPIB default (*RST)

R (Ohms):
Auto V-Source Ohms
Range
Autorange
Limits
Manual V-Source Ohms
Range
Autorange
Limits
V-Source
Relative
Value Auto

Resolution

Scanning:
Scan Type
Internal Scan:
Channels
Count
Memory
Scan Mode
Settling Time
Timer
Interval
V-Source Limit
External Scan:
External Inputs
Trigger Source
Scan Count
Timer
Interval
Memory

Speed
Status M essages

Timestamp

2MQ
Off
Use all ranges

Manual (200k<2)
Off

N/A

Manual

Off
0.0

Auto (5.5d)

Internal

All

10

Yes
Voltage
0.0 sec
No
2.5sec
Yes

10
Triglink
10

No
25sec
Yes

Normal (1 PLC)
Off
No effect

2MQ
On
Useall ranges

Manual (200k<2)
Off

N/A

Manual

Off
0.0

Auto (5.5d)

Internal

All

10

Yes
Voltage
0.0 sec
No
2.5sec
Yes

10
Triglink
10

No
25sec
Yes

Normal (1 PLC)
Off
No effect
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Table 2-30 (cont.)

Factory default conditions

Function or operation

Bench default
(SYSTem:PRESet)

GPIB default (*RST)

Test Sequence

Diode:
Start Voltage
Stop Voltage
Step Voltage
Delay
Capacitor:
Bias Voltage
Points
Interval
Cable:
Bias Voltage
Points
Interval
Resistor:
SourceV1
Delay 1
SourceV?2
Delay 2
Surface Resistivity:
Pre-discharge Time
Bias Voltage
Bias Time
Measure Voltage
Measure Time
Discharge Time
Volume Resistivity:
Pre-discharge Time
Bias Voltage
Bias Time
Measure Voltage
Measure Time
Discharge Time
Alternating Polarity:
Offset Voltage
Alternating Voltage
Measurement Time
Discarded Readings
Stored Readings
SIR:
Bias Voltage
Bias Time
Measure Voltage
Measure Time
Square Wave Sweep:
High Leve
High Time
Low Level
Low Time
Cycle Count

Diode

v
10v
v
lsec

v
10
lsec

v
5
lsec

vy
lsec
2V
lsec

0.2 sec
500V
1sec
500V
1sec
2 sec

10 sec
500V
1sec
500V
1sec
2 sec

ov
ov
15 sec

50V

lsec
100V
lsec

v
lsec
-1v
lsec
10

Diode

v
1ov
v
1sec

v
10
1sec

v
5
1sec

v
lsec
2V
lsec

0.2 sec
500V
1sec
500V
1sec
2 sec

10 sec
500V
1sec
500V
1sec
2 sec

ov
10v
15 sec

50V

1sec
100v
1sec

v
1sec
-1v
1sec
10




Table 2-30 (cont.)
Factory default conditions

Front Panel Operation

Function or operation

Bench default
(SYSTem:PRESet)

GPIB default (*RST)

Test Sequence
Staircase Sweep:
Start
Stop
Step
Step Time

Start Source
Triglink Line

Triggers
Advanced:
Measure Layer:
Source
Triglink Mode
Triglink Input
Triglink Output
Delay
Count
Control
Scan Layer:
Source
Triglink Input
Triglink Output
Delay
Count
Control
Arm Layer:
Source
Triglink Input
Triglink Output
Count
Control
Basic:
Trigger Mode
Trigger Source
Timer Interval

V (Volts):
External Feedback
Guard
Range
Autorange
V-Source:
Range
Voltage Limit
Value
Resistive I-Limit
Meter Connect
Zero Check

v
ov
v
1sec

Manual
Line#1

Advanced (armed)

Immediate
Asynchronous
Line#2
Line#1
0.0sec
Infinite
Acceptor

Immediate
Line#2
Line#l
0.0 sec
Infinite
Acceptor

Immediate
Line#2
Line#l

1
Acceptor

Continuous
Immediate
0.1 sec

Off
Off
Manual (200V)
Off

100V
Off
1000V
Off
Off

On

1V
1ov
1V
1sec

Manual
Line#1

Advanced (idled)

Immediate
Asynchronous
Line#2
Line#1
0.0sec

1

Acceptor

Immediate
Line#2
Line#1
0.0 sec

1
Acceptor

Immediate
Line#2
Line#1

1
Acceptor

Continuous
Immediate
0.1 sec

Off
Off
Manual (200V)
On

100V
Off
1000V
Off
Off

On

Note: The default selects all elements except HUM,

DT and ET.
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2.19.2 COMMUNICATION

The COMMUNICATION menu option allows you to select
and configure the GPIB or RS-232 bus.

NOTE

Selecting the aternate interface (GPIB or
RS-232) resets the instrument to the pow-
er-on defaults. Thisreset action causesthe
instrument to exit fromthe MAIN MENU.

GPIB

The GPIB menu is used for the following operations:

To select the IEEE-488 bus (GPIB):

To view or change the | EEE-488 address.

To select the GPIB language (SCPI or DDC).
To select the talk-only mode and its parameters.
To select the data elements to send.

To view the status byte of the instrument.

Changing between “Addressable” and “Talk-only” causes
triggers to be halted.

ADDRESSABLE: With the instrument set for “Address-

able”

, it can listen and talk to a bus controller:

ADDRESS — This menu item lets you check and/or
change the |EEE-488 address of the instrument. At the
factory the address is set to 27, but it can be changed to
any value from 0 to 30.

After selecting ADDRESS, the present |IEEE-488 ad-
dress will be displayed. If you wish to change the ad-
dress, use the RANGE A and v keys to display the
desired number and press ENTER.

LANGUAGE — This menu item is used to select the
language for the GPIB:

NOTE

Selecting the alternate language (SCPI or
DDC) resets the instrument to the power-
on defaults. Thisreset action causesthein-
strument to exit from the MAIN MENU.

SCPI — Select this option to use the SCPI program-
ming language to control the instrument.

DDC — Select this option to use Device-Dependent
Command programming. Thismode allowsyou control
both a Model 6517A and a 617 electrometer over the
GPIB using the same DDC commands. See Section 3 of
this manual for details.
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TALK-ONLY: In the talk-only mode, the Model 6517A ig-
nores commands from the bus and merely outputs data, asre-
quested by the printer. When the instrument is in the talk-
only mode, the TALK annunciator turns on.

The options for TALK-ONLY are explained as follows:

INTERFACE — With the | EEE-488 option of thisitem,
dataelements are sent to an |EEE-488 bus printer set for
listen always. With the CENTRONICS option, data el-
ements are sent to a printer with a Centronics (parallel)
interface. The printer must be connected with a Model
8530 | EEE-488 to Centronics Printer Adapter Cable.
INTERVAL — The INTERVAL option controls how
often readings are printed (expressed as 1 out of nnnn
readings).

FORMFEED — Use the FORMFEED option of the
menu to enable or disable the sending of a formfeed
character to the printer after printing a user-selectable
number of lines per page (1-255 lines).

ELEMENTS: This menu item lets you select the data ele-
ments sent. Use one of the range keys to toggle between yes
(y) and no (n).

RDG — The numeric value of the reading.

RDG# — The buffer location of the reading. The read-
ing number can be reset to zero from the GENERAL
MENU (see paragraph 2.19.7).

UNIT — The units of the reading.

CH# — The channel number the reading was taken on.
HUM — Relative humidity reading if the Model 6517-
RH is being used. The humidity sensor is enabled from
the A/D CONTROLS item of the GENERAL MENU
(see paragraph 2.19.7).

ETEMP — The externa temperature reading if the
Model 6517-TP is being used. The humidity sensor is
enabled from the A/D CONTROLS item of the GEN-
ERAL MENU (see paragraph 2.19.7).

TIME — The real-time or relative timestamp for each
reading. Timestamp type is selected from the TIMES-
TAMP item of the GENERAL MENU (see paragraph
2.19.7).

STATUS — The reading status information (normal
reading, measurement overflow or underflow, relative
reading).

VSRC — The actua output level of the VV-Source.

RS-232
The RS-232 menu is used for the following operations:

To select the RS-232 I nterface.



To select the control mode; send/receive or talk-only.
» To set the parameters for talk-only.

e To set the parameters for the RS-232 interface (baud
rate, number of data bits and stop bits, and parity.

To select the data el ements to send.

See Section 3 of this manual for details on using the instru-
ment over the RS-232 serid interface.

CONTROL: Use this menu item to select one of the operat-
ing modes for the RS-232 Interface:

¢ SEND-RECEIVE — Thisisthe normal operating mode
for sending commands to the instrument and for send-
ing data from the instrument to the computer.

e TALK-ONLY — In the talk-only mode, the instrument
ignores commands and simply outputs data, as request-
ed by the printer. When the instrument is in the talk-
only mode, the TALK annunciator turnson. The options
for talk-only are explained as follows:

INTERVAL: This option controls how often readings are
sent (printed). The interval is expressed as 1 out of nnnn
readings.

FORMFEEDS: This option is used to control (enable or dis-
able) page breaks and specify the number of lines per page.
When enabled, aform feed occurs after the specified number
of lines are printed.

BAUD: Use this option to set the baud rate for the RS-232
serid interface. Selectionsinclude 19200, 9600, 4800, 2400,
1200, 600 and 300 bits per second.

BITS: Use this option to select the number of data bits (7 or
8) to send over the RS-232 serial interface.

PARITY: Use this option to select parity for the RS-232 se-
rial interface. Selectionsinclude none, odd or even parity.

STOP: Use this menu item to select the number of stop hits
touse (1or 2).

ELEMENTS: This menu item lets you select the data ele-
ments sent. Use one of the range keys to toggle between yes
(y) and no (n).

e RDG — The numeric value of the reading.

* RDG# — The buffer location of the reading. The read-
ing number can be reset to zero from the GENERAL
MENU (see paragraph 2.19.7).

¢ UNIT — The units of the reading.

e CH# — The channel number the reading was taken on.

Front Panel Operation

¢ HUM — Réative humidity reading if the Model 6517-
RH is being used. The humidity sensor is enabled from
the A/D CONTROLS item of the GENERAL MENU
(see paragraph 2.19.7).

e ETEMP — The external temperature reading if the
Model 6517-TP is being used. The humidity sensor is
enabled from the A/D CONTROLS item of the GEN-
ERAL MENU (see paragraph 2.19.7).

e TIME — The real-time or relative timestamp for each
reading. Timestamp type is selected from the TIMES-
TAMP item of the GENERAL MENU (see paragraph
2.19.7).

e STATUS — The reading status information (normal
reading, measurement overflow or underflow, relative
reading).

¢ VSRC — The actual output level of the VV-Source.

2.19.3 CAL

The CALIBRATION menu is used to calibrate the Model
6517A.

COMPREHENSIVE, POINT-CALS and CAL-OPT

These procedures for calibration are locked. These proce-
dures require accurate calibration equipment and should
only be performed by qualified personnel. Refer to the Mod-
el 6517 Service Manual for details.

CAL-DATES

Use this menu item to view or change the calibration dates.
UsetheVIEW option of the menu to display the last calibra-
tion date and the next calibration date. The DISPLAY-AT-
POWERUP option controlswhether the next calibration date
is displayed during the power-up sequence.

The CHANGE option is locked, to enable it requires the
CAL switch to be pressed. The option allows you to change
the calibration date and next calibration date. Refer to the
Model 6517 Service Manual for instructions.

OFFSET-ADJ

Use this menu item to calibrate voltage burden and input off-
set current. After selecting OFFSET-ADJ, you will be
prompted to connect a short to the input triax connector and
then press ENTER. The message “Performing V offset cali-
bration” will be displayed while calibration is in process.
When finished, you will be prompted to remove the short,
cap the triax input connector and then press ENTER. The
message “Performing | Bias calibration” will be displayed
while calibration isin process.
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2.19.4 TEST

The SELF-TEST MENU is used as a diagnostic tool to iso-
late problems with the Model 6517A. Information on using
these test proceduresisincluded in the optional Model 6517
Service Manual.

2.19.5 LIMITS

The LIMITS menu is used for the following operations:

¢ To set and control the limit values that determine the
PASS/FAIL and HI/LO status of subsequent measure-
ments.

* To set the digital output patterns that signify passing or
failing limit checks.

« To enable/disable abinning strobe signal on digital out-
put #4 for triggering a user-supplied device handler.

NOTE

Since the logic sense of the digital output
lines is programmable (high-true or low-
true), thisdiscussion of limitsusesthelog-
ical terms TRUE/FALSE and ON/OFF,
rather than HIGH and LOW.

Therearetwo sets of limits, each with high and low limit val-
ues. You can program and enable one or both limit sets. With
both sets enabled, the values can overlap of one set can bein-
cluded in the other. The only restriction is that, within the
same set, the high limit must be greater than the low limit for
avalid test.

Thelimit test is performed after MATH operations. Unit pre-
fixes are applied before the limit test, for example:

e Low limit = -10.0, High limit = 10.0. A 1.5V reading
passes (PASS).

e Low limit =-10.0, High limit = 10.0. A 0.6MQ reading
equals 600,000 (FAIL).

Limit set #1 is available as a multiple display, which shows
a bar graph and a pass/fail indication for the measurements.
Whilethe limits bar graph is displayed, the programmed val-
ues for limit set #1 can be viewed by pressing INFO.

The digital output lines can be programmed to reflect the re-
sults of limit tests. The first test that fails sets a programma-
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ble digital output pattern, where the test execution order is
LOW1, HIGH1, LOW2, HIGH2. If all tests pass, another
programmable pattern is set. (Also see DIGOUT in para-

graph 2.19.7).

LIMIT-SET-1 and LIMIT-SET-2

These menu items are similar in that you can enable or dis-
able either or both limit sets, and program the high and low
limit values for either or both limit sets.

The options for these menu items are explained as follows:

CONTROL: Thisitem enables or disables control of the dig-
ital output lines by the results of either or both limit set tests.
For example, to let limit set #1 control the digital output
lines, highlight the CONTROL item in the previous menu
and press ENTER. Then highlight the ENABLE item in the
next menu and press ENTER. The instrument returns to the
LIMIT SET #1 MENU.

LOLIM1, HILIMZ, LOLIM2, HILIM2: These items allow
you to set values for the low and high limits, and the action
performed on the digital output lines for each limit test fail-
ure. After selecting alimit, the value for that limit will bedis-
played. To changethelimit, usethe cursor keysand therange
keys to display the desired value. Note that you must enter
valuesin scientific notation.

PressENTER to select your value and display the next menu,
which selects the digital output action to be taken if the se-
lected limit is the first limit to be exceeded. The digital out-
puts can be toggled between ON and OFF with the range

keys.

Each measurement function has a multiple display for the
limits bar graph. It shows a pass/fail indication and a graph-
ical representation of the reading compared to limit set #1. If
low limit #1 isless than high limit #1, you will see adisplay
similar to that shown in Figure 2-77.

Notethat the Model 6517A does not check the validity of the
high and low limit values when you enter them. If low limit
#1 is greater than or egual to high limit #1, the following
message is shown on the bottom line of the limits bar graph
next display:

No bar graph: LLIM1 >=HLIM1

The programmed values for limit set #1 are shown by press-
ing the INFO key from the limits bar graph next display.



LLIMT | |

Low Limit #1 J

Average of midpoint
and Low Limit #1

I HLIM1

L High Limit #1

Average of midpoint
and High Limit #1

Midpoint of Low Limit #1
and High Limit #1

A. Defined points of display

Pass/Fail indication

Reading

-0.2836 Vv PASS

LLIMT | ===

-v —f 04\/

| HLIM1

L.

30% of difference between
midpoint and Low Level #1

NOTES : 1. Press INFO to view the programmed Low Limit #1 and
High Limit #1 values.
2. Multiple display of limit values do not use unit prefixes
(i.e., volts not millivolts).

B. Example Display with Limits = =1V

Figure 2-77
Limits bar graph example

STROBE-CONTROL

This menu item enables or disables the use of digital output
#4 as a binning strobe signal.

If enabled, the strobe signal is set TRUE for greater than 10
microseconds after all limit tests have been performed on a
new reading. The FALSE to TRUE transition can be used to
trigger an external device handler to check digital outputs
#1-3 for sorting partsinto bins.

When binning is enabled from the front panel or with the bus
command :CALCulate3:BSTRobe:STATe ON, the binning
strobe signal is set to FALSE. When hinning is disabled, the
strobe signal isleft unchanged.

DISABLED: Use this selection to disable strobe control.
ENABLED: Use this selection to enable strobe control.

Front Panel Operation

PASS-PATTERN

Thisitem alows you to program the on/off states of the dig-
ital output linesfor when al limit tests pass. Note that when
the binning strobeis enabled, digital output line #4 cannot be
used.

Selecting PASS-PATTERN displays the digital output pat-
tern that occurs when all limit tests pass. To change the pat-
tern, use the cursor keys and the range keys. The range keys
toggle the parameter values between OFF and ON.

Limits example

This example sorts a quantity of 100kQ resistors into five
bins, according to the following tolerances:

« Values less than 90k (outside -10% tolerance).

» Values greater than 110k (outside +10% tolerance).

e Values between 90kQ2 and 99kQ (meets -10% toler-
ance).

» Values between 101kQ and 110k (meets +10% toler-
ance).

» Values between 99kQ and 101kQ (meets +1% toler-
ance).

The desired test is shown in Figure 2-78. Use the following
procedure to program the limits:

1. Fromthe LIMITS menu, set the limit values and actions
according to the following table:

Limit Value |Action
LOLIM1 |90kQ |DIGOUT1=0N, others OFF
HILIM1 |110kQ | DIGOUT2=0N, others OFF

LOLIM2 |99kQ |DIGOUT1=0ON, DIGOUT2=0N,
others OFF
HILIM2 |101kQ |DIGOUT3=0N, others OFF

2. Enable the binning strobe signa from the STROBE-
CONTROL item of the LIMITS menu.

3. Set a pass pattern of all lines off from the PASS PAT-
TERN item of the LIMITS menu.

4. Enablethe control of the digital output lines by limit set
#1 and limit set #2 from the LIMIT SET #1 and LIMIT
SET #2 menus. This sets the digital output lines to the
“pass pattern” (all OFF in this example). Since hinning
is enabled, digital output #4 is also OFF.

Note that the actual state (high or low) of the digital output
lines depends on the polarity (ACTIVE-HIGH or ACTIVE-
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LOW). Thisis programmed from the DIGOUT selection of
the GENERAL menu.

Tolerance | N |
Bands | +10% |
— £1% |-

Resistance t + + }

90kQ 99kQ 101kQ 110kQ
Bit 001 011 1000 | 100 | 010
Patterns I I ] I
and LOLIM1 LOLIM2 HILIM2 HILIMT
Limits

Figure 2-78

Using limit test to sort 100k<2 resistors

2.19.6 STATUS-MSG

This selection isused to enabl e or disable the status messag-
es mode. When enabled, status messages are displayed to
identify specific operations that are performed.

ON: Enable the status message mode.
OFF: Disable the status message mode.

Theinstrument may become so busy displaying status mes-
sages, that key presses are no longer acknowledged. You
may have to clear status message display by pressing the
EXIT key or sending a bus command (:DISPlay:SMESsage
OFF) to get out of this mode.

(« Ess
Wi ENU)

BNO () O

3
5

2.19.7 GENERAL
The GENERAL menuisused for the following operations:

« To control the state and sense of the digital outputs.

* Toview the serial number, SCPI version, and firmware
revision levels of the Model 6517A.

 To set line synchronization of readings, display thefre-
guency of the line power, and configure the A/D to
measure humidity and/or external temperature.

« To configure timestamp.

« Tochoosethe character displayed for adecimal and se-
lect measurement units.

¢ To set the real-time clock.

DIGOUT (Digital 1/0 menu)

Access the DIGOUT menu as follows:

1. From the main menu, select the GENERAL menu.
2. Use the €« and » keys to highlight DIGOUT, and
press Enter. The following will be displayed:

DIGOUT
STATE LOGIC-SENSE

Digital 1/0 port

The Model 6517A’s Digital 1/0 port is an 8-pin mini-DIN
socket located on the rear panel. The port’slocation and pin
designations are shown in Figure 2-79.

DIGITAL
ouT

(Connector J1015)

Designation

-

ONOUTh W =

+5V (with 510Q series resistor)

Data In (calibration fixture use*)

Vext flyback connection (+5V to +30V)
Digital output #1

Digital output #2

Digital output #3

Digital output #4

Digital ground

*Pin 2 is for use with Model 5156 Calibration Source

Figure 2-79
Digital 1/0 port
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The Model 6517A's Digital 1/0 port can be used to control
external circuitry. The port provides four output lines and
oneinput line (input line is for calibration use only — refer
to the Model 6517 Service Manual). Each open-collector
output can be set high (+5V) or low (0V) and will sink up to
100mA.. The four output lines can also operate external sup-
plies from +5V to +30V.

Use the DIGITAL 1/O Menu to select the following options:

* STATE

ON or OFF selectable for each output line (1 through
4). Useto check or change the output state.

* LOGIC-SENSE

ACTIVE-HIGH or ACTIVE-LOW selectable for each
output line (TTL1 through TTL4). Use to check or
change the output sense.

Controlling digital circuitry

Each of the four digital, open-collector outputs (connector
J1015, pins 4 through 7) includes abuilt-in pull up resistor to
+5V. The output transistor is capabl e of sinking up to 100mA
from voltages up to +30V. The outputs can be controlled in-
dependently or tied to one of four limit values (two high, two
low). Paragraph 2.19.5 contains information on controlling
digital outputs from the limits menu.

Front Panel Operation

External voltage supply

Each output can be operated from external voltage supplies
(voltage range from +5V to +30V applied through the exter-
nal device being driven). Refer to Figure 2-80 for asimplified
schematic of thedigital 1/0. The high current sink capacity of
the output driver alows direct control of relays, solenoids,
and lamps (no additional circuitry needed). Each output
channel contains a fly-back diode for protection when
switching inductive loads (such as a low power solenoid or
relay coils). To use these fly-back diodes, connect the exter-
nal supply voltage to pin 3 of J1015 (the digital 1/O port).
Make sure the external supply voltage is between +5V and
+30V and the current required by the device does not exceed
100mA.

CAUTION

Do not apply more than 100mA maxi-
mum current or exceed +30V maximum
voltage on pin 3 of J1015 (the digital 1/0
port). Applying current or voltage ex-
ceeding these limits may damage the in-
strument.

51092

+5V —AAN—K Pin 1 - +5VDC

Pin 5 - Digital Output #2 &——>}——

Pin 6 - Digital Output #3 \) |'>i L

10Q2

Pin 7 - Digital Output #4

Digital Output
Flyback Diodes

AN < Pin 3 - External Voltage Flyback
Connection (+5V to +30V)

+5V

10kQ

< Pin 4 -Digital Output #1

Figure 2-80
Digital 1/0 port simplified schematic

< Pin 8 -Digital Ground

®0®©
® ®O6
@0

DIGITAL

Shown for Digital Output #1; Digital Outputs#2, #3, & #4 are similar ouT

(Connector J1015)
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An externally powered relay connected to the digital output
port is shown in Figure 2-81. Other externally powered de-
vices can be similarly connected by replacing the relay with
the device. When using the Model 6517A’s collector outputs
to turn on externally powered devices, set the corresponding
digital output line parameters as follows (set through the
GENERAL/DIGITAL /O menus):

STATE=ON
LOGIC-SENSE=ACTIVE-LOW

In the low state (OV), the output transistor sinks current
through the external device. Inthe high state, the output tran-
sistor is off (transistor switch isopen). Thisinterrupts current
flow through the external device. Most applications use ac-
tivelow (ON=0V) LOGIC-SENSE. Use the LOGIC-
SENSE menu to check or change the sense of each digital
output lines (refer to the LOGI C-SENSE section of thispara-

graph).

Model 6517

To Other Three yy -

Outputs used as logic inputs

To usethedigital outputsaslogicinputsto active TTL, Low-
power TTL, or CMOS inputs:

1. Connect the Model 6517A digital outputstothelogicin-
puts.

2. Connect the digital grounds.

3. Using the STATE menu, check output state setting of the
Model 6517A output lines. The STATE value for each
output used should be ON.

4, Using the LOGIC-SENSE menu, check the logic-sense
setting of the Model 6517A output lines (TTL1 through
TTL4). Make sure the correct LOGIC-SENSE value is
selected for each output line. The LOGIC-SENSE value
varies according to thetype of TTL, Low-power TTL, or
CMOSinputsused (ACTIVE-HIGH or ACTIVE-LOW).

When low (0V), the output sink can drive at |east 10 standard
TTL inputs. When high (+5V), the 10kQ pull-up resistor will
source >100pA while remaining at a >3.75V output (areli-
ablelogic high).

Pin 3 - External Voltage Flyback

Connection (+5V to +30V)
L 4

Digital Outputs (€ AN
+5V

Digital Output #1
Flyback Diode 10kQ

Pull Up
Resistor

) —— External Power
E Relay Coil ( )T (+5V to +30V)

Pin 4 -Digital Output #1

9 % 69
® @06
@0
\ 4
il Pin 8 -Digital Ground DIGITAL
ouT
(Connector J1015)
Equivalent Circuit
Flyback A Relay =) J_~ External Power
Diode Coil ) — (+5V to +30V)
I Transistor
§/ Switch

Figure 2-81
Sample externally powered relays
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NOTE

If any LIMITS control is enabled
(LOLIM1 or 2, HILIM1 or 2— High,
Low, or Pass), the OUTPUT-STATE menu
does not check or change the output status.
Refer to paragraph 2.19.5 for information
on limits.

DIGOUT menu items

The DIGOUT menu is used to configure the following oper-
ations:

¢ Check or change the STATE (ON or OFF) of the four
digital output lines.

¢ Check or change the LOGIC-SENSE of the digital out-
put lines. The logic sense can be active-high (ON =
+5V) or active-low (ON = 0V).

STATE: Use this menu item to check or change the state (on
or off) of the four digital output lines. The actual level of an
“on” lineis determined by the sense, which is controlled by
the next menu item (LOGIC-SENSE).

The state (on or off) of a digital output line is changed by
placing the cursor on the desired line and pressing the
RANGE A or v key. These keys simply toggle the state.
With the lines configured as desired, press ENTER.

LOGIC-SENSE: Use this menu item to check or change the
sense of the digital output lines. The sense of each line can
be active-high (ON = +5V) or active-low (ON = 0V). When
LOGIC-SENSE is selected, you will be prompted to select
the desired output line:

e TTLZL, TTL2, TTL3 OR TTL4 — Selects the digital
output line and displays the following options:

ACTIVE-HIGH — Use this option to set the sense of
the selected output line to active-high.

ACTIVE-LOW — Usethisoption to set the sense of the
selected output line to active-low.

To check or change output sense, place the cursor on the ap-
propriate line and press ENTER. Cursor position indicates
the present logic sense for the selected line (ACTIVE-HIGH
or ACTIVE-LOW). To change the sense, place the cursor on
the alternate selection and press ENTER.

SERIAL #

Thisitem displaysthe serial number, SCPI version, and firm-
ware revision levels of the instrument. The following infor-
mation is displayed:

Front Panel Operation

Serial #XXXXXX
SCPI version 1991.0 software rev AXX AYY

where: #XXXXXX isthe serial number of the instrument.
AXX isthe firmware level for the main microcon-
troller.

AYY isthefirmware level for the display microcon-
troller.

A/D CONTROLS

With this GENERAL MENU item, you can control line syn-
chronization, and enable or disable humidity and external
temperature measurements.

LINE-SYNC: Synchronizing A/D conversionswith the pow-
er line frequency increases common mode and normal mode
rejection. When line cycle synchronization is enabled, the
measurement is initiated at the first positive-going zero
crossing of the power line cycle after the trigger (see Figure
2-82).

When LINE-SYNC is selected, the power line frequency is
displayed and the options for line synchronization are dis-

played:
« ENABLED — Enables line synchronization.
* DISABLED — Disablesline synchronization.

Trigger #1  Trigger #2 Trigger #3
occurs in - occurs in - occurs in

| this region | this regionI this region |

Power Line /\ /\ /\ |
Frequenc I
Wy N A\ \Ubhic

—
A/D A/D A/D
Conversion Conversion Conversion
#1 starts #2 starts #3 starts

Note: A/D conversions assume an integration
time of < 1 PLC (Power Line Cycle)

Figure 2-82
Line cycle synchronization

Changing the state of line synchronization halts triggers and
puts the instrument into idle. Press TRIG to return to re-arm
triggers.

DATA-STAMP: Thismenu item is used to enable or disable
humidity and/or external temperature measurements. The
relative humidity reading is controlled by placing the cursor
on HUMIDITY and using arange key (A and v) to toggle
between the desired state (ON or OFF). In asimilar manner,
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external temperature is enabled or disabled from the TEM-
PERATURE item.

Temperature measurements can be expressed in °C, °F or K.
See DISPLAY of the GENERAL MENU to select the de-
sired reading unit.

LIMIT-CTRL: The Model 6517A incorporates an A/D hard-
ware limit circuit to detect out of range noise spikes. When
enabled (ON), the "OutOfLimit" message is displayed when
an out of range noise spike occurs. With the hardware OFF,
the error message is disabled. In the OFF state, out of range
spikes may cause erroneous readings.

TIMESTAMP

A timestamp is available for readings sent over the bus and
for readings stored in the buffer. This GENERAL menu se-
lection is used to configure the timestamp for readings sent
over the bus. From the front panel, readings are sent over the
bus via the COMMUNICATION selection of the MAIN
MENU (see paragraph 2.19.2). See paragraph 2.16.1 to con-
figure the timestamp for buffer readings.

Specifically, this selection is used to perform the following
operations:

« Select the type of timestamp; relative or rea-time.
» Reset the relative timestamp to zero.
* Reset the reading number to zero.

Timestamp and the reading number are only included with
each reading if they are selected as GPIB or RS-232 data el-
ements (see paragraph 2.19.3).

The menu items for TIMESTAMP are explained asfollows:

TYPE: Thisitem is used to check or change timestamp type.
Note that changing the timestamp type clears the buffer. The
two timestamp types are described as follows:

* RELATIVE TIME — With this selection, timestamps
are oriented to atimer and reference each reading to a
point in time. The timer starts at 0.000000 seconds
when the instrument is turned on or when the relative
timestamp is reset (see RESET-TIME). After
99,999.999999 seconds, thetimer resetsto zero seconds
and starts over.

* REAL-TIME — With this selection, timestamps are
oriented to the real-time clock and provide the current
time (24-hour format) and date for each reading.

Timestamp type for bus readings is coupled to timestamp
type for buffer readings. Thus, if you change timestamp type
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from this menu structure, it also changes in the CONFIG
DATA STORE menu structure (see paragraph 2.16.1).

RESET-TIME: This item is used to reset the relative time-
stamp to 0.000000 seconds. The timestamp also resets to
zero seconds when the instrument is turned on. It has no ef-
fect on the real-time clock.

RESET-RDG#: This menu item is used to reset the reading
number to zero. The reading number also resetsto zero when
the instrument is turned on.

DISPLAY

This menu item is used to select the exponent mode (engi-
neering units or scientific notation) for display readings, and
lets you specify displayed decimal points as either periods or
commeas:

NUMERIC-FORMAT: Thisitem is used to select the expo-
nent mode:

* ENGR — Use this option to display readings using en-
gineering units (i.e., 1.00000pA).

¢ SCIENTIFIC — Usethis option to display readings us-
ing scientific notation (i.e., 1.00000e-06 A). The two
following options are available for the scientific nota-
tion exponent mode:

FLOATING: With this selection, the exponent value
will change automatically to provide optimum reading
resolution.

FIXED: With this selection, the exponent value will re-
main fixed. Only the mantissa part of the reading will
change. After selecting FIXED, the currently selected
exponent value will be displayed. If you change the ex-
ponent value, be sureto press ENTER.

DECIMAL-CHAR: Thisitem is used to select between peri-
ods and commas to signify decimal points on the front panel

display:
« PERIOD — Thisoption selectsthe period (.) asthe dec-
imal point for readings.

¢ COMMA — This option selects the comma (,) as the
decimal point for readings.

TEMP-UNITS: Usethismenu item to select the units (°C, K
or °F) for internal or external temperature measurements.

CLOCK

The Model 6517A hasareal-time clock that isused for time-
stamping bus and buffer readings (real -time timestamp), and
as a control source for the Arm Layer (Arm Layer 1). This



GENERAL MENU selection is used to set the time date and
format (12-hour or 24-hour) for the real time clock.

TIME: Thisitem is used to set the time for the clock. If the
12-hour format is selected, “AM” or “PM” will be displayed.
The absence of “AM” or “PM” denotes the 24-hour format.
Theformat for time can be changed with the FORMAT menu
item. Use the cursor keys and the range keys to set the time
(hours:minutes.seconds). PressAUTO to set secondsto zero.

DATE: Thisitemisused to set the date for the clock. Usethe
cursor keys and the range keys to set the date. Note that the
day of the week (Sun, Mon, etc.) is automatically calculated
and displayed for the date.

FORMAT: Thisitemis used to select the time format for the
clock:

¢ 12-HOUR — With this selection, real-time timestamps
for buffer readings are provided in the 12-hour format
(AM or PM). Also, the real-time clock control source
for the Arm Layer must be set using the 12-hour format.

e 24-HOUR — With this selection, real-time timestamps
for buffer readings are provided in the 24-hour format.
Also, the real-time clock control source for the Arm
Layer must be set using the 24-hour format.

Note that real-time timestamps for bus readings are always
provided in the 24-hour format, regardless of the FORMAT
selection.

2.20 Scanning

The Model 6517A can be used with an internal scanner card
(i.e., Model 6521 or 6522) or with external scanner cardsin-
stalled in switching mainframes such as the Models 706,
7001 and 7002.

A scanner allowsyou to switch among anumber of input sig-
nalsto the Model 6517A for measurement. The channel con-
trol and scanning capabilities depend on whether an internal
or external scanner card is being used, as well as on the ca
pabilities of the scanner card in question.

2.20.1 Internal scanning

By installing one of the optional scanner cards in the rear
panel option slot, the Model 6517A can close and open indi-
vidual channels, or scan through the channels.

Detailed operating instructions for internal scanning are pro-
vided in the instruction manual for that particular scanner
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card. For example, to use the Model 6521 scanner card, refer
tothe Model 6521/6522 Instruction Manual for operating in-
formation.

2.20.2 External scanning

When using external scanning, you can configure the Model
6517A to measure up to 400 channels. In order to synchro-
nize Model 6517A measurements with external channel clo-
sure, connect the Model 6517A externa trigger inputs or the
trigger link to the external switching mainframe trigger in-
puts and outputs. Refer to paragraphs 2.15.4 and 2.15.5 for
examples on using externa triggering and the trigger link.

Usethefollowing information to configurethe Model 6517A
for external scanning, and to start the external scan. Refer to
the documentation supplied with the switching mainframe
and the scanner card for specific configuration and connec-
tion information.

The following procedure uses menu structures to configure
the instrument for external scanning. General rules to navi-
gate through the menus are provided in paragraph 2.3.5.

1. Set up the Model 6517A for the desired measurement
(i.e., set function, range, €tc.).

NOTE

If there is no card installed in the option
dot of the Model 6517A, externa scan-
ning will automaticaly be selected. If
thereisacard installed in the option slot,
you will have to select external scanning
as explained in the following step:

2. PressCONFIG and then CARD, and perform stepaor b.
A. Option slot empty — You will be prompted to spec-
ify the number of external channels (inputs) to scan.

After entering the value, press ENTER.

B. Cardinstalled in option slot — Select the ENTER-
NAL-INPUTS (CHANNELS) option from the
menu and then specify the number of external chan-
nels (inputs) to scan. After entering the value, press
ENTER. Usethe EXIT key to back out of the menu
structure.

3. Pressthe CARD key and perform step aor b.

A. Option slot empty — The displayed message will
prompt you to reset the external scanner. Press EN-
TER when ready.
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10.

11.

12.

B. Card installed in option dot — Select the PER-
FORM-SCAN option from the menu and select EX-
TERNAL scanning.

NOTE

The CHANNEL-CLOSURES option is
used to open/close channels on the scanner
card installed in the option slot. For details,
see the instruction manual for that card.

The displayed message will prompt you to reset the
external scanner. Press ENTER when ready.
The next message will prompt you to set the channel
count (CHAN COUNT) of the external scanner to infi-
nite. Press ENTER when ready.
The next message will prompt you to select the trigger
source for the Model 6517A:

SELECT TRIG SOURCE
TRIGLINK EXTERNAL TIMER GPIB

MANUAL |IMMEDIATE

These trigger sources are explained in paragraph 2.15.
The next message will prompt you to set the external
scanner to the trigger source that you selected in step 6
for the Model 6517A. Press ENTER when ready.

The next message will prompt you to set the scan list of
the external scanner for the appropriate number of chan-
nels. Thisisthe same number of external inputsthat was
specified in step 2. Press ENTER when ready.

The next message will prompt you to STEP the external
scanner to thefirst channel. Press ENTER when ready.
The next message will prompt you to set the scan count
for the Model 6517A. The scan count specifies how
many times you wish to repeat the scan. For example, if
the scan list has 40 channels, and the scan count is 5,
then 40 channels will be scanned five times. Press EN-
TER when ready.

The next message will ask if you wish to use the scan
timer of the Model 6517A. If you selected TIMER asthe
trigger source in step 6, select YES. You will then be
prompted to enter the interval between triggers (0.001
sec t0 999999.999 sec). Otherwise, select NO.

The next message will ask if you wish to store the read-
ingsin the buffer. If you select Y ES, the number of read-
ings that will be stored in the buffer will be displayed.
Note that the buffer size is limited (see paragraph 2.16
for details).

The last message prompts you to start the external scan
by pressing ENTER. The selected trigger source will
control the scan. Notethat the TRIG key isawaysactive
to alow you to step through the scan.
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2.21 Other measurement considerations

The following measurement considerations apply to all pre-
cision measurements. For comprehensive information on all
measurement considerations, refer to the Low Level Mea-
surements handbook, which is available from Keithley.

2.21.1 Ground loops

Ground loops that occur in multiple-instrument test set-ups
can create error signals that cause erratic or erroneous mea-
surements. The configuration shown in Figure 2-83 introduc-
es errorsin two ways. Large ground currents flowing in one
of the wires will encounter small resistances, either in the
wires, or at the connecting points. This small resistance re-
sultsin voltage drops that can affect the measurement. Even
if the ground loop currents are small, magnetic flux cutting
acrossthelargeloopsformed by the ground leads can induce
sufficient voltages to disturb sensitive measurements.

Signal Leads
Instrument Instrument Instrument
A o ‘f o) B o o C

= — —¢
/" Typical ground loop
| causes current flow

X inasignal lead b[

Power Line Ground

Figure 2-83
Multiple ground points create a ground loop

To prevent ground loops, instruments should be connected to
ground at only asingle point, as shown in Figure 2-84. Note
that only a single instrument is connected directly to power
line ground. Experimentation isthe best way to determine an
acceptable arrangement. For this purpose, measuring instru-
ments should be placed on their lowest ranges. The configu-
ration that results in the lowest noise signal is the one that
should be used.
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Figure 2-84
Eliminating ground loops

2.21.2 Triboelectric effects

Triboelectric currents are generated by charges created be-
tween a conductor and an insulator dueto friction. Here, free
electrons rub off the conductor and create a charge imbal-
ance that causes the current flow. For example, bending atri-
axial cable causes friction between the center conductor (HI)
and its surrounding insulator resulting in triboelectric cur-
rents. Triboelectric currents can be minimized as follows:

e Use“low noise” cables. These cables are specially de-
signed to minimize charge generation and use graphite
to reduce friction. The Keithley Model 7078-TRX triax
cables are low noise.

« Use the shortest cables possible, and secure them (i.e.,
taping or tying) to anon-vibrating surface to keep them
from moving.

2.21.3 Piezoelectric and stored charge effects

Piezoelectric currents are generated when mechanical stress
isapplied to certain insulating materials (i.e., crystalline). In
some plastics, pockets of stored charge cause the material to
behave in asimilar manner.

When building test fixtures, choose good insulating materi-
als and make connecting structures as rigid as possible.
Make surethere are no mechanical stresseson theinsulators.

2.21.4 Electrochemical effects

Error currents also arise from electrochemical effects when
ionic chemicals create weak batteries on a circuit board.
These batteries could generate afew nanoamps of current be-
tween conductors. lonic contamination may be the result of
body oils, salts or solder flux. The problem is further en-
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hanced by high humidity (moisture) that deceases insulation
resistance.

When building test fixtures, select insulators that resist water
absorption, and use the fixture in a moderate humidity envi-
ronment. Also, be sure that all insulators are kept clean and
free of contamination. Paragraph 2.4.6 provides generd
cleaning tips.

2215 Humidity

Excess humidity can reduce insulation resistance on PC
boards and in test connection insulators. Reduction in insu-
lation resistance can, of course, serioudly affect high-imped-
ance measurements. Also, humidity (moisture) can combine
with contaminants to produce offset currents caused by elec-
trochemical effects (see paragraph 2.21.4). To minimize the
effects of moisture, keep humidity to a minimum (ideally
<50%), and keep components and connectorsin the test sys-
tem clean. Paragraph 2.4.6 provides general cleaning tips.

2.21.6 Light

Some components, such as semiconductor junctions and
MOS capacitors on semiconductor wafers, are excellent light
detectors. Consequently, these components must be tested in
a light-free environment. While many test fixtures (i.e., Kei-
thley test fixtures) provide adequate light protection, others
may allow sufficient light penetration to affect the test results.
Areasto check for light leaks include doors and door hinges,
tubing entry points, and connectors or connector panels.

2.21.7 Electrostatic interference

Electrostatic interference occurs when a electrically charged
object is brought near an uncharged object, thus inducing a
charge on the previously uncharged object. Usually, effects
of such electrostatic action are not noticeable because low
impedance levels allow the induced charge to dissipate
quickly. However, the high impedance level s of many Model
6517A measurements do not allow these charges to decay
rapidly, and erroneous or unstable readings may result.
These erroneous or unstable readings may be caused in the
following ways:

1. DC dlectrostatic field can cause undetected errors or
noise in the reading.

2. ACelectrostatic fields can cause errorsby driving thein-
put preamplifier into saturation, or through rectification
that produces DC errors.
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Electrostatic interference is first recognizable when hand or
body movements near the experiment cause fluctuations in
the reading. Pick-up from AC fields can also be detected by
observing the electrometer preamp output on an oscillo-
scope. Linefrequency signals on the output are an indication
that electrostatic interference is present. Means of minimiz-
ing electrostatic interference include:

1. Shielding. Possibilities include: a shielded room, a
shielded booth, shielding the sensitive circuit, and using
shielded cable. The shield should always be connected
to a solid connector that is connected to signal low. If
circuit low is floated above ground, observe safety pre-
cautions, and avoid touching the shield. Meshed screen
or loosely braided cable could be inadequate for high
impedances, or in string fields. Note, however, that
shielding can increase capacitance in the measuring cir-
cuit, possibly slowing down response time.

2. Reduction of electrostatic fields. Moving power lines or
other sources away from the experiment reduces the
amount of el ectrostatic interference seenin the measure-
ment.

2.21.8 Magnetic fields

A magnetic field passing through aloop in atest circuit will
generate amagnetic EMF (voltage) that is proportional to the
strength of thefield, the loop area, and the rate at which these
factors are changing. Magnetic fields can be minimized by
following these guidelines:

« Locatethetest circuit asfar away as possible from such
magnetic field sources as motors, transformers and
magnets.

* Avoid moving any part of the test circuit within the
magnetic field.

« Minimize the loop area by keeping leads as short as
possible and twisting them together.

2.21.9 Electromagnetic interference (EMI)

The electromagnetic interference characteristics of the Mod-
el 6517A Electrometer/High Resistance Meter comply with
the electromagnetic compatibility (EMC) requirements of
the European Union as denoted by the CE mark. However, it
is gtill possible for sensitive measurements to be affected by
external sources. In these instances, special precautions may
be required in the measurement setup.

Sources of EMI include:

* Radio and TV broadcast transmitters.
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e Communications transmitters,
phones and handheld radios.

including celular

« Devicesincorporating microprocessors and high-speed
digital circuits.

* Impulsessourcesasin the case of arcing in high-voltage
environments.

The effect on instrument performance can be considerable if
enough of the unwanted signal is present. The effects of EMI
can be seen asan unusually large offset, or, in the case of im-
pulse sources, erratic variations in the displayed reading.

Theinstrument and experiment should be kept asfar away as
possible from any EMI sources. Additional shielding of the
instrument, experiment and test leads will often reduce EMI
to an acceptable level. In extreme cases, a specialy con-
structed screen room may be required to sufficiently attenu-
ate the troublesome signal.

External filtering of theinput signal path may be required. In
some cases, a simple one-pole filter may be sufficient. In
more difficult situations, multiple notch or band-stop filters,
tuned to the offending frequency range, may be required.
Connecting multiple capacitors of widely different valuesin
parallel will maintain a low impedance across a wide fre-
guency range. Keep in mind, however, that such filtering
may have detrimental effects (such as increased response
time) on the measurement.

2.22 Relative humidity and external temper-
ature readings

With the appropriate options connected, the Model 6517A
can measure relative humidity and external temperature. Hu-
midity and external temperature readings are provided as a
multiple (NEXT) display for each function (see paragraph
2.3.4). These readings can also be included as data el ements
for the businterfaces (GPIB and RS-232), and for the buffer.
See paragraphs 2.16 (Buffer) and 2.19.2 (Communication)
for details.

Relative humidity

The Keithley Model 6517-RH option is used to measure rel-
ative humidity. This sensor plugs into the connector label
“HUMIDITY"” on the rear panel of the Model 6517A. Note
that an extension cable (part number CA-129-1) is supplied
for the humidity sensor.

Humidity measurements are controlled (enabled or disabled)
from the A/D-CONTROLS (DATA-STAMP) item of the
GENERAL MENU (see paragraph 2.19.7).
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External temperature GENERAL MENU. The GENERAL MENU is covered in
The Keithley Model 6517-TP option is a “K” type thermo- paragraph 2.19.7.
couple sensor that is used to measure external temperature. NOTE
This sensor plugs into the connector labeled “TEMP TYPE
K" on the rear panel of the Model 6517A. Do not alow the exposed thermocouple

sensor to come in contact with chassis
External temperature readings are controlled (enabled or dis- ground or to a voltage. This will result in
abled) from the A/D CONTROLS (DATA-STAMP) item of erroneous readings. The thermocouple
the GENERAL MENU. Measurement units (°C, °F or K) are must be electricaly insulated before at-
selected from the DISPLAY (TEMP-UNITS) item of the taching it to a device that is at chassis

ground or has avoltage on it.
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3.1 Introduction

This section contains information on remote operation for
the Model 6517A and is organized as follows:

3.2 Connections: Explains instrument connections to the
|EEE-488 bus and RS-232 interface.

3.3 GPIB address selection: Explains how to set the pri-
mary address from the front panel.

3.4 GPIB programming language selection: Explains
how to select the SCPI or DDC programming lan-

guage.

3.5 QuickBASIC 4.5 programming: Summarizes pro-
gramming using QuickBASIC 4.5 with the KPC-
488.2 interface and Universal Language Driver
(CECHP).

3.6 General bus commands: Covers the general |EEE-
488 commands required for basic operations, such as
placing the unit in remote.

3.7 Front panel aspects of IEEE-488 operation: Covers
status indicators, messages that pertain to bus opera-
tion, and the use of the LOCAL key.

3.8  Status structure: Explains the various registers and
gueues that make up the status structure of the Model
6517A.

3.9 Trigger model: Explains the operation process (Trig-
ger Model) over the |IEEE-488 bus.

3.10 Program message syntax: Coversthe syntax rulesfor
common commands and SCPI commands.

3.11 Common commands: Covers the |EEE-488.2 com-
mon commands used by the Model 6517A.

3.12 SCPI Signal oriented measurement commands:
Covers the signal oriented commands used by the
Model 6517A.

3.13-3.26  SCPI command subsystems: Covers the SCPI
commands used by the Model 6517A.

3.27 RS-232 interface: Explains how to use the Model
6517A from the RS-232 interface.

3.28 DDC programming language: Summarizes the use
of device-dependent command (DDC) programming
using the DDC language.

The |EEE-488 is an instrumentation data bus with hardware
and programming standards originally adopted by the IEEE
(Institute of Electrical and Electronic Engineers) in 1975 and
given the | EEE-488 designation. In 1978 and 1987, the stan-
dards were upgraded to |IEEE-488-1978 and |EEE-488.1-
1987, respectively. The Model 6517A conforms to these
standards.

The Model 6517A aso conforms to the |EEE-488.2-1987
standard and the SCPI 1994 (Standard Commands for Pro-
grammable Instruments) standard. |EEE-488.2 defines a
syntax for sending data to and from instruments, how an in-
strument interprets this data, what registers should exist to
record the state of the instrument, and a group of common
commands. The SCPI standard defines acommand language
protocol. It goes one step farther than |IEEE-488.2 and de-
fines a standard set of commands to control every program-
mable aspect of an instrument.
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A DDC language is aso available for |IEEE-488 bus opera-
tion. In this mode, device-dependent commands (DDCs) are
used instead of SCPI and common commands. Thismode is
used when you want to use the Model 6517A asa“drop-in”
replacement for the Model 617. This allows an existing pro-
gram written for the Model 617 to be used by the Model
6517A without having to make any code modifications.

RS-232 serial port

The Model 6517A hasaserial port that can be used asan al-
ternativeto the parallel IEEE-488 bus. All commands, except
DDCs, can be used over this seria port. The seria port is
based on the electrical and mechanical characteristics of the
RS-232-C standard. Typically, the serial port is used with a
controller that cannot accommodate an |EEE-488 bus inter-
face, such as a notebook computer.

3.2 Connections

The following information shows how to make connections
using the |EEE-488 bus or the RS-232 seria port.

3.2.1 IEEE-488 bus connections

The Model 6517A can be connected to the IEEE-488 bus
through a cable equipped with standard |EEE-488 connec-
tors, an example is shown in Figure 3-1. The connector can
be stacked to allow a number parallel connectionsto onein-
strument. Two screws are located on each connector to en-
sure that connections remain secure. Current standards call
for metric threads, which are identified with dark colored
screws. Earlier versions had different screws, which weresil-
ver colored. Do not attempt to use these type of connectors
on the instrument, which is designed for metric threads.

Figure 3-1
|EEE-488 connector
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A typical connecting scheme for a multi-unit test system is
shown in Figure 3-2. Although any number of connectors
could theoretically be stacked on oneinstrument, it isrecom-
mended that you stack no more than three connectors on any
one unit to avoid possible mechanical damage.

Instrument Instrument

Instrument

Controller

Figure 3-2
| EEE-488 connections

NOTE

In order to minimize interference caused
by electromagnetic radiation, it is recom-
mended that only shielded |EEE-488 ca
bles be used. The Models 7007-1 and
7007-2 shielded |EEE-488 cables are
available from Keithley.

Connect the Model 6517A to the |EEE-488 bus as follows:

1. Line up the cable connector with the connector located
on the rear panel. The connector is designed so that it
will fit only one way. Figure 3-3 shows the location of
the | EEE-488 connector on the instrument.

AH

b

ACONLY N/ 1/4A 180-250\)

4| LINE RATING LINE FUSE
P | 50-60HZ SLOWBLOW
S0VA MAX 1/2A90-125V

IEEE-488
/ (CHANGE IEEE ADDRESS
WITH FRONT PANEL MENU) )
DIGITAL TRIG LINK
_ -
KEITHLEY

—

P

Figure 3-3
|EEE-488 connector location



2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments, as
required.

4. Make certain that the other end of the cable is properly
connected to the controller. Most controllers are
equipped with an |EEE-488 style connector, but a few
may require a different type of connecting cable. Con-
sult the instruction manual for your controller for the
proper connecting method.

NOTE

The IEEE-488 bus is limited to a maxi-
mum of 15 devices, including the control-
ler. The maximum cable length is 20-
meters, or two meters times the number of
devices, whichever is less. Failure to ob-
serve these limits may result in erratic bus
operation.

3.2.2 RS-232 serial interface connections

The serial port of the Model 6517A can be connected to the
seria port of acomputer or listening device (i.e., serial print-
er) using an RS-232 cable terminated with DB-9 connectors.
The serial port usesthetransmit (Tx), receive (Rx) and signal
ground (Gnd) lines of the RS-232 standard. Figure 3-4 shows
the rear panel connector along with pin numbering and des-
ignations.

If your computer uses a DB-25 connector for the RS-232 in-
terface, you will need a cable or an adapter with a DB-25
connector on one end and a DB-9 connector on the other,
wired straight-through (not null modem).

54321 :
Pin Desi .
@ @ @ Number esignation
2 Transmitted Data (Tx)
9876 3 Received Data (Rx)
RS232 5 Signal Ground (Gnd)

Rear Panel Connector

Figure 3-4
RS-232 interface connector

3.3  GPIB primary address selection

The Model 6517A is shipped from the factory with a pro-
grammed primary address of 27. The primary address may
be set to any value between 0 and 30 as long as address con-
flicts with other instruments are avoided. Note that control-
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lers are also given a primary address, so do not use that
address either. Most frequently, controller addresses are O or
21, but you should consult the controller'sinstruction manual
for details. Whatever primary address you choose, you must
make certain that it corresponds with the value specified as
part of the controller's programming language.

To check the present primary address or to change to a new
one, perform the following procedure:

1. Display the MAIN MENU by pressing the MENU key.

2. Usethe cursor keys (<« and » ) to place the cursor on
COMMUNICATION and press ENTER. The COM-
MUNICATIONS SETUP menu will be displayed.

3. Placethe cursor on GPIB and press ENTER.

NOTE

If you are switching from the RS-232 in-
terface to the GPIB interface, the instru-
ment will reset to the power-on defaults. In
this case, you will haveto repeat steps 1, 2
and 3 to display the GPIB/PRINTER SET-
UP menu.

4. Place the cursor on ADDRESSABLE and press EN-
TER. The ADDRESSABLE GPIB menu will be dis-
played.

5. Placethe cursor on ADDRESS and press ENTER.

6. The current primary address of the instrument will be
displayed. For example, if theinstrument is set to prima-
ry address 27, the following message will be displayed:

ADDRESS = 27 (0-30)

7. To retain the displayed address, press EXIT four times
to return the instrument to the measurement display
state.

8. To changethe primary address, usethe € and » keys
and the RANGE A and ¥ keysto display the new ad-
dress value (0 to 30). The «« and » keys control cur-
sor position and the A and ¥ keys increment and
decrement the selected digit.

9. Withthe desired addressvalue displayed, pressENTER.
The addresswill be stored in non-volatile memory. That
is, it will not be lost when the instrument is turned off.

10. Press EXIT three times to return to the measurement
display state.

NOTE

Each device on the bus must have aunique
primary address. Failure to observe this
precaution will probably result in erratic
bus operation.
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34  GPIB programming language selection

When using the Model 6517A over the GPIB interface, you
can use either SCPI commands and common commands, or
DDCs. Most of theinformation in this manual documentsthe
SCPI programming language. See paragraph 3.28 for infor-
mation on using the DDC programming language.

Perform the following steps to check or change the GPIB
programming language:

1. Display the MAIN MENU by pressing the MENU key.

2. Usethe cursor keys (<« and p ) to place the cursor on
COMMUNICATION and press ENTER. The COM-
MUNICATIONS SETUP menu will be displayed.

3. Placethecursor on GPIB and press ENTER. The GPIB/
PRINTER SETUP menu will then be displayed.

4. Place the cursor on ADDRESSABLE and press EN-
TER. The ADDRESSABLE GPIB menu will be dis-
played.

5. Place the cursor on LANGUAGE and press ENTER to
display the GPIB LANGUAGE selections (SCPI and
DDC).

6. The cursor position (flashing menu item) indicates the
present GPIB programming language.

7. To retain the present selection, press ENTER or EXIT.
Press EXIT three more times to return the instrument to
the measurement state.

8. To change the programming language, place the cursor
on the alternate selection and press ENTER. Theinstru-
ment will then reset to the power-on default conditions.

35  QuIickBASIC 4.5 programming

Programming examples are written in Microsoft QuickBA-
SIC 4.5 using the Keithley KPC-488.2 (or Capital Equip-
ment Corporation) IEEE interface and the HP-style
Universal Language Driver (CECHP).

Before any programming example can be run, the Universal
Language Driver must first beinstalled. From DOS, execute
the following command to install the driver:

cechp
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If you include the CECHP command in your AUTOEX-
EC.BAT file, the driver will automatically be installed every
time you turn on your computer.

Program fragments

Program fragments are used to demonstrate proper program-
ming syntax. As the name implies, only a fragment of the
whole program is used in order to avoid redundancy.

At the beginning of each program, driver files have to be
opened and the input terminator should be set for CRLF as
follows:

CPEN "i eee" FCR QUTPUT AS #1
CPEN "i eee" FOR INPUT AS #2
PR NT #1, "intermcrlf"

A typical program fragment includesan OUTPUT command
and an ENTER command. The OUTPUT command sends a
program message (command string) to the Model 6517A. If
the program message includes a query command, then the
ENTER command is required to get the response message
from the Model 6517A. The ENTER command addresses
the Model 6517A to talk. The following example program
fragment demonstrateshow OUTPUT and ENTER are used.
Note that the commands assume address 27 which isthe fac-
tory set address of the Model 6517A.

PRNT #1, "output 27; :func 'volt:ac'; func?"
PRNT #1, "enter 27"

If you wish to display the response message on the CRT, the
computer will have to read the message and then printed it to
the CRT display asfollows:

LINE INPUT #2, A$
PRINT A$

The following programming example shows how all the
above statements are used together. The program fragment is
shown in bold typeface.

CPEN "i eee" FCR QUTPUT AS #1 Qpen dri ver

CPEN "ieee" FCR I NPUT AS #2 Qpen dri ver

PRNT #1, "intermcrlf" ' CRLF termnator
' Select volts and query

PRINT #1, "output 27; :func 'volt:dc'; func?"

PRNT #1, "enter 27" ' Gt response nessage
LINE | NPUT #2, A$ ' Read response nessage
PR NT A$ ' D splay nessage



3.6  General bus commands

Genera bus commands are those commands such as DCL
that have the same general meaning regardless of the instru-
ment. Table 3-1 liststhe general bus commands. Also includ-
ed is the programming statement for each command using
the Keithley KPC-488.2 IEEE interface and the HP-style
Universal Language Driver (CECHP). Note that the com-
mands requiring that a primary address be specified assume
that the address is set to 27. Thisis the address that is set at
the factory.

3.6.1 REN (remote enable)

The remote enable command is sent to the Model 6517A by
the controller to set up the instrument for remote operation.
Generdly, the instrument should be placed in the remote
mode before you attempt to program it over the bus. Simply
setting REN true does not actually placetheinstrument inthe
remote state. I nstead the instrument must be addressed to lis-
ten after setting REN true before it goes into remote.

Note that the instrument need not bein remoteto be atalker.

Program fragment

PR NT #1, "renote 27" Place 6517A in
renote; turn on

REM annunci at or

Note that al front panel controls except for LOCAL (and
POWER) are inoperative while the instrument is in remote.
You can restore normal front panel operation by pressing the
LOCAL key.
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3.6.2 IFC (interface clear)

The IFC command is sent by the controller to place the Mod-
el 6517A inthelocal, talker, and listener idle states. The unit
responds to the IFC command by cancelling front panel
TALK or LISTEN lights, if the instrument was previously
placed in one of those states.

Note that this command does not affect the status of the in-
strument; settings, data, and event registers are not changed.

To send the IFC command, the controller need only set the
IFC line true for a minimum of 100pusec.

Program fragment

PRINT #1, "output 27; *idn?" ' Send query com
nmand

' Read data; turn
on TALK annunci a-
tor

PR NI #1, "enter 27"

SLEP 3 " Vit 3 seconds
PR NT #1, "abort" ' Tal ker ide
state; turn off

TALK annunci at or

Table 3-1
General bus commands and associated statements
Command | Programming statement | Effect on Model 6517
REN REMOTE 27 Goesinto effect when next addressed to listen.
IFC ABORT Goesinto talker and listener idle states.
LLO LOCAL LOCKOUT LOCAL key locked out.
GTL LOCAL 27 Cancel remote, restore front panel operation for 6517A.
LOCAL Cancel remote, restore front panel operation for all devices.
DCL CLEAR Returns all devices to known conditions.
SDC CLEAR 27 Returns Model 6517A to known conditions.
GET TRIGGER 27 Initiates atrigger.
SPE, SPD | SPOLL 27 Seria Pollsthe Model 6517A.
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3.6.3 LLO (local lockout)

The LLO command is used to prevent local operation of the
instrument. After the unit receives LLO, al its front panel
controls except POWER are inoperative. In this state, press-
ing LOCAL will not restore control to the front panel. The
GTL command restores control to the front panel.

Program fragment

PR NI #1, "renote 27" ' Place 6517A in

renot e

PRNT #1, "local | ockout™" " Lock out front
panel (i ncludi ng
LOCAL key)

SLEP 6 " Vit 6 seconds

PR NT #1, "lLocal 27" ' Restore front

panel operation

364 GTL(goto local)

The GTL command is used to take the instrument out of the
remote state. Operation of the front panel keys will also be
restored by GTL.

Program fragment

PR NI #1, "renote 27" ' Pace 6517A in
renot e
SLEEP 3 " Vit 3 seconds

PR NI #1, "local 27" ' Take 6517A out of

renote

3.6.5 DCL (device clear)

The DCL command may be used to clear the IEEE GPIB in-
terface and return it to a known state. Note that the DCL
command is not an addressed command, so all instruments
equipped to implement DCL will do so simultaneously.

When the Model 6517A receives a DCL command, it clears
the Input Buffer and Output Queue, cancels deferred com-
mands, and clears any command that prevents the processing
of any other device command. A DCL does not affect instru-
ment settings and stored data.

Program fragment

PRNT #1, "clear" " Qear al devices

3.6.6 SDC (selective device clear)

The SDC command is an addressed command that performs
essentially the same function asthe DCL command. Howev-
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er, since each device must be individualy addressed, the
SDC command provides a method to clear only selected in-
strumentsinstead of clearing al instruments simultaneously,
asisthe case with DCL.

Program fragment

PR NI #1, "clear 27" ' dear 6517A

3.6.7 GET (group execute trigger)

GET is a GPIB trigger that is used as an arm, scan and/or
measure event to control operation. The Model 6517A will
react to this trigger if it is the programmed control source.
GET can also be used as the pre-trigger for the reading buff-
er. The control sourceis programmed from the SCPI : TRIG-
ger subsystem.

With the instrument programmed and waiting for a GPIB
trigger, the following program fragment will provide the
GET.

Program fragment

PRINT #1, "trigger 27" " Trigger 6517A
fromover the
bus

This sends |IEEE-488 commands UNT UNL LISTEN 27
GET. When the command is executed, the trigger event oc-
curs. (The command TRIGGER just sends GET. Any other
listeners are triggered when the command is executed.)

3.6.8 SPE, SPD (serial polling)

The serial polling sequence is used to obtain the Model
6517A seria poll byte. The serial poll byte contains impor-
tant information about internal functions, as described in
paragraph 3.8.6. Generally, the seria polling sequence is
used by the controller to determine which of several instru-
ments has requested service with the SRQ line. However, the
seria polling sequence may be performed at any time to ob-
tain the status byte from the Model 6517A.

Program fragment

PR NT #1, "spol|l 27" ' Serial poll the 6517A

INPUT #2, S ' Read the serial poll
byte
PRNT S ' Dsplay the deci mal

val ue of the serial
pol | byte



3.7  Front panel aspects of IEEE-488
operation

The following paragraphs discuss aspects of the front panel
that are part of |EEE-488 operation, including messages, sta-
tus indicators, and the LOCAL key.

3.7.1 Error and status messages

Table 2-4 summarizes the error and status messages associ-
ated with remote programming using SCPl and Common
Commands. Additional information on errors associated
with RS-232 operation is provided in paragraph 3.25.

3.7.2 |EEE-488 status indicators

The REM (remote), TALK (talk), LSTN (listen), and SRQ
(service request) annunciators show the present |EEE-488
status of the instrument. Each of these indicators is briefly
described below.

REM — Thisindicator shows when the instrument isin the
remote state. Note that REM does not necessarily indicate
the state of the REN line, as the instrument must be ad-
dressed to listen with REN true before the REM indicator
turns on. When the instrument is in remote, all front panel
keys except for the LOCAL key arelocked out. When REM
is turned off, the instrument is in the local state, and front
panel operation is restored.

TALK — Thisindicator is on when the instrument isin the
talker active state. The unit is placed in this state by address-
ing it to talk with the correct MTA (My Talk Address) com-
mand. TALK is off when the unit is in the talker idle state.
Theinstrument is placed in the talker idle state by sending it
an UNT (Untalk) command, addressing it to listen, or with
the IFC (Interface Clear) command.
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LSTN — This indicator is on when the Model 6517A isin
the listener active state, which is activated by addressing the
instrument to listen with the correct MLA (My Listen Ad-
dress) command. Listen is off when the unit isin the listener
idle state. The unit can be placed in the listener idle state by
sending UNL (Unlisten), addressing it to talk, or by sending
IFC (Interface Clear) over the bus.

SRQ — The instrument can be programmed to generate a
service request (SRQ) when one or more errors or conditions
occur. When this indicator is on, a service request has been
generated. Thisindicator will stay on until the serial poll byte
isread or all the conditions which caused SRQ have ceased
to exist. See paragraph 3.8.6 for details.

3.7.3 LOCAL key

The LOCAL key cancels the remote state and restores local
operation of the instrument.

Pressing LOCAL aso turns off the REM indicator and re-
turnsthe display to normal if auser defined messagewasdis-

played.

Notethat the LOCAL key isasoinoperativeif the LLO (Lo-
cal Lockout) command isin effect.

3.8  Status structure

The status structure for the Model 6517A is summarized in
Figure 3-5. Instrument events, such as errors, are monitored
and manipulated by seven status register sets. Notice that
these seven status register setsfeed directly or indirectly into
the Status Byte Register. More detailed illustrations of these
register sets are provided by Figures 3-6 through 3-12.
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hOR

To Event Summary
Bit (ESB) of

Status Byte
Register (See
Figure 3-13).

Figure 3-6
Sandard event status

To Operation
Summary Bit
(OSB) of Status
Byte Register.
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Always
*ESR? | Zero — | PON|URQ| cME| EXE | DDE | QYE| — |OPC | Standard Event
B15) [B14-B8) | B7) | B6) | B5) | B4) | B3) | B2) [ B1) | (Bo) | Status Register
&
PON = Power On
-t (& ¥ URQ = User Request
- J@ CME = Command Error
N f‘ EXE = Execution Error
- \@ ¥ DDE = Device-Dependent Error
- f@ QYE = Query Error
N ) OPC = Operation Complete
- f@
- \C Y
- (%
® V & = Logical AND
- ® OR = Logical OR
* ESE Standard Event
— | PON|URQ| CME| EXE | DDE | QYE| — |OPC | Status Enable
*ESE? | (B15) |(B14-B8) | (B7) | (B6) | (BS) | (B4) | (B3) | (B2) | (B1) | (BO) | Register
From OR'ed summary of From OR'ed summary
Arm Event Status (see of Trigger Event Status
Figure 3-7). (see Figure 3-9)
— Seq Idle |Calc | — | — | Am| Trig | — | — [ — | — | cal gepei?élron Condition
(B15-B12)| (B11) | (B10)| (B9) | (B8)| (B7)| (B6)| (B5) | (B4) | (B3) | (B2)| (B1) | (BO) 8
¥ Y Y Y
Seq | Idle |Calc Arm | Trig Cal_IptR  Transition
NTR  Filter
(B15-B12)| (B11) | (B10)| (B9) | (B8)| (B7)| (B6)| (B5) | (B4) | (B3) | (B2)| (B1) | (BO)
A, Y Y Y A
— | seq | die|Calc | — | — | Am| THig| — | — | — | — | cal ROp‘?“f“‘)” Event
(815-B12)| (B11) | (B10)| (B9) | (B8) | (B7)| (B6) | (BS) | (B4) | (B3) | (B2) | (B1) | (BO) | “8'Ste"
A
—© ’
—©
A
or ®
©)
&
— Seq Idle [Calc | — | — | Arm| Trig| — | — | — | — | cal g]g%@'g: liESvt:?t
(B15-B12)| (B11) | (B10)| (B9) | (B8)| (B7)| (B6)| (B5) | (B4) | (B3) | (B2)| (B1) | (BO) 5

(See Figure 3-13).

Figure 3-7
Operation event status

Seq = Sequnce Test Running

Calc = Calcul
Idle = Idle
Arm = Waitin,
Layer

ating Reading

g in an Arm

Trig = Waiting in Trigger Layer
Cal = Calibrating

& = Logical AND
OR = Logical OR

PTR = Positive Transition Filter
NTR = Negative Transition Filter
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Figure 3-8
Arm event status

3-10

From ORed
Summary of
Sequence Event
Status (See
Figure 3-7).

OR

A

—

To Bit B6 (Arm) of
Operation Event
Condition Register
(See Figure 3-5).

Y
Ay seal |
(B15)[ (B14-B2) | (B1) | (BO)
0
A Y
Seql
(B15)| (B14-B2) |[(B1) | (BO)
0
A Y
Seq1
(B15)[ (B14-B2) |(B1) | (BO)
0
&
A
&
Seq1
(B15)| (B14-B2) |(B1) | (BO)

Arm
Condition Register

ETR_ Arm
NTR Transition Filter

Arm Event
Register

Arm Event
Enable Register

Seq 1 = Sequence 1 (Set bit indicates that the
6517 is in the arm layer of Sequence 1)

& = Logical AND
OR = Logical OR
PTR = Positive Transition Register

NTR = Negative Transition Register
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l

To Sequence 1 Bit
(Seq 1) of Arm
Event Condition
Register (See
Figure 3-8).

Figure 3-9
Sequence event status

OR

Always Lay2 | Layl
Zero _ J—
(B15)| (B14-B3) (B2) | (B1) | (BO)
0
Y Y Y
Lay2 | Lay]1
(B15)| (B14-B3) (B2) | B1) | (BO)
0
Y Y Y
Lay2 | Layl
(B15)| (B14 - B3) (B2) [ B1) | (BO)
0
&
A
&y
A ®
Lay2 | Layl
(B15)| (B14-B3) (B2) | (B1) | (BO)

Sequence
Condition Register

PTR
_ Sequence

NTR Transition Filter

Sequence Event
Register

Sequence Event
Enable Register

Lay1 = Layer 1 (Set bit indicates that 6517 is in arm layer 1).
Lay2 = Layer 2 (Set bit indicates that 6517 is in arm layer 2).

& = Logical AND
OR = Logical OR

PTR = Positive Transition Register
NTR = Negative Transition Register

311
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Figure 3-10

Trigger event status

312

OR

A

—

To Waiting for Trigger
Bit (Trig) of Operation
Event Condition Register
(See Figure 3-7).

Always Seql
Zero —_— _
(B15)| (B14-B2) | (B1) | (BO)
0
Y Y

Seq1
(B15( (B14-B2) |B1) | (BO)
0
Y Y

Seq1
(B15)| (B14-B2) | (B1) | (BO)
0
&
A

&

Seq1
(B15)| (B14-B2) | (B1) | (BO)

Trigger
Condition Register

PTR .
— — Trigger
NTR Transition Filter

Trigger Event
Register

Trigger Event
Enable Register

Seq 1 = Sequence 1 (Set bit indicates that the
6517A is in the trigger layer of Sequence 1)

& = Logical AND
OR = Logical OR
PTR = Positive Transition Register

NTR = Negative Transition Register



To Measurement
Summary Bit
(MSB) of Status
Byte Register.
(See Figure 3-13)

Figure 3-11
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Measurement
Condition Register

PTR  Measurement

NTR  Transition Filter

Measurement Event

OR

Always
Zero |VSC | FLC | OL | BPT | SRA | BFL | BHF | BAV | RUF | RAV | HL2 | LL2 | HL1 | LL1 |ROF
®15) |[B14)|B13)|B12)|B11)|B10)| BY) | B8) | B7) | B6) | B5) | B4 | B3) | B2) | B1) | BO)
0
Y
Always BPT BFL | BHF | BAV | RUF | RAV | HL2 | LL2 | HL1 | LLT |ROF
Zero |vsC | FLC | oL |[——] srA |— —|— —|——|——|——|——|——|——|——|——
®15) |(B14)|(B13)|B12)|B11)[B10)| B9 | B8) | B7) | B6) | B5) | B4) | B3) | B2) | B1) | BO)
0
Y
Always
Zero | VSC | FLC | OL | BPT | SRA | BFL | BHF | BAV | RUF | RAV | HL2 | LL2 | HL1 | LLT |ROF
®15) |B14)|B13)|B12)|B11) [B10)| B9 | B8) | B7) | B6) | B5) | B4) | B3) | B2 | B1) | BO)
0
()
\
©
0)
®
®
r&b
p
® 3
O
®
®
© 3
©
®
©
¥
— |vsc | FLc | oL | BPT [SRA | BFL [BHF | BAV | RUF |RAV | HL2 | LL2 | HLT | LLT |ROF
®15) [B14)|B13)|B12)|B11)|B10) | (B9) | B8) | B7) | BE) | B5) | B4) | B3) | B2) | B1) | (BO)

Measurement event status

VSC = V-Source Compliance
FLC = Fixture Lid Closed

OL = Out of Limits
BPT = Buffer Pretriggered

SRA = Sequence Reading Available

BFL = Buffer Full

BHF = Buffer Half Full
BAV = Buffer Available
RUF = Reading Underflow
RAV = Reading Available
HL2 = High Limit 2
LL2 = Low Limit 2

HL1 = High Limit 1

LLT = Low Limit 1

ROF = Reading Overflow

& = Logical AND

OR = Logical OR

PTR = Positive Transition Filter
NTR = Negative Transition Filter

Register

Measurement Event
Enable
Register

3-13
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Always | Warn Seq | Coul |[Ohms| Hum | Cal Temp Amp | Volt | Questionable
Zero —_ — — | — Condition
(B15) | (B14)[(B13)[(B12)|(B11)| (B10)| (B9) | (B8) (B7 - B5) (B4) | (B3) | (B2) | (BT) | (BO) Register
0
Y Y Y Y Y Y Y Y Y Y
Always | Warn Seq | Coul |[Ohms| Hum | Cal Temp Amp [ Volt | PTR Questionable
Zero | — == == —f——[——=]——]— —[ = = — — — ==~ |- Transition
(B15) | (B14)| (B13)| (B12)[ (B11)[ (B10)[ (B9) | (B8) (B7 - B5) (B4) | (B3) | (B2) [ (BT) | (BO) | NTR Filter
0
A Y Y A A Y Y Y A A
Always | warn Seq | Coul |[Ohms| Hum | Cal Temp Amp | Volt | Questionable
Zero J— — | — Event
(B15) [(B14)|(B13)|(B12)|(B11)|(B10)| (B9) | (B8) (B7 - B5) (B4) | (B3) | (B2) | (B1) | (BO) Register
—_— 0
&
P 3
5 )
- e
¢
- \8: !
- Q) ]
OR (e
P
- O \
To Questionable - @‘) Y
Summary Bit - y r&s
(QSB) of Status \‘ y
Byte Register -t &
(See Figure 3-13). ——
Warn Seq | Coul |[Ohms| Hum | Cal Temp Amp | Volt | Questionable
J— — — | — Event Enable
(B15) [(B14)|(B13)|(B12)|(B11)|(B10)| (B9) | (B8) (B7 - B5) (B4) | (B3) | (B2) | (B1) | (BO) Register

Warn = Command Warning
Seq = Sequence Test Summary
Coul = Coulombs Summary
Ohm = Ohms Summary

Hum = Humidity Summary

Figure 3-12
Questionable event status

3.8.1 Condition registers

As shown in the illustrations, all status register sets, except
the standard event status register set, have a condition regis-
ter. A condition register is areal-time read-only register that
constantly updates to reflect the current operating conditions
of the instrument. For example, while a calculation is being
performed, bit B9 (Calc) of the Operation Condition Regis-
ter is set. When the calculation is completed, bit B9 clears.

The :CONDition? query commands in the STATus Sub-
system are used to read the condition registers. See para-
graph 3.20 for details.

3.8.2 Transition filters

As shown in the illustrations, all status register sets, except
the standard event status register set, have atransition filter.
A transition filter is made up of two registers that are pro-
grammed by the user. It is used to specify which transition (0
to 1, or 1to O) in the corresponding condition register will set
the corresponding bit in the event register.
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Cal = Calibration Summary
Temp = Temperature Summary
Amp = Amps Summary

Volt = Volts Summary

& = Logical AND

OR = Logical OR

PTR = Positive Transition Register
NTR = Negative Transition Register

A filter can be programmed for positive transitions (PTR),
negative transitions (NTR) or both. When an event is pro-
grammed for a positive transition, the corresponding bit in
the event register sets when the corresponding bit in the con-
dition register changes for 0 to 1. Conversely, when pro-
grammed for anegativetransition, the bit in the event register
sets when the corresponding bit in the condition register
changesfrom 1to 0.

The :PTR and :NTR commands in the Status Subsystem are
used to set or clear the individual bits of the transition filter
registers, while the :PTR? and :NTR? query commands are
used to read the registers (see paragraph 3.20 for details).
Reading a transition filter register does not affect its bit pat-
tern.

The following operations set (1) al bits of all PTR registers
and clear (0) all bitsof all NTR registers:

¢ Cycling power
* Sending :STATus.PRESet



3.8.3 Event registers

As shown in the illustrations, each status register set has an
event register. An event register isalatched, read-only regis-
ter whose bits are set by the corresponding condition register
and transition filter. Once a bit in an event register is set, it
remains set (latched) until the register is cleared by a specific
clearing operation. The bits of an event register arelogically
ANDed with the bits of the corresponding enable register
and applied to an OR gate. The output of the OR gateis ap-
plied to another register set or to the Status Byte Register.

The* ESR? Common Command is used to read the Standard
Event Register (see paragraph 3.11.3). All other event regis-
ters are read using the [:EVENT]? query commands in the
STATus Subsystem (see paragraph 3.20).

An event register is cleared when it is read. The following
operations clear all event registers:

e Cycling power
e Sending *CLS

3.8.4 Enable registers

As shown in the illustrations, each status register set has an
enableregister. An enableregister is programmed by the user
and serves as amask for the corresponding event register. An
event bit is masked when the corresponding bit in the enable
register iscleared (0). When masked, aset bit in an event reg-
ister cannot set abit in afollowing register set or in the Status
Byte Register (LAND 0 =0).

To use the Status Byte Register to detect events (i.e. serid
poll), you must unmask the events by setting (1) the appro-
priate bits of the enable registers.

The Standard Event Status Enable Register is programmed
and queried using the *ESE and *ESE? Common Com-
mands respectively (see paragraph 3.11.2). All other enable
registers are programmed and queried using the :ENABIle
and :ENABIe? commands in the STATus Subsystem (see

paragraph 3.20).

An enableregister is not cleared when it isread. The Enable
registers are affected by the following operations:

¢ Cycling power — Clears all enable registers

» :STATus:PRESet clears the following enable registers:

Operation Event Enable Register
Questionable Event Enable Register
Measurement Event Enable Register
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» :STATus.PRESet sets al hits of the following enable
registers:

Trigger Event Enable Register
Arm Event Enable Register

Sequence Event Enable Register

« *ESE 0 — Clears the Standard Event Status Enable
Register.

3.85 Queues

The Model 6517A uses two queues; the Output Queue and
the Error Queue. The queues arefirst-in first-out (FIFO) reg-
isters. The Output Queue is used to hold readings and re-
sponse messages, and the Error Queue is used to hold error
messages and status messages. The Model 6517A status
model (Figure 3-5) shows how the two queues are structured
with the other registers.

Output Queue — The Output Queueisused to hold datathat
pertainsto the normal operation of the instrument. For exam-
ple, when a query command is sent, the response message is
placed in the Output Queue.

When data is placed in the Output Queue, the Message
Available (MAV) bit in the Status Byte Register sets. A data
message is cleared from the Output Queue when it is read.
The Output Queueisconsidered cleared whenitisempty. An
empty Output Queue clears the MAV hit in the Status Byte
Register.

A message from the Output Queue isread by addressing the
Model 6517A to tak after the appropriate query is sent.

Error Queue — The Error Queue is used to hold error mes-
sages and status messages. When an error or status event oc-
curs, a message that defines the error/status is placed in the
Error Queue. This queue will hold up to 10 messages.

When a message is placed in the Error Queue, the Error
Available (EAV) bit in the Status Byte Register is set. An er-
ror message is cleared from the Error/Status Queue when it
is read. The Error Queue is considered cleared when it is
empty. An empty Error Queue clearsthe EAV bit in the Sta-
tus Byte Register. An error message from the Error Queueis
read by sending either of the following SCPI query com-
mands and then addressing the Model 6517A to talk:

:SY STem:ERRor?
:STATus.QUEuUe?

Refer to paragraphs 3.20.7 (:STATus.QUEue?) and 3.21.5

(:SY STem:ERRor?) for compl ete information on reading er-
ror messages.
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3.8.6 Status byte and service request (SRQ) For description of the other bitsin the Status Byte Register,
refer to paragraph 3.11.12.

Servicereguest iscontrolled by two 8-bit registers; the Status

Byte Register and the Service Request Enable Register. The  The |EEE-488.2 standard uses the following common query

structure of these registers is shown in Figure 3-13. command to read the Status Byte Register:

Status Byte Register — The summary messages from the *STB?

status registers and queues are used to set or clear the appro-

priate bits (BO, B2, B3, B4, B5 and B7) of the Status Byte When reading the Status Byte Register using the *STB?
Register. These hits do not latch and their states (0 or 1) are command, bit B6 is called the MSS bit. None of the bitsin
g)|e|y dependent onthe summary messages (0 or 1)_ For ex- the Status Byte Register are cleared when usi ng the *STB?
ample, if the Standard Event Status Register is read, its reg- command to read it.

ister will clear. Asaresult, its summary message will reset to

0, whichin turnwill clear the ESB bit in the Status Byte Reg- The |EEE-488.1 standard has aserial poll sequence that also

ister. reads the Status Byte Register and is better suited to detect a
service request (SRQ). When using the serial poll, bit B6 is
Bit B6 in the Status Byte Register is either: called the RQS bit. Serial polling causes bit B6 (RQS) to re-

set. Serial polling is discussed in more detail later in this
e The Master Summary Status (MSS) hit, sent in re- paragraph (see Serial Poll and SRQ).

sponse to the * STB? command, indicates the status of

any set bits with corresponding enable bits set. Any of the following operations clear all bits of the Status
« The Request for Service (RQS) hit, sent in response to Byte Register:

aseria poll, indicates which device was requesting ser-

vice by pulling on the SRQ line. * Cycling power.

¢ Sending the * CLS common command.

Status Summary Messages

| ¥ l l l l l ~—— Read by Serial Poll
A

Service *STB? RQS

Request " | 0SB | (B6) | ESB | MAV| QSB | EAV | — | MSB | Status Byte

Generation Serial Poll | (B7) | pmss | (B5) | (B4) | (B3) | (B2) [ (B1) | (BO) Register

‘ * -4—— Read by *STB?

OR

()t
O

Aunuui
) -

®

"SRE 1 0s | — | ESB | MAV| QSB | EAV | — | MsB | Service Request
«SRE? | (B7) | B6) | (B5) | (B4) | (B3) | (B2) | (B1) | (Bo) | Enable Register

OSB = Operation Summary Bit
MSS = Master Summary Status
RQS = Request for Service

ESB = Event Summary Bit

MAV = Message Available

QSB = Questionable Summary Bit
EAV = Error Available

MSB = Measurement Summary Bit

& = Logical AND
OR = Logical OR

Figure 3-13
Satus byte and service request (SRQ)
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NOTE
The MAV bit may or may not be cleared.

Service Request Enable Register — This register is pro-
grammed by the user and serves as a mask for the Status
Summary Message hits (BO, B2, B3, B4, B5 and B7) of the
Status Byte Register. When masked, a set summary bit in the
Status Byte Register cannot set bit B6 (MSS/RQS) of the
Status Byte Register. Conversely, when unmasked, a set
summary bit in the Status Byte Register sets bit B6.

A Status Summary Message bit in the Status Byte Register is
masked when the corresponding bit in the Service Request
Enable Register is cleared (0). When the masked summary
bit in the Status Byte Register sets, it iSANDed with the cor-
responding cleared bit in the Service Request Enable Regis-
ter. The logic 107 output of the AND gate is applied to the
input of the OR gate and thus, will not set the M SS/RQS bit
in the Status Byte Register.

A Status Summary Message bit in the Status Byte Register is
unmasked when the corresponding bit in the Service Request
Enable Register is set (1). When the unmasked summary bit
in the Status Byte Register sets, it isSANDed with the corre-
sponding set bit in the Service Request Enable Register. The
logic “1" output of the AND gate is applied to the input of
the OR gate and thus, sets the MSS/RQS bit in the Status
Byte Register.

The individual bits of the Service Request Enable Register
can be set or cleared by using the following common com-
mand (see paragraph 3.11.11 for details):

*SRE <NRf>

The Service Request Enable Register can be read using the
following common query command (see paragraph 3.11.11
for details):

*SRE?

The Service Request Enable Register is not cleared when it
is read using the * SRE? query command. The Service Re-
guest Enable Register clears when power is cycled or a pa-
rameter (n) value of zero is sent with the * SRE command
(*SRE 0).

Serial poll and SRQ

Any enabled event summary bit that goesfrom Oto 1 will set
RQS and generate a service request (SRQ). The user's test
program can periodically read the Status Byte Register to
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check to see if a service request (SRQ) has occurred and
what caused it. In the event of an SRQ, the program can, for
example, branch to an appropriate subroutine that will ser-
vicetherequest. Typicaly, service requests (SRQs) are man-
aged by the seria poll sequence of the Model 6517A. If an
SRQ does not occur, bit B6 (RQS) of the Status Byte Regis-
ter will remain cleared and the program will simply proceed
normally after the serial poll is performed. If an SRQ does
occur, bit B6 of the Status Byte Register will set and the pro-
gram can branch to a service subroutine when the SRQ isde-
tected by the serial poll.

The seria poll automatically resets RQS of the Status Byte
Register. This will alow subsequent serial polls to monitor
Bit 6 for an SRQ occurrence generated by other event types.
After a seria poll, the same event can cause another SRQ,
even if the event register which caused the first SRQ has not
been cleared.

A seria poll clears RQS but does not clear MSS. The MSS
bit will stay set until al Status Byte event summary bits are
cleared.

The following QuickBASIC 4.5 program (using the KPC-
488.2 interface and the CECHP driver) demonstrates how se-
rial poll can be used to detect an SRQ.

as
CPEN "i eee" FCR QJTPUT AS #1
CPEN "ieee" FCR INPUT AS #2

PRINT #1, "output 27, *cls" ' Qear Satus Byte
Regi st er

PRNT #1, "output 27; *ese 32" ' Umask  cormand
errors

PRNT #1, "output 27; *sre 32" ' Uhnask event sum
nary nessage

PRNT #1, "output 27; *ese" ' BEror - mssing
par anet er

S EP 1

PRINT #1, "SPQL 27" ' Serial poll 6517A

INPUT #2, S ' Read Satus Byte
Regi st er

S=S®191 " (R register wth
a nask

IF S =255 THEN QBB srq

G to subroutine to acknow edge SRQ

END I F

PR NT

END

srq:

PRNT "SRQHas Qcecurred A RB (bit B6) is set (1)
RETURN
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3.9 Trigger Model (IEEE-488 operation)

Thefollowing information describes the operati on process of
the Model 6517A over the IEEE-488 bus. The flowchart in
Figure 3-14, which summarizes operation over the bus, is
called the Trigger model. It is called the trigger model be-
cause operation is controlled by SCPI commands from the
Trigger subsystem (see paragraph 3.23. Noticethat key SCPI
commands are included in the trigger model.

Idle and initiate

The instrument is considered to be in the idle state whenever
itisnot operating within one of the layers of the trigger mod-
el. The front panel ARM indicator is off when the instrument
isintheidle state. Whilein theidle state, the instrument can-
not perform any measure or scan functions. Over the bus,
therearetwo SCPI commands that can be used to take thein-
strument out of the idle state; :INITiate or :INITiate:CON-
Tinuous ON.

Notice that with continuous initiation enabled (:INIT:CONT
ON), the instrument will not remain in the idle state after all
programmed operations are completed. However, the instru-
ment can be returned to the idle state at any time by sending
the *RST command, the *RCL command, or the
SY ST:PRES command.

Trigger model layers

As can be seen in Figure 3-14, the trigger model uses three
layers, Arm Layerl, Arm Layer 2 and the Trigger Layer. For
front panel operation, these layers are known as the Arm
Layer, Scan Layer and Measure Layer.

Once the Model 6517A istaken out of the idle state, opera-
tion proceeds through the layers of the trigger model down
to the device action where a measurement occurs.

Control sources — In general, each layer contains a control
source which holds up operation until the programmed event
occurs. The control sources are summarized as follows:

« IMMediate — With this control source selected, event
detection isimmediately satisfied allowing operation to
continue.

* MANual — Event detection is satisfied by pressing the
TRIG key. Note that the Model 6517A must be taken
out of remote before it will respond to the TRIG key.
Press LOCAL or send LOCAL 27 over the bus to take
the instrument out of remote.

* BUS — Event detection is satisfied when a bus trigger
(GET or *TRG) isreceived by the Model 6517A.
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e TIMer — Event detection is immediately satisfied on
the initial pass through the layer. Each subsequent de-
tection is satisfied when the programmed timer interval
(1 t0 999999.999 seconds) elapses. A timer resetsto its
initial state when operation loops back to a higher layer
(or idle). Note that TIMer isnot available in Arm Layer
1

e EXTernal — Event detection is satisfied when an input
trigger viathe EXTERNAL TRIGGER connector isre-
ceived by the Model 6517.

e TLINk — Event detection is satisfied when an input
trigger viathe TRIGGER LINK isreceived by the Mod-
el 6517.

e RTCLock — Event detection is satisfied when the pro-
grammed time and date occurs. Note that the real-time
clock isonly available as a control source for Arm Lay-
erl

¢ HOLD — With this selection, event detection is not sat-
isfied by any of the above control source events and op-
eration is held up.

Control source loops — As can be seen in the flowchart,
each layer hasthree pathsthat allow operation to loop around
the control source. These three paths are described as fol-
lows:

« :DIRection (Source Bypass) — When a source bypass
is enabled (:DIRection SOURce) and the EXTernal or
TLINK control source is selected, operation will loop
around the control source on theinitia passthrough the
layer. If programmed for another event detection in the
layer, the bypass loop will not be in effect even though
itisstill enabled. The bypassloop resets (bein effect) if
operation loops back to ahigher layer (or idle).

InArm Layer 1 and Arm Layer 2, enabling a source bypass
al so enabl es the respective output trigger. Inthe Trigger Lay-
er, itsoutput trigger is always enabled and occurs after every
device action. See Output Triggers for more information.

¢ :IMMediate — Each time an :IMMediate command is
sent, operation loops around the respective control
source. It is used when you do not wish to wait for the
programmed event to occur (or when the HOL D control
source is selected). Note that in Arm Layer 1 and the
Trigger Layer, :IMMediate a so loops operation around
the delays.

¢ :SIGNa — Samefunction asan :IM M ediate command.

Delays — Arm Layer 2 and the Trigger Layer have a pro-
grammable Delay (0 to 999999.999 seconds) that is asserted
after an event detection. Note, however, that a Delay can be
bypassed by sending an :IMMediate or :SIGNa command.
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Figure 3-14

* Selecting alternate interface (GPIB or R$-232)
or selecting alternate GPIB language (SCPI or DDC).
**; SYSTem : PRESet and * RST default

Trigger Model (IEEE-488 bus operation)
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Device Action — The primary device action is a measure-
ment. However, the device action could include a function
change and achannel scan (if scanner isenabled). A channel
is scanned (closed) before a measurement is made. When
scanning internal channels, the previous channel opens and
the next channel closes (break-before-make). Also included
in the device action isthe internal settling time delay for the

relay.

Output Triggers — InArm Layers 1 and 2, the output trig-
gers are enabled only if their respective source bypasses are
also enabled. If a TLINK control source is selected, the out-
put trigger pulse is available on the selected TRIGGER
LINK output line. For al other control source selections, the
trigger pulse is available at the METER COMPLETE con-
nector.

Inthe Trigger Layer, the output trigger is always enabled and
occurs after every device action. If the control sourceis set
for EXTernal, IMMediate, MANual, BUS or TIMer, the out-
put trigger pulse is available at the METER COMPLETE
connector. If the TLINK control source is selected, output
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trigger action occurson the selected TRIGGER LINK output
line asfollows:

* If the asynchronous Trigger Link mode is selected, the
output trigger pulse is available on the programmed
output line.

« |f the semi-synchronous Trigger Link mode is selected
and the source bypass is disabled (:trig:tcon:dir acc),
the Trigger Link lineis released (goes high).

« If the semi-synchronous Trigger Link mode is selected
and the Source Bypass is enabled (:trig:tcon:dir sour),
the Trigger Link line is pulled down low and then re-
leased.

Counters — All three layers use programmable counters
which allow operation to return to or stay in the respective
layer. For example, programming the Trigger Layer counter
for infinity (:trig:coun inf) keeps operation in the Trigger
Layer. After each device action and subsequent output trig-
ger, operation loops back to the Trigger Layer control source.
A counter resets when operation |oops back to a higher layer
(oridle).
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3.10 Programming syntax

The following information covers syntax for both common commands and SCPI commands.
For information not covered here, refer to the |EEE- 488.2 and SCPI standards.

Command words

Program messages are made up of one or more command words.

1. Commands and command parameters: Common commands and SCPI commands may
or may not use a parameter. Examples:

*SAV <NRf> Parameter (NRf) required.
*RST No parameter used.
:INITiate: CONTinuous <b> Parameter (<b>) required.
:SY STem:PRESet No parameter used.

Note that there must be at least one space between the command word and the parameter.

Brackets [ ]: There are command words that are enclosed in brackets ([]). These brackets
are used to denote an optional command word that does not need to beincluded in the pro-
gram message. For example:

:INITiate[:|MMediate]

The brackets indicate that :IMMediate isimplied (optional) and does not have to be used.
Thus, the above command can be sent in one of two ways:

JINITiate or :INITiate:IMMediate

Notice that the optional command is used without the brackets. Do not include the brack-
ets when using an optional command word.

Parameter types: Some of the more common parameter types are explained as follows:

<b> Boolean: Used to enable or disable an instrument operation. 0 or OFF dis-
ables the operation, and 1 or ON enables the operation. Example:
:CURRent:DC:RANGe:AUTO ON Enable auto-ranging.
<name> Name parameter: Select a parameter name from alisted group. Example:
<name> = NEVer
= NEXt
=ALWays
= PRETrigger

:TRACe:FEED:CONTrol PRETrigger

<NRf> Numeric representation format: This parameter is a number that can be ex-
pressed as an integer (e.g., 8), a real number (e.g., 23.6) or an exponent
(2.3E6). Example:

:STATus:MEASurement:ENABIe  Set bit B2 of enable register

321
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<n> Numeric value: A numeric value parameter can consist of an NRf number or
one of the following name parameters; DEFault, MINimum or MAXimum.
When the DEFault parameter is used, the instrument is programmed to the
*RST default value. When the MINimum parameter is used, the instrument
is programmed to the lowest allowable value. When the MA Ximum param-
eter isused, theinstrument is programmed to the largest allowable value. Ex-
amples:

‘TRIGger:TIMer 0.1 Sets timer to 100msec.
‘TRIGger:TIMer DEFault Setstimer to 0.1sec.
‘TRIGger:TIMer MINimum  Setstimer to Imsec.
‘TRIGger:TIMer MAXimum  Setstimer to 999999.999sec.

<list> List — Specify one or more switching channels. Examples:
:ROUTe:SCAN (@1:10) Specify scan list (1 through 10).
:ROUTe:SCAN (@ 2,4,6) Specify scan list (2, 4 and 6).

Angle brackets < >: Angle brackets (<>) are used to denote parameter type. Do not include
the brackets in the program message. For example:

:SOURceTTL2 <b>

The <b> indicates that a Boolean type parameter is required. Thus, to set digital input line
#2 true, you must send the command with the ON or 1 parameter as follows:

:SOURce:TTL2 ON or :SOURceTTL2 1

. Query commands: Thistype of command requests (queries) the currently programmed sta-

tus. Itisidentified by the question mark (?) at the end of the fundamental form of the com-
mand. Most commands have a query form. Example:

‘TRIGger: TIMer? Queriesthe timer interval.

Most commands that require a numeric parameter (<n>) can also use the DEFault, MINi-
mum, and MA Ximum parameters for the query form. These query forms are used to deter-
minethe* RST default value, and the upper and lower limitsfor the fundamental command.
Examples:

‘TRIGger:TIMer? DEFault Queriesthe *RST default value.
‘TRIGger:TIMer? MINimum  Queriesthe lowest alowable value.
‘TRIGger: TIMer? MAXimum Queriesthe largest allowable value.

. Case sensitivity: Common commands and SCPI commands are not case sensitive. You can

use upper or lower case, and any case combination. Examples:

*RST = *rst
:SCAN? = :scan?
:SYSTem:PRESet = :system:preset

. Long-form and short-form versions: A SCPI command word can be sent in itslong-form

or short-form version. The command subsystem tables in this section provide the com-
mandsin thelong-form version. However, the short-form version isindicated by upper case
characters. Examples:
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:SYSTem:PRESet  Long-form
:SYST:PRES Short-form
:SY STem:PRES Long and short-form combination

Note that each command word must be in long-form or short-form, and not something in
between. For example, :SY STe:PRESe isillegal and will generate an error. The command
will not be executed.

Short-form rules: The following rules can be used to determine the short-form version of
any SCPI command or parameter:

A. If thelength isfour letters or less, there is no short-form version. Example:
‘auto = :auto
B. Thefollowing rules apply to words that exceed four |etters:

a If thefourth letter of the word isavowel, deleteit and all the letters after it. Exam-
ple:

:immediate = :imm
Note: The“y” in POLynomial is avowel. Thus, polynomial = pol.

b. If the fourth letter of the word is a consonant, retain it but drop all the letters after
it. Example:

:output = :outp

C. If thereis a question mark (?; query) or a non-optional number included in the com-
mand word, it must be included in the short- form version. Examples:

:delay? = :del?:layer2 = :lay2

D. Aspreviously explained, command words or characters that are enclosed in brackets
([) are optional and need not be included in the program message.
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Program messages

A program message is made up of one or more command words sent by the computer to thein-
strument. Each common command is simply athree |etter acronym preceded by an asterisk (*).
SCPI commands are categorized into subsystems and are structured as command paths. Thefol-
lowing command paths are contained in the :STATus subsystem and are used to help explain
how command words are structured to formulate program messages.

:STATus Path (Root)
:OPERation Path
:PTRansition <NRf> Command and parameter
:NTRansition <NRf> Command and parameter
:ENABIle <NRf> Command and parameter
:PRESet Command

1. Single command messages: There are three levels to the above command structure. The

first level is made up of the root command (:STATus) and serves as a path. The second level
ismade up of another path (:OPERation) and acommand (:PRESet). Thethird path ismade
up of three commands for the :OPERation path. The four commands in this structure can
be executed by sending four separate program messages as follows:

:stat:oper:ptr <NRf>
:stat:oper:ntr <NRf>
:stat:oper:enab <NRf> :stat:pres

In each of the above program messages, the path pointer starts at the root command (:stat)
and moves down the command levels until the command is executed.

. Multiple command messages: Multiple commands can be sent in the same program mes-
sage as long as they are separated by semicolons (;). Example showing two commandsin
one program message:

‘Stat:pres; :stat:oper:enab <NRf>

When the above message is sent, the first command word is recognized as the root com-
mand (:stat). When the next colon is detected, the path pointer moves down to the next com-
mand level and executes the command. When the path pointer sees the colon after the
semicolon (;), it resets back to the root level and starts over.

Commands that are on the same command level can be executed without having to retype
the entire command path. Example:

.stat:oper:enab <NRf>; ptr <NRf>; ntr <NRf>

After the first command (:enab) is executed, the path pointer is at the third command level
in the structure. Since :ptr and :ntr are also on the third level, they can be typed in without
repeating the entire path name. Notice that the leading colon for :ptr and :ntr are not includ-
ed in the program message. If acolon wereincluded, the path pointer would reset to the root
level and expect aroot command. Since neither :ptr nor :ntr are root commands, an error
would occur.
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3. Command path rules:

A. Each new program message must begin with the root command, unless it is optional
(e.g., [:SENSq]). If theroot is optional, simply treat a command word on the next level
astheroot.

B. Thecolon (:) at the beginning of a program message is optional and need not be used.
Example:

‘stet:pres = stat:pres

C. When the path pointer detectsacolon (:) it will move down to the next command level.
An exception iswhen the path pointer detects asemicolon (;), which isused to separate
commands within the program message (see next rule).

D. When the path pointer detects a colon (:) that immediately follows a semicolon (}), it
resets back to the root level.

E. Thepath pointer can only move down. It cannot be moved up alevel. Executing acom-
mand at a higher level requires that you start over at the root command.

4. Using common commands and SCPlI commands in same message: Both common com-
mands and SCPI commands can be used in the same message as long as they are separated
by semicolons (;). A common command can be executed at any command level and will not
affect the path pointer. Example:

:stat:oper:enab <NRf>; ptr <NRf>; *ESE <NRf>; ntr <NRf>

5. Program Message Terminator (PMT): Each program message must be terminated with an
LF (line feed), EOI (end or identify) or an LF + EOI. The bus will hang if your computer
does not provide this termination. The following example shows how a multiple command
program message must be terminated:

:rout:open al; scan (@1:5) <PMT>

6. Command execution rules:
A. Commands are executed in the order that they are presented in the program message.
B. Aninvalid command will generate an error and, of course, not be executed.
C. Valid commands that precede an invalid command in a multiple command program
message will be executed.
D. Vaid commandsthat follow aninvalid command in amultiple command program mes-
sage will beignored.
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Response messages

A response message isthe message sent by the instrument to the computer in responseto aquery
command program message.

1. Sending a response message: After sending a query command, the response message is

placed in the Output Queue. When the Model 6517A isthen addressed to talk, the response
message is sent from the Output Queue to the computer.

. Multiple response messages:

GPIB — If you send more than one query command in the same program message (see
Multiple command messages), the multiple response message for all the queriesis sent to
the computer when the Model 6517A is addressed to talk. The responses are sent in the or-
der that the query commands were sent and are separated by semicolons (;). Items within
the same query are separated by commas (,). The following example shows the response
message for a program message that contains four single item query commands:

0,1, 1,0

RS-232 Interface — Instead of commas, a <CR>, <LF> will separate each response from
multiple queries in the same program message.

. Response Message Terminator (RMT): Each response message is terminated with an LF

(line feed) and EOI (end or identify). The following example shows how a multiple re-
sponse message is terminated:

0;1; 1, 0<RMT>

Message exchange protocol
The message exchange protocol can be summarized by the two following rules:

Rule 1. You must always tell the Model 6517A what to send to the computer.

The following two steps must always be performed, in this order, to send information from the
instrument to the computer:

1. Send the appropriate query command(s) in a program message.
2. Addressthe Model 6517A to talk.

Rule 2. The complete response message must be received by the computer before another
program message can be sent to the Model 6517A.
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Common commands (summarized in Table 3-2) are device commands that are common to all devices on the bus. These com-
mands are designated and defined by the |EEE-488.2 standard.

Table 3-2

|EEE-488.2 common commands and queries

Mnemonic Name Description

*CLS Clear status Clears all event registers, and Error Queue.

*ESE <NRf> Event Enable command Program the Standard Event Enable Register.

*ESE? Event Enable query Read the Standard Event Enable Register.

*ESR? Event status register query Read the Standard Event Status Register and clear it.

*IDN? I dentification query Returns the manufacturer, model number, serial number, and firm-
ware revision levels of the unit.

*OPC Operation complete command Sets the Operation Complete bit in the Standard Event Status Regis-
ter after all pending commands have been executed.

*OPC? Operation complete query Placesan ASCII “1” into the output queue when all pending selected
device operations have been completed.

*OPT? Option identification query Returns an ID code that indicates which memory option isinstalled
and whether or not the optional scanner card isinstalled.

*RCL <NRf> Recall command Returns the Model 6517A to the setup configuration stored in the
specified memory location.

*RST Reset command Returns the Model 6517A to the * RST default conditions.

*SAV <NRf> Save command Saves the current setup to the specified memory location.

*SRE <NRf> Service request enable command | Programs the Service Request Enable Register.

*SRE? Service request enable query Reads the Service Request Enable Register.

*STB? Read status byte query Reads the Status Byte Register.

*TRG Trigger command Sends a bustrigger to the 6517A.

*TST? Self-test query Performs a checksum test on ROM and returns the result.

*WAI Wait-to-continue command Wait until all previous commands are executed.

3.11.1 *CLS —clear status

Description

6517A:

Clear status registers and error queue.

The*CLS command is used to clear (reset to 0) the bits of the following registersin the Model

Standard Event Status Register
Operation Event Register

Error Queue Trigger Event Register
Sequence Event Register

Arm Event Status Register
Measurement Event Register
Questionable Event Register

This command also forces the instrument into the operation complete command idle state and
operation complete query idle state.
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*ESE <NRf>—event enable  Program the Standard Event Enable Register
ESE? — event enable query  Read the Standard Event Enable Register

Parameters

Description

<NRf>= 0 Clear register
1 Set OPC (B0)
4 Set QYE (B2)
8 Set DDE (B3)
16 Set EXE (B4)
32 Set CME (B5)
64 Set URQ (B6)
128 Set PON (B7)
255 Set al bits

The *ESE command is used to program the Standard Event Enable Register. This command is
sent with the decimal equivalent of the binary value that determines the desired state (0 or 1) of
the bitsin the register. This register is cleared on power-up.

Thisregister is used as amask for the Standard Event Status Register. When a standard event is
masked, the occurrence of that event will not set the Event Summary Bit (ESB) in the Status
Byte Register. Conversely, when a standard event is unmasked (enabled), the occurrence of that
event sets the ESB bit. For information on the Standard Event Status Register and descriptions
of the standard event hits, see paragraph 3.11.3. The Status Byte Register is described in para-
graph 3.8.6.

A cleared bit (0) in the enable register prevents (masks) the ESB bit in the Status Byte Register
from setting when the corresponding standard event occurs. A set bit (1) in the enable register
alows (enables) the ESB hit to set when the corresponding standard event occurs.

The Standard Event Enable Register is shown in Figure 3-15 and includes the decimal weight
of each bit. The sum of the decimal weights of the bits that you wish to be set is the parameter
value that is sent with the * ESE command. For example, to set the CME and QY E bits of the
Standard Event Enable Register, send the following command:

*ESE 36

where; CME (bit B5) = Decimal 32
QYE (bit B2) = Decimal 4
<NRf>= 36

If acommand error (CME) occurs, bit B5 of the Standard Event Status Register sets. If aquery
error (QYE) occurs, bit B2 of the Standard Event Status Register sets. Since both of these events
are unmasked (enabled), the occurrence of any one of them causesthe ESB bit in the Status Byte
Register to set.

The Standard Event Status Event Register can be read by using the *ESE? query command.
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Bit Position | B7 B6 | B5 B4 B3 B2 B1 BO

Event | PON |URQ [ CME [ EXE |DDE | QYE | — |OPC

Decimal Weighting | 128 | 64 | 32 16 8 4 - 1
(27) (26) (25) (24 (23%) (22) (29

Value | o1 | o1 | o/t o/t |on|on | —|on

Note : Bits B8 through B15 are not shown since they are not used.

Value : 1 = Enable Standard Event Events : PON = Power On
0 = Disable (Mask) Standard Event URQ = User Request
CME = Command Error
EXE = Execution Error
DDE = Device-dependent Error
QYE = Query Error
OPC = Operation Complete

Figure 3-15
Sandard Event Enable Register

3.11.3 *ESR? — event status register query Read the Standard Event Status Register and clear it.

Description

This command is used to acquire the value (in decimal) of the Standard Event Status Register

(see Figure 3-16). The binary equivalent of the returned decimal value determineswhich bitsin

theregister are set. Thisregister is cleared on power-up or when *CLS s sent.

A set bit in this register indicates that a particular event has occurred. For example, for an ac-

quired decimal value of 48, the binary equivalent is 00110000. For thisbinary value, bits B4 and
B5 of the Standard Event Status Register are set. These set bitsindicate that a device-dependent
error and command error have occurred.

Bit Position | B7 B6 B5 B4 B3 B2 B1 BO

Event | PON |URQ [ CME | EXE | DDE | QYE | — |OPC

Decimal Weighting | 128 | 64 32 16 8 4 — 1
@) | @) | @) | ey | e | ey (20

Value | o/1 | o/1 | o1 | o1 | o1 | o1 | — | O/

Note : Bits B8 through B15 are not shown since they are not used.

vent Bit Set Events : PON = Power On
vent Bit Cleared URQ = User Request
CME = Command Error
EXE = Execution Error
DDE = Device-dependent Error
QVYE = Query Error
OPC = Operation Complete

Value: 1=E
0=E

Figure 3-16
Sandard Event Satus Register
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The bits of the Standard Event Status Register are described as follows:

Bit BO, Operation Complete (OPC) — Set bit indicates that all pending selected device oper-
ations are completed and the Model 6517A isready to accept new commands. Thisbit only sets
in response to the * OPC? query command (see paragraph 3.11.6).

Bit B1 — Not Used.

Bit B2, Query Error (QYE) — Set bit indicates that you attempted to read data from an empty
Output Queue.

Bit B3, Device-dependent Error (DDE) — Set bit indicates that an instrument operation did
not execute properly due to some internal condition (such as setting conflict errors, and buffer
sizing and mismatch errors).

Bit B4, Execution Error (EXE) — Set bit indicates that the Model 6517A detected an error
while trying to execute a command.

Bit B5, Command Error (CME) — Set bit indicates that a command error has occurred. Com-
mand errorsinclude:

3. |EEE-488.2 syntax error: Model 6517A received amessage that does not follow the defined
syntax of the |EEE-488.2 standard.

4. Semantic error: Model 6517A received acommand that was misspelled, or received an op-
tional |EEE-488.2 command that is not implemented.

5. Theinstrument received a Group Execute Trigger (GET) inside a program message.

Bit B6, User Request (URQ) — Set bit indicates that the LOCAL key on the Model 6517A
front panel was pressed.

Bit B7, Power On (PON) — Set bit indicates that the Model 6517A has been turned off and
turned back on since the last time this register has been read.

3.11.4 *IDN?— identification query Read the identification code

Description

3-30

The identification code includes the manufacturer, model number, serial number, and firmware
revision levels, and is sent in the following format:

KEITHLEY INSTRUMENTSINC., MODEL 6517A, XXXXXXX, YYYYY/zzzzz

where;  xxxxxxx isthe serial number
yyyyy/zzzzz is the firmware revision levels of the digital board ROM and display
board ROM.
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3.11.5 *OPC — operation complete Set the Operation Complete bit in the Standard Event Status

Description

Program fragment

Register after all pending commands are complete.

On power-up, or when *CLS or *RST is executed, the Model 6517A goes into the Operation
Complete Command Idle State (OCIS). In this state there are no pending overlapped commands.
There are three overlapped command used by the Model 6517A:

:INITiate:CONTinuous ON :INITiate
*TRG

When the * OPC command is sent, the Model 6517A exits from OCIS and enters the Operation
Complete Command Active State (OCAS). In OCAS, the instrument continuously monitorsthe
No-Operation-Pending flag. After the last pending overlapped command is complete (No-Oper-
ation- Pending flag set to true), the Operation Complete (OPC) bit in the Standard Event Status
Register sets, and the instrument goes back into OCIS.

Note that the instrument always goes into OCAS when * OPC is executed. If there are no pend-
ing command operations (e.g. trigger model in idle state), the Model 6517A immediately sets
the OPC bit and returns to OCIS.

When used with the :INITiate or :INITiate: CONTinuous ON command, the OPC bit of the Stan-
dard Event Status Register will not set until the Model 6517A goes back into the idle state. The
initiate operations are not considered finished until the instrument goes into the idle state.

NOTE

The:INITiate:POFLag command (see paragraph 3.24.1) is used to include or
exclude the No-Operation-Pending flag in the internal process of determining
whether all pending operations of an initiate command are completed.

When used with the * TRG command, the OPC bit will not set until the operations associated
with the* TRG command (and the initiate command) are finished. The * TRG command is con-
sidered to be finished when the Device Action completes or when operation stops at a control
source to wait for an event (see Trigger Model in paragraph 3.9).

In order to use* OPC exclusively with the* TRG command, you will haveto first force the com-
pletion of the initiate command so that only the* TRG command is pending. To do this, send the
:ABORt command to place the instrument in idle, which (by definition) completes the initiate
command. Since continuous initiation is on, operation continues on into the Trigger Model. Af-
ter sending the * TRG command, the OPC hit sets when the * TRG command is finished.

QBB ReadRegi ster ' dear register by reading it

PRNT #1, "output 27; :init:cont off; :abort" ' Pace 6517Ainide

PRNT #1, "output 27; :init; *opc" ' Sart neasurenents and send
*QPC

SLEP 2 " Wit two seconds

GBB ReadRegi st er ' Read register to showthat CPC
is not set

PRNT #1, "output 27; :abort" ' P ace 6517A back inidle

GBB ReadRegi st er ' Read register to showthat CPC
i s now set

BND

ReadRegi st er:

331
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PRNT #1, "output 27, *esr?" " Query Sandard Bvent Satus Reg-
i ster

PRINT #1, "enter 27" ' @t response nessage from6517A

LINE I NPUT #2, a$ ' Read decinal val ue of register

PR NT a$ " Dsplay decinal val ue of register

RETURN

3.11.6 *OPC?— operation complete query Placea 1 in the Output Queue after all pending operations are completed.
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Description

On power-up, or when *CLS or *RST is executed, the Model 6517A goes into the Operation
Complete Command Query Idle State (OQIS). In this state there are no pending overlapped
commands. There are three overlapped commands used by the Model 6517A:

JINITiate: CONTinuous ON :INITiate
*TRG

When the* OPC? command is sent, the Model 6517A exitsfrom OQIS and entersthe Operation
Complete Command Active State (OQAS). In OQAS, theinstrument continuously monitorsthe
No-Operation-Pending flag. After the last pending overlapped command is completed (No-Op-
eration- Pending flag set to true), an ASCI| character 1 isplaced into the Output Queue, the Mes-
sage Available (MAV) hit in the Status Byte sets, and the instrument goes back into OQIS.
Addressing the Model 6517A to talk sendsthe ASCII 1 to the computer.

Note that the instrument always goesinto OQA S when * OPC?is executed. If there are no pend-
ing command operations (e.g. trigger model inidle state), the Model 6517A immediately places
an ASCII “1” in the Output Queue, setsthe MAV bit and returnsto OQIS.

When used with the :INITiate or :INITiate: CONTinuous ON command, an ASCII “1” will not
be sent to the Output Queue and the MAV bit will not set until the Model 6517A goes back into
the idle state. The initiate operations are not considered finished until the instrument goes into
theidle state.

NOTE

The:INITiate:POFLag command (see paragraph 3.24.1) is used to include or
exclude the No-Operation-Pending flag in the internal process of determining
whether all pending operations of an initiate command are completed.

When used with the * TRG command, an ASCII 1 will not be placed into the Output Queue and
the MAV bit will not set until the operations associated with the * TRG command (and the ini-
tiate command) are finished. The * TRG command is considered to be finished when the Device
Action completes or when operation stops at a control source to wait for an event (see Trigger
Model in paragraph 3.9).

In order to use * OPC? exclusively with the* TRG command you will havetofirst force the com-
pletion of theinitiate command so that only the* TRG command is pending. To do this, send the
:ABORt command to place the instrument in idle, which (by definition) completes the initiate
command. Since continuousinitiation is on, operation continues on into the Trigger Model. Af-
ter sending the * TRG command, an ASCII 1 isplaced in the Output Queue and the MAV bit sets
when the * TRG command is finished.

After *OPC? is executed, additional commands cannot be sent to the Model 6517A until the
pending overlapped commands have finished. For example, :INITiate: CONTinuous ON fol-
lowed by *OPC? locks up the instrument and requires a device clear (DCL or SDC) before it
will accept any more commands.
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NOTE
See *OPC, *TRG and *WAI for more information.

Program fragment PRNT #1, "output 27; :syst:pres" ' Select defaults
PRNT #1, "output 27; :init:cont off; :abort" ' Pace 6517Ainid e
PRINT #1, "output 27; :armcoun 1" ' Program for 5 neasurenents

and stop (idle)
PRINT #1, "output 27; :armlay2: coun 1"
PRINT #1, "output 27; :trig: coun 5; sour tin{

PRINT #1, "output 27; :init; *opc?" ' Sart neasurenents and send
*opc?

PRNT #1, "enter 27" " Gt response when 6517A goes
intoide

LINE I NPUT #2, a$ " Read contents of Qut put Queue

PR NT a$ ' Dsplay the ASQI "1"

3.11.7 *OPT?— option identification query  Determine which option s installed.

Description The response message provides the model number of the option installed in the option slot of
the Model 6517A. If thereis no option installed, then a zero (0) will be returned.

3.11.8 *RCL—recall Returntoa setup stored in memory.

Parameters <NRf>=0t09 Specify memory location

This command is used to return the Model 6517A to a setup configuration stored at a memory
location. The * SAV command is used to store a setup configuration at a memory location (see
paragraph 3.11.10).

The Model 6517A is shipped from the factory with :SY STem:PRESet defaults loaded into the
available setup memories. If a recall error occurs, the setup memories default to the :SYS-
Tem:PRESet values.

3.11.9 *RST — reset the Model 6517A

Description When the *RST command is sent, the Model 6517A performs the following operations:

1. Returnsthe Model 6517A to the * RST default conditions (see SCPI tables).
2. Cancelsall pending commands.
3. Cancels response to any previously received * OPC and * OPC? commands.

3.11.10 *SAV — save the current setup in memory

Parameters <NRf>=0t09 Specify memory location
The *SAV command is used to save the current instrument setup configuration in memory for

later recall. Any control affected by * RST can be saved by the * SAV command. The* RCL com-
mand is used to restore the instrument to a saved setup configuration.
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3.11.11 *SRE <NRf>— service request enable

3-34

SRE? — service request enable query  Read Service Request Enable Register

<NRf> = 0 Clears enable register

1 Set MSB hit (Bit 0)
4 Set EAV hit (Bit 2)
8 Set QSB bhit (Bit 3)
16 Set MAV hit (Bit 4)
32 Set ESB bit (Bit 5)
128 Set OSB bhit (Bit 7)
255 Setsal bits

The* SRE command is used to program the Service Request Enable Register. Thiscommand is
sent with the decimal equivalent of the binary value that determines the desired state (0 or 1) of
each bit in the register. This register is cleared on power-up.

This enable register is used along with the Status Byte Register to generate service regquests
(SRQ). With a hit in the Service Request Enable Register set, an SRQ occurs when the corre-
sponding bit in the Status Byte Register is set by an appropriate event. For details on register

structure, refer to paragraph 3.8.

The Service Request Enable Register is shown in Figure 3-17. Notice that the decimal weight
of each bit isincluded in the illustration. The sum of the decimal weights of the bits that you
wish to set is the value that is sent with the * SRE command. For example, to set the ESB and
MAV hits of the Service Request Enable Register, send the following command:

*SSE 34

where; ESB (bit B5) = Decimal
MAV (bit B4) = Decimal

<NRf>=

The contents of the Service Request Enable Register can be read using the * SRE? query com-

32
16

48

Program Service Request Enable Register

B6

B5

B4

B3

B2

B1

BO

ESB

MAV

QsB

EAV

MSB

32
(2%)

16
24

(23)

(22

(20)

0/1

0/1

0/1

0/1

01

mand.
Bit Position B7
Event | OSB
Decimal Weighting | 128
@7)
Value 01
Value : 1 = Enable Service Request
Event
0 = Disable (Mask) Service
Request Event
Figure 3-17
Service Reguest Enable Register

Events : OSB = Operation Summary Bit
ESB = Event Summary Bit

MAV = Message Available
QSB = Questionable Summary Bit

EAV = Error Available

MSB = Measurement Summary Bit
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3.11.12 *STB? — status byte query Read the Status Byte Register

Description

The* STB? query command is used to acquire the value (in decimal) of the Status Byte Register.
The Status Byte Register is shown in Figure 3-18. The binary equivalent of the decimal value
determines which bitsin the register are set.

All bits, except Bit 6, in thisregister are set by other event registers and queues. Bit 6 setswhen
one or more enabled conditions occur.

The *STB? query command does not clear the status byte register. This register can only be
cleared by clearing the related registers and queues. Register and queue structure are explained
in paragraph 3.8.

For example, for an acquired decimal value of 48, the binary equivalent is 00110000. This bi-
nary value indicates that Bits 4 and 5 of the Status Byte Register are set.

Bit Position B7 B6 B5 B4 B3 B2 B1 BO
Event | OSB g‘(.\sg’ ESB [ MAV|QSB | EAV | — | MSB
Decimal Weighting | 128 [ 64 | 32 | 16 8 4 | — |1
ey | ey | ey | ey | e | @ (29)
Value | o/1 | o/1 | 01 [ 01 | 01| 01 | — | O/1
Value : 1 = Event Bit Set Events : OSB = Operation Summary Bit
0 = Event Bit Cleared MSS = Master Summary Status

RQS = Request Service

ESB = Event Summary Bit

MAV = Message Available

QSB = Questionable Summary Bit
EAV = Error Available

MSB = Measurement Summary Bit

Figure 3-18
Satus Byte Register

The bits of the Status Byte Register are described as follows:

Bit 0, Measurement Status (MSB) — Set bit indicates that a measurement event has occurred.
The event can be identified by reading the Measurement Event Status Register using the :STA-
Tus:MEA Surement? command (see paragraph 3.20 for details).

Bit 1 — Not used.

Bit 2, Error Available (EAV) — Set bit indicates that an error or status message is present in
the Error Queue. The message can be read using one of the following SCPI commands:

:SY STem:ERRor?
:STATus.QUEuUe?

See paragraphs 3.21 and 3.20 for details.

Bit 3, Questionable Summary Bit (QSB) — Set bit indicates that a calibration error has oc-
curred.

Bit 4, Message Available (MAV) — Set bit indicates that a message is present in the Output
Queue. The message is sent to the computer when the Model 6517A is addressed to talk.
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3.11.13 *TRG — trigger

Description

Bit 5, Event Summary Bit (ESB) — Set bit indicates that an enabled standard event has oc-
curred. The event can be identified by reading the Standard Event Status Register using the
*ESE? query command (see paragraph 3.11.2).

Bit 6, Master Summary Status (MSS) / Request Service (RQS) — Set bit indicates that one
or more enabled Status Byte conditions have occurred. The MSS bit can be read using the STB?
guery command, or the occurrence of a service request (RQS hit set) can be detected by per-
forming a Seria Poll.

Bit 7, Operation Summary Bit (OSB) — Set hit indicates that an enabled operation event has
occurred. The event can be identified by reading the Operation Event Status Register using the
:STATus.OPERation? query command (see paragraph 3.20 for details).

Send a GPIB trigger to the Model 6517A.

The *TRG command is used to issue a GPIB trigger to the Model 6517A. It has the same effect
as agroup execute trigger (GET).

The *TRG command is used as an arm, scan and/or measure event to control operation. The
Model 6517A reacts to this trigger if GPIB is the programmed control source. The control
source is programmed from the : TRIGger subsystem (see paragraph 3.23).

*TRG can also be used as the pre-trigger for buffer operation.

3.11.14 *TST? — self-test query  Run the self-test and acquire the Result.

Description

This query command is used to perform a checksum test on ROM and places the coded result
(0 or 1) in the Output Queue. When the Model 6517A is addressed to talk, the coded result is
sent from the Output Queue to the compuiter.

A returned value of zero (0) indicates that the test passed, and a value of one (1) indicates that
the test has failed.

3.11.15 *WAI — wait-to-continue  Prevent the execution of commands until all previous commands are completed.
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Description

There are two types of device commands; Sequential commands and Overlapped commands. A
Sequential command isacommand whose operations are all owed to finish before the next com-
mand is executed. An Overlapped command is a command that allows the execution of subse-
guent commands while device operations of the Overlapped command are still in progress. The
*WAI command is used to hold off the execution of subsequent commands until the device op-
erations of all previous Overlapped commands are finished. The *WAI command is not needed
for Sequential commands.

There are three Overlapped commands in the Model 6517A; :INITiate, :INITiate: CONTinuous
ON and *TRG.

NOTE
See *OPC, *OPC? and * TRG for more information.

The :INITiate commands take the Model 6517A out of the idle state. The device operations of
:INITiate are not considered complete until the Model 6517A goes back into idle. By sending
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the *WAI command after the :INITiate command, all subsequent commands will not execute
until the Model 6517A goes back into idle.

The* TRG command issues abustrigger which could be used to provide the arm, scan and mea-
sure events for the Trigger Model. By sending the *WAI command after the * TRG command,
subsequent commands will not be executed until the pointer for the Trigger Model has finished
moving in response to * TRG and has settled at its next state.

PRNT #1, "output 27;
PR NI #1, "output 27,
PRINT #1, "output 27,

PRINT #1, "output 27;
PRINT #1, "output 27;
PRINT #1, "output 27;

PRNT #1, "output 27,
PR NT #1, "enter 27"

LINE | NPUT #2, a$
PR NT a$

: syst: pres"
sinit:cont off; :abort"
armcoun 1"

;armlay2: coun 1"
;trig:coun 30; sour tim
dinit; *wai "

. dat a?"

Select defaults

P ace 6517Ainid e
Programfor 30 neasurenent s

and then stop (idle)

Sart neasurenments and send
*wai

Query a readi ng

Get reading after 6517A goes
intoide

Read t he readi ng

O spl ay the readi ng
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3.12 Signal oriented measurement commands

Thesignal oriented command group is used to acquire readings using a set of high-level instructionsto control the measurement
process. These commands are summarized in Table 3-3.

Table 3-3

Sgnal oriented measurement command summary

Command

Description

:FETCh?

‘READ?

:CONFigurex<function> | Placesthe 6517A in a“one-shot” measurement mode for the specified function.

‘MEASure[:<function>]? | Performsan :ABORt, :CONFigure:<function>, and a:READ?.

Requests the latest reading.

Performs an :ABORY, :INITiate, and a:FETCh?.

Description

Query

Description
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:FETCh?

This query command is used to request the latest post-processed reading. After sending this
command and addressing the Model 6517A totalk, thereading will be sent to the computer. This
command does not affect the instrument setup.

This command does not trigger a measurement. It simply requests the last available reading.
Note that thiscommand can repeatedly return the same reading. I n the absence of anew reading,
this command will simply return the old reading. If your application requires “fresh” readings,
use the :DATA:FRESh? command (see SENSe Subsystem).

This command is automatically asserted when the :READ? or :MEASure? command is sent.

:CONFigure:<function>

where: <function>= VOLTage[:DC] Volts function
CURRent[:DC] Amps function

RESistance Ohms function
CHARge Coulombs function
:CONFigure? Query the selected function

Thiscommand is used to configure theinstrument for subsequent measurements on the specified
function. Basically, this command places the instrument in a “one-shot” measurement mode.
The :READ? command can then be used to trigger a measurement and acquire a reading (see
:READ?).

When this command is sent, the Model 6517A will be configured as follows:

» Thefunction specified by this command is selected.

« All controls related to the selected function are defaulted to the * RST values.

e Continuousinitiation is disabled (:INITiate: CONTinuous OFF).

» The control sourcesin al three layers of the Trigger Model are set to Immediate.
e Thecount valuesin all three layers of the Trigger Model are set to one (1).

e Thedelay in al three layers of the Trigger Model are set to zero (0).



Program fragment

Description

Program fragment
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* TheMode 6517A isplaced in theidle state.

« All math calculations are disabled.

« Buffer operation is disabled. A storage operation currently in process will be aborted.
» Autozero controls are set to the * RST default values.

* The acquisition method is set to normal.

 All operations associated with switching cards (scanning) are disabled.

This command is automatically asserted when the :MEA Sure? command is sent.

PRNT #1, "output 27; :conf:res" " Perform: QONH gure operations

‘READ?

This command is typically used to acquire a post-processed reading after the instrument has
been configured by the :CONFigure command. The :CONFigure command places the instru-
ment in a“ one-shot” measurement mode. Every timethe :READ? command isthen sent, amea
surement conversion will occur and the reading will be acquired.

When this command is sent, the following commands will be executed in the order that they are
presented:

‘ABORt
:INITiate
:FETCh?

When :ABORt is executed, the instrument will go into the idle state if continuous initiation is
disabled. Otherwise, operation will re-start at the beginning of the Trigger Model.

If the instrument is in the idle state, :INITiate will take the instrument out of the idle state. If
continuousinitiationisenabled, (:INITiate: CONTinuous ON), then the :INI Tiate command will
generate an error and ignore the command.

The :FETCh? for details. Note that an “Init ignored” error will not cancel the execution of the
:FETCh? command.

PRNT #1, "output 27; :conf:res" ' Select "one-shot" ohns

PRNT #1, "output 27; :read?" " Perform: READ? operations

PRNT #1, "enter 27" ' @t response nessage from
6517A
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:MEASure[:<function>]?

where: <function> = VOLTage[:DC] Volts function
CURRent[:DC] Amps function
RESistance Ohms function
CHARge Coulombs function

This command combines all of the other signal oriented measurement commands to perform a
“one-shot” measurement and acquire the reading.

When this command is sent, the following commands are executed in the order that they are pre-
sented.
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SCPI command subsystems

SCPI commands are categorized into subsystems and are summarized in Tables 3-4 through 3-
16. Following the tables, the subsystems are covered in the following a phabetical order:

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

Calculate subsystems — Use :CAL Culatel to configure and control the math operations.
Use :CALCulate? to manipulate readings stored in the buffer, and use :CALCulate3 to
configure and control the limit tests.

:CALibrate subsystem — Useto null input offset current and voltage burden. Note: Use
the Model 6517 Service Manual to calibrate the instrument

:DISPlay subsystem — Use to control display readings and messages.

:FORMat subsystem — Use to select the data format for transferring instrument read-
ings over the bus.

Output subsystems — Use to control the V-Source and select the polarity for the digital
output lines.

‘ROUTe subsystem — Use to control switching.

Sense subsystems — Use to configure and control the measurement functions.
:SOURCce subsystem — Use to control the digital output port.

:STATus subsystem — Use to configure and control the status registers.
:SYSTem subsystem — Commands not covered by the other subsystems.
‘TRACe subsystem — Use to control the reading buffer.

Trigger subsystem — Use to configure the Trigger Model.

:TSEQuence subsystem — Use to configure and control test sequences.

:UNIT subsystem — Use to select temperature units.
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SCPI Command Summary

Tables 3-4 through 3-16 summarize the commands for each SCPI subsystem.

General notes;

« Brackets([ ]) are used to denote optional character sets. These optional characters do not haveto beincluded in the program

message. Do not use brackets in the program message.
« Angle brackets (< >) are used to indicate parameter type. Do not use angle brackets in the program message.

* The Boolean parameter (<b>) is used to enable or disable an instrument operation. 1 or ON enables the operation and 0 or

OFF disables the operation.
« Upper case characters indicate the short-form version for each command word.

o Default Parameter - Listed parameters are both the *RST and :SY STem:PRESet defaults, unless noted otherwise. Param-

eter notes are located at the end of each table.

» SCPI - A check mark (°) indicates that the command and its parameters are SCPI confirmed. An unmarked command in-
dicatesthat it isnon-SCPI. SCPI confirmed commands that use one or more non-SCPI parameters are explained by notes.

Table 3-4
CALCulate command summary
Default
Command Description parameter SCPI | Ref.
:CALCulate[1] Subsystem to control CALC1: v 3131
:FORMat <name> Select math format (NONE, POLynomial, PERCent, RATio, Polynomial v
DEViation, PDEViation, LOG10).

:FORMat? Query math format. 4
:KMATh Path to control math calculations:

:MAOFactor <NRf> Set “a0” for POLynomial (-9.999999e30 to +9.999999e30). |0

:MAOQFactor? Query “a0” factor.

:MA1Factor <NRf> Set “al” for POLynomial (-9.999999e20 to +9.999999¢20). |1

‘MA1Factor? Query “al” factor.

:MAZ2Factor <NRf> Set “a2” for POLynominal (-9.999999e30 to +9.999999¢30). | O

:MAZ2Factor? Query “a2” factor.

:PERCent <NRf> Specify target value for percent calc 1

(-9.999999€35 to +9.999999e35
:PERCent? Query target value.
:REFerence <NRf> Set reference value for Ratio, Deviation and % Deviation 1
(-9.999999e35 to +9.999999€35).

:REFerence? Query reference value.
:STATe <b> Enable or disable calculation. (Note) v
:STATe? Query state of math function. v
:DATA Path to read math result of calculation. v

[:LATest]? Return last reading. 4

:FRESh? Return new reading. 4
IMMediate Recal culate input data. v

:CALCulate2 Subsystem to control CALC 2: v 3.13.2
:FORMat <name> Select math format: (MEAN, SDEViation, MAXimum, NONE v
MINimum, PKPK, or NONE).

:FORMat? Query math format. 4
:STATe <b> Enable or disable calculation. (Note) 4
:STATe? Query state of math function. v
IMMediate Recal culate raw input datain buffer. v
:DATA? Read math result of CALC 2. v
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CALCulate command summary

Default
Command Description parameter SCPI | Ref.
:CALCulate3 Subsystem to control CALC 3 (limit tests): v 3133
LIMit[1] Path to control LIMIT 1 test: v
:UPPer Path to configure upper limit: v
[:DATA] <n> Set upper limit (-9.999999e35 to +9.999999e35). 1 v
[:DATA]? Query upper limit. 4
:SOURce <NRf> Specify digital output (O to 15). 0 v
:SOURce? Query source. v
:L OWer Path to configure lower limit: v
[:DATA] <n> Set lower limit (-9.999999e35 to +9.999999e35). -1 v
[:DATA]? Query lower limit. v
:SOURce <NRf> Specify digital output (0 to 15). 0 4
:SOURce? Query source. v
:STATe <b> Enable or disable limit test. OFF v
:STATe? Query state of limit test. v
:FAIL? Query test result (1 = pass, 0 = fail). v
:CLEAR Path to clear failed test: v
[:IMMediate] Clear failed test indication. 4
‘AUTO <b> Enable or disable auto clear. ON v
:AUTO? Query auto clear. v
:LIMit2 Path to control LIMIT 2 test: v
:UPPer Path to configure upper limit: 4
[:DATA] <n> Set upper limit (-9.999999e35 to +9.999999e35). 1 v
[:DATA]? Query upper limit. 4
:SOURce <NRf> Set digital output (0 to 15). 0 v
:SOURce? Query source (digital output value). v
:L OWer Path to configure lower limit: v
[:DATA] <n> Specify lower limit (-9.999999e35 to +9.999999¢e35). -1 v
[:DATA]? Query lower limit. v
:SOURce <NRf> Specify digital output (0 to 15). 0 4
:SOURce? Query source (digital output value). v
:STATe <b> Enable or disable limit test. OFF v
:STATe? Query state of limit test. v
:FAIL? Query test result (1 = pass, 0 = fail). v
:CLEAR Path to clear failed test: v
[:IMMediate] Clear failed test indication. 4
‘AUTO <b> Enable or disable auto clear. ON v
:AUTO? Query auto clear. v
:PASS Path to define “pass’ digital output pattern.
:SOURce <NRf> Specify digital output (0to 15). 0
:CLIMits Command path for composite limits: 4
:FAIL? Query composite result of LIMIT 1 and LIMIT 2 tests 4
(1 = pass, 0 =fall).
:BSTRobe Path to control limit binning strobe:
:STATe <b> Enable or disable strobe. OFF
:STATe? Query state of binning strobe.
IMMediate Re-perform limit tests. 4

Note: ON isthe*RST default parameter, and OFF is the :SY STem:PRESet default.
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Table 3-5
CALibration command summary

Command* Description

:CALibration:UNPRotected
'VOFFset
| OFFset

Null voltage burden
Null input offset current

*These are the only two commands accessible to the operator. To cali-
brate the instrument, refer to the Model 6517 Service Manual.

Table 3-6
DISPlay command summary
Default
Command Description parameter SCPI
:DISPlay
[:WINDow[1]] Path to locate message to top display. v

:ATTRibutes? Query attributes of display characters; 1=blinking character, O=other.

TEXT Path to control user text messages. (Note 1) v
:DATA <a> Define ASCII message“a” (up to 20 characters). v
:DATA? Query text message. v
:STATe <b> Enable or disable message mode. (Note 2) v
:STATe? Query text message state. v

:DATA? Read data on top portion of display.

‘WINDow?2 Path to | ocate message to bottom display. v

:ATTRibutes? Query attributes of display characters; 1=blinking character, O=cther.

TEXT Path to control user text messages. v
:DATA <a> Define ASCIl message “a’ (up to 32 characters). (Note 1) v
:DATA? Query text message. v
:STATe <b> Enable or disable message mode. (Note 2) v
:STATE? Query text message state. v

:DATA? Read data on bottom portion of display.

:CNDisplay Clear NEXT (or PREV) display messages and cancel associated operations.

:SMESsage <b> Enable or disable status message mode. OFF

:SMESsage? Query status message state.

‘ENABIle <b> Enable or disable the front panel display. (Note 3) v

:ENABIe? Query state of the display. v
Notes:

1. *RST and :SY STem:PRESet has no effect on a user defined message. Cycling power cancels al user defined messages.

2. *RST and :SY STem:PRESet has no effect on the state of the message mode. Cycling power disables (OFF) the message mode.
3. *RST and :SY STem:PRESet has no effect on the display circuitry. Cycling power enables (ON) the display circuitry.
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Table 3-7
FORMat command summary
Default
Command Description parameter | SCPI
:FORMat
[:DATA] <type>[,<length>] Select data format: (ASCii, REAL,32, REAL,64, SREa or DREdl). ASCii 4
[:DATA]? Query data format. v
:ELEMents <item list> Specify data elements: (READing, CHANnel, RNUMber, UNITs, (Note)
TSTamp, STATus, ETEMperature, HUMidity and V SOurce).
:ELEMents? Query data elements.
:BORDer <name> Select binary byte order: (NORMal or SWA Pped). SWAPped |V
:BORDer? Query byte order. 4
Note: All elements, except ETEM perature, HUMidity and V SOurce, are the *RST and :SY STem:PRESet default.
Table 3-8
OUTput command summary
Default
Command Description Parameter | SCPI
:OUTPutl v
[:STATe] <b> Enable (operate) or disable (standby) V-source output. OFF v
[:STATe]? Query state of V-source output. v
TTL[1] Path to set polarity of digital output line 1:
:LSENse <name> Select polarity; active high (AHIGh) or active low (ALOW). AHIGh
:LSENse? Query polarity of line 1.
TTL2 Path to set polarity of digital output line 2:
:LSENse <name> Select polarity; active high (AHIGh) or active low (ALOW). AHIGh
:LSENse? Query polarity of line 2.
TTL3 Path to set polarity of digital output line 3:
:LSENse <name> Select polarity; active high (AHIGh) or active low (ALOW). AHIGh
:LSENse? Query polarity of line 3.
‘TTL4 Path to set polarity of digital output line 4:
:LSENse <name> Select polarity; active high (AHIGh) or active low (ALOW). AHIGh
:LSENse? Query polarity of line4.
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Table 3-9
ROUTe command summary
Default
Command Description parameter | SCPI | Ref.
:ROUTe
:CLOSe <list> Path and command to close specified channel: 4 3181
:STATe? Query closed channel. 4
:CLOSe? <list> Query specified channels (1 = closed, 0 = open). 4
:OPEN <list> Open specified channel or all channels. v 3.18.2
:OPEN:ALL Open all channels. v 3.18.3
:OPEN? <ligt> Query specified channels (1 = open, 0 = closed). v
:SCAN Command path to configure and control scan operations: v 3.184
[[INTerna] <list> Specify internal scan list (2 to 10 channels). All 10 4
[[INTernal]? Query theinternal scan list. 4
‘EXTernal <n> Specify external scan list (1 to 400 channels). 10
:EXTernal? Query the external scan list.
:LSELect <name> Select scan operation: (INTernal, EXTernal, or NONE
NONE).
:LSELect? Query scan operation.
:STIMe<n> Specify settling time for internal card (0 to 99999.9999 | 0
seconds)
:STIMe? Query settling time.
:SMEThod <name> Select scan method for internal scan (VOLTage or VOLTage
CURRent).
:SMEThod? Query scan method.
:VSLimit <b> Enable or disable 200V limit for internal card. ON
'V SLimit? Query state of 200V limit
Table 3-10
SENSe command summary
Default
Command Description parameter | SCPI | Ref.
[:SENSe[1]] 3191
:FUNCtion <name> Select measurement function: ‘VOLTage[:DC]’, ‘VOLT:DC' |V 3.19.2
‘CURRent[:DC]’, ‘RESistance’ , ‘CHARge'
:FUNCtion? Query function. 4
:DATA Path to returnreadings: 4 3.19.3
[:LATest]? Return the last instrument reading. 4
:FRESh? Query fresh readings. v
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Default
Command Description parameter SCPI | Ref.
:'VOLTage[:DC] Path to configure volts: v
:APERture <n> Set integration rate in seconds (166.67e-6 to 200e-3). (Note 1) v 3.194
:AUTO <b> Enable or disable auto aperture. OFF
:AUTO ONCE Enable and then disable auto aperture.
:AUTO? Query auto aperture.
:APERture? Query aperture (integration rate). v
‘NPLCycles <n> Set integration rate (line cycles; (0.01 to 10). 1 v 3.195
AUTO <b> Enable or disable auto NPLC. OFF
:AUTO ONCE Enable and then disable auto NPLC.
:AUTO? Query auto line cycle integration.
:NPLCycles? Query line cycle integration rate. 4
‘RANGe Path to configure measurement range: v 3.19.6
[:UPPer] <n> Select range (0 to 210). 200 v
[:UPPer]? Query range. v
:AUTO <b> Enable or disable auto range. (Note 4) v
:AUTO ONCE Set range based on present input signal. v
:ULIMit <n> Set upper limit for auto range (0 to 210). 200
:ULIMiIt? Query upper limit.
LLIMit <n> Set lower limit for auto range (0 to 210). 2
LLIMit? Query lower limit.
:AUTO? Query auto range. 4
‘REFerence <n> Specify reference (-210 to +210). 0 4 3.19.7
:STATe <b> Enable or disable reference. OFF 4
:STATe? Query state of reference (0 or 1). v
:ACQuire Useinput signal as reference.
:REFerence? Query reference value. v
:DIGits <n> Specify measurement resolution (4 to 7). 6 3.19.9
:AUTO <b> Enable or disable auto resol ution.
:AUTO ONCE Enable and then disable auto resolution.
:AUTO? Query auto resolution.
:DIGits? Query resolution.
:AVERage Path to control the average filter. 3.19.10
:TY PE <name> Select filter type (NONE, SCALar, ADVanced). SCALar
TYPE? Query filter type.
:TCONtrol <name> Select filter type: (MOVing or REPeat). (Note 3)
:TCONtrol? Query filter type.
:COUNt <n> Specify filter count (1 to 100). 10
:COUNTt? Query filter count.
:ADVanced Path to configure and control advanced filter.
:NTOLerance <n> Specify noise tolerance level (0 to 100%). 1
:NTOLerance? Query noise tolerance level.
[:STATe] <b> Enable or disable digital filter. OFF
[:STATe]? Query state of digital filter.
:MEDian Peath to control the median filter: 3.19.11
[:STATe] <b> Enable or disable median filter. ON
[:STATe]? Query state of median filter.
:RANK <NRf> Specify rank for median filter (1to 5). 1
‘RANK? Query rank.
:GUARd <b> Enable or disable guard. OFF 3.19.13
:GUARd? Query state of guard.
:XFEedback <b> Enable or disable external feedback. OFF 3.19.15
:XFEedback Query state of external feedback.
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Table 3-10 (Continued)
SENSe command summary

Default
Command Description parameter | SCPI | Ref.
:CURRent[:DC] Path to configure Amps: v
:APERture <n> Set integration rate in seconds (166.67e-6 to 200e-3). (Note 1) v 3.194
:AUTO <b> Enable or disable auto aperture. OFF
:AUTO ONCE Enable and then disable auto aperture.
:AUTO? Query auto aperture.
:APERture? Query aperture (integration rate). 4
:NPLCycles <n> Set integration rate (line cycles; 0.01 to 10). 1 v 3.195
:AUTO <b> Enable or disable auto NPLC. OFF
:AUTO ONCE Enable and then disable auto NPLC.
:AUTO? Query auto line cycle integration.
:NPLCycles? Query line cycleintegration rate. v
‘RANGe Path to configure measurement range: 4 3.19.6
[:UPPer] <n> Select range (0'to 21e-3). 20e-3 v
[:UPPer]? Query range. v
:AUTO <b> Enable or disable auto range. (Note 4) v
:AUTO ONCE Set range based on present input signal. v
:ULIMit <n> Set upper limit for auto range (0 to 21e-3). 20e-3
:ULIMiIt? Query upper limit.
LLIMit <n> Set lower limit for auto range (O to 21e-3). 2-e-12
LLIMit? Query lower limit.
:AUTO? Query auto range. v
:REFerence <n> Specify reference (-21e-3 to +21e-3). 0 v 3.19.7
:STATe <b> Enable or disable reference. OFF v
:STATe? Query state of reference. 4
:ACQuire Useinput signal as reference.
:REFerence? Query reference value. v
:DIGits <n> Specify measurement resolution (4 to 7). 6 3.19.9
:AUTO <b> Enable or disable auto resolution.
:AUTO ONCE Enable and then disable auto resolution.
:AUTO? Query auto resolution.
:DIGits? Query resolution.
:AVERage Path to control the average filter. 3.19.10
:TY PE <name> Select filter type (NONE, SCALar, ADVanced). SCALar
TYPE? Query filter type.
:TCONtrol <name> Select filter type: (MOVing or REPeat). (Note 3)
:TCONtrol? Query filter type.
:COUNt <n> Specify filter count (1 to 100). 10
:COUNTt? Query filter count.
:ADVanced Path to configure and control advanced filter.
:NTOLerance <n> Specify noise tolerance level (0 to 100%). 1
:NTOLerance? Query noise tolerance level.
[:STATe] <b> Enable or disable digital filter. OFF
[:STATe]? Query state of digital filter.
:MEDian Path to control the median filter: 3.19.11
[:STATe] <b> Enable or disable median filter. ON
[:STATe]? Query state of median filter.
:RANK <NRf> Specify rank for median filter. 1
:RANK? Query rank.
:DAMPiIng <b> Enable or disable damping. OFF 3.19.12
:-DAMPIng? Query state of damping.
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Default
Command Description parameter SCPI | Ref.
:RESistance Path to configure resistance: v
:APERture <n> Set integration rate in seconds (166.67e-6 to 200e-3). (Note 1) v 3.184
:AUTO <b> Enable or disable auto aperture. OFF
:AUTO ONCE Enable and then disable auto aperture.
:AUTO? Query auto aperture.
:APERture? Query aperture. v
‘NPLCycles <n> Set integration rate (line cycles; 0.01 to 10). 1 v 3.185
AUTO <b> Enable or disable auto NPLC. OFF
:AUTO ONCE Enable and then disable auto NPLC.
:AUTO? Query auto line cycle integration.
:NPLCycles? Query line cycle integration rate. 4
[:AUTQ] Path to configure Auto V-Source ohms.
‘RANGe M easurement ranges: 3.19.6
[:UPPer] <n> Select range (0 to 100e18). 2e6
[:UPPer]? Query range.
:AUTO <b> Enable or disable auto range. (Note 4)
‘AUTO ONCE Set range based on present input signal.
:ULIMit <n> Set upper limit for auto range (0 to 100e18) 200e12
:ULIMit? Query upper limit.
:LLIMit <n> Set lower limit for auto range (0 to 100e18). 2e6
LLIMIt? Query lower limit.
:AUTO? Query auto range.
:MANua Path to configure Manual V-Source ohms:
:CRANge Path to configure measurement range: 3.19.6
[:UPPer] <n> Select range (0 to 21e-3). 20e-3
[:UPPer]? Query range.
:AUTO <b> Enable or disable auto range. (Note 4)
:AUTO ONCE Set range based on present input signal.
‘AUTO? Query auto range.
:VSOurce Path to control the VV-Source:
[:AMPLitude] <n> Specify V-Source level (0 to 1000V). 0
[:AMPLitude]? Query V-Source level.
:RANGe <n> Select V-Source range; <100 selects 100V range, >100 | 100
selects 1000V range.
‘RANGe? Query V-Source range.
:OPERate <b> Enable (operate) or disable (standby) V-Source output. | OFF
:OPERate? Query state of V-Source.
:REFerence <n> Specify ohms reference (-100e18 to +100e18). 0 v 3.18.7
:STATe <b> Enable or disable ohms reference. OFF v
:STATe? Query state of ohms reference. v
:ACQuire Useinput signal as ohms reference.
:REFerence? Query ohms reference value. v
:IREFerence <b> Enable or disable amps reference. 3.19.8
:IREFerence? Query state of amps reference.
:DIGits <n> Specify measurement resolution (4 to 7). 6 3.18.9
:AUTO <b> Enable or disable auto resol ution.
:AUTO ONCE Enable and then disable auto resolution.
:AUTO? Query auto resolution.
:DIGits? Query resolution.

3-49



|EEE-488 Reference

Table 3-10 (Continued)
SENSe command summary

Default
Command Description parameter | SCPI | Ref.
:RESistance
:AVERage Peth to control averagefilter. 3.18.10
:TYPE <name> Select filter type (NONE, SCALar, ADVanced). SCALar
TYPE? Query filter type.
:TCONtrol <name> Select filter type: (MOVing or REPeat). (Note 3)
:TCONtrol? Query filter type.
:COUNt <n> Specify filter count (1 to 100). 10
:COUNLt? Query filter count.
:ADVanced Path to configure and control advanced filter.
:NTOLerance <n> Specify noise tolerance level (0 to 100%). 1
:NTOLerance? Query noise tolerance level.
[:STATe] <b> Enable or disable digital filter. OFF
[:STATe]? Query state of digital filter.
:MEDian Path to control median filter.
[:STATe] <b> Enable or disable median filter. ON
[:STATe]? Query state of median filter.
:RANK <NRf> Specify range (1 to 5). 1
:RANK? Query rank.
:-DAMPiIng <b> Enable or disable damping. OFF 3.19.12
:DAMPIng? Query state of damping.
:VSControl <name> Select ohms V-Source mode (MANua or AUTO). MANual 3.19.16
:VSControl? Query ohms V-Source mode.
:MSELect <name> Select ohms measurement type (NORMal or RESistivity). NORMa 3.19.17
‘M SELect? Query ohms measurement type.
:RESistivity Path to configure resistivity: 3.19.18
:STHickness <NRf> Volume; specify sample thickness (0.0001 to 99.9999mm) | 1mm
:STHickness? Query sample thickness.
:FSEL ect <name> Specify test fixture (M8009 or USER). M8009
:FSEL ect? Query test fixture.
:M8009 Path to query Model 80009 test fixture.
:RSwitch? Query switch setting (surface or volume)
:USER Path to configure user test fixture.
:RSEL ect <name> Specify measurement type (SURFace or VOLume) SURFace
:RSEL ect? Query measurement type.
:KSURface <NRf> Surface; specify K (0.001 to 999.999) 1.000
:KSURface? Query, Kg
:KVOLume <NRf> Volume; specify K,, (0.001 to 999.999) 1.000
:KVOLume? Query K,
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Default
Command Description parameter SCPI | Ref.
:CHARge Path to configure Coulombs. v
:APERture <n> Set integration rate in seconds (166.67e-6 to 200e-3). (Note 1) v 3194
‘AUTO <b> Enable or disable auto aperture. OFF
:AUTO ONCE Enable and then disable auto aperture.
‘AUTO? Query auto aperture.
:APERture? Query aperture (integration rate). 4
‘NPLCycles <n> Set integration rate (line cycles; 0.01 to 10). 1 v 3.195
:AUTO <b> Enable or disable auto NPLC. OFF
‘AUTO ONCE Enable and then disable auto NPLC
:AUTO? Query auto line cycle integration.
:NPLCycles? Query line cycle integration rate. 4
‘RANGe Path to configure measurement range: 4 3.19.6
[:UPPer] <n> Select range (0 to +2.1e-6). 2e-6 v
[:UPPer]? Query range. 4
‘AUTO <b> Enable or disable auto range. ON 4
:AUTO ONCE Set range based on present input signal. v
:LGRoup <name> Specify HIGH or LOW auto range limit. HIGH
:LGRoup? Query auto range limit.
:AUTO? Query auto range. v
:REFerence <n> Specify reference (-2.1e-6 to +2.1e-6). 0 4 3.19.7
:STATe <b> Enable or disable reference. OFF 4
:STATe? Query state of reference. v
:ACQuire Useinput signal asreference.
:REFerence? Query reference value. 4
:DIGits <n> Specify measurement resolution (4 to 7). 6 3.19.9
:AUTO <b> Enable or disable auto resolution.
:AUTO ONCE Enable and then disable auto resolution.
:AUTO? Query auto resolution.
:DIGits? Query resolution. ON
:AVERage Path to control the average filter. 3.19.10
:TYPE <name> Select filter type (NONE, SCALar, ADVanced).
TYPE? Query filter type.
:TCONtrol <name> Select filter type: (MOVing or REPeat). MOVing
:TCONtrol? Query filter type.
:COUNt <n> Specify filter count (1 to 100). 10
:COUNTt? Query filter count.
:ADVanced Path to configure and control advanced filter.
:NTOLerance <n> Specify noise tolerance level (0 to 100%). 1
:NTOLerance? Query noise tolerance level.
[:STATe] <b> Enable or disablefilter. OFF
[:STATe]? Query state of digital filter.
:MEDian Path to control the median filter:
[:STATe] <b> Enable or disable median filter. ON
[:STATe]? Query state of median filter.
:RANK <NRf> Specify rank for median filter. 1
:RANK? Query rank.
:ADIScharge Path to control auto discharge: 3.19.14
[:STATe] <b> Enable or disable auto discharge. OFF
[:STATe]? Query state of auto discharge.
:LEVel <NRf> Specify level (-2.2e6 to 2.2€6). 2e-6
‘LEVel? Query level.
Notes:

4. 16.67msfor 60Hz power line frequency and 20ms for 50Hz line frequency.
5. *RST — OFF, :SY STem:PRESet — ON.

6. *RST — REPedt, :SY STem:PRESet — MOVing.

7. *RST — ON, :SY STem:PRESet — OFF.
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Table 3-11
SOURce command summary
Default
Command Description parameter | SCPI Ref.
:SOURce (Note 1)
TTL[1] Path to set digital output line #1: 3.20.21
[[LEVel] <b> Enable or disable line #1.
[:LEVe]? Query state of line #1.
TTL2 Path to set digital output line #2: 3.20.21
[[LEVel] <b> Enable or disable line #2.
[:LEVe]? Query state of line #2.
TTL3 Path to set digital output line #3: 3.20.21
[[LEVel] <b> Enable or disable line #3.
[:LEVe]? Query state of line #3.
TTLA Path to set digital output line #4: 3.20.21
[[LEVel] <b> Enable or disable line #4.
[:LEVe]? Query state of line #4.
:VOLTage Path to set V-Source level: v 3.20.22
[:LEVE] v
[:IMMediate] 4
[:AMPLitude] <n> Set V-source level; 0 to £1000 (volts). 0 v
[:AMPLitude]? Query V-source level. v
:RANGe <n> Select V-source range; <100 selects 100V range, 100 v
>100 selects 1000V range.
:RANGe? Query V-source range. 4
LIMit Path to control V-source voltage limit: 4
[:AMPLitude] <n> Set voltage limit; O to 1000 (volts). 1000 v
[:AMPLitude]? Query voltage limit. v
:STATe <b> Enable or disable voltage limit. OFF v
:STATe? Query state of voltage limit. v
:MCONnect <b> Enable or disable V-Source LO to ammeter LO con- | OFF
nection.
:MCONnect? Query Low connection.
:CURRent Path for current limit:
RLIMit Path to control resistive current limit:
:STATe <b> Enable or disable resistive I-limit. OFF
:STATe? Query resistive I-limit.
LIMit Path to check current compliance:
[:STATe]? Query state of current compliance.

Notes:

1. *RST and :SY STem:PRESet have no affect on the state of the output lines. However, cycling power sets all output lines false (OFF).
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Table 3-12
STATus command summary
Default
Command Description parameter SCPI Ref.
:STATus 4
:MEA Surement Path to control measurement event registers:
[:EVENTt]? Read the event register. (Note 2) 3211
:ENABIe <NRf> Program the enable register. (Note 3) 3.21.2
:ENABIe? Read the enable register.
‘PTRansition <NRf> Program the positive transition register. (Note 4) 3.21.3
:PTRansition? Read the positive transition register.
‘NTRansition <NRf> Program the negative transition register. (Note 5) 213.21.
:NTRansition? Read the negative transition register. 4
:CONDition? Read the condition register.
:OPERation Path to control operation status registers: v 3.21.5
[:EVENt]? Read the event register. (Note 2) 4
:ENABIe <NRf> Program the enable register. (Note 3) 4 3211
:ENABIe? Read the enable register. v 3.21.2
‘PTRansition <NRf> Program the positive transition register. (Note 4) v
:PTRansition? Read the positive transition register. v 3.21.3
:NTRansition <NRf> Program the negative transition register. (Note5) v
:NTRansition? Read the negative transition register. 4 3214
:CONDition? Read the condition register. 4
‘ARM Path to control arm event registers: v 3.215
[:EVEN({]? Read the event register. (Note 2) v
:ENABle <NRf> Program the enable register. (Note 3) v 3.21.1
:ENABIe? Read the enable register. v 3.21.2
:PTRansition <NRf> Program the positive transition register. (Note 4) v
:PTRansition? Read the positive transition register. 4 3.21.3
:NTRansition <NRf> Program the negative transition register. (Note 5) v
:NTRansition? Read the negative transition register. v 3214
:CONDition? Read the condition register. v
:SEQuence Path to control sequence status registers: v 3.21.5
[:EVENTt]? Read the event register. (Note 2) v
‘ENABIle <NRf> Program the enable register. (Note 3) 4 3211
:ENABIe? Read the enable register. v 3.21.2
:PTRansition <NRf> Program the positive transition register. (Note 4) v
:PTRansition? Read the positive transition register. v 3.21.3
:NTRansition <NRf> Program the negative transition register. (Note5) v
:NTRansition? Read the negative transition register. 4 3214
:CONDition? Read the condition register. 4
‘TRIGger Path to control trigger status registers: v 3.215
[:EVEN(]? Read the event register. (Note 2) v
:ENABle <NRf> Program the enable register. (Note 3) v 3.21.1
:ENABIe? Read the enable register. v 3.21.2
:PTRansition <NRf> Program the positive transition register. (Note 4) v
:PTRansition? Read the positive transition register. 4 3.21.3
:NTRansition <NRf> Program the negative transition register. (Note 5) v
:NTRansition? Read the negative transition register. v 3214
:CONDition? Read the condition register. v
3.215
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Table 3-12 (Continued)
STATus command summary

Default
Command Description parameter SCPI Ref.
:STATus
:QUEStionable Path to control questionable status registers: v
[:EVENt]? Read the event register. (Note 2) 4 3211
:ENABIe <NRf> Program the enable register. (Note 3) 4 3212
:ENABIe? Read the enable register. v
:PTRansition <NRf> Program the positive transition register. (Note 4) v 3213
:PTRansition? Read the positive transition register. v
‘NTRansition <NRf> Program the negative transition register. (Note 5) 4 3214
:NTRansition? Read the negative transition register. 4
:CONDition? Read the condition register. 4 3.215
:PRESet Return status registers to default states. v 3.21.6
:QUEue Path to access error queue: v 3.21.7
[:NEXT]? Read the most recent error message. (Note 6) v
:ENABIle <list> Specify error and status messages for queue. (Note7) v
:ENABIe? Read the enabled messages. 4
:DISable <list> Specify messages not to be placed in queue. (Note 7)
:DISable? Read the disabled messages.
:CLEar Clears al messages from Error Queue.
Notes:

1. Commands in this subsystem are not affected by *RST and :SY STem:PRESet. The effects of cycling power, * CLS and :STATus:PRESet are explained
by the following notes.

2. Event Registers:  Power-up and *CLS — Clears al bits of the registers
:STATus:PRESet — No effect.

3. Enable Registers:  Power-up and :STATus.PRESet — Clears al bits of the registers
*CLS—No effect

4. PTR Registers:  Power-up and :STATus.PRESet sets all bits of the registers
*CLS—No effect

5.NTR Registers:  Power-up and :STATus:PRESet clears all bits of the registers
*CLS—No effect

6. Error Queue: Power-up and * CLS — Clears the Error Queue
:STATus:PRESet — No effect

7. Enable/Disable Error Queue Messages: Power-up — Clears list of messages

*CLS and :STATus:PRESet — No effect
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Table 3-13
SYSTem command summary
Default
Command Description parameter SCPI Ref
:SYSTem
:PRESet Return to :SY ST:PRES defaults. v 3221
:POSetup <name> Select power-on setup: (RST, PRESet or SAV0-SAV9). 3.22.2
:POSetup? Query power-on setup.
:‘VERSion? Query rev level of SCPI standard. 4 3.22.3
:ERRor? Query (read) Error Queue. (Note) 4 3224
‘LSYNc Path to control line synchronization of measurements. 3225
:STATe <b> Enable or disable line sync.
:STATe? Query line sync. OFF 3.22.6
:KEY <NRf> Simulate key-press (1 to 31; see Figure 3-40).
:KEY? Query the last “ pressed” key.
:CLEar Clears messages from the Error Queue. v 3.22.7
:DATE <yr>, <mo>, <day> Set date. v 3.22.8
:DATE? Query date. v 3.22.9
"TIME <hr>, <min>, <sec> Set time (24-hour format). v 3.22.10
TIME? Query time. v
:TSTamp Path to configure and control timestamp. 3.22.11
:TYPE <name> Select timestamp type (REL ative or RTClock).
TYPE? Query timestamp type. 3.22.12
‘RELative Path to reset timestamp.
‘RESet Reset relative timestamp to O sec.
:RNUMber Path to reset reading number.
:RESet Reset reading number to zero
:ZCHeck <b> Enable or disable zero check 3.22.12
:ZCHeck? Query state of zero check.
:ZCORrect Path to control zero correct. 3.22.12
[:STATe] <b> Enable or disable zero correct. OFF
[:STATe]? Query state of zero correct.
:ACQuire Acquire zero correction value.
:TSControl <b> Enable or disable external temperature readings. OFF 3.22.12
:TSControl ? Query state of external temperature readings.
:HLControl <b> Enable or disable the A/D hardware limit. ON 3.22.13
:HLControl? Query state of hardware limit.
:HSControl <b> Enable or disable humidity readings. OFF 3.22.13
:HSControl? Query state of humidity readings.
:LOCd Take 6517 out of remote (RS-232 only). 3.22.13
‘REMote Put 6517 in remote (RS-232 only).
:LLOCkout <b> Enable or disable local lockout (RS-232 only). OFF 3.22.14
:MACRo 3.22.14
:TRIGger Paths to configure Basic triggering. 3.22.14
[:EXECute] Select basic triggering. 3.22.15
:MODE <name> Specify trigger mode (CONTinuous or ONEShot). CONTinuous
:SOURCce <name> Specify source (IMMediate, MANual, BUS, EXTer- IMMEdiate
nal or TIMer).
‘TIMer <n> Specify timer interval; 0.001 to 99999.999 (sec). 0.1
:INTerlock? Query if interlock cable connected to fixture (1=yes). 3.22.16

Note: Clearing the Error Queue: Power-up and *CLS — Clears the Error Que
*RST, :SY STem:PRESet and :STATus:PRESet — No effect
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Table 3-14
TRACe command summary
Power-up
Command Description defaults* SCPI | Ref.
:TRACe¢|:DATA Use :TRACe or :DATA asroot command. 23
:CLEar Clear readings from buffer. 3.23.1
:FREE? Query bytes available and bytesin use. 4 3.23.2
:POINts <n> Specify size of buffer. 4 3233
:AUTO <b> Enable or disable auto buffer sizing. v
:AUTO? Query state of auto buffer sizing. v
:ACTual? Query number of readings stored in the buffer.
:POINts? Query buffer size. 4
:FEED Path to control Feed commands. 3.234
:PRETrigger Path to configure pre-trigger storage.
:AMOunt Path to specify number of pre-trigger readings.
[:PERCent] <n> Specify % (0 to 100) of buffer.
[:PERCent]? Query percentage.
:READings <n> Specify as a number.
:READings? Query number of readings.
:SOURce <name> Select pre-trigger source event (EXTernal, TLINk, BUS
or MANual).
:SOURce? Query pre-trigger source event.
:CONTrol <name> Select buffer control mode (NEVer, NEXT, v
ALWays or PRETrigger).
:CONTrol? Query buffer control mode. 4
:DATA? Read all readings in the buffer. 4 3235
:LAST? Read last reading stored in buffer by Alternating Polarity test. 3.235
:TSTamp Peath to select timestamp format for buffer readings. 3.23.6
:FORMat <name> Select timestamp format (ABSolute or DELTQ).
:FORMat? Query timestamp format.
:ELEMents <name> Select reading elements (TSTamp, HUMidity, CHANnel, 3.237

ETEM perature, V SOurce, NONE).

*:SY STem:PRESet and *RST have no effect on the commands in this subsystem.
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Table 3-15
Trigger command summary
Default
Command Description parameter SCPI Ref.
:INITiate Subsystem command path: v 3.24.1
[:IMMediate] Initiate one trigger cycle. v
:CONTinuous <b> Enable or disable continuous initiation. (Note 1) v
:CONTinuous? Query continuous initiation. v
:POFL &g <name> INCLude or EXCLude no pending flag for initiate com- | INCLude
mands
:POFLag? Query pending operation flag.
:ABORt Reset trigger system. v 3.24.2
:ARM[:SEQuence[1]] Path to configure arm layers: v
[:LAYer[1]] Path to program Arm Layer 1: v
IMMediate Loop around control source. v 3.24.3
:COUNt <n> Specify arm count (1 to 99999, or INF). 1 v 3.24.4
:COUNI? Query arm count. v
:SOURce <name> Select control source (HOLD, IMMediate, RTCLock, | IMMediate (Note2) | 3.24.6
MANual, BUS, TLINk or EXTernal).
:SOURce? Query control source. v
:SIGNal Loop around control source. v 3.24.8
:TCONfigure Path to configure Triggers: 3.24.9
:DIRection <name> Enable (SOURce) or disable (ACCeptor).
:DIRection? Query direction. ACCeptor
:ASY Nchronous Path to configure asynchronous Trigger Link:
:ILINe <NRf> Select input line (1 to 6).
:ILINe? Query input line. 2
:OLINe <NRf> Select output line (1 to 6).
:OLINe? Query output line. 1
:RTCLock Path to configure the RTCLock control source: 3.24.10
:DATE <yr>, <mo>, <day> Specify the date for the clock event.
:DATE? Query the date for the clock event.
:TIME <hr>, <min>, <sec> Specify the time for the clock event.
TIME? Query the time for the clock event.
:LAYer2 Path to program Arm Layer 2: v
IMMediate Loop around control source. v 3.243
:COUNt <n> Specify scan count (1 to 99999 or INF). (Note 3) v 3244
:COUNLt? Query scan count. v
:DELay <n> Program delay (0 to 999999.999 sec) 0 v 3.245
:DELay? Query delay. v
:SOURce <name> Select control source (HOLD, IMMediate, TIMer, IMMediate (Note 2) | 3.24.6
MANual, BUS, TLINk or EXTernal).
:SOURce? Query control source. v
TIMer <n> Set timer interval (0 to 999999.999 sec). 0.1 v 3.24.7
TIMer? Query timer. v
:SIGNal Loop around control source. v 3.24.8
:TCONfigure Path to configure Triggers: 3.24.9
:DIRection <name> Enable (SOURce) or disable (ACCeptor) Bypass. ACCeptor
:DIRection? Query direction.
:ASY Nchronous Path to configure asynchronous Trigger Link:
:ILINe <NRf> Select input line (1 to 6). 2
ILINe? Query input line.
:OLINe <NRf> Select output line (1 to 6). 1
:OLINe? Query output line.
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Table 3-15 (Continued)
Trigger command summary

Default
Command Description parameter SCPI Ref.
‘TRIGger[:SEQuence[1]] Path to program Trigger Layer: v
IMMediate Loop around control source. v 3243
:COUNt <n> Set measure count (1 to 99999, or INF). (Note 3) v 3.24.4
:COUNTt? Query measure count. v
:DELay <n> Set delay (0 to 999999.999 sec) 0 v 3245
:DELay? Query delay. v
:SOURce <name> Select control source (HOLD, IMMediate, TIMer, IMMediate (Note?2) | 3.24.6
MANual, BUS, TLINk or EXTernal).
:SOURce? Query control source. v
TIMer <n> Set timer interval (0 to 999999.999 sec). 0.1 v 3.24.7
TIMer? Request the programmed timer interval. v
:SIGNal Loop around control source. v 3.24.8
:TCONfigure Path to configure Triggers: 3.24.9
:PROTocol <name> Select protocol (ASY Nchronous or SSY Nchronous). | ASY Nchronous
:PROTocol? Query protocol.
:DIRection <name> Enable (SOURCce) or disable (ACCeptor) Bypass. ACCeptor
:DIRection? Query direction.
:ASY Nchronous Path to configure asynchronous Trigger Link:
:ILINe <NRf> Select input line (1 to 6). 2
:ILINe? Query input line.
:OLINe <NRf> Select output line (1 to 6). 1
:OLINe? Query output line.
:SSY Nchronous Path to configure semi-synchronous Trigger Link:
:LINE <NRf> Select trigger line (1 to 6). 1
‘LINE? Query trigger line.
Notes:

1. Defaultsfor continuous initiation:

:SY STem:PRESet enables continuous initiation

*RST disables continuous initiation

2. TLINK and RTCLock (Arm Layer 1) are non-SCPI parameters for the : SOURce command. The command (:SOURce), and al the other parameters are

SCPI confirmed.

3. Defaultsfor count (Arm Layer 2 and Trigger Layer):
:SY STem:PRESet sets the count to INF (infinite).

*RST sets the count to 1.
Table 3-16
: TSEQuence command summary
Default
Command Description parameter | SCPI Ref.
:TSEQuence
:ARM Arms selected test sequence. 3251
:ABORt Stops atest sequencein process. 3251
:TYPE <name> Specify test; DLEakage, CLEakage, ClResistance, DLEakage 3251
RV Coefficient, SRESistivity, VRESIstivity, SIResistivity,
SQSWeep, STSWeep, ALTPolarity.
‘TYPE? Query test type.
:TSOurce <name> Specify trigger source; MANual, IMMediate, BUS, TLINK, MANua 3251
EXTernal, LCLosure.
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: TSEQuence command summary

Default
Command Description parameter | SCPI Ref.
:TSEQuence

:TSOurce? Query trigger source.

:TLINe <NRf> Specify TLINK line; 1 to 6. 1 3251

‘TLINe? Query TLINK line.

DLEakage Diode leakage test path:
:STARt <NRf> Specify start voltage; -1000 to 1000. +1V 3.25.2
:STARt? Query start voltage.
:STOP <NRf> Specify stop voltage; -1000 to 1000. +10V 3253
:STOP? Query stop voltage.
:STEP <NRf> Specify step voltage; -1000 to 1000. +1V 3254
:STEP? Query step voltage.
:MDELay <NRf> Specify measure delay; 0 to 10000.0(sec). 1sec 3.255
‘MDELay? Query measure delay.

:CLEakage Capacitor leakage test path:
:SVOLtage <NRf> Specify bias voltage (-1000 to 1000). +1V 3.25.6
:SVOLtage? Query bias voltage.
:SPOInts <NRf> Number points (1 to Max Buffer). 10 32521
:SPQints? Query number of points.
:SPINterval <NRf> Interval between points: 0 to 99999.9(sec). 1sec 3.25.22
:SPINterval? Query interval.

:ClResistance Cable insulation resistance test path:
:SVOLtage <NRf> Specify bias voltage; -1000 to 1000. +1V 3.25.6
:SVOLtage? Query bias voltage.
:SPOInts <NRf> Number points (1 to Max Buffer). 5 3.25.21
:SPQints? Query number of points.
:SPINterval <NRf> Interval between points: 0 to 99999.9(sec). 1lsec 3.25.22
:SPINterval? Query interval.

:RV Coefficient Resistor voltage coefficient test path:
:SVOLtage[1] <NRf> Specify source voltage 1; -1000 to 1000. +1V 3.25.6
:SVOLtage[1]? Query source voltage.
:MDELay[1] <NRf> Specify measure delay 1; 0 to 99999.9(sec). lsec 3.255
:MDELay[1]? Query measure delay.
:SVOLtage2 <NRf> Specify source voltage 2; -1000 to 1000. +2V 3.25.6
:SVOLtage2? Query source voltage.
:MDELay2 <NRf> Specify measure delay 2; 0 to 99999.9(sec). 1sec 3.255
:MDELay2? Query measure delay.

:SRESitivity Surface resistivity test path:
:PDTime <NRf> Specify pre-discharge time; 0 to 9999.9(sec). 0.2sec 3.25.9
:PDTime? Query pre-discharge time.
:SVOLtage <NRf> Specify bias voltage; -1000 to 1000. +500V 3.25.6
:SVOLtage? Query bias voltage.
:STIME <NRf> Specify biastime; 0 to 99999.9(sec). 1sec 3.25.7
:STIME? Query biastime.
:MVOLtage <NRf> Specify measure votlage; -1000 to 1000. +500V 3.25.10
:MVOLtage? Query measure voltage.
‘MTIMe <NRf> Specify measure time; 0 to 9999.9(sec). 1sec 32511
‘MTIMe? Query measure time.
:DTIMe <NRf> Specify discharge time; 0 to 99999.9(sec). 2sec 3.25.8
:DTIMe? Query discharge time.

:'VRESistivity Volume resistivity test path:
:PDTime <NRf> Specify pre-discharge time; 0 to 99999.9(sec). 10 sec 3.25.9
:PDTime? Query pre-discharge time.
:SVOLtage <NRf> Specify bias voltage; -1000 to 1000. +500V 3.25.6
:SVOLtage? Query bias voltage.
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Table 3-16 (Continued)

: TSEQuence command summary

Default
Command Description parameter | SCPI Ref.
:TSEQuence

:VRES stivity
:STIME <NRf> Specify biastime; 0 to 99999.9 (sec). 1sec 3.25.7
:STIME? Query biastime.
:MVOLtage <NRf> Specify measure voltage; -1000 to 1000. +500V 3.25.10
:MVOLtage? Query measure voltage.
‘MTIMe <NRf> Specify measure time; 0 to 9999.9 (sec). lsec 32511
‘MTIMe? Query measure time.
:DTIMe <NRf> Specify discharge time; 0 to 99999.9 (sec). 2sec 3.25.8
:DTIMe? Query discharge time.

:ALTPolarity Alternating polarity resistance/resistivity test path.
:OFSVoltage <NRf> Specify offset voltage; -1000 to 1000. ov 3.25.17
:OFSVoltage? Query offset voltage.
:ALTVoltage <NRf> Specify aternating voltage; -1000 to 1000. 1ov 3.25.18
:ALTVoltage? Query alternating voltage.
‘MTIMe <NRf> Specify measurement time; 0.5 to 9999.9 (sec). 15 sec 32511
‘MTIMe? Query measurement time.
:DISCard <NRf> Specify number of initial readings to discard; 0 to 9999. 3 3.25.19
:DISCard? Query number of initial readings to discard.
:READings <NRf> Specify number of readings to store. See paragraph 3.25.19. | 1 3.25.20
:READings? Query number of readings to store.

:SIResistance Surface Insulation Resistance test path:
:SVOLtage <NRf> Specify bias voltage; -1000 to 1000. +50V 3.25.6
:SVOLtage? Query bias voltage.
:STIME <NRf> Specify biastime; 0 to 99999.9 (sec). lsec 3.25.7
:STIME? Query biastime.
:MVOLtage <NRf> Specify measure voltage; -1000 to 1000. +100V 3.25.10
:MVOLtage? Query measure voltage.
‘MTIMe <NRf> Specify measure time; 0 to 9999.9 (sec). 1sec 32511
‘MTIMe? Query measure time.

:SQSWeep Square wave sweep test path:
‘HLEVel <NRf> Specify high level voltage; -1000 to 1000. +1V 3.25.12
‘HLEVe? Query high level voltage.
:HTIMe <NRf> Specify high level time; 0 to 9999.9 (sec). 1sec 3.25.13
‘HTIMe? Query high level time.
:LLEVd <NRf> Specify low level voltage; -1000 to 1000. -1V 3.25.14
‘LLEVE? Query low level voltage.
LTIMe<NRf> Specify low level time; 0 to 9999.9 (sec). 1sec 3.25.15
LTIMe? Query low level time.
:COUNt <NRf> Specify number cycles. 3.25.16
:COUNLt? Query cycle count.

:STSWeep Staircase sweep test path:
:STARt <NRf> Specify start voltage; -1000 to 1000. +1V 3.25.2
:STARt? Query start voltage.
:STOP <NRf> Specify stop votlage; -1000 to 1000. +10V 3253
:STOP? Query stop voltage.
:STEP <NRf> Specify step voltage; -1000 to 1000. +1V 3.254
:STEP? Query step voltage.
:STIME <NRf> Specify step time; 0 to 9999.9 (sec). lsec 3.25.7
:STIME? Query step time.
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Table 3-17
:UNIT command summary
Power-up
Command Description defaults
UNIT
:TEMPerature <name> | Select temperature units (C, CEL, F, FAR, K). C
‘TEM Perature? Query temperature units.
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3.13 Calculate subsystems

3131 :CALCulate[1]

Parameters

Query

Description

Parameters

Query

Description

Parameters

Query

Description
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The commands in this subsystem are used to configure and control the three Calculate sub-
systems and are summarized in Table 3-4.

This subsystem is used to configure and control the Polynomial and Percent math calculations.
Detailed information on math calculationsis provided in paragraph 2.18.

‘FORMat <name>
:CALCulate[1]:FORMat <name> Specify CALC 1 format

<name> = NONE No calculation
PERCent Percent calculation
POLynomia Polynomial calculation
RATioRatio calculation
DEViationDeviation calculation
PDEViationPercent deviation calculation
L OG10L ogarithmic base 10 calculation

:FORMat? Query programmed math format
This command is used to specify the format for the CALC 1 math calculation. With NONE se-
lected, no CALC 1 calculation is performed. With one of the other formats selected and CALC

1 enabled (see :STATe), the result of the calculation is displayed. The calculated reading is re-
freshed every time the instrument takes a reading.

‘KMATh commands
‘MAOFactor <NRf>

:CALCulate[1]:KMATh:MAOFactor <NRf> Specify "a0" factor
<NRf> =-9.999999¢30 to +9.999999e30
:MAOFactor? Query "a0" factor

This command is used to define the "a0" factor for the polynomial calculation.

‘MA1Factor <NRf>

:CALCulate[1]:KMATh:MA1Factor <NRf> Specify "a1" factor
<NRf> =-9,999999e20 to +9.999999e20
:MA1Factor? Query "al" factor

This command is used to specify the "al" factor for the polynomial calculation.
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‘MA2Factor <NRf>

:CALCulate[1]:KMATh:MA2Factor <NRf>  Specify "a2" factor
<NRf> =-9.999999¢20 to +9.999999e20
:MAZ2Factor? Query "a2" factor

This command is used to specify the "a2" factor for the polynomial calculation.

‘PERCent <NRf>

:CALCulate[1]:KMATh:PERCent <NRf> Specify Percent target value
<NRf> =-9,999999e35 to +9.999999e35 Specify target value for Percent calculation.
:PERCent? Query Percent target value

This command is used to specify the target value for the Percent calculation.

‘REFerence <NRf>

:CALCulate[1]:REFerence <NRf> Set reference value for ratio, deviation and percent deviation
<NRf> =-9.999999e35 t0 +9.999999e35 Specify reference value
:REFerence? Query reference value

This command is used to specify the reference value for the ratio, deviation and percent devia-
tion calculation.

STATe <b>

:CALCulate[1]:STATe <b> Control CALC 1

<b>= 0or OFF Disable CALC 1 calculation
1 or ONEnable CALC 1 caculation

:STATe? Query state (on or off) of CALC 1

Thiscommand is used to enable or disable the CALC 1 calculation. When enabled, each instru-
ment reading will reflect the selected calculation (see :FORMat).

:DATA commands
[:LATest]?

:CALCulate[1]:DATA[:LATest]? Read CALC 1 result

This query command is used to read the result of the CALC 1 calculation. If CALC 1isdisabled
or NONE is selected, the "raw" reading will instead be read.
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:FRESh?

:CALCulate[1]:DATA:FRESh? Recalculate CALC 1

This query command is used to return anew (fresh) math result of CALC1. This command will
not request the same result twice. If anew reading istriggered, this command will wait until the
math result is available. When CALC1 is disabled, there is no difference between SENS:DA-
TA:FRES? and CALC:DATA:FRES?.

:IMMediate

:CALCulate[1]:IMMediate Recalculate CALC 1

IMMediate? Perform calculation and read result (equivalent to :CAL Culate[1]:IMMedi-
ate; DATA?)

When you change the math cal culation, the next instrument reading reflects the new cal culation
(assuming CALC 1 mathisenabled). If theinstrument is not in acontinuous measurement mode
(i.e. waiting for atrigger), the displayed reading will not update to the reflect the new cal culation
until the next reading conversion occurs.

Thisaction command allows you to re-process the current input datato reflect anew calculation.
For example, assume the instrument is in a non-continuous measurement mode and requires a
manual trigger to cause the next reading conversion. Changing the calculation will not affect the
currently displayed reading. However, sending the :IMMediate command re-processes that dis-
played reading to reflect the new calculation. Note that sending the :IMMediate command does
not initiate a reading conversion.

An aternate way to perform the cal culation and read the result is by using the query form of the
command (:IMMediate?). When this command is sent, the calculation is performed and the re-
sult isqueried.

PR NT #1, "output 27; :syst:pres?” ' Select defaults
PRI NT #1, "output 27; :trig:sour bus"' ' Place 6517A in one-
' shot measure node
SLEEP 3 " Wit three seconds
PRI NT #1, "output 27; :calc:formpol™’ ' Select polynomal math

cal cul ation
PRI NT #1, "output 27; :calc:kmat:naOf 50"' ' Set "a0" to 50

PRI NT #1, "output 27; :calc:stat on"' ' Enabl e cal cul ation
SLEEP 3 " Wit 3 seconds
PRI NT #1, "output 27; :cal:im " Performcal cul ation

' (adds 50 to reading)
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This Calculate subsystem is used to configure and control CALC 2 operations on readings
stored in the buffer.

:FORMat <name>
:CALCulate2:FORMat <name> Specify CALC 2 format

<name> = MEAN Mean value of readings in buffer
SDEV Standard deviation of readingsin buffer
MAXLargest reading in buffer
MINLowest reading in buffer
PK PK Peak-to-peak value of readingsin buffer
NONENocalculation

:FORMat? Query programmed math format

This command is used to specify the format for the CALC 2 math calculation. The calculation
operations for CALC 2 use data stored in the buffer.

With NONE selected, no CALC 2 calculation will be performed. With one of the other formats
selected and CALC 2 enabled (see :STATe), the calculation is performed every timethe :IMMe-
diate or :IMMediate? command is executed.

Detailson MEAN, SDEV, MAX and MIN are provided in paragraph 2.16.3.

PKPK = MAX - MIN

where MAX isthe largest reading in the buffer
MIN isthe lowest reading in the buffer

:STATe <b>

:CALCulate2:STATe <b> Control CALC 2

<b>= O0or OFF Disable CALC 2 calculation
1 or ONEnable CALC 2 calculation

:STATe? Query state (on or off) of CALC 2

Thiscommand is used to enable or disable the CALC 2 calculation. When enabled, the selected
CALC 2 format will be calculated when the :IMMediate or :| MM ediate? command is executed.

:IMMediate

:CALCulate2:IMMediate  Perform CALC 2

IMMediate? Perform calculation and read result (equivalent to :CAL Culate2:IMMediate;
DATA?)

The :IMMediate command is used to perform the selected CAL C 2 operation on the readingsin

the buffer (assuming CALC 2 is enabled; see :STATe). After performing the calculation, the re-
sult can be read by using the :CAL Culate2:DATA? query command.
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Description

An aternate way to perform the cal culation and read the result is by using the query form of the
command (:IMMediate?). When this command is sent, the calculation is performed and the re-
sult isqueried.

This example assumes that there are readings stored in the buffer and CALC 2 is enabled:

PR NT #1, "output 27; :calc2:formnax" ' Select MAX fornat
PRI NT #1, "output 27; :calc2:inm?" " Performmnath and query
" result
PRI NT #1, "enter 27" " Get response message from
6517A
‘DATA?

:CALCulate2:DATA? Read CALC 2 result

This query command is used to read the result of the CALC 2 operation. If CALC 2 isdisabled
or NONE is selected, the "raw" reading will instead be read.

Note that this command does not initiate a cal culation. This command is used to simply read the
result of the last calculation.



3.133

:CALCulate3

Parameters

Query

Description

Parameters

Query

Description

|EEE-488 Reference

This Calculate subsystem is used to configure and control the limit tests (LIMIT 1 test and LIM-
IT 2 test). See paragraph 2.19.6 for details on limit tests.

[:DATA] <n>
:CALCulate3:LIMit[1]:UPPer[:DATA] <n> Specify upper LIMIT 1
:CALCulate3:LIMit[1]:LOWer[:DATA] <n> Specify lower LIMIT 1
:CALCulate3:LIMit2:UPPer[:DATA] <n> Specify upper LIMIT 2
:CALCulate3:LIMit2:LOWer[:DATA] <n> Specify lower LIMIT 2
<n>= -9.999999e35 to +9.999999e35 Specify limit value
DEFault Set specified upper limitto 1
Set specified lower limit to -1
MINimum Set specified limit to -9.999999e35
MAXimum Set specified limit to +9.999999e35
:UPPer? Query specified upper limit
:UPPer? DEFault Query *RST default upper limit
:UPPer? MINimum Query lowest allowable upper limit
:UPPer? MAXimum Query largest allowable upper limit
LOWer? Query specified lower limit
:LOWer? DEFault Query *RST default lower limit
:LOWer? MINimum Query lowest allowable lower limit

:LOWer? MAXimum Query largest allowable lower limit

These commands are used to set the upper and lower limitsfor LIMIT 1 and LIMIT 2. The ac-
tual limit depends on which measurement function is currently selected. For example, a limit
value of 1w is 1uA for the amps function and 1uC for the coulombs function. A limit value is
not range sensitive. A limit of 2 for voltsis 2V on all measurement ranges.

:SOURce <NRf>

:CALCulate3:LIMit[1]:UPPer:SOURce <NRf> Specify pattern; upper LIMIT 1 failure
:CALCulate3:LIMit[1]:LOWer:SOURce <NRf> Specify pattern; lower LIMIT 1 failure
:CALCulate3:LIMit2:UPPer:SOURce <NRf> Specify pattern; upper LIMIT 2 failure
:CALCulate3:LIMit2:LOWer:SOURce <NRf> Specify pattern; lower LIMIT 2 failure

<NRf>=0to0 15 Specify digital pattern for output port
:SOURce? Query source value for specified limit

These commands are used to specify which line(s) of the Digital Output Port will go true when
alimit test failure occurs. Thefirst failurein the test sequence determines the digital output pat-
tern. Subsequent failures in the test sequence will not change the digital output pattern on the
output port. Each output line is assigned a decimal weight as follows:

Digital Output ~ Decimal Weight

Line#1 1
Line#2 2
Line#3 4
Line#4 8
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The parameter value for the digital pattern is determined by adding the decimal weights of the
desired output lines. For example, if you want output lines#2 and #3 to go true when the upper
limit of LIMIT 1isthefirst failurein the test sequence, use a parameter value of 6 (2+4).

The actual true state (high or low) of each Digital Output line depends on its programmed po-
larity. Polarity is programmed from the OUTPut subsystem (see paragraph 3.17).

Note that when the binning strobe is enabled (see :BSTRobe command path), output line #4 is
not considered to be part of the digital output pattern. The binning strobe uses line #4. With the
binning strobe enabled, parameters 8 through 15 are treated the same as parameters 0 through 7.

:STATe <b>
:CALCulate3:LIMit[1]:STATe <b> Control LIMIT 1 test
:CALCulate3:LIMit2:STATe <b> Control LIMIT 2 test

<b>= 1or ON Enable specified limit test
0 or OFF Disable specified limit test

:STATe? Query state of specified limit test

These commands are used to enable or disable LIMIT 1 and LIMIT 2 tests. When enabled, the
test sequence for limits will be performed every time the instrument performs a measurement.
Testing is performed in the following sequence: Low Limit 1, High Limit 1, Low Limit 2 and
High Limit 2. Any limit test (LIMIT 1 or LIMIT 2) not enabled is simply not performed.

Note that when a limit test (LIMIT 1 or LIMIT 2) is enabled, the digital output port cannot be
controlled from the Source Subsystem.

A fail indication (see :FAIL?) for LIMIT 1 or LIMIT 2 is cleared when the respective limit test
is disabled.

:FAIL?
:CALCulate3:LIMit[1]:FAIL? Read LIMIT 1 test results
:CALCulate3:LIMit2:FAIL? Read LIMIT 2 test results

These commands are used to read theresultsof LIMIT 1 and LIMIT 2 tests:

0 =Limit test passed
1 =Limit test failed

The response message (0 or 1) only tells you if alimit test has passed or failed. It does not tell
you which limit (upper or lower) has failed. To determine which limit has failed, you will have
to read the Measurement Event Register (see paragraph 3.21.1).

Reading the results of alimit test does not clear the fail indication of the test. A failure can be
cleared by using a:CLEar command, or by disabling the test (:STATe OFF).
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:CLEar commands

[:IMMediate]

:CALCulate3:LIMit[1]:CLEar[:IMMediate] Clear LIMIT 1 test failure
:CALCulate3:LIMit2:CLEar[:IMMediate] Clear LIMIT 2 test failure

These action commands are used to clear thefail indication of LIMIT 1 and LIMIT 2 tests. Note
that afailureis also cleared when the limit test is disabled (:STATe OFF).

AUTO <b>

:CALCulate3:LIMit[1]:CLEar:AUTO <b> Control auto-clear; LIMIT 1
:CALCulate3:LIMit2:CLEar:AUTO <b> Control auto-clear; LIMIT 2

<b>= 1 or ON Enable auto-clear for limit failure
0 or OFF Disable auto-clear for limit failure

‘AUTO? Query state of auto clear
With auto-clear enabled, the fail indication of alimit test clears when instrument operation en-

ters the idle state. With auto-clear disabled, the fail indication will remain until it is cleared by
the :CLEar[:IMMediate] command.

‘PASS:SOURce <NRf>

:CALCulate3:PASS:SOURce <NRf> Specify "pass" pattern
<NRf>=0to 15 Specify digital pattern for output port
:SOURce? Query programmed source value

Thiscommand is used to specify which ling(s) of the Digital Output Port will go true when there
are no failuresin the limit tests. Each output line is assigned a decimal weight as follows:

Digital Output  Decimal Weight

Line#l 1
Line#2 2
Line#3 4
Line#4 8

The parameter value for the digital pattern is determined by adding the decimal weights of the
desired output lines. For example, if you want output lines#2 and #3 to go true when all enabled
limit tests pass, use a parameter value of 6 (2+4).

The actual true state (high or low) of each digital output line depends on its programmed polar-
ity. Polarity is programmed from the OUTPut Subsystem (see paragraph 3.17).

Note that when the binning strobe is enabled (see :BSTRobe command path), output line #4 is

not considered to be part of the digital output pattern. The binning strobe uses line #4. With the
strobe enabled, parameter values 8 through 15 are treated the same as parameters O through 7.
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:CLIMits:FAIL?

:CALCulate3:CLIMits:FAIL? Read composite result of limit tests

This query command is used to obtain the composite result of the LIMIT 1 and LIMIT 2 tests.
The composite result is the logical OR'ed summary of LIMIT Land LIMIT 2:

1 = One or both tests have failed.
0 = Both tests have passed.

In the event of afailure (1), you can determine which test(s) has failed by using the fail com-
mand of each limit :LIMitl:FAIL? and :LIMit2:FAIL?).

This command (like the other fail commands) does not clear the fail indication for LIMIT 1 or
LIMIT 2.

:BSTRobe:STATe <b>

:CALCulate3:BSTRobe:STATe <b> Control binning strobe

<b>= 1orON Enable binning strobe
O or OFF Disable binning strobe

:STATe? Query state of binning strobe

This command is used to enable or disable the strobe for the binning operation. When enabled,
digital output line#4 is used for the binning strobe pulse. After the appropriate digital patternis
placed on the other three lines of the output port, the >10usec strobe pulse is asserted on line
#4. The strobe is used to "inform" your external binning circuit that the output port (lines 1, 2
and 3) isready to be read.

:IMMediate

:CALCulate3:IMMediate Perform CALC 3

When you change the configuration of the limit test, the next reading is evaluated according to
that new test configuration. If the instrument is not in a continuous measurement mode (e.g.,
waiting for a manual trigger), the test will not be performed until the next reading conversion
occurs.

This action command allows you to re-process the current input data to test new limits. For ex-
ample, assume the instrument is in a non-continuous measurement mode and requires amanual
trigger to cause the next reading conversion. Changing the test limits will not affect the last test
result. However, sending the :IM M ediate command re-processes the data and eval uatesthe read-
ing according to the new test limits. Note that sending the :IMMediate command does not ini-
tiate a reading conversion.

PRI NT #1, "output 27; :trig:sour bus" ' Pl ace 6517A in one-shot node
SLEEP 3 ' Wit three seconds
PRI NT #1, "output 27; :calc3:imf ' Re-performlimt test
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3.14 :CALibration subsystem

Description

Description

There are two calibrate commands that are accessible to the operator. These commands are used
to null out input bias current and voltage burden. These commands are summarized in Table
3-5. To calibrate the instrument, refer to the Model 6517 Service Manual.

‘VOFFset

:CALibration:UNPRotected:VOFFset Null voltage burden

This action command is used to null voltage burden. Before sending this command connect a
short to the input triax connector. Function changes and measurements cannot be made during
the calibration process.

1IOFFset

:CALibration:UNPRotected:IOFFset Null input offset current
This action command is used to null input offset current. Before sending this command, cap the

input triax connector. Function changes and measurements cannot be made during the calibra-
tion process.
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Thedisplay subsystem controlsthe display of theModel 6517A and issummarized in Table 3-6.

"TEXT commands

‘DATA <a>

:DISPlay[:WINDow/[1]]:TEXT:DATA <a> Define message; top display
:DISPlay:WINDow2:TEXT:DATA <a> Define message; bottom display

<a> = ASCII characters for message

Types. String 'aa...a or "aa..d"
Indefinite Block #0aa...a
Definite Block #XYaa...a

where; Y = number of charactersin message:
Up to 20 for top display
Up to 32 for bottom display
X = number of digitsthat makeupY (1 or 2)

:DATA? Query the defined text message

These commands define text messages for display. A message can be as long as 20 characters
for the top display, and up to 32 characters for the bottom display. A spaceis counted as a char-
acter. Excess message characters resultsin an error.

An indefinite block message must be the only command in the program message or the last com-
mand in the program message. If you include a command after an indefinite block message (on
the sameline), it will be treated as part of the message and is displayed instead of executed.

:STATe <b>
:DISPlay[:WINDow[1]]:TEXT:STATe <b> Control message; top display
:DISPlay:WINDow2:TEXT:STATe <b> Control message; bottom display

<b> =0or OFF Disable text message for specified display
lor ON Enable text message for specified display

:STATE? Query state of message mode for specified display

These commands enable and disabl e the text message modes. When enabled, a defined message
is displayed. When disabled, the message is removed from the display.

GPIB Operation — A user defined text message remains displayed only as long as the instru-
ment isin remote. Taking the instrument out of remote (by pressing the LOCAL key or sending
LOCAL 27), cancels the message and disables the text message mode.

RS-232 Operation — A user defined test message can only be cancelled by using this command
to disable the message or by cycling power.
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:ATTRibutes?
:DISPlay[:WINDow/[1]]:ATTRibutes? Query attributes; primary display
:DISPlay:WINDow2:ATTRibutes? Query attributes; secondary display

This query command is used to determine which characters on the display are blinking and
which are not. The response message providesthat status of each character position for the spec-
ified display. The primary display consists of 20 characters and the secondary display consists
of 32 characters.

1 = Character isblinking
0 = Character is not blinking

For example, assume the following menu is displayed with the SAVESETUP option blinking:

MAIN MENU
SAVESETUP COMMUNICATION  TEST

The response message for :disp:attr? (primary display) will result in 20 zeroes as follows:
(00000000000000000000

The response message for :disp:wind2:attr? (secondary display) will display 1s at the character
positions for SAVESETUP asfollows:

11111111100000000000000000000000

‘DATA?
:DISPlay[:WINDow/[1]]:DATA? Read top display
:DISPlay:WINDow?2:DATA? Read bottom display

These query commands are used to read what is currently being displayed on the top and bottom
displays. After sending one of these commands and addressing the Model 6517A totalk, thedis-
played data (message or reading) will be sent to the compuiter.

:CNDisplay

:DISPlay:CNDisplay Clear (cancel) NEXT display

This action command is used to clear the bottom display of NEXT (or PREV) messages and
cancel the operations associated with them. This command has no effect on any other message

types.

'SMESsage <b>

:DISPlay:SMESsage <b> Control status message

<b>= 0or OFF Disable status messages
lor ON Enable status messages

:SMESsage? Query state of status message mode
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This command is used to enable/disable the status message mode. The status message mode is
adiagnostic tool that provides real-time messages that relate to the current operating state of the
instrument. Table 2-5 lists the status messages.

‘ENABIle <b>

:DISPlay:ENABle <b> Control display circuitry

<b>= O0or OFF Disable display circuitry
lor ON Enable display circuitry

‘ENABIe? Query state of display

This command is used to enable and disable the front panel display circuitry. When disabled,
the instrument operates at a higher speed. While disabled, the display is frozen with the follow-

ing message:
FRONT PANEL DISABLED Press LOCAL to resume.
Asreported by the message, all front panel controls (except LOCAL) are disabled. Normal dis-

play operation can be resumed by using the :ENABIe command to enable the display or by put-
ting the Model 6517 into local.



|EEE-488 Reference
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The commands for this subsystem are used to select the data format for transferring instrument
readings over the bus. The BORDer command and DATA command affect readings transferred
from the buffer ONLY. (i.e. SENSE: DATA? or CALC:DATA? is always be sent in ASCII.)
These commands are summarized in Table 3-7.

[:DATA] <type>[,length]

:FORMat[:DATA] <type>[,<length>] Specify data format

<type>[,<length>] = ASCii ASCII format
REAL,32 |IEEE754 single precision format
REAL,64 |EEE754 double precision format
SRE4 |EEE754 single precision format
DREal |EEE754 double precision format

NOTE: When using the ASCii, SREal or DREal parameter, a <length> parameter is not re-
quired. If you do not use a <length> parameter with the REAL parameter, the <length> defaults
to 32 (single precision format).

[:DATA]? Query data format

This command is used to select the dataformat for transferring readings over the bus. For every
reading conversion, the data string sent over the bus contains the elements specified by the :EL -
EMents command. The specified elements are sent in a particular order.

TheASCII dataformat isin adirect readable form for the operator. Most BASI C languages eas-
ily convert ASCIlI mantissa and exponent to other formats. However, some speed is compro-
mised to accommodate the conversion. Figure 3-19 showsthe ASCII format that includes all the
data elements.

REAL,32 or SREal will select the binary |IEEE754 single precision data format. Figure 3-20
shows the normal byte order format for each data element. For example, if three valid elements
are specified, the data string for each reading conversion is made up of three 32-bit data blocks.
Note that the data string for each reading conversion is preceded by a 2-byte header that is the
binary equivalent of an ASCII # sign and 0.

REAL,64 or DREdl selects the binary IEEE754 double precision data format and is shown in

Figure 3-21 (normal byte order shown). Thisformat issimilar to the single precision format ex-
cept that it is 64 bits long.
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Reading Channel External Relative V-Source
Reafjing Time ?tamp* Nurrber Number Temp Humidlity (%) (Ope{ate)
[ 1 [ 1T 1 [ 1 [ 1
+1234.567Ex00NVDC,09:21:44.00,14-Sep-1994,+01234rdg#,400extchan,+0025.0Cexttemp,+065.3hum,=0010.000Vsrc
L - I : | LT_J - - -
Exponent Time Date Units Units: Units Units
Units: €= oFC
VDC = Volts K=K
ADC = Amps .
OHM = Ohms Units:
OHMCM (Volume) gxtchan = External Channel
OHMSQ (Surface) intchan = Internal Channel
%/V (Voltage coefficient)
COUL = Coulombs 000 = No Channel
S . 001 to 400 = Channel number
L Status:
N = Normal
Z = Zero Check Enabled
O = Overflow
U = Underflow
R = Reference (Rel)
L = Out of Limit

* Real time clock timestamp shown

Figure 3-19
ASCII data format

Header Byte 1 Byte 2 Byte 3 Byte 4

e f

w

s = sign bit (0 = positive, 1 = negative)
e = exponent bits (8)
f = fraction bits (23)

Normal byte order shown. For swapped byte order,
bytes sent in reverse order: Header, Byte 4, Byte 3,
Byte 2, Byte 1.

The Header is only sent once for each measurement conversion.

Figure 3-20
|EEE754 single precision data format (32 data hits)
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Header B
:
#10 :
I

~<
@
—
=TT T ®
<
it v~
~<

Bytes 3, 4, 5, and 6 not shown.

s = sign bit (0 = positive, 1 = negative)
e = exponent bits (11)

f = fraction bits (52)

Normal byte order shown. For swapped byte order,
bytes sent in reverse order: Header, Byte 8,
Byte 7 .... Byte 1.

The Header is only sent once for each measurement conversion.

Figure 3-21
IEEE754 double precision data format (64 data bits)

:‘ELEMents <item list>

:FORMat:ELEMents <item list> Specify data elements for data string

<item list>: READing Includes reading in data string
CHANnel Includes channel number
RNUM ber Includes reading number
UNITs Includes units
TSTamp Includes time stamp
STATus Includes status of reading
HUMidity Includes humidity reading
ETEMperatrue Includes external temperature reading
V SOurce Includes V-Source output

NOTE: Each item in the list must be separated by a comma (,).
‘ELEMents? Query elementsin data string

This command is used to specify the elements to be included in the data string for each mea-
surement conversion. You can specify from oneto all six elements. Each element in the list must
be separated by acomma (,). These elements, shown in Figure 3-19, are explained as follows:

READiInNg: Instrument reading. The resolution of thisreading tracks the display resolution of the
instrument. An overflow and out-of-limit read as +9.9E37; zero-check reads as +9.91E37; un-
derflow reads as 0.00EQQ.

CHANNel: Corresponds the instrument reading to the channel number of a switching card. If
not scanning, the channel number is 000.

RNUMber: Theinstrument keepstrack of the number of readingsit has performed. Thisreading
counter starts at zero when the instrument is turned on or when :SY Stem:RNUMber:RESet is
sent over the bus. When areading is sent over the bus (i.e. :FETCh?), the RNUMber element
indicates the reading number. The instrument also keeps track of the number of readings it has
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stored in the buffer. When buffer readings are sent over the bus (: TRACe:DATA?), each reading
number is referenced to the first reading, which is #0, stored in the buffer. If using Pre-trigger
to store readings, the pre-trigger readings are assigned negative numbers.

UNITs: This element attaches the function unit to the reading, the time unit (sec) to the times-
tamp, and the channel unit (internal or external) to the channel number. An internal channel re-
fers to an internally installed switching card channel, while an external channel refers to the
channel for an external switch system. This element is not available for the binary formats.

TIMEstamp: A timestamp isavail ableto reference each reading to apoint in time. There aretwo
basic types of timestamps; real-time timestamp and relative time timestamp. The real-time
timestamp provides the time (24-hour clock format) and date for each reading sent over the bus.
The relative timestamp operates as a timer that starts at zero seconds when the instrument is
turned on or when the relative timestamp is reset (:SY STem:TSTamp:REL ative:RESet). The
timestamp for each reading sent over the bus is referenced, in seconds, to the start time. After
99,999.999999 seconds, the timer resets back to zero and starts over.

Timestamp isalso availablefor buffer readings. Timestamp can be referenced to thefirst reading
stored in the buffer (absolute format) which istimestamped at 0 seconds, or can providethetime
between each reading (deltaformat). The : TRACe: TSTamp:FORMat command is used to select
the absolute or deltaformat. For the deltaformat, real- time timestamp is expressed as the days,
hours, minutes and seconds between each reading, while the relative timestamp is expressed as
seconds between each reading. When using the absolute format for the relative timestamp, any
pre-trigger readings will have a negative timestamp.

STATus: This element indicates if the reading is normal (N), overflowed (O) or referenced (R)
to another value, zero (Z), underflow (U), out-of-limits (L). This element is not available for the
binary formats.

HUMuidity: Relative humidity can beread by connecting (and enabling) the Model 6517-RH hu-
midity probe to the instrument. The humidity probe is enabled or disabled from the :SY STem
Subsystem. A reading of 999.99 means humidity is disabled. This dataelement includes the hu-
midity reading (in %) in the data string.

ETEM perature: External temperature can be measured by connecting (and enabling) the Model
6517-TP temperature sensor to the instrument. The temperature sensor is enabled or disabled
from the :SY STem Subsystem. A reading of 9999.99 means temperature is disabled. This data
element includes the temperature reading (in °C, °F or K) in the data string. Temperature units
are selected from the :UNIT subsystem.

V SOurce: This element indicates the voltage that is being sourced by the V-Source. In standby,
0V is sourced.

The ASCII format shown in Figure 3-19 shows the byte order of the data string. Keep in mind
that the byte order can only be reversed for the binary formats.

When using this command to add an element, you must include all elements that you want in
the format. For example, if thereading is aready specified and you want to add the time-stamp,
you must include the READing parameter. :form:elem time, read

Dataelementsfor the item list can be listed in any order, but are always sent in the order shown
in Figure 3-19.
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:‘BORDer <name>
:FORMat:BORDer <name> Specify binary byte order

<name> = NORMad Normal byte order for binary formats
SWA Pped Reverse byte order for binary formats

:BORDer? Query byte order

Thiscommand isused to control the byte order for the |IEEE754 binary formats. For normal byte
order, the data format for each element is sent as follows:

Bytel Byte2 Byte3 Byte4 (Singleprecision)
Bytel Byte2 o000 Byte8 (Double precision)

For reverse byte order, the data format for each element is sent as follows:

Byte4 Byte3 Byte2 Bytel (Singleprecision)
Byte8 Byte7 000 Bytel (Double precision)

The“#,0” Header is not affected by this command. The Header is always sent at the beginning
of the data string for each measurement conversion.

The ASCII data format can only be sent in the normal byte order. The SWAPped selection is
simply ignored when the ASCII format is selected.
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3.17 Output Subsystems
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The Output subsystems are used to control the V-Source (standby or operate), and set polarities
for the digital output port. Commands for these subsystems are summarized in Table 3-8.

:OUTPutl Subsystem
[:STATe] <b>

:OUTPut1:[:STATe] <b> Control V-Source

<b>= ONorl Enable V-Source (operate)
OFFor0 Disable V-Source (standby)

[:STATe]? Query state of VV-Source

This command is used to enable or disable the VV-Source. When enabled, theV-Source is placed
in operate. When disabled, the V-Source is placed in standby. The V-Source is configured from
the :SOURCce subsystem (see paragraph 3.19).

Note that the V-Source for Auto-V-Source Ohmsis controlled from the : SENSe Subsystem (see
paragraph 3.19.6; Ohms ranges).

:OUTPut2 Subsystem ?

'LSENse <name>

:OUTPut2:TTL[1]:LSENse <name> Set polarity of line #1
:OUTPut2:TTL2:LSENse <name> Set polarity of line #2
:OUTPut2:TTL3:LSENse <name> Set polarity of line #3
:OUTPut2:TTL4:LSENse <name> Set polarity of line #4

<name> = AHIGh Set polarity of specified line to active high.
ALOW Set polarity of specified line to active low.

:LSENse? Query polarity of specified line

These commands are used to set the polarity of the digital output lines. When set for active high
(AHIGh) polarity, the specified output lineistrue (ON) when the output level ishigh. The output
lineis false (OFF) when the output level islow. When set for active low (ALOW) polarity, the
output line is true (ON) when the output level is low. The output line is false (OFF) when the
output level is high.

The logic levels (true or false) of the digital output lines are set from the SOURce Subsystem
(see paragraph 3.19).
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3.18 :ROUTe subsystem

3.18.1

3.18.2

‘CLOSe <list>

Parameters
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Description

‘OPEN <list>

Parameters

Query

Description

The commands in this subsystem are used to configure and control switching and are summa-
rized in Table 3-9.

:ROUTe:CLOSe <list>  Close specified channel

<list> = (@ chanlist)  Specify channel to be closed
where; chanlist isthe channel (1 to 10) to be closed
CLOSe? <list> Query specified channel.

The :CLOSe<list> command is used to close achannel on an optional scanner card installed in
the Model 6517A. Only one channel can be closed at atime. Thus, for this command, the chan-
list must consist of only one channel. When this command is sent, any other closed channel will
first open and then the specified channel will close.

The:CLOSe? <list> query command isused to determine the state (closed or not closed) of each
channel specified by the list parameter. For this command, the chanlist can consist of multiple
channels. Thefollowing examplesdemonstrate the variousformsfor expressing the channel list.

Liss= (@2 Single channel.
(@ 2,4,6) Multiple channels separated by commas (,).
(@ 1:10) Range of channels (1 though 10). Range limits separated by acolon (:).
(@1:5,7) Range entry and single entry separated by a comma.

After sending this query command and addressing the Model 6517A to talk, the values for the
specified channels are sent to the computer. A value of "1" indicates that the channel is closed,
and a"0" indicates that the channel is not closed.

STATe?

:ROUTe:CLOSe:STATe? Query closed channel.

This query command is used to determine which (if any) channel on theinternal scanner cardis
closed. After sending this command and addressing the Model 6517A to talk, the channel listis
sent to the compuiter.

:ROUTe:OPEN <list>  Open closed channel

<list>= (@ chanlist) Specify channel to open
ALL Open al channels

where; chanlist = 1to 10

:OPEN? <list> Query specified channel.

The:OPEN <list>command is used to open achannel on the internal scanner card. Since only
one channel can be closed, the chanlist for this command can only consist of one channel. An

alternate way to open a closed channel isto simply use the ALL parameter. It opens whichever
channel is closed.
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The :OPEN? <list> query command is used to determine the state (opened or not opened) of
each channel specified by the list parameter. For this command, the chanlist can consist of mul-
tiple channels. See the :CLOSe command for examples to express a chanlist.

After sending this query command and addressing the Model 6517A to talk, the values for the
specified channels are sent to the computer. A value of "1" indicates that the channdl is open,
and a"0" indicates that the channel is not open.

3.18.3 :OPEN:ALL ROUTe:OPEN:ALL - Open closed channel

This action command is used to open a closed channel on the internal scanner card. Note that
this command performs the same function as the :ROUTe:OPEN ALL command that was pre-
viously discussed.

3.184 :SCAN commands
[:INTernal] <list>

:ROUTe:SCAN[:INTernal] <list> Define internal scan list and enable scan.
Parameters <list>= (@ scanlist)

where; scanlist is the specified list of channels (1 to 10) to be scanned.

Query [:INTernal]? Query programmed scan list
Description Thiscommand is used to define the scan list for the internal scanner card. The scan list can con-
tain 2 to 10 channels. The following examples demonstrate the various forms for expressing a
scan list:

lis= (@ 24,6) Channels separated by commas ().
(@ 1:8) Range of channels (1 though 8). Range limits separated by a colon (:).
(@ 1:57) Range entry and single entry separated by a comma.

Refer to Section 2 of this manual and the instruction manual for the scanner card for details on

scanning.
‘EXTernal <n>
:ROUTe:SCAN:EXTernal <n> Specify number of external channels
Parameters <n>= 110400 Specify number of external channels
DEFault 10 external channels

MINimum 1 external channel
MAXimum 400 external channels

Query ‘EXTernal? Query programmed number of external channels
:EXTernal? DEFault Query *RST default channel humber value
:EXTernal? MINimum Query minimum channel number value
:EXTernal? MAXimum Query maximum channel number value
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The Model 6517A can operate with an external switch system, such asthe Keithley Model 7001
or 7002. The Model 6517A can measure up to 400 channels that are switched by the external
switching system. This command is used to specify the number of external channels to scan.

The external scan by the Model 6517A is enabled by the ROUTe:SCAN:LSELect EXTerna
command.

'LSELect <name>

:ROUTe:SCAN:LSELect <name> Perform specified scan operation

<name> = [INTernd Enable scan for internal scanner card
EXTernd Enable scan for external scanner card
NONE Disable all scan operations

:LSEL ect? Query scan operation

This command is used to select and perform the desired scan operation. When INTernal is se-
lected, the Model 6517A scans the channels of the internal switching card according to how the
scan is configured (see :ROUTe:SCAN[:INTernal]). EXTernal is used to measure channels that
arecontrolled by an external switch system. When EXTernal isselected, theModel 6517A scans
the channels of the externa scanner card. The :ROUTe:SCAN:EXTernal command is used to
specify the number of external channelsto scan.

The NONE selection disables all operations associated with a scan.

STIMe <n>

:ROUTe:SCAN:STIMe <n> Specify settling time

<n>= 0.003 to 99999.999 Specify settling time in seconds

DEFault 0 seconds

MINimum 0 seconds

MAXimum 99999.999 seconds
:EXTernal? Query programmed settling time
:EXTernal? DEFault Query *RST default settling time
:EXTerna? MINimum Query minimum settling time
:EXTernal? MAXimum Query maximum settling time

This command is used to specify the settling time for the relay switches on the internal scanner
card. After each switch closes, a measurement will not occur until after the specified settling
time expires.

:SMEThod <name>

:ROUTe:SCAN:SMEThod <name> Select switching method

<name> = VOLTage Break-before-make switching method
CURRent Normal switching method

:SMEThod? Query switching method
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This command is used to select the switching method during an internal scan. The VOLTage
method ensures that each switch will open (break) before the next switch in the scan closes
(make). This method ensures that two or more channels cannot be closed at the same time.

Use the CURRent switching method for optimum speed in applications where "break-before-
make" is not necessary.

VSLimit <b>
:ROUTe:SCAN:VSLimit <b> Control 200V V-Source Limit

<b> = Oor OFF Disable 200V V-Source Limit
lor ON Enable 200V V-Source Limit

VSLimit?  Query state of 200V V-Source limit

This200V V-Sourcelimit isused to help protect internal scanner cardsfrom high voltage that could
damage them. With the 200V limit enabled, the VV-Source can never source more than +/-200V.

Note that the :SOURce:VOLTage:LIMit command is also used to set the voltage limit of the V-
Source. Of the two voltage limit methods, the one that is set to the lower limit value (absolute)
isthe one that will bein effect.
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3.19 :SENSel subsystem

The :SENSel subsystem is used to configure and control the measurement functions of the
Model 6517A. The commands for this subsystem are summarized in Table 3-10.

3.19.1 [:SENSe[1]] subsystem

This Sense 1 Subsystem is used to configure and control the measurement functions of the Mod-
el 6517A (volts, amps, ohms and coulombs). Note that a function does not have to be selected
in order to program its various configurations. When the function is later selected, it assumes
the programmed states.

3.19.2 :FUNCtion <name>  [SENSe[1]]:FUNCtion <name>  Select measurement function.

Parameters

Query

Description

<name> = 'VOLTage[:DCJ' Select Volts
'CURRent[:DCJ' Select Amps
'RESistance' Select Ohms
'CHARge Select Coulombs

:FUNCtion? Query currently programmed function.

The :FUNCtion command is used to select the measurement function of the instrument. Note
that parameter names are enclosed in single quotes (). However, double quotes () can instead
be used. For example:

:func 'volt' = :func "volt"

Each measurement function "remembers’ its own unique setup configuration, such as range,
speed, resolution, filter and rel. This eliminates the need to re-program setup conditions every
time you switch from one function to another.

3.19.3 :DATA commands

Description

The data commands are primarily used to return a reading to the computer. Humidity, external
temperature, and change from calibration temperature readings can also be included in the data
string if they areincluded as data el ements. Seethe :FORMat Subsystem to select dataelements.

[:LATest]?

[:SENSe[1]]:DATA[:LATest]? Return latest reading.

This query command is used to read the latest instrument reading. This command returns the
"raw" reading or areading that is the result of the Reference (REL from the front panel) opera-
tion. For example, if areference value of 1.0 is established, the reading returned by this com-
mand is the "raw" reading minus 1.0. Calculated (MATH) readings cannot be read with this
command (see the CAL Culate subsystem to read math calculations).

Thereading is returned in exponent form. For example, a 10V DC reading will be displayed on
the CRT asfollows:

+1.000000E+01

Notice that the measurement function is not included in the response message. Thus, you may
want to perform afunction query (see previous command) after areading query.
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Fragment 1

Program
Fragment 1

:FRESh?

[:SENSe[1]]:DATA:FRESh? Return new reading.

This query command is used to return a new (fresh) reading. This reading will not request the
same reading twice. If a new reading is triggered, this command will wait until the reading is
available, rather than request the old reading.

Sending this query command before the instrument is finished processing previous commands
will causethe Model 6517A to lock up. One way to prevent thisisto insert an appropriate delay
in the program. The required delay can be up to six seconds. Program Fragment 1 shows how
to use a specific delay with the :FRESh? command.

The*OPC? command can a so be used to incorporate the necessary delay. When* OPC?is used
properly, al previous commandswill be allowed to finish before :FRESh? is executed. Program
Fragment 2 shows how to use * OPC? with the :FRESh? command.

Demonstrates FRESh? using a specified delay period.

* Comments

PRINT #1, “output 27; syst:pres’ ‘1
PRINT #1, “output 27; syst:zch: off” ‘2
SLEEP 2 ‘3
PRINT #1, “output 27; data:fresh?’ ‘4
PRINT #1, “enter 27" ‘5
LINE INPUT #2, B$ ‘6
PRINT B$ ‘7
END

* Comments:

Returns the Model 6517A to System Preset defaults (continuous initiation).
Disables zero check.

Asserts atwo second delay to allow the previous command to finish.
Note that a smaller delay may suffice, or alarger delay may be required.

4,5,6,7 Acquiresand displaysthe latest (fresh) reading on the computer CRT. Each time
the program is run, afresh reading will be acquired and displayed on the CRT.

Demonstrates FRESh? using * OPC?.

* Comments

PRINT #1, “output 27; syst:pres’ ‘
PRINT #1, “output 27; init:cont off; :abort” *
PRINT #1, “output 27; arm:lay2:coun 1"
PRINT #1, “output 27; trig:coun 10" ‘

A WNPE

PRINT #1, “output 27; syst:zch off” ‘
PRINT #1, “output 27; init; *opc?’
PRINT #1, “enter 27" ‘
LINE INPUT #2, A$ ‘

0 ~NO Ol
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PRINT #1, “output 27; data:fresh?’ ‘9

PRINT #1, “enter 27" *10

LINE INPUT #2, B$ ‘11

PRINT B$ “12

END

* Comments:

1 Returns the Model 6517A to System Preset defaults.

2 Disables continuous initiation and places the Model 6517A in theidle state.
3,4 Configures the Model 6517A to perform 10 measurements.

5 Disables zero check.

6,7,8 Takestheinstrument out of idle and asserts* OPC?, which holds up execution

of subsequent GPIB commands until all 10 measurements are completed and
the Model 6517A returnsto the idle state.

9, 10, 11, 12 Acquires and displays the last reading on the computer CRT. Every time the
program is run, the tenth reading will be acquired and displayed on the CRT.

[:SENSe[1]]:VOLTage[:DC]:APERture <n> Set aperture for Volts
[:SENSe[1]]:CURRent[:DC]:APERture <n> Set aperture for Amps
[:SENSe[1]]:RESistance:APERture <n> Set aperture for Ohms
[:SENSe[1]]:CHARge:APERture <n> Set aperture for Coulombs

<n> =166.6666666667e-6 to 200e-3 I ntegration period in seconds

DEFault Power line cycle integration:
16.67msec for 60Hz power line
20msec for 50Hz and 400Hz power line
MINimum 166.6666666667e-6seC
MAXimum 200msec

:APERture? Query programmed aperture value.

:APERture? DEFault Query *RST default aperture value.
:APERture? MINimum Query minimum aperture value.
:APERture? MAXimum  Query maximum aperture value.

Theintegration period (measurement speed) for the Model 6517A can be set using either of two
commands; NPL Cycle (paragraph 3.19.5) or :APERture. The NPLC method specifies the inte-
gration period as the number of power line cycles per integration, while aperture specifies the
time (in seconds) per integration. Refer to Section 2 for details on integration (SPEED). There-
lationship between NPLC and aperture is expressed as follows:

Aperture= NPLC
f

where:

Aperture is the integration rate in seconds per integration.
NPLC isthe number of power line cycles per integration.
f isthe power line frequency.

For 400Hz line power, use 50Hz to calculate aperture.
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When the integration period is set using the :APERture command, the value for the :NPLCycle
command changes accordingly to reflect the new integration period. Conversely, if the integra-
tion period is set using the :NPL Cycle command, the value for the : APERture command chang-
es accordingly.

On power-up, the instrument uses the NPL C value to determine the integration period. Thus, if
using adifferent power line frequency, NPLC will remain the same, but aperture may change.

Note: If line synchronization is enabled (see:LSY Nc command in SY STem subsystem), the in-
tegration period will not start until the beginning of the next power line cycle. For example, if a
reading istriggered at the positive peak of apower line cycle, theintegration period will not start
until that power line cycle is completed. The integration period starts when the positive-going
sine wave crosses zero volts. See paragraph 2.12.8 for more details.

‘AUTO <b>]|ONCE

[:SENSe[1]]:VOLTage[:DC]:APERture:AUTO <b>IONCE Control auto aperture; volts
[:SENSe[1]]:CURRent[:DC]:APERture:AUTO <b>IONCE Control auto aperture; amps
[:SENSe[1]:RESistance:APERture:AUTO <b>IONCE Control auto aperture; ohms
[:SENSe[1]]:CHARge:APERture:AUTO <b>IONCE Control auto aperture; coulombs

<b> =1 or ONEnable auto aperture

0 or OFF Disable auto aperture
ONCE Enable and then disable auto aperture

‘AUTO? Query state of auto aperture.

These commands are used to enable or disable auto aperture for the specified measurement
function. With auto aperture enabled, the instrument automatically optimizes the aperture value
for the present resolution setting. This is the same as selecting SET-BY-RSLN from the front
panel.

Table 2-17 provides the integration times for SET-BY-RSLN (AUTO). Note that the times are
provided as NPLC values. To convert to aperture times, use the formulain paragraph 3.19.4.

The ONCE parameter is anal ogous to amomentary toggle switch. When :AUTO ONCE is sent,
auto aperture turns on momentarily and then disables. While enabled, it automatically selects
the appropriate value as summarized in the tables. When auto aperture disables, the aperture re-
mains at the selected value.

:APERture AUTO is coupled to the command that manually setsthe aperture value (:APERture
<n>). When auto aperture is enabled, the parameter value for : APERture <n> changesto the au-
tomatically selected aperture value. Thus, when auto aperture is disabled, the aperture remains
at the automatically selected value. Also, a valid aperture value sent using the :APERture <n>
command disables auto aperture.

Auto apertureisalso coupled to auto NPL C. Enabling or disabling auto aperture al so enables or
disables auto NPLC. Also, avalid NPLC value sent using the :NPLC command disables auto
aperture.
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:‘NPLCycles <n> [:sENse[11]:VOLTage[:DCINPLCycles <n> Set NPLC for Volts
[:SENSe[1]]:CURRent[:DC]:NPLCycles <n> Set NPLC for Amps
[:SENSe[1]:RESistance:NPLCycles <n> Set NPLC for Ohms
[:SENSe[1]]:CHARge:NPLCycles <n> Set NPLC for Coulombs

Parameters <n> =0.01 to 10Power line cycles per integration

Query

Description

Parameters

Query

Description

DEFault 1
MINimum  0.01
MAXimum 10

:NPLCycles? Query programmed NPLC value
:NPLCycles? DEFault Query *RST default value
:NPLCycles? MINimum Query minimum NPLC vaue
:NPLCycles? MAXimum Query maximum NPLC value

Theintegration period (measurement speed) for the Model 6517A can be set using either of two
commands; :APERture (paragraph 3.19.4) or :NPL Cycle. Aperture specifies time (in seconds)
per integration, while NPL C expresses the integration period by basing it on the power line fre-
guency. See paragraph Section 2 for details on integration (SPEED).

When the integration period is set using the :NPL Cycles command, the time value for the :AP-
ERture command changes accordingly to reflect the new integration rate. Conversealy, if the in-
tegration period is set using the :APERture command, the value for the :NPLCycle command
changes accordingly.

On power-up, the instrument uses the NPL C value to determine the integration period.

Note: If line synchronization is enabled (see:L SY Nc command in SY STem subsystem), the in-
tegration period will not start until the beginning of the next power line cycle. For example, if a
reading istriggered at the positive peak of apower line cycle, theintegration period will not start
until that power line cycle is completed. The integration period starts when the positive-going
sine wave crosses zero volts. See paragraph 2.19.8 for more details.

‘AUTO <b>]ONCE

[:SENSe[1]]:VOLTage[:DC]:NPLCycles:AUTO <b>IONCE Control auto NPLC for volts
[:SENSe[1]]:CURRent[:DC]:NPLCycles:AUTO <b>IONCE Control auto NPLC for amps
[:SENSe[1]:RESistance:NPLCycles:AUTO <b>IONCE Control auto NPLC for ohms
[:SENSe[1]]:CHARge:NPLCycles:AUTO <b>IONCE Control auto NPLC for coulombs

<b> =1 or ON Enable auto NPLC

0 or OFF Disable auto NPLC
ONCE Enable and then disable auto NPLC

AUTO? Query state of auto NPLC

These commands are used to enable or disable auto NPLC for the specified measurement func-
tion. With auto NPLC enabled, the instrument automatically optimizes the NPLC value for the
present resol ution setting. Table 2-17 providestheintegration timesfor SET-BY-RSLN (AUTO).

The ONCE parameter is analogous to a momentary toggle switch. When :AUTO ONCE is sent,
auto NPL C turns on momentarily and then disables. While enabled, it automatically selectsthe
appropriate value as summarized in the tables. When auto NPL C disables, NPLC remains at the
selected value.
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:NPLC:AUTO is coupled to the command that manually sets the NPLC value :NPLC <n>).
When auto NPLC is enabled, the parameter value for :NPLC <n> changes to the automatically
selected NPL C value. Thus, when auto NPLC isdisabled, NPLC remains at the automatically se-
lected value. Also, avalid NPL C value sent using the :NPL C <n> command disables auto NPLC.

Auto NPLC is aso coupled to auto aperture. Enabling or disabling auto NPLC also enables or
disables auto Aperture. Also, avalid aperture value sent using the : APERture command disables
auto NPLC.

3.19.6 RANGe commands
Volts, Amps and Coulombs Ranges:
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[:UPPer] <n>

[:SENSe[1]]:VOLTage[:DC]:RANGe[:UPPer] <n> Set measurement range for Volts
[:SENSe[1]]:CURRent[:DC]:RANGe[:UPPer] <n> Set measurement range for Amps
[:SENSe[1]]:CHARge:RANGe[:UPPer] <n> Set measurement range for Coulombs

<n>= 0t0210 Expected reading in volts

0to21e-3 Expected reading in amps
0to2.1e-6  Expected reading in coulombs
DEFault 210 (volts)

21e-3 (amps)

2.1e-6 (coulombs)
MINimum O (all functions)
MAXimum  Same as DEFault

:RANGE€:UPPer]?Query programmed measurement range
:RANGE€[:UPPer]? DEFault Query *RST default range
:RANGe[:UPPer]? MINimum Query lowest measurement range
:RANG€[:UPPer]? MAXimum  Query highest measurement range

Thiscommand is used to manually select the measurement range for the specified measurement
function. The range is selected by specifying the expected reading as an absolute value. The
Model 6517A will then go to the most sensitive range that will accommodate that expected read-
ing. For example, if you expect a reading of approximately 10mA, simply let the parameter
(<n>) = 0.01 (or 10e-3) in order to select the 20mA range.

‘AUTO <b>]ONCE

[:SENSe[1]]:VOLTage[:DC]:RANGe:AUTO <b>IONCE Control auto range for Volts
[:SENSe[1]]:CURRent[:DC]:RANGe:AUTO <b>IONCE Control auto range for Amps

[:SENSe[1]]1:CHARge:RANGe:AUTO <b>IONCE Control auto range for Coulombs
<b>= 1o0rON Enable auto range

0 or OFF Disable auto range

ONCE Enable and then disable auto range
AUTO? Query autorange (on or off)

These commands are used to control autoranging. With autoranging enabled, the instrument au-
tomatically goes to the most sensitive range to perform the measurement (see paragraph 2.12.4
for details).

The ONCE parameter is analogous to a momentary toggle switch. When :RANGeAUTO
ONCE is sent, auto range enables and the most sensitive range is selected for the input signal.
Auto range will then disable, but the selected measurement range is retained. Note that the in-
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strument must currently be on the specified function in order for ONCE to be effective. Using
ONCE while on any other function resultsin an error.

The autorange command (:RANGe:AUTO) is coupled to the command that manually selectsthe
measurement range ((RANGe <n>). When autorange is enabled, the parameter value for
‘RANGe <n> changes to the automatically selected range value. Thus, when autorangeis dis-
abled, the instrument remains at the automatically selected range. When avalid :RANGe <n>
command is sent, autoranging disables.

When using auto range, upper and lower range limits can be established to keep the instrument
from autoranging to ranges that are not going to be used. (see :AUTO: ULIMit and :AU-
TO:LLIMit commands).

NOTE

Allow sufficient time for settling when autoranging over multiple ranges or down to the lower
current ranges, or erroneous readings may occur.

:ULIMit <n>

[:SENSe[1]]:VOLTage[:DC]:RANGe:AUTO:ULIMit <n> Set upper limit for Volts
[:SENSe[1]]:CURRent[:DC]:RANGe:AUTO:ULIMit <n> Set upper limit for Amps

LLIMIit <n>

[:SENSe[1]]:VOLTage[:DC]:RANGe:AUTO:LLIMit <n> Set lower limit for Volts
[:SENSe[1]]:CURRent[:DC]:RANGe:AUTO:LLIMit <n> Set lower limit for Amps

391



|EEE-488 Reference

3-92

Parameters

Query

Description

Parameters

Query

Description

Ohms Ranges:

<n>= 0t0210 Range limit for volts
0to2le-3 Range limit for amps
DEFault 210 (volts)
21e-3 (amps)
MINimum O (volts and amps)
MAXimum  Same as DEFault

:ULIMIt? Query upper range limit :ULIMit?

DEFault Query *RST default upper limit :ULIMit?
MINimum Query lowest allowable upper limit :ULIMit?
MAXimum Query largest allowable upper limit

.LLIMit? Query lower range limit :LLIMit?

DEFault Query *RST default lower limit :LLIMit?
MINimum Query lowest alowable lower limit :LLIMit?
MAXimum Query largest allowable lower limit

Automatic range changes slow down the reading rate. By setting upper and lower measurement
range limits, you can prevent inadvertent range changes to ranges that you are not going to use.

The upper range limit is selected by specifying the maximum expected reading that you expect
to measure. For example, if the maximum expected reading is approximately 1mA, let the pa-
rameter (<n>) = 0.001 (or 1e-3). The lowest (most sensitive) range that can measure 1mA isthe
2mA range. Thus, the 2mA range is selected as the upper range limit. With this upper limit, the
instrument cannot uprange to the 20mA measurement range.

The lower range limit is selected by specifying the lowest expected reading that you expect to
measure.

Note: See next command to set the autorange limit for coulombs.

:LGRoup <name>
[:SENSe[1]]:CHARge:RANGe:AUTO:LGRoup <name> Select coulombs autorange limit

<name>= HIGH 200nC to 2uC autorange limit
LOwW 2nC to 20nC autorange limit

:LGRoup? Query coulombs autorange limit

Thiscommand is used to set the autorange limit for the coulombs function. With HIGH selected,
the instrument will only autorange between the two high coulombs ranges (200nC and 2C).
With LOW selected, the instrument will only autorange between the two low coulomb ranges
(2nC and 20nC).

[:UPPer] <n>

[:SENSe[1]:RESistance[:AUTO]:RANGe[:UPPer] <n> Set measurement range for Auto V-Source Ohms
[:SENSe[1]:RESistance:MANual:CRANge[:UPPer] <n>  Set measurement range for Manual V-Source Ohms
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<n>= 0t0100el8 Expected reading in ohms (Auto V-Source ohms)
Oto21€3 Expected reading in ohms (Manual V-Source ohms)
DEFault 100e18 (Auto V-Source ohms)
21€e3 (Manual V-Source ohms)
MINimum O
MAXimum  Same as DEFault

[:UPPer]? Query programmed measurement range
[:UPPer]? DEFault Query *RST default range
[:UPPer]? MINimum  Query lowest measurement range
[:UPPer]? MAXimum  Query highest measurement range

These commands are used to manually select the measurement range for the onmsfunction. The
rangeis sel ected by specifying the expected reading as an absolute value. The Model 6517A will
then go to the most sensitive range that will accommodate that expected reading. For example,
if you expect a reading of approximately 100MQ, simply let the parameter (<n>) = 100e6 in
order to select the 200MQ range.

‘AUTO <b>]ONCE

[:SENSe[1]:RESistance[:AUTO]:RANGe:AUTO <b>IONCE Control auto range for Auto V-Source Ohms
[:SENSe[1]:RESistance:MANual:CRANge:AUTO <b>IONCE Control auto range for Manual V-Source

Ohms
<b>= 1o0r ON Enable auto range
0 or OFF Disable auto range
ONCE Enable and then disable auto range
AUTO? Query autorange (on or off)

These commands are used to control autoranging. With autoranging enabled, the instrument au-
tomatically goes to the most sensitive range to perform the measurement (see paragraph 2.12.4
for details).

The ONCE parameter is anal ogous to amomentary toggle switch. When :AUTO ONCE is sent,
auto range enables and the most sensitive rangeis selected for the input signal. Auto range will
then disable, but the selected measurement range is retained. Note that the instrument must be
on the ohms function in order for ONCE to be effective. Using ONCE while on any other func-
tion resultsin an error.

The autorange commands (:RANGe:AUTO and :CRANge:AUTO) are coupled to the com-
mands that manually select the measurement range (:RANGe <n> and :CRANge <n>). When
autorange is enabled, the parameter value for the manual range command changes to the auto-
matically selected range value. Thus, when autorange is disabled, the instrument remains at the
automatically selected range. When a valid manual range command is sent, autoranging dis-
ables.

When using auto range, upper and lower range limits can be established for Auto V-Source

Ohms to keep the instrument from autoranging to ranges that are not going to be used (see next
commands).

:ULIMit <n>

[:SENSe[1]:RESistance[:AUTO]:RANGe:AUTO:ULIMit <n> Set upper limit for Auto V-Source Ohms
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LLIMit <n>

[:SENSe[1]:RESistance[:AUTO]:RANGe:AUTO:LLIMit <n> Set lower limit for Auto V-Source Ohms

<n>= 0t0100el8 Rangelimitfor Auto V-Source Ohms
DEFault 100e18
MINimum O
MAXimum  Same as DEFault

‘ULIMit? Query upper range limit
:ULIMit? DEFault Query *RST default upper limit
:ULIMit? MINimum Query lowest allowable upper limit
:ULIMit? MAXimum Query largest allowable upper limit

:LLIMIt? Query lower range limit

:LLIMit? DEFault Query *RST default lower limit
:LLIMit? MINimum Query lowest allowable lower limit
:LLIMIit? MAXimum Query largest allowable lower limit

Automatic range changes slow down the reading rate. By setting upper and lower measurement
range limits, you can prevent inadvertent range changes to ranges that you are not going to use.
Note that these limits can only be set for Auto V-Source Ohms. They are not available for Man-
ual V-Source Ohms.

The upper range limit is selected by specifying the maximum expected reading that you expect
to measure. For example, if the maximum expected reading is approximately 1GQ, let the pa-
rameter (<n>) = 1€9.Thelowest (most sensitive) range that can measure 1GQ isthe 2GQ range.
Thus, the 2GQ range is selected as the upper range limit. With this upper limit, the instrument
cannot uprange to the 20G<2 (or higher) measurement range.

The lower range limit is selected by specifying the lowest expected reading that you expect to
measure.

'VSOurce:RANGe <n>

[:SENSe[1]:RESistance:MANual:VSOurce:RANGe <n> Set V-Source range for Manual V-Source Ohms

<n>= 0to 1000 Specify output in volts
DEFault 100V range
MINimum 100V range
MAXimum 1000V range

‘RANGe? Query V-Source range

:RANGe? DEFault Query *RST default V-Source range
:RANGe? MINimum Query lowest allowable range
:RANGe? MAXimum Query largest allowable range

This command is used to select the optimum V-Source range for Auto V-Source Ohms. Speci-
fying the output voltage value automatically selectsthe most sensitive range. For example, spec-
ifying avalue less than or equal to 100 selects the 100V range. Specifying avalue greater than
100 selects the 1000V range.

You cannot select the 100V range if the programmed amplitude (see next command) is greater
than 100V. A setting conflict error will result.
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:VSOurce[:AMPLitude] <n>

[:SENSe[1]:RESistance:MANual:VSOurce[:AMPLitude] <n> Set V-Source level for Manual V-Source

Ohms
<n>= -100to 100 Set voltage for 100V range
-1000 to 10000 Set voltage for 1000V range
DEFault ov
MINimum Greatest allowable negative value
MAXimum Greatest allowable positive value

[:AMPLitude]? Query programmed V-Source level
[:AMPLitude]? DEFault Query *RST default VV-Source level
[:AMPLitude]? MINimum  Query lowest allowable level
[:AMPLitude]? MAXimum Query largest alowable level

This command is used to set the V-Source level for Manual V-Source Ohms. With Auto V-
Source Ohms selected, you will not be able to adjust the VV-Source level.

The amplitude level is limited by the selected V-Source range (see previous command). When
on the 100V range, attempts to set the amplitude to a value that exceeds 100V will result in a
Setting Conflicts error. The amplitude may aso be limited by the :SOURce:VOLTage:L M-
it[:AMPLitude] command. Attemptsto set an amplitude that exceedsthis programmed limit will
set the amplitude to that limit.

The MINimum and MA Ximum parameters are also affected by range and voltage limit. Setting
the VV-Source to the MINimum (or MAXimum) amplitude selects the greatest negative (or pos-
itive) value allowed by the programmed limit or range. The VV-Source output (operate or stand-
by) is controlled from the : OPERate command (see next command).

'VVSOurce:OPERate <b>

[:SENSe[1]:RESistance:MANual:VSOurce:OPERate <n>

<b>= ONorl Enable V-Source (operate)
OFFor0 Disable V-Source (standby)

:OPERate? Query state of V-Source

Thiscommand is used to enable or disable the VV-Source for Manual V-Source Ohms. When en-
abled, the V-Source is placed in operate. When disabled, the V-Source is placed in standby.

[:SENSe[1]]:VOLTage[:DC]:REFerence <n> Specify reference; Volts
[:SENSe[1]]:CURRent[:DC]:REFerence <n> Specify reference; Amps
[:SENSe[1]:RESistance:REFerence <n> Specify reference; Ohms
[:SENSe[1]]:CHARge:REFerence <n> Specify reference; Coulombs
<n>= -210t0210 Reference for volts

-2le-3to21e-3 Reference for amps

0to 100e18 Reference for onms

-2.1e-6t0 2.1e-6 Reference for coulombs

DEFault 0 (All functions)

MINimum Minimum value for specified function

MAXimum Maximum value for specified function
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:REFerence? Query programmed reference value

:REFerence? DEFault Query *RST default reference value
:REFerence? MINimum Query lowest allowable reference value
:REFerence? MAXimum Query largest allowable reference value

These commands are used to establish a reference value for the specified function. When Ref-
erence is enabled (see :REFerence:STATe), the result will be the algebraic difference between
the input signal and the reference value:

Reading = Input signal - Reference

On the ohms function, the input signal is considered to be the computed resistance value seen
at theinput. Thus, thefinal result isthe algebraic difference between the input resistance and the
reference. Note that a reference for the current component of a resistance measurement can be
established (see :CREFerence for details).

From the front panel, referenceis called relative (REL). See Section 2 for more information on
REL.

The :REFerence <n> command is coupled to the :ACQuire command. The last command sent
(:REFerence <n> or :ACQuire) establishes the reference. When a reference is set using the
‘REFerence <n> command, the :REFerence? query command returns the programmed value.
Conversely, when areferenceis set using the :ACQuire command, the :REFerence? query com-
mand returns the acquired reference value.

:STATe <b>

[:SENSe[1]1:VOLTage[:DC]:REFerence:STATe <b> Control reference for Volts
[:SENSe[1]]:CURRent[:DC]:REFerence:STATe <b> Control reference for Amps
[:SENSe[1]:RESistance:REFerence:STATe <b> Control reference for Ohms
[:SENSe[1]]1:CHARge:REFerence:STATe <b> Control reference for Coulombs
<b>= 1o0rON Enable reference

0 or OFF Disable reference
:STATe? Query state of reference

These commands are used to enable or disable Reference for the specified function. When en-
abled, the displayed reading will include the programmed reference val ue (see :REFerence <n>
and :ACQuire). When disabled, the displayed reading will not include the reference value.

ACQuire

[:SENSe[1]]:VOLTage[:DC]:REFerence:ACQuire Acquire Reference; Volts
[:SENSe[1]]:CURRent[:DC]:REFerence:ACQuire Acquire Reference; Amps
[:SENSe[1]:RESistance:REFerence:ACQuire Acquire Reference; Ohms
[:SENSe[1]]:CHARge:REFerence:ACQuire Acquire Reference; Coulombs

When one of these commands is sent, the measured input signal is acquired and established as
the reference value. This command is typically used to zero the display. For example, if thein-
strument isdisplaying a1nA offset, sending this command and enabling Reference (see :STATe)
zeroes the display.

This command is functional only if the instrument is on the specified measurement function.
Sending this command while in any other function causes an error. Also, if the latest reading is
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overflowed ("OFLQ") or a reading has not been triggered ("----"), an error occurs when this
command is sent.

The :ACQuire command is coupled to the :REFerence <n> command. See the description for
:REFerence for details.

[:SENSe[1]]:RESistance:IREFerence <b>  Control amps reference

<b>= ONorl Enable amps reference for ohms
OFFor0 Disable amps reference for ohms

:IREFerence?  Query state of amps reference for ohms

This command allows you to use an established amps reference for the resistance measurement.
When an amps reference is established (see paragraph 3.19.7) and this command is used to en-
able the amps reference for ohms, the current value used to compute resistance (Iohm) is the
algebraic difference between the input current and the reference:

lohm = linput = I reference
Resistance (R) is then computed using | 4, and the V-Source output (V).
R=V/lgpm

Typically, amps reference represents the leakage current in atest fixture. Thus, this command
alows you to eliminate this leakage current for the resistance calculation.

[:SENSe[1]]:VOLTage[:DC]:DIGits <n> Specify resolution; Volts
[:SENSe[1]]:CURRent[:DC]:DIGits <n> Specify resolution; Amps
[:SENSe[1]:RESistance:DIGits <n> Specify resolution; Ohms
[:SENSe[1]]:CHARge:DIGits <n> Specify resolution; Coulombs
<n> = 4 3.5digits

5 4.5 digits

6 5.5 digits

7 6.5 digits

DEFault 6 (5.5 digits)
MINimum 4 (3.5 digits)
MAXimum 7 (6.5 digits}

:DIGits? Query selected resolution

:DIGits? DEFault Query *RST default resolution
:DIGits? MINimum Query minimum allowable resolution
:DIGits? MAXimum Query maximum allowable resolution

These commands are used to select display resolution for the specified measurement function.

Even though the parametersfor this command are expressed asintegers (4 to 7), you can specify
resolution using real numbers. For example, to select 3H digit resolution let <n> = 3.5, for 4Hd
let <n> = 4.5, and so on. Internaly, the instrument rounds the entered parameter value to the
nearest integer.
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‘AUTO <b>]|ONCE

[:SENSe[1]]:VOLTage[:DC]:DIGits:AUTO <b>IONCE Control auto resolution; Volts
[:SENSe[1]]:CURRent[:DC]:DIGits:AUTO <b>IONCE Control auto resolution; Amps
[
[

:SENSe[1]:RESistance:DIGits:AUTO <b>IONCE Control auto resolution; Ohms
:SENSe[1]]:CHARge:DIGits:AUTO <b>IONCE Control auto resolution; Coulombs
<b> = 1or ON Enable auto resolution

0 or OFF Disable auto resolution

ONCE Enable and then disable auto resolution
‘AUTO? Query state of auto resolution

These commands are used to enable or disable auto resolution for the specified function. With
auto resolution selected, the instrument automatically selects the optimum resolution for the
present integration time setting (see Table 2-18).

The ONCE parameter is analogous to a momentary toggle switch. When :AUTO ONCE is sent,
auto resolution turns on momentarily and then disables. While enabled, resolution is selected
automatically. Auto resolution then disables but the selected value is retained.

Theauto resolution command (:DIGits:AUTO) is coupl ed to the command that manually selects
resolution (:DIGits <n>). When auto resol ution is enabled, the parameter valuefor :DIGits <n>
changes to the automatically selected resolution value. Thus, when auto resolution is disabled,
the instrument remains at the automatically selected resolution.

3.19.10 :AVERage commands
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The :AVERage commands are used to configure and control the digital filter. See paragraph 2.17
for details.

‘TYPE <name>

[:SENSe[1]]:VOLTage[:DC]:AVERage:TYPE <name> Select filter type; Volts
[:SENSe[1]]:CURRent[:DC]:AVERage:TYPE <name> Select filter type; Amps
[:SENSe[1]:RESistance:AVERage:TYPE <name> Select filter type; Ohms
[:SENSe[1]]:CHARge:AVERage:TYPE <name> Select filter type; Volts

<name> = NONE No digital filter selected
SCALar Select scalar filter
ADVanced Select advanced filter

TYPE? Query the digital filter type

This command is used to select the digital filter type. The SCALar filter is a simple averaging
type filter. The ADVanced filter is similar except that it incorporates a noise "window" to allow
faster response timeto large signal step changes. The :NTOL erance command is used to set the
window for the ADVanced filter.

The number of readingsthat are averaged by thefilter is set with the : COUNt command, and the
:TCONtrol command is used to select the filter mode (moving or repeating). The[:STATe] com-
mand is used to enable or disable thefilter.

Setting TY PE to NONE with MEDian:STATe set to OFF will set AVER:STATe to OFF.
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"-TCONtrol <name>

:SENSe[1]]:VOLTage[:DC]:AVERage:TCONtrol <name>

[ Select filter mode; Volts
[:SENSe[1]]:CURRent[:DC]:AVERage:TCONtrol <name>

[

[

Select filter mode; Amps
Select filter mode; Ohms
Select filter mode; Coulombs

:SENSe[1]:RESistance:AVERage:TCONtrol <name>
:SENSe[1]]:CHARge:AVERage:TCONtrol <name>

<name> = REPeat Select repeating filter mode
MOVing Select moving filter mode
:TCONtrol? Query filter mode

These commands are used to select the filter mode (REPeat or MOVing) for the specified func-
tion. These filter modes are explained in paragraph 2.17.1.

MOV during scan or test sequence will generate a “ Settings Conflict Error”. TCON will be set

to REPeat during a scan or test sequence if filter is ON and the appropriate function is encoun-
tered.

:COUNt <n>

:SENSe[1]]:VOLTage[:DC]:AVERage:COUNt <n>
:SENSe[1]]:CURRent[:DC]:AVERage:COUNt <n>
:SENSe[1]:RESistance:AVERage:COUNt <n>

Specify filter count for Volts
Specify filter count for Amps
Specify filter count for Ohms

:SENSe[1]]:CHARge:AVERage:COUNt <n> Specify filter count for Coulombs

<n> = 1t0100 Specify filter count
DEFault 10
MINimum 1

MAXimum 100

:COUNLt? Query filter count

:COUNLt? DEFault Query the *RST default filter count
:COUNLt? MINimum Query the lowest alowable filter count
:COUNt? MAXimum Query the largest allowable filter count

These commands are used to specify the filter count. In general, the filter count is the number
of readings that are acquired and stored in the filter buffer for the averaging calculation. The
larger the filter count, the more filtering that is performed.

[:STATE] <b>

[:SENSe[1]]:VOLTage[:DC]:AVERage[:STATe] <b>
[:SENSe[1]]:CURRent[:DC]:AVERage[:STATe] <b>
[:SENSe[1]:RESistance:AVERage[:STATe] <b>
[:SENSe[1]]:CHARge:AVERage[:STATe] <b>

Control filter; Volts
Control filter; Amps
Control filter; Ohms
Control filter; Coulombs

<b> = 0or OFF Disable the digital filter
1lor ON Enable the digital filter
[:STATe]? Query state of digital filter

These commands are used to enable or disable the digital averaging filter for the specified func-
tion. When enabled, readings will be filtered according to how the filter is configured.
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Attempting to set STATe to ON with TYPE at NONE and MED:STAT at OFF will generate a
“Setting Conflict Error”. Setting STATeto ON during a scan or test sequencewill change TCON
to REPeat.

‘NTOLerance <n>

:SENSe[1]]:VOLTage[:DC]:AVERage:ADVanced:NTOLerance <n> Specify noise tolerance for Volts
:SENSe[1]]:CURRent[:DC]:AVERage:ADVanced:NTOLerance <n> Specify noise tolerance for Amps

:SENSe[1]:RESistance:AVERage:ADVanced:NTOLerance <n> Specify noise tolerance for Ohms
:SENSe[1]]:CHARge:AVERage:ADVanced:NTOLerance <n> Specify noise tolerance for Coulombs
<n> = 1t0100 Specify noise tolerance in percent (+/-)

DEFault +/-1%
MINimum 0%
MAXimum  +/-100%

:NTOLerance? Query noise tolerance

:NTOLerance? DEFault Query *RST default noise tolerance
:NTOLerance? MINimum  Query lowest allowable noise tolerance
:NTOLerance? MAXimum  Query largest allowable noise tolerance

Each measurement function can utilize the advanced filter which adds a noi se tol erance window
to the averaging algorithm. These commands are used to set the noise tolerance level of the ad-
vanced filter for the specified function. The :ADVanced[:STATe] commands are used to enable
or disable the advanced filter.

The noisetolerance level isexpressed as a percent of the last averaged reading. In generdl, if the
noise is within this window, the reading is simply based on the normal averaging algorithm. If
areading is outside this window, then the advanced averaging algorithm is used. See paragraph
2.17.1for details.

3.19.11 :MEDian Commands
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Refer to paragraph 2.17.2 for details on using the median filter.

[:STATe] <b>

[:SENSe[1]]:VOLTage[:DC]:MEDian[:STATe] <b> Control median; Volts
[:SENSe[1]]:CURRent[:DC]:MEDian[:STATe] <b> Control median; Amps
[:SENSe[1]]:RESistance:MEDian[:STATe] <b> Control median; Ohms
[:SENSe[1]]:CHARge:MEDian[:STATe] <b> Control median; Coulombs
<b>= 1o0rON Enable median filter

0 or OFF Disable median filter
[STATe]? Query state of median filter
Thiscommand is used to control (on or off) the median filter. When enabled, the instrument will
determine and display the median reading for the specified number of readings. The :RANK

command is used to specify the number of readings used to determine the median.

Note that the median filter can be used with the average filter. When both of thesefiltersare en-
abled, each displayed reading will reflect the median for the average readings.
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Setting STATe to OFF with AVER:TY PE set to NONE will set AVER:STAT to OFF.

‘RANK <NRf>

[:SENSe[1]]:VOLTage[:DC]:MEDian:RANK <NRf> Specify median rank for Volts
[:SENSe[1]]:CURRent[:DC]:MEDian:RANK <NRf> Specify median rank for Amps
[:SENSe[1]]:RESistance:MEDian:RANK <NRf> Specify median rank for Ohms
[:SENSe[1]]:CHARge:MEDian:RANK <NRf> Specify median rank for Coulombs

<NRf>=1to5 Specify rank
‘RANK? Query rank

The number of sample readings used for the median calculation is determined by the selected
range (1 to 5) asfollows:

Samplereadings=(2x R) + 1

where; R isthe selected range (1 to 5)

For example, arank of 5will usethelast 11 readingsto determinethe median; (2x 5) + 1 = 11.
Each new reading replaces the oldest reading, and the median is then determined from the up-
dated sample of readings.

[:SENSe[1]]:CURRent:DC:DAMPing <b> Control damping for Amps

[:SENSe[1]]:RESistance:DAMPing <b> Control damping for Ohms

<b>= 0or OFF Disable damping
lor ON Enable damping

:DAMPing? Query state of damping
This command is used to control damping for the Amps and Ohms function. Damping is used
to decrease noise caused by high input capacitance. However, damping will also slow down the

response of the measurement.

Note that damping is only valid for the lowest two current ranges (20pA and 200pA ranges).

[:SENSe[1]]:VOLTage:DC:GUARd <b> Control guard for Volts

<b>= 0or OFF Disable guard
lor ON Enable guard

:GUARd? Query state of guard
This command is used to control guard for the Volts function. When enabled, preamp output
high (which isused as guard) is placed on the inner shell of the triax input connector. When dis-

abled, input LO is placed on the inner shell of the triax connector. For detailed information on
guard, see paragraphs 2.4.4 and 2.5.3 (Guarding).
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3.19.14 :ADIScharge Commands

Auto discharge is used to reset the charge reading to zero. See paragraph 2.8 for more informa-
tion.

[:STATe] <b>

[:SENSe[1]]:CHARge:ADIScharge[:STATe] <b> Control auto discharge

Parameters <b>= 1o0rON Enable auto discharge
0 or OFF Disable auto discharge

Query [:STATe]? Query state of auto discharge
Description Thiscommand is used to enable or disable the auto discharge feature for the Coulombs function.

When enabled, the charge measurement will reset to zero when the specified level is reached
(see next command).

‘LEVel <NRf>
[:SENSe[1]]1:CHARge:ADIScharge:LEVel <NRf>  Specify level
Parameters <NRf> =-2.2e6 t0 2.2e6 Specify discharge level.
Query :LEVel? Query level for auto discharge
Description This command is used to specify the coulombs level for auto discharge. Charge will reset when

the charge reading reaches the specified level.

3.19.15 :XFEedback <b> [:SENSe[111:VOLTage:DC]:XFEedback <b>

Parameters <b> = ONorl Enable external feedback
OFFor 0 Disable external feedback

Query :XFEedback? Query state of external feedback

Description This command is used to enable or disable external feedback. See paragraph 2.11 for informa-
tion on external feedback.

3.19.16 :VSControl <name> [:SENSe[1]]:RESistance:VSControl <name> Select ohms V-Source mode

Parameters <name> = MANua Manua V-Source Ohms
AUTO V-Source Ohms

Query :VSControl ? Query ohms V-Source mode.
Description This command is used to select Manual V-Source ohms or Auto V-Source ohms. With MANual
selected, you can set the V-Source level for ohms measurements. See paragraph 3.19.6 (Ohms

Ranges) to configure and control the V-Source for Manual V-Source ohms measurements.

With AUTO selected, the V-Source level is automatically set for the ohms measurement (40V
or 400V).

3-102



|EEE-488 Reference

3.19.17 :MSELect <name> [:SENSe[1]]:RESistance:MSELect <name> Select ohms measurement type
Parameters <name> = NORMal Normal resistance measurements
RESistivity Resistivity measurements
Query ‘M SEL ect? Query ohms measurement type.

Description

This command is used to select the ohms measurement type. NORMal is used to make normal
resistance measurements, and RESistivity is used for resistivity (surface and volume) measure-
ments. See paragraph 3.19.18 to configure resistivity measurements.

3.19.18 :RESistivity commands

Parameters

Query

Description

Parameters

Query

Description

Thefollowing commands are used for resistivity measurements. If using the Model 8009 Resis-
tivity Test Fixture, the measurement type (surface or volume) is automatically sensed by the
Model 6517A through the safety interlock cable. Also, when using the Model 8009, you do not
need to use the :USER commands (:RSEL ect, :KSURface and :KVOLume).

For detailed information on resistivity measurements, refer to paragraph 2.7.2.

‘FSELect <name>
[:SENSe[1]]:RESistance:RESistivity:FSELect <name> Specify test fixture

<name> = M8009 Model 8009 Resistivity Test Fixture
USER User supplied test fixture

:FSEL ect? Query selected test fixture

This command is used to specify which test fixture is being used for resistivity measurements.
M8009 specifies the Model 8009 test fixture. When using the Model 8009, the only parameter
that needsto entered is the sample thickness for volume resistivity (see next command).
Specify USER when using any other resistivity test fixture. When using this type of test fixture,

you will have to be enter the other parameters for resistivity measurements (see :USER com-
mands).

:STHickness <NRf>

[:SENSe[1]]:RESistance:RESistivity:STHickness <NRf> Volume resistivity; specify sample thickness
<NRf> = 0.0001 to 99.9999 Sample thickness in millimeters.
:STHickness?  Query programmed sample thickness

This command is used to specify the thickness (in millimeters) of the sample for volume resis-
tivity measurements. Sample thicknessis not required for surface resistivity.
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Description

Parameters

Query

Description

Parameters

Query

Description

M8009:RSWitch?

[:SENSe[1]]:RESistance:RESistivity:M8009:RSWitch? Query switch setting on Model 8009

When using the Model 8009 Resistivity Test Fixture, theModel 6517A sensesthe switch setting
(Surface or Volume) of the test fixture through the safety interlock cable and automatically con-
figures the instrument for that resistivity measurement type.

This query command is used to read the switch setting (Surface or Volume) of the Model 8009
Resistivity Test Fixture.

:USER Commands

The following commands are used to configure the instrument for resistivity measurements
when using a user-supplied test fixture. These command are not needed if using the Model 8009
Resistivity Test Fixture.

‘RSELect <name>
[:SENSe[1]]:RESistance:RESistivity:USER:RSELect <name> Specify measurement type for user test fixture
<name> = SURFace Surface resistivity
VOLume Volume resistivity
:RSEL ect? Query programmed resistivity measurement type

This command is used to specify the resistivity type (SURFace or VOLume) for the user-sup-
plied test fixture. This command is not needed when using the Model 8009 test fixture.

:KSURface <NRf>

[:SENSe[1]]:RESistance:RESistivity:USER:KSURface <NRf> Specify Ks parameter for surface resistivity
<NRf>=0.001 to 999.999 K's parameter

:KSURface? Query programmed K s parameter

This command is used to specify the Ks parameter for surface resistivity measurements when
using a user-supplied test fixture. This command is not needed when using the Model 8009 test
fixture.

The Ks parameter is calculated as follows:

Ks=P/g

where; P = Effective perimeter (in mm) of the guarded electrode.
g = Distance (in mm) between the guarded electrode and the ring electrode.

See paragraph 2.7.2 (Surface Resistivity) for detailed information on surface resistivity mea-
surements.
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‘KVOLume <NRf>

[:SENSe[1]]:RESistance:RESistivity:USER:KVOLume <NRf>  Specify Kv parameter for volume resistivity
<NRf>=0.001 to 999.999 Kv parameter

:KVOLume? Query programmed Kv parameter

This command is used to specify the Kv parameter for volume resistivity measurements when
using auser-supplied test fixture. This command is not needed when using the Model 8009 test

fixture.

Kv is the effective area of the guarded electrode for the particular electrode arrangement em-
ployed and is calculated as follows:

Note: The following cal culation assumes that the effective area coefficient (B) is zero, whichis
typically used for volume resistivity.

Kv = n(%l)z (for B=0)

where: D1 = Outside diameter of guarded electrode.

If using adifferent value for B, use the cal culation shown in paragraph 2.7.2 (Volume Resistivity).
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3.20 :SOURce subsystem

Thissubsystem isused to set thelogic level (true or false) of each digital output line, and isused
to configure the V-Source. Note that the V-Source is controlled (standby/operate) from the
:OUTputl subsystem.

The commands for this subsystem are summarized in Table 3-11.

3.20.1 Digital Output Commands

[[LEVel] <b>

:SOURce:TTL[1]:[LEVel] <b> Control digital output line #1

:SOURce:TTL2:[LEVel] <b> Control digital output line #2

:SOURce:TTL3:[LEVel] <b> Control digital output line #3

:SOURce:TTL4:[LEVel] <b> Control digital output line #4
Parameters <b>= 1o0rON Set output line true

0 or OFF Set output line false
Query [:LEVe]? Query logic level of specified line

Description These commands are used to set thelogic levelsfor the digital output port. The actual level (high
or low) of adigital output line depends on its programmed polarity (see Output subsystem). If
the polarity of alineis active-high, then that lineis high when it is set to be true (1 or ON), and
low when it is set to be false (0 or OFF). Conversely, if polarity is active-low, the line is low
when it is set to be true, and high when it is set to be false.

NOTE

If aLIMITS control is enabled (LOLIM1 or 2, HILIM1 or 2—High, Low, or
Pass), this command does not check or change the output status. Refer to para
graph 2.19.5 for information on limits.

3.20.2 V-Source Configuration Commands:

'VOLTage Commands
[:LEVel][:IMMediate][:AMPLitude] <n>

:SOURce:VOLTage[:LEVel][:IMMediate] [:AMPLitude] <n> Set V-Source amplitude

Parameters <n> = -100to +100 Set voltage for 100V range
-1000 to +1000 Set voltage for 1000V range
DEFaullt ov
MINimum Greatest allowable negative value
MAXimum Greatest allowable positive value
Query :VOLTage? Query programmed amplitude
:VOLTage? DEFault Query *RST default value
:VOLTage? MINimum Query minimum amplitude
:VOLTage? MAXimum Query maximum amplitude
Description This command is used to set the amplitude for the VV-Source. Notice that three commandsin the

path are enclosed by brackets ([]) to indicate that they are optional. Thus, this command can be
sent in the following form:

:SOURce:VOLTage <n>
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Notethat the amplitude level islimited by the sel ected range and programmed voltage limit (see
:RANGe and :LIMit). When on the 100V range, attempts to set the amplitude to alevel that ex-
ceeds the 100V range will result in a Setting Conflicts error. Attempts to set an amplitude that
exceeds a programmed voltage limit will set the amplitude to that limit.

The MINimum and MAXimum parameters are al so affected by range and voltage limit. Setting
the V-Source to the MINimum (or MAXimum) amplitude selects the greatest negative (or pos-
itive) value allowed by the programmed limit or range.

The V-Source output (operate and standby) is controlled from the :OUTPutl subsystem (see
paragraph 3.17).

‘RANGe <n>

:SOURce:VOLTage:RANGe <n> Select V-Source range

<n>= 0to 1000 Specify output in volts
DEFault 100V range
MINimum 100V range
MAXimum 1000V range

:RANGe? Query voltage range
:RANGe? DEFault Query *RST default range
:RANGe? MINimum Query minimum range
:RANGe? MAXimum  Query maximum range

Thiscommand is used to select the optimum range for the V-Source. Specifying the output volt-
age value automatically selects the most sensitive range. For example, specifying a value <100
selects the 100V range. Specifying a value >100 selects the 1000V range.

You cannot select the 100V range if the programmed amplitude value is greater than 100. A set-
ting conflict error will result.

‘LIMit[:AMPLitude] <n>

:SOURce:VOLTage:LIMit[:AMPLitude] <n> Set voltage limit

<n>= 0to 1000 Set voltage limit
DEFaullt 1000V
MINimum OV
MAXimum 1000V

LIMit? Query voltage limit
:LIMit? DEFault Query *RST default limit
:LIMit? MINimum Query minimum limit
:LIMit? MAXimum Query maximum limit

This command is used to set an absolute value limit for the V-Source. For example, setting a
limit of 75V limits the V-Source output to +75V.

The specified voltage limit is only in effect if the limit is enabled (see :LIMit:STATe). If dis-
abled, the limit is simply dictated by the selected range.
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Parameters
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Parameters

Query
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'LIMIit:STATe <b>

:SOURce:VOLTage:LIMit:STATe <b> Control voltage limit

<b>= O0or OFF Disable voltage limit
lor ON Enable voltage limit
:STATE? Query state of voltage limit

This command is used to enable or disable voltage limit. When enabled, the programmed volt-
age limit isin effect. When disabled, voltage limit is determined by the selected range.

Attempts to enable voltage limit when the present V-Source level (amplitude) exceeds the limit
value will generate a settings conflict error.

:MCONnect <b>

:SOURce:VOLTage:MCONnect <b> Control LO connection

<b>= ONorl Enable LO connection
OFFor 0 Disable LO connection
:MCONnect? Query LO connection

This command is used to control the internal V-Source LO to Ammeter LO connection. When
enabled, V-Source LO is connected to Ammeter LO. This connection simplifies the connection
requirements for ohms measurements and source voltage measure current measurements. When
disabled, this connection is broken.

:CURRent Commands
‘RLIMIit:STATe <b>

:SOURce:CURRent:RLIMIt:STATe <b> Control resistance current limit

<b>= O0or OFF Disable resistance current limit
1lor ON Enable resistance current limit

:STATe? Query state of resistance current limit

This command is used to enable or disable resistance current limit for the V-Source. When en-
abled, a1lMQ resistor isplaced in serieswith the HI V-SOURCE OUT lead to extend the current
limit capabilities of the V-Source. When disabled, normal current limit occurs at 1mA.

'LIMIit[:STATe]?

:SOURce:CURRent:LIMit[:STATe]? Query current compliance.

This command is used to determine if the V-Source has reached its current compliance limit of
1mA. The response message is explained as follows:

0
1

Current compliance not reached
Current compliance reached
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3.21 :STATus subsystem

3211

[:EVENL]?

Description

The STATus subsystem is used to control the status registers of the Model 6517A. Theseregis-
ters and the overall status structure is explained in paragraph 3.8. The commands in this sub-
system are summarized in Table 3-12.

:STATus:MEASurement[:EVENt]?Read Measurement Event Register
:STATus:QUEStionable[:EVENt]?Read Questionable Event Register
:STATus:OPERation[:EVENt]?2Read Operation Event Register
:STATus:OPERation:TRIGger[:EVENt]?Read Trigger Event Register
:STATus:OPERation:ARM[:EVENt]?Read Arm Event Register
:STATus:OPERation:ARM:SEQuence[:EVENt]?Read Sequence Event Register

These query commands are used to read the event registers. After sending one of these com-
mands and addressing the Model 6517A to talk, a decimal value is sent to the computer. The
binary equivalent of this value determines which bits in the appropriate register are set. The
event registersare shown in Figures 3-22 through 3-27. Note that reading an event register clears
the bitsin that register.

For example, assume that reading the Measurement Event Register resultsin an acquired deci-
mal value of 544. The binary equivalent is 0000001000100000. For this binary value, bits B5
and B9 of the Measurement Event Register are set.

Thesignificance of aset bit in these registers depends on how the transition filter is programmed
(see:PTRansition and :NTRansition commands). If an event is programmed for a positive tran-
sition (PTR), the corresponding bit in this register sets when the event occurs. If the event isin-
stead programmed for anegative transition (NTR), the bit setswhen the event becomes not true.

Measurement Event Register:

Bit BO, Reading Overflow (ROF) — Set bit indicates that the reading exceeds the measurement
range of the instrument (PTR), or the instrument has gone from an overflow condition to a nor-
mal reading condition (NTR). See paragraph 2.3.2 (Range Messages) for more information.

Bit B1, Low Limit 1 (LL1) — Set bit indicates that the reading is less than the Low Limit 1
setting (PTR), or that asubsequent reading isno longer lessthanthe Low Limit 1 setting (NTR).

Bit B2, High Limit 1 (HL1) — Set bit indicates that the reading is greater than the High Limit
1 setting (PTR), or that a subsequent reading is no longer greater than the High Limit 1 setting
(NTR).

Bit B3, Low Limit 2 (LL2) — Set bit indicates that the reading is less than the Low Limit 2
setting (PTR), or that asubsequent reading isno longer lessthanthe Low Limit 2 setting (NTR).

Bit B4, High Limit 2 (HL2) — Set bit indicates that the reading is greater than the High Limit
2 setting (PTR), or that a subsequent reading is no longer greater than the High Limit 2 setting
(NTR).

Bit B5, Reading Available (RAV) — Set bit indicates that a reading was taken and processed
(PTR), or that a subsequent reading isin process (NTR).

Bit B6, Reading UNderflow (RUF) — Set bit indicates that the ohms reading is less than the
lower range limit (PTR) or the instrument has gone from an underflow condition to a normal
reading condition (NTR). See paragraph 2.3.2 (Range Messages) for more information.
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Bit B7, Buffer Available (BAV) — Set bit indicates that there are at least two readings in the
trace buffer (PTR), or the buffer has become empty (NTR).

Bit B8, Buffer Half Full (BHF) — Set bit indicates that the trace buffer is half full (PTR), or
that the buffer is no longer half full (NTR).

Bit B9, Buffer Full (BFL) — Set bit indicatesthat the trace buffer isfull (PTR), or that the buff-
er isnolonger full (NTR).

Bit B10, Sequence Reading Available (SRA) — Set bit indicates that a fresh reading from the
Alternating Polarity Test Sequenceis available and has been placed in the buffer (PTR).

Bit B11, Buffer Pretriggered (BPT) — Set bit indicates that the trace buffer pretrigger event
has occurred (PTR), or the operations associated with the pretrigger have been completed
(NTR).

Bit B12, Out of Limits (OL) — Set bit indicates that signal transients (i.e. noise spikes) exceed
therange limit (PTR). See paragraph 2.3.2 (Range Messages) for more information.

Bit B13, Fixture Lid Closed — Set bit indicatesthat afixture using theinterlock cableisclosed.
If no interlock cableis connected to the 6517A, bit isalso set. If theinterlock cableis connected
to the 6517A but not to the fixture, bit is not set (PTR).

Bit B14 (VSC) — Set bit indicates that the V-source isin compliance (PTR).

Bit B15 — Always zero.

Bit Position | B15 | B14 [ B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

Event | — [vSC | FLC | OL | BPT | SRA | BFL | BHF | BAV | RUF | RAV | HL2 [ LL2 | HL1 | LL1 [ROF
Decimal Weighting | — [16384( 8192|4096 2048 (1024 | 512 | 256 | 128 | 256 | 32 16 8 4 2 1
(214) | (213) | (212) (211 (210) (29) (28) (27) (26) (25) (24) (23) (22) @2mn (20)

Value 0 0/1 | 0/1 | 0/1 | O/1 | 0O/1 | 0/1 | 0N o/1 | 0/1 |0/ | 01| 01| 01 0/1 | 011

Value : 1 = Measurement Event Set Events : VSC = V-Source Compliance
0 = Measurement Event Cleared FLC = Fixture Lid Closed

OL = Out of Limits
BPT = Buffer Pretriggered
SRA = Sequence Reading Available
BFL = Buffer Full
BHF = Buffer Half Full
BAV = Buffer Available
RUF = Reading Underflow
RAV = Reading Available
HL2 = High Limit 2
LL2 = Low Limit 2
HL1 = High Limit 1
LLT = Low Limit 1
ROF = Reading Overflow

Figure 3-22
Measurement Event Register
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Questionable Event Register:

Bit BO, Volts Summary (Volt) — Set bit indicates that an invalid volts measurement has oc-
curred (PTR), or a subsequent valid volts measurement has occurred (NTR).

Bit B1, Amps Summary (Amp) — Set bit indicates that an invalid amps measurement has oc-
curred, or a subsegquent valid amps measurement has occurred (NTR).

Bits B2 and B3 — Not used.

Bit B4, Temperature Summary (Temp) — Set bit indicates that an invalid external tempera-
ture measurement has occurred (PTR), or a subsequent valid temperature measurement has oc-
curred (NTR).

Bit B5, B6 and B7 — Not used.

Bit B8, Calibration Summary (Cal) — Set bit indicatesthat an invalid calibration constant was
detected during the power-up sequence (PTR). Theinstrument will instead use a default calibra-
tion constant. This error will clear after successful calibration of the instrument.

Bits B9, Humidity Summary (Hum) — Set bit indicates that an invalid relative humidity mea-
surement has occurred (PTR), or a subsequent valid temperature measurement has occurred
(NTR).

Bits B10, Ohms Summary (Ohm) — Set bit indicates that an invalid ohms measurement has
occurred (PTR), or a subsequent valid ohms measurement has occurred (NTR).

Bits B11, Coulombs Summary (Coul) — Set bit indicates that an invalid Coulombs measure-
ment has occurred, or a subsequent valid coulombs measurement has occurred (NTR).

Bits B12, Sequence Test Summary (Seq) — Set bit indicates that a sequence test has been
aborted (PTR).

Bits B13 — Not used.

Bit B14, Command Warning (Warn) — Set bit indicates that a Signal Oriented M easurement
Command parameter has been ignored (PTR), or a subsequent Signal Oriented Measurement
Command has executed successfully (NTR).

Bit B15 — Always zero.

Note: Whenever aquestionabl e event occurs, the ERR annunciator will turn on. The annunciator
will turn off when the questionable event clears.

Bit Position | B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Event [ — [warn| — | Seq |Coul | — |Hum | Cal |BAV | RUF [ RAV [Temp| — | — | Amp | Volt
Decimal Weighting | — [16384| — | 4096|2048 — | 512 | 256 | 128 | 256 | 32 16 — | — 2 1
(214 212 2m 29 (28) 27) (26) (25) 24 @n (29
Value | 0 o1 | — o1 ot |— 01|01 |01 |01 |01 )01 | —|—|01]O01
Value : 1 = Questionable Event Bit Set

0 = Questionable Event Bit Cleared

Events : Warn = Command Warning Cal = Calibration Summary
Seq = Sequence Test Summary Temp = Temperature Summary
Coul = Coulombs Summary Amp = Amps Summary
Hum = Humidity Summary Volt = Volts Summary

Figure 3-23
Questionable Event Register
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Operation Event Register:

Bit B0, Calibrating (Cal) — Set bit indicates that the instrument is calibrating (PTR), or cali-
bration is complete (NTR).

Bits B1, B2, B3 and B4 — Not used.

Bit B5, Waiting for Trigger (Trig) — Set bit indicates that theinstrument iswaiting in thetrig-
ger layer (PTR) of the trigger model, or that it has left the trigger layer (NTR).

Bit B6, Waiting for Arm (Arm) — Set bit indicates that the instrument is waiting in an arm
layer of thetrigger model (PTR), or operation has proceeded from the arm layersinto the trigger
layer (NTR).

Bits B7 and B8 — Not used.

Bit B9, Calculating (Calc) — Set bit indicates that the instrument is calculating a reading
(PTR), or that the calculation is completed (NTR).

Bit B10, Idle — Set bit indicates that the instrument is in the idle state (PTR), or has left the
idle state to perform an operation (NTR).

Bit B11, Sequence Test Running (Seq) — Set bit indicates that a Sequence Test is running
(PTR), or that the test has finished (NTR).

Bits B12 through B14 — Not used.
Bit B15 — Always zero.

Bit Position B15 B14 -B12 B11 B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Event — —_— Seq | Idle |Calc| — | — [Am | Trig | — | — | — | — | Cal
Decimal Weighting — _ 2048 (1024|512 | — | — | 64 R2|—|—||—|— 1
aom @ | 2% (26) (25) (20)
Value 0 e 0/1 or|lot|—|—onf|onr|—|—|—|—|ON
Value : 1 = Operation Event Set Events : Seq = Sequence Test Running
0 = Operation Event Cleared Idle = Idle state of the 6517A

Calc = Calculating Reading
Arm = Waiting for Arm
Trig = Waiting for Trigger
Meas = Measuring

Cal = Calibrating

Figure 3-24
Operation Event Register
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Trigger Event Register:
Bit BO — Not used.

Bit B1, Sequence 1 (Seql) — Set bit indicates that the instrument isin the trigger layer (PTR),
or that the instrument has exited from the trigger layer (NTR).

Bits B12 through B14 — Not used
Bit B15 — Always zero.

Bit Position B15 B14 - B2 B1 BO
Event — R — Seql | —
Decimal Weighting - — 2 —
1)
Value 0 _— o1 | —
Value : 1 = Event Bit Set Event : Seql = Sequence 1

0 = Event Bit Cleared

Figure 3-25
Trigger Event Register

Arm Event Register:
Bit BO — Not used.

Bit B1, Sequence 1 (Seql) — Set bit indicates that the instrument isin an arm layer (PTR), or
that the instrument has exited from the arm layers (NTR).

Bits B2 through B14 — Not used

Bit B15 — Always zero.

Bit Position B15 B14 - B2 B1 BO

Event — _— Seql | —

Decimal Weighting - — 2 —
2n

Value 0 —_— o1 | —

Value : 1 = Event Bit Set Event : Seql = Sequence 1

0 = Event Bit Cleared

Figure 3-26
Arm Event Register
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‘ENABle <NRf>

Parameters

Query

Description

Sequence Event Register:
Bit BO — Not used.

Bit B1, Layer 1 (Layl) — Set bit indicates that instrument operation isin arm layer 1 (PTR),
or that operation has exited from arm layer 1 NTR).

Bit B2, Layer 2 (Lay2) — Set bit indicates that instrument operation isin arm layer 2 (PTR),
or that operation has exited from arm layer 2 NTR).

Bits B12 through B14 — Not used

Bit B15 — Always zero.

Bit Position B15 B14 - B3 B2 B1 BO
Event — —_— Lay2 | Layl | —
Decimal Weighting - I 4 2 | —
@2 | @
Value 0 —_— o1 | 01| —
Value : 1 = Event Bit Set Event: Layl = Layer 1
0 = Event Bit Cleared Lay2 = Layer 2
Figure 3-27
Sequence Event Register
:STATus:MEASurement:ENABle <NRf> Program Measurement Event Enable Register
:STATus:QUEStionable:ENABle <NRf> Program Questionable Event Enable Register
:STATus:OPERation:ENABle <NRf> Program Operation Event Enable Register
:STATus:OPERation:TRIGger:ENABle <NRf> Program Trigger Event Enable Register
:STATus:OPERation:ARM:ENABle <NRf> Program Arm Event Enable Register
:STATus:OPERation:ARM:SEQuence:ENABle <NRf> Program Sequence Event Enable Register
<NRf>= 0 Clear register <NRf>= 128 Set bit B7
1 Sethit BO 256 Set bit B8
2 SethitBl 512 Set bit B9
4  Setbit B2 1024 Set bit B10
8 Sethit B3 2048 Set bit B11
16 Set bit B4 4096 Set bit B12
32 Set bit BS 8192 Set bit B13
64 Set bit B6 16384 Set bit B14
65535 Set dl bits
:ENABIe? Query enable register

These commands are used to set the contents of the event enable registers (see Figures 3-28
through 3-33). An :ENABIle command is sent with the decimal equivalent of the binary value
that determines the desired state (0 or 1) of each bit in the appropriate register.

Each event enableregister isused asamask for events (see[:EV EN] for descriptions of events).
When abit in an event enable register is cleared (0), the corresponding bit in the event register
is masked and thus, cannot set the corresponding summary bit of the next register set in the sta-
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tus structure. Conversely, when abit in an event enable register is set (1), the corresponding bit
in the event register is unmasked. When the unmasked bit in the event register sets, the summary
bit of the next register set in the status structure will set.

The decimal weighting of the bits for each event enable register are included in Figures 3-28
through 3-33. The sum of the decimal weights of the bits that you wish to set is sent as the pa-
rameter (KNRf>) for the appropriate :ENABIe command. For example, to set the BFL and RAV
bits of the Measurement Event Enable Register, send the following command:

:Stat:meas.enab 544

where; BFL (bit B9) = Decimal 512
RAV (bit B5) = Decimal 32

<NRf>= 544
Bit Position | B15 | B14 | B13 [ B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Event | — [VvSC | FLC | OL | BPT | SRA | BFL | BHF | BAV | RUF [ RAV | HL2 | LL2 | HLT | LLT |ROF
Decimal Weighting | — [16384(8192| 4096|2048 (1024 | 512 | 256 | 128 | 256 | 32 16 8 4 2 1

214) 13) 212 (211 (210) (29) (28) (27) (26) (25) (24) (23) (22) (21 (29
Value | — | 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 | 01 01 01 01 0/1 0/1 0/1

Value : 1 = Enable Measurement Event Events :  VSC = V-Source Compliance

0 = Disable (Mask) Measurement Event FLC = Fixture Lid Closed

OL = Out of Limits

BPT = Buffer Pretriggered

SRA = Sequence Reading Available

BFL = Buffer Full

BHF = Buffer Half Full

BAV = Buffer Available

RUF = Reading Underflow

RAV = Reading Available

HL2 = High Limit 2

LL2 = Low Limit 2

HL1 = High Limit 1

LLT = Low Limit 1
Figure 3-28 ROF = Reading Overflow

Measurement Event Enable Register

Bit Position | B15 | B14 | B13 | B12 | B11 | B10 [ B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

Event [ — |warn| — | Seq [Coul | — [Hum | Cal |BAV | RUF | RAV [Temp| — | — | Amp | Volt

Decimal Weighting | — [16384| — | 4096|2048 — | 512 | 256 | 128 | 256 | 32 16 | — 2 1
(219 (212 @1 29 (28) (27) (29) (25) (24) 2n (20)
Value | — | ot | — | on |on | — | on|on|on|on |on|on|—]|—|on]|on

Value : 1 = Enable Questionable Event
0 = Disable (Mask) Questionable Event

Events : Warn = Command Warning Cal = Calibration Summary
Seq = Sequence Test Summary Temp = Temperature Summary
Coul = Coulombs Summary Amp = Amps Summary
Hum = Humidity Summary Volt = Volts Summary

Figure 3-29
Questionable Event Enable Register
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Bit Position B15-B12 B11 B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Event —_— Seq | Idle|Calc| — | — [Am | Trig| — | — | — | — | Cal
Decimal Weighting _ 2048 1024|512 | — | — 64 32 — | — | — | — 1
(101 (210) (29) (26) (25) (20)
Value —_— 0/1 0/1 o1 | — | — | 01 0/1 — | — | — | — | o
Value : 1 = Enable Operation Event Events : RS-232 = RS-232 Interface Error
0 = Disable (Mask) Operation Event Idle = Idle state of the 6517A
Arm = Waiting for Arm
Trig = Waiting for Trigger
Meas = Measuring
Cal = Calibrating
Figure 3-30
Operation Event Enable Register
Bit Position B15 - B2 B1 BO
Event _— Seql | —
Decimal Weighting —_— 2 —_
2h
Value —_— 01 | —

Value : 1 = Enable Trigger Event

0 = Disable (Mask) Trigger Event

Figure 3-31
Trigger Event Enable Register

Bit Position
Event
Decimal Weighting

Value

Value : 1 = Enable Arm Event

Event : Seql = Sequence 1

B15-B2

B1

BO

Seq1

2n

0/1

0 = Disable (Mask) Arm Event

Figure 3-32
Arm Event Enable Register

Event : Seql = Sequence 1
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Value : 1 = Enable Sequence Event
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Bit Position

Event

Decimal Weighting

Value

B15-B3

B2

B1

BO

Lay2

Lay1

21)

0/1

0 = Disable (Mask) Sequence Event

Figure 3-33

Sequence Event Enable Register

‘PTRansition <NRF> :sTATus:MEASurement:PTRansition <NRf>

:STATus:QUEStionable:PTRansition <NRf>
:STATus:OPERation:PTRansition <NRf>

Parameters

Query

:STATus:OPERation:TRIGger:PTRansition <NRf>

:STATus:OPERation:ARM:PTRansition <NRf>
:STATus:OPERation:ARM:SEQuence:PTRansition <NRf>

<NRf> = Clear register
Set bit BO
Set bit B1
Set bit B2
Set bit B3
16 Set hit B4
32 Sethit B5

64 Set bit B6

o A~ANEFO

Events : Lay1 = Layer 1
Lay2 = Layer 2

Program Measurement Transition Filter (PTR)

Program Questionable Transition Filter (PTR)
Program Operation Transition Filter (PTR)

Program Trigger Transition Filter (PTR)
Program Arm Transition Filter (PTR)

Program Sequence Transition Filter (PTR)

<NRf>= 128
256
512
1024
2048
4096
8192
16384
65535

:PTRansition?  Query PTR register

Set bit B7
Set bit B8
Set bit B9
Set bit B10
Set bit B11
Set bit B12
Set bit B13
Set bit B14
Set all bits

These commands are used to program the positivetransition (PTR) registers. A positivetransition
is defined asa 0 to 1 state change in the condition register. Thus, when an event is programmed
for apositive transition, the appropriate bit in the corresponding event register sets when the cor-
responding bit in the condition register changesfrom 0 to 1. For example, if bit B9 of the Positive
Transition Register of the Measurement Transition Filter is set, then the buffer full event is pro-
grammed for a positive transition. The BFL bit (B9) in the Measurement Event Register sets

when the trace buffer becomes full. For details on register structure, see paragraph 3.8.

The PTR registers are shown in Figures 3-34A through 3-39A. Included is the decimal weight
of each hit. The sum of the decimal weights of the bits that you wish to set is the parameter
(<NRf>) that is sent with the command. For example, to program RAV (B5) and BFL (B9) mea-
surement events for positive transitions, send the following command:

‘stat:meas:ptr 544

where; BFL (bit B9) = Decimal 512
RAV (bit B5) = Decimal 32

<NRf> =

544
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Effects of positive transitions on the Measurement Event Register:

Measurement event

Positive transition effect on
Measurement Event Register

Reading overflow
Low limit 1

High limit 1

Low limit 2

High limit 2
Reading available
Reading underflow
Buffer available
Buffer half full
Buffer full

Sequence reading available

Buffer pretriggered
Out of Limits
Fixture lid closed
V-source compliance

Bit Position
Event
Decimal Weighting

Value

Bit Position

Event
Decimal Weighting

Value

Figure 3-34

Sets BO when reading exceeds range limits.

Sets B1 when reading is less than the low limit 1 setting.
Sets B2 when reading is greater than the low limit 1 setting.
Sets B3 when reading is less than the low limit 2 setting.
Sets B4 when reading is greater than the high limit 2 setting.
Sets B5 after areading is taken and processed.

Sets B6 when an ohms reading is below the lower range limit.
Sets B7 when the trace buffer has at least two readings.

Sets B8 when the trace buffer becomes half full.

Sets B9 when the trace buffer becomes full.

Sets B10 when an Alternating Polarity test sequence reading
becomes available.

Sets B11 when the trace buffer pretrigger event occurs.

Sets B12 when a noise spike occurs.

Sets B13 when fixture lid is closed.

Sets B14 when V-source goes in compliance.

B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
— | vsc | FLC | OL [ BPT | SRA| BFL | BHF | BAV | RUF | RAV | HL2 | LL2 | HLT | LL1 |ROF
— [16384| 8192(4096 | 2048 [ 1024 | 512 | 256 | 128 | 256 | 32 16 8 4 2 1
@9 | @y | @y | em [eo| ey ey | e | ey e | e er|e|aer| e
— | on 0o/1 | 01 01 0/1 o/1 | 0/ 0/1 | 01 0/1 0/1 0/1 | 011 0/1 0/1
Value : 1 = Enable Positive Transition Events : VSC = V-Source Compliance
0 = Disable Positive Transition FLC = Fixture Lid Closed
OL = Out of Limits
BPT = Buffer Pretriggered
SRA = Sequence Reading Available
BFL = Buffer Full
BHF = Buffer Half Full
BAV = Buffer Available
RUF = Reading Underflow
RAV = Reading Available
HL2 = High Limit 2
LL2 = Low Limit 2
HL1 = High Limit 1
LLT = Low Limit 1
- - . ROF = Reading Overfl
A) Positive Transition (PTR) Register cading Overtiow
B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
— |VSC | FLC | OL | BPT | SRA | BFL | BHF | BAV | RUF [ RAV | HL2 | LL2 | HLT | LLT [ROF
— |16384| 8192|4096 | 2048 | 1024 | 512 | 256 | 128 | 256 | 32 16 8 4 2 1
@4 | @y [ @2 e [ @9 [ @) | ey [ @) | e | e) | ey | e)]| ey e | e
— | on o1 | o1 [om oo |on|or|on | o | o1 0/1 | 0/1 | 0/1 | 011

Value : 1 = Enable Negative Transition

Measurement Transition Filter

Events : VSC = V-Source Compliance
FLC = Fixture Lid Closed
OL = Out of Limits
BPT = Buffer Pretriggered
SRA = Sequence Reading Available
BFL = Buffer Full
BHF = Buffer Half Full
BAV = Buffer Available

0 = Disable Negative Transition

RUF = Reading Underflow
RAV = Reading Available
HL2 = High Limit 2

LL2 = Low Limit 2

HL1 = High Limit 1

LL1 = Low Limit 1

ROF = Reading Overflow

A) Negative Transition (NTR) Register
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Effects of positive transitions on the Questionable Event Register:

Positive transition effect on

Questionable event Questionable Event Register

Volts Summary Sets BO when an invalid volts measurement occurs.

Amps Summary Sets B1 when an invalid amps measurement occurs.
Temperature Summary Sets B4 when an invalid external temperature reading occurs.
Humidity Summary Sets B9 when an invalid relative humidity reading occurs.
Ohms Summary Sets B10 when an invalid ohms measurement occurs.
Coulombs Summary Sets B11 when an invalid coulombs measurement occurs.

Sequence Test Summary  Sets B12 when a sequence test is aborted.

Bit Position | B15 | B14 | B13 | B12 [ B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

Event [ — [warn| — | Seq |Coul | — |Hum | Cal |BAV | RUF [ RAV [Temp| — | — | Amp | Volt

Decimal Weighting | — [16384| — | 4096|2048 — | 512 | 256 | 128 | 256 | 32 16 — | — 2 1
(214) (212) 2" (29) (28) (27) (26) (25) (24) (21 (20)
Value | — | o/1 | — | 011 o1 | — | on 0/1 0/1 | 01 01 01 — | — | o 0/1

Value : 1 = Enable Positive Transition
0 = Disable Positive Transition

Events : Warn = Command Warning Cal = Calibration Summary
Seq = Sequence Test Summary Temp = Temperature
Coul = Coulombs Amp = Amps Summary
Hum = Humidity Summary Volt = Volts Summary

A) Positive Transition (PTR) Filter

Bit Position | B15 | B14 | B13 | B12 [ B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

Event [ — [warn| — | Seq |Coul | — |Hum | Cal |BAV | RUF [ RAV [Temp| — | — | Amp | Volt

Decimal Weighting | — [16384| — | 4096|2048 — | 512 | 256 | 128 | 256 | 32 16 — | — 2 1
(214) (212) 2" (29) (28) (27) (26) (25) (24) (21 (20)
Value | — | o/1 | — | 011 o1 | — | on 0/1 0/1 | 01 01 01 — | — | o1 01

Value : 1 = Enable Negative Transition
0 = Disable Negative Transition

Events : Warn = Command Warning Cal = Calibration Summary
Seq = Sequence Test Summary Temp = Temperature Summary
Coul = Coulombs Summary Amp = Amps Summary
Hum = Humidity Summary Volt = Volts Summary

B) Negative Transition (NTR) Filter

Figure 3-35
Questionable Transition Filter
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Effects of positive transitions on the Operation Event Register:

Positive transition effect on

Operation event Operation Event Register

Calibrating Sets BO at the start of calibration.

Trigger layer Sets B5 when waiting in the Trigger Layer.
Arm layer Sets B6 when waiting in an arm layer.
Calculating Sets B9 when areading is being calculated.
Idle Sets B10 when entering the idle state.
Sequence Test Running Sets B11 when a sequence test is running.

Bit Position B15-B12 B11 B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

Event —_— Seq | Idle|Calc| — | — [Am | Trig | — | — | — | — | Cal

Decimal Weighting B 2048 [1024| 512 | — | — | 64 R2|—|—|—|— 1
(1om) (210) (29) (26) (25) (20)
Value _— 0/1 orfor|—|—J|O1T|O1T|—|—|—]|— |01

Value : 1 = Enable Positive Transition
0 = Disable Positive Transition

A) Positive Transition (PTR) Register

Bit Position B15-B12 B11 B10 | B9 B8 B7 B6 | B5 B4 B3 B2 B1 BO

Event B Seq | Idle|Calc| — | — [Am | Trig | — | — | — | — | Cal

Decimal Weighting e 2048 [1024|512 | — | — | 64 | 32 | — | — | — | — | 1
(1011) (210) (29) (26) (25) (20)
Value _ on forjon | —|—|on|on|—|—|—|—]|on

Value : 1 = Enable Negative Transition
0 = Disable Negative Transition

B

Negative Transition (NTR) Register

Figure 3-36
Operation Transition Filter
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Effects of positive transitions on the Trigger Event Register:

Positive transition effect on

Trigger event Trigger Event Register
Sequence 1 Sets B1 when waiting in Trigger Layer.
Bit Position B15 - B2 B1 BO
Event _— Seql | —
Decimal Weighting e 2 —
2"
Value _ o1 | —

Value : 1 = Enable Positive Transition
0 = Disable Positive Transition

A) Positive Transition (PTR) Register

Bit Position B15 - B2 B1 BO

Event —_— Seql | —

Decimal Weighting _ 2 —
@

Value e o1 | —

Value : 1 = Enable Negative Transition
0 = Disable Negative Transition

B) Negative Transition (NTR) Register

Figure 3-37
Trigger Transition Filter
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Effects of positive transitions on the Arm Event Register:
Positive transition effect on

Arm event Arm Event Register
Sequence 1 SetsB1 when in an arm layer.
Bit Position B15 - B2 B1 BO
Event _— Seql | —

Decimal Weighting
2

Value _ o1 | —

Value : 1 = Enable Positive Transition
0 = Disable Positive Transition

A) Positive Transition (PTR) Register

Bit Position B15 - B2 B1 BO

Event e — Seql | —

Decimal Weighting E— 2 —
@1

Value —_— 01 | —

Value : 1 = Enable Negative Transition
0 = Disable Negative Transition

B) Negative Transition (NTR) Register

Figure 3-38
Arm Transition Filter
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Effects of positive transitions on the Sequence Event Register:

Positive transition effect on

Sequence event Sequence Event Register
Layer 1 SetsB1 wheninArm Layer 1.
Layer 2 Sets B2 whenin Arm Layer 2.
Bit Position B15 - B3 B2 B1 BO
Event —_— Lay2 | Layl | —
Decimal Weighting e 4 2 —
(22) 21
Value —_— o1 | o1 | —

Value : 1 = Enable Positive Transition
0 = Disable Positive Transition

A) Positive Transition (PTR) Register

Bit Position B15-B3 B2 B1 BO

Event —_— Lay2 | Layl [ —

Decimal Weighting —_— 4 2 —
2% (21

Value _ o1 | o1 | —

Value : 1 = Enable Negative Transition
0 = Disable Negative Transition

B) Negative Transition (NTR) Register

Figure 3-39
Sequence Transition Filter
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‘NTRansition <NRF> :sTATus:MEASurement:NTRansition <NRf> Program Measurement Transition Filter
(NTR).
:STATus:QUEStionable:NTRansition <NRf> Program Questionable Transition Filter
(NTR).
:STATus:OPERation:NTRansition <NRf> Program Operation Transition Filter (NTR).
:STATus:OPERation:TRIGger:NTRansition <NRf> Program Trigger Transition Filter (NTR).
:STATus:OPERation:ARM:NTRansition <NRf> Program Arm Transition Filter (NTR).
:STATus:OPERation:ARM:SEQuence:NTRansition <NRf> Program Sequence Transition Filter (NTR).
Parameters <NRf>= 0 Clear NTR register <NRf>= 128 Set bit B7
1 Sethit BO 256 Set bit B8
2 SethitBl 512 Set bit B9
4  Set bit B2 1024 Set bit B10
8 SethitB3 2048 Set bit B11
16 Set bit B4 4096 Set bit B12
32 Set bit BS 16384 Set bit B14
64 Set bit B6 65535 Set dl bits
Query :NTRansition? Query NTR register
Description These commands are used to program the negative transition (NTR) registers. A negative tran-

sition is defined as a 1 to O state change in the condition register. Thus, when an event is pro-
grammed for a negative transition, the appropriate bit in the corresponding event register sets
when the corresponding bit in the condition register changes from 1 to 0. For example, if bit B9
of the Negative Transition Register of the Measurement Transition Filter is set, then the buffer
full event is programmed for a negative transition. The BFL bit (B9) in the Measurement Event
Register sets when the trace buffer is no longer full. For details on register structure, see para
graph 3.8.

The NTR registers are shown in Figures 3-34B through 3-39B. Included is the decimal weight
of each bit. The sum of the decimal weights of the bits that you wish to set is the parameter
(<NRf>) that is sent with the command. For example, to program RAV (B5) and BFL (B9) mea-
surement events for negative transitions, send the following command:

‘Stat:meas:ntr 544

where; BFL (bit B9) = Decimal 512
RAV (bit B5) = Decimal 32
<NRf> = 544
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Effects of negative transitions on the Measurement Event Register:

Measurement event

Negative transition effect on
Measurement Event Register

Reading overflow
Low limit 1

High limit 1
Low limit 2
High limit 2

Reading available
Reading Underflow
Buffer available

Buffer half full

Buffer full

Sequence reading available
Buffer pretriggered

Out of Limits Error
Fixturelid closed
V-source compliance

Sets BO when areading has gone from overflow to normal.
Sets B1 when the reading is no longer less than the low limit
1 setting.

Sets B2 when the reading is no longer greater than the low
limit 1 setting.

Sets B3 when the reading is no longer less than the low limit
2 setting.

Sets B4 when the reading is no longer greater than the high
limit 2 setting.

Sets B5 when the next reading is being taken.

Sets B6 when the reading underflow condition has cleared.
Sets B7 when the trace buffer has become empty.

Sets B8 when the trace buffer is no longer half full.

Sets B9 when the trace buffer is no longer full.

Sets B10 when an Alternating Polarity measurement isbeing read.
SatsB11 whenthetrace buffer pretrigger operationsare completed.
Sets B12 when the out of limits error has cleared.

Sets B13 when fixture lid is opened.

Sets B14 when V-source comes out of compliance.

Effects of negative transitions on the Questionable Event Register:

Questionable event

Negative transition effect on
Questionable Event Register

Volts Summary
Amps Summary
Temperature Summary

Humidity Summary
Ohms Summary
Coulombs Summary
Sequence Test Summary

Sets BO when a subsequent valid volts measurement occurs.
Sets B1 when a subsequent valid amps measurement occurs.
Sets B4 when a subsequent valid external temperature reading oc-

Sets B9 when a subsequent valid relative humidity reading occurs.
Sets B10 when a subsequent valid ohms measurement occurs.
Sets B11 when a subsequent valid coulombs measurement occurs.
Sets B12 when the sequence test is re-started.

Effects of negative transitions on the Operation Event Register:

Operation event

Negative transition effect on
Operation Event Register

Calibrating
Trigger layer
Arm layer
Calculating
Idle

Sets BO at the end of calibration.

Sets B5 when leaving the Trigger Layer.

Sets B6 when leaving an arm layer.

Sets B9 when the reading calculation is completed.
Sets B10 when leaving the idle state.

Sequence Test Running  Sets B11 when the aborted test is restarted.

Effects of negative transitions on the Trigger Event Register:

Negative transition effect on
Trigger event Trigger Event Register

Sequence 1 Sets B1 when leaving the Trigger Layer.
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:CONDiItion?

Description

‘PRESet

Description

Effects of negative transitions on the Arm Event Register:

Negative transition effect on
Arm event Arm Event Register

Sequence 1 Sets B1 when leaving an arm layer.

Effects of negative transitions on the Sequence Event Register:

Negative transition effect on

Sequence event Sequence Event Register

Layer 1 Sets B1 when leaving arm layer 1.

Layer 2 Sets B2 when leaving arm layer 2.
:STATus:MEASurement:CONDition? Read Measurement Condition Register :
STATus:QUEStionable:CONDition? Read Questionable Condition Register
:STATus:OPERation:CONDition? Read Operation Condition Register
:STATus:OPERation:TRIGger:CONDition? Read Trigger Condition Register
:STATus:OPERation:ARM:CONDition? Read Arm Condition Register
:STATus:OPERation:ARM:SEQuence:CONDition? Read Sequence Condition Register

These query commands are used to read the contents of the condition registers. Each set of event
registers (except the Standard Event register set) has a condition register. A condition register is
similar to its corresponding event register, except that it is areal- time register that constantly
updates to reflect the current operating status of the instrument.

See [:EVENL] for register bit descriptions. Note from the status structure (paragraph 3.8) that
the condition registers precede the transition filters. Thus, only the PTR descriptions apply to
the condition registers.

After sending one of these commands and addressing the Model 6517A to talk, adecimal value
is sent to the computer. The binary equivalent of this decimal value indicates which bitsin the
register are set.

For example, if sending :stat:meas.cond? returns a decima vaue of 512 (binary
0000001000000000), bit B9 of the Measurement Condition Register is set indicating that the
trace buffer isfull.

:STATus:PRESet Return registers to default conditions

When this command is sent, the SCPI event registers are affected as follows:

2. All hits of the positive transition filter registers are set to one (1).
3. All hits of the negative transition filter registers are cleared to zero (0).
4. All bits of the following registers are cleared to zero (0):
E. Operation Event Enable Register.
F.  Questionable Event Enable Register.
G. Measurement Event Enable Register.
5. All hits of the following registers are set to one (1):
A. Trigger Event Enable Register.
B. Arm Event Enable Register.
C. Sequence Event Enable Register.

Note: Registers not included in the above list are not affected by this command.
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3.21.7 :QUEue commands

Description

Parameters

Query

Description

[:NEXT]?

:STATus:QUEue[:NEXT]? Read Error Queue

Aserror and status messages occur, they are placed into the Error Queue. This query command
is used to read those messages.

The Error Queueis afirst-in, first-out (FIFO) register. Every time you read the queue, the "ol d-
est" message is read and that message is then removed from the queue. The queue will hold up
to 10 messages. If the queue becomesfull, the message " 350, 'Queue Overflow™ will occupy the
last memory location in the register. On power-up, the Error Queue is empty. When the Error
Queue is empty, the message "0, 'No error™ is placed in the Error Queue.

The messages in the queue are preceded by a number. Negative (-) numbers are used for SCPI
defined messages, and positive (+) numbers are used for Keithley defined messages. The mes-
sages are listed in Table 2-5.

After this command is sent and the Model 6517A is addressed to talk, the "oldest” messagein
the queue is sent to the computer.

Note: The :STATus.QUEue[:NEXT]? query command performsthe same function asthe :SY S
Tem:ERRor? query command (see System subsystem).

ENABIe <list>

:STATus:QUEue:ENABle <list> Enable messages for Error Queue
<list> = (numlist)

where; numlist is a specified list of messages that you wish to enable for the Error Queue.

:ENABIe? Query list of enabled messages

On power-up, al error messages are enabled and will go into the Error Queue asthey occur. Sta-
tus messages are not enabled and will not go into the queue. This command is used to specify
which messages you want enabled. M essages not specified will be disabled and prevented from
entering the queue.

When this command is sent, all messages will first be disabled, then the messages specified in
thelist will be enabled. Thus, thereturned list (: ENABI€?) will contain all the enabled messages.

M essages are specified by numbers (see Table 2-4). The following examples show variousforms
for expressing a message numlist:

Numlist = -110 Single message.
-110, -140, -222 M essages separated by commas.
-110:-222 Range of messages (-100 through -222).
-110:-222, -230 Range entry and single entry separated by a comma.

Note: To disable all messages from entering the Error Queue, send the following command:

‘stat:quezenab ()
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Parameters

Query

Description

Program fragment

3-128

Description

DiSable <list>

:STATus:QUEue:DISable <list> Disable messages for Error Queue

<list> = (numlist)

where; numlist is a specified list of messages that you wish to disable for the Error Queue.
:DISable? Query list of disabled messages

On power-up, all error messages are enabled and will go into the Error Queue asthey occur. Sta-
tus messages are not enabled and will not go into the queue. This command is used to specify
which messages you want disabled. Disabled messages are prevented from going into the Error

Queue.

Messages are specified by numbers (see Table 2-5). See :QUEue:ENABIe for examples to ex-
press a numlist.

PRNT #1, "output 27; :stat:que: ' DO sabl e nessages and query

di s(-140: -150); dis?"

PRNT #1, "enter 27" ' Gt response nessage from6517A
:CLEar

:STATus:QUEue:CLEar Clear Error Queue

This action command is used to clear the Error Queue of messages.
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3.22 :SYSTem subsystem

3221

3.22.2

3.22.3 :VERSion?

3.224

‘PRESet

Description

The SY STem subsystem contains miscellaneous commands that are summarized in Table 3-13.

:SYSTem:PRESet Return to :SYSTem:PRESet defaults

This command returns the instrument to states optimized for front panel operation. :SYS-
Tem:PRESet defaults are listed in the SCPI tables (Tables 3-4 through 3-16).

:POSetup <Name>  sYySTem:POSetup <name> Program power-on defaults

Parameters

Query

Description

Description

‘ERRor?

Description

<name> = RST Select *RST defaults on power up
PRESet Select :SY STem:PRESet defaults on power up
SAVX Select saved defaults on power up

where; X =0to 9

:POSetup? Query power-on setup

This command is used to select the power-on defaults. With RST selected, the instrument pow-
ers up to the *RST default conditions. With PRES selected, the instrument powers up to the
:SY Stem:PRESet default conditions. Default conditions are listed in the SCPI tables (Tables 3-
4 through 3-16).

With one of the SAV parameters sel ected, the instrument powers-on to the setup that issaved in
the specified memory location using the * SAV command.

:SYSTem:VERSion? Read SCPI version

This query command is used to read the version of the SCPI standard being used by the Model
6517A. Example code:

1991.0

The above response message indicates the version of the SCPI standard.

:SYSTem:ERRor? Read Error Queue

Aserror and status messages occur, they are placed into the Error Queue. This query command
is used to read those messages. The Error Queue is a first-in, first-out (FIFO) register that can
hold up to 10 messages. Every time you read the queue, the "oldest" message is read and that
message is then removed from the queue.

If the queue becomes full, the message " 350, 'Queue Overflow™ occupiesthe last memory loca

tionin the register. On power-up, the queue is empty. When the Error Queue is empty, the mes-
sage "0, 'No error™ is placed in the Error Queue.
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3.225

3.22.6

3-130

The messages in the queue are preceded by a number. Negative (-) numbers are used for SCPI
defined messages, and positive (+) numbers are used for Keithley defined messages. Table 2-5
lists the messages.

NOTE: The :SY STem:ERRor? query command performs the same function as the :STA-
Tus:QUEuUE? query command (see STATus subsystem).

:.LSYNC:STATe <b> :SyStem:LSYNc:STATe <b> Control line synchronization
Parameters <b> = Oor OFF Disable line synchronization
lor ON Enable line synchronization
Query :STATE? Query line synchronization
Description This command is used to enable or disable line synchronization. When enabled, the integration
period will not start until the beginning of the next power line cycle. For example, if areading
istriggered at the positive peak of a power line cycle, the integration period will not start until
that power line cycle is completed. The integration period starts when the positive-going sine
wave Crosses zero.
With line synchronization disabled, the integration period starts when the reading is triggered.
See paragraph 2.19.7 for details on line synchronization.
‘KEY <NRf> :SYSTem:KEY <NRf> Simulate key-press
Parameters <NRf>= 1 RangeUpArrow <NRf>= 16 NEXT
2 V-Source Up Arrow 17 Range Down Arrow
3  LeftArrow 18 ENTER
4 MENU 19 OPER
5 Q 20 TRIG
6 FILTER 21 RECALL
7 LOCAL 22 |
8 PREV 23 Z-CHK
9 AUTO 26 V-Source Down Arrow
10 Right Arrow 27 SEQ
11 EXIT 28 CONFIG
12 CARD 29 R
13 MATH 30 REL
14 STORE 31 INFO
15 V
Query KEY? Query last "pressed" key.
Description This command is used to simulate front panel key presses. For example, to select V (volts) you

can send the following command to simulate pressing theV key:

:syst:key 15

The parameter listing provides the key-press code in numeric order. Figure 3-40 also provides
the key-press code.
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The :KEY command allows you to select the NEXT displays over the bus. Sending :SYS
Tem:KEY 16 over the busis same asasingle press of the NEXT key. Sending :SY STem:KEY
8 isthe same as asingle press of the PREV key. The NEXT display that is selected depends on
how many timesthe NEXT key is"pressed” using the :KEY command. The instrument can al-
ways be returned to the normal display by "pressing” the PREV key asimilar number of times,
or by sending the :DISPlay:CNDisplay command.

For example, you can display the bar graph by "pressing” the NEXT key twice as follows:
'syst:key 16; key 16

To return to the normal display, "press' the PREV key twice as follows:

:syst:key 8; key 8

The queue for the :KEY ? query command can only hold one key-press. When :KEY ? is sent
over the bus, and the Model 6517A is addressed to talk, the key-press code number for the last
key pressed (either physically or with :KEY) is sent to the computer.

VOLTAGE
SOURCE
OPERATE

DISPLAY

CHK | REL—=h rEFILTER| MATHSh (ESRIG | sEaoh e« | » 1

FNFO Locar)| | (sTore|Recal)| |(ConFis| MENU)
|

POWER
o |

T_|ENTER)

0O =

Figure 3-40
Key-press codes

:CLEar :SYSTem:CLEar Clear Error Queue

Description This action command is used to clear the Error Queue of messages.
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3.22.8 :DATE <yr=, <mo=, <day> :SYSTem:DATE <yr>, <mo>, <day>  Set date for clock

Parameters

Query

Description

<yr> = 1994 to 2093 Specify year
<mo> = 1to12 Specify month
<day>= 1to3l Specify day
:DATE? Query the date

This command is used to set the date for the real-time clock. Setting an invalid date (i.e. Febru-
ary 30, 1995) result in an error and the previous date is retained.

3.229 TIME <hr>, <min>, <SeC> :SYSTem:TIME <hr>, <min>, <sec> Set time for clock

Parameters

Query

Description

<hr> = 0to 23 Specify hour (24 hr format)

<min>= 0to59 Specify minute

<sec> = 0.00to 59.99 Specify second (rounded to 1/100 sec.)
TIME? Query thetime

Thiscommand isused to set thetimefor the real-time clock. Note that the time must be set using
the 24-hour format (i.e. hour 13 is 1PM). Setting an invalid time resultsin an error and the pre-
vioustimeis retained.

:TIME? returns the time to the nearest hundredth of a second.

3.22.10 :TSTamp commands

Parameters

Query

Description
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The following commands are used to configure and control the timestamp. For more informa-
tion on timestamp, see paragraphs 3.16 (:FORMat:ELEMents) and 3.23.7 (:TRACe:TSTamp
:FORMat).

‘TYPE <name>

:SYSTem:TSTamp:TYPE <name> Select timestamp type

<name> = RELative Select relative-time timestamp
RTClock Select real-time timestamp

:TYPE? Query  timestamp type

This command is used to select the timestamp type. RTClock selects the real-time clock times-
tamp. Readings are reference to the date and time. RTClock is a 100 year (max) calendar with
10msec resolution.

REL ative selects the relative-time timestamp. Readings are referenced (in seconds) to atimer.
Thetimer starts at zero seconds when the instrument is turned on or when the timestamp is reset
(see next command). REL ative is a 55 day (max) clock with 1usec resolution.
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‘RELative:RESet

:SYSTem:TSTamp:RELative:RESet Reset relative timestamp to 0.

Description This action command is used to reset the relative-time timestamp to zero seconds.

3.22.11 :RNUMber:RESet :syStem:RNUMber:RESet Reset reading number to zero

Description When the reading number is included as a GPIB data element (see paragraph 3.16; :FOR-
MAT:ELEMents), each reading sent over the busis assigned a number starting at #0. The read-
ing number resets to zero when the instrument is turned on or when this action command is
asserted.

3.22.12 Zero check and zero correct commands
:ZCHeck <b>

:SYSTem:ZCHeck <b> Control Zero Check

Parameters <b> = Oor OFF Disable Zero Check
lor ON Enable Zero Check
Query :ZCHeck? Query state of Zero Check
Description This command is used to enable or disable Zero Check. See paragraph 2.13 for details on Zero
Check.
:ZCORrect[:STATe] <b>
:SYSTem:ZCORrect[:STATe] <b> Control Zero Correct
Parameters <b> = Oor OFF Disable Zero Correct
lor ON Enable Zero Correct
Query :ZCORrect? Query state of Zero Correct
Description Thiscommand is used to enable or disable Zero Correct. There are two methodsto perform zero

correction. The first method is consistent with the way zero correction is performed from the
front panel. That is, zero correct is enabled, and then this command is used to enable zero cor-
rect. The following command segquence performs zero correction:

:SY STem:ZCHeck ON * Enable zero check
:SY STem:ZCORrect ON ‘ Perform zero correction

The second method to perform zero correction isto first acquire the zero correct value, and then
use this command to enable zero correct. The zero correction is done with zero check disabled.
The following command sequence demonstrates this method.

:SY STem:ZCHeck ON ‘ Enable zero check

:SY STem:ZCORrect: ACQuire ‘ Acquire zero correct value
:SY STem:ZCHeck OFF ‘ Disable zero check

:SY STem:ZCORrect ON * Perform zero correction

See :ZCORrect: ACQuire for more information.
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3.22.13 A/D Controls
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Description

Parameters

Query

Description

Parameters

Query

Description

Parameters

Query
Description

:ZCORrect:ACQuire

:SYSTem:ZCORrect:ACQuire Acquire zero correct value

This command is used to acquire azero correct value for zero correction. The value can only be
acquired while zero check is enabled. The internal offset will become the correction value.

Zero correction can then be performed with zero check disabled. The description for :ZCOR-
rect[:STATe] provides a command sequence using an acquired zero correction value.

‘TSControl <b>

:SYSTem:TSControl <b> Control external temperature readings

<b> = 0or OFF Disable external temperature readings
lor ON Enable external temperature readings

:TSControl ? Query state of temperature readings

This command is used to control external temperature readings. When enabled (and the Model
6517-TP connected to the instrument), the Model 6517A will make external temperature read-
ings. Note that ETEM perature has to be a selected data element in order to include the temper-
ature reading in the data string. See paragraphs 3.17 (:FORMat:ELEMents) and 3.23
(:TRACeELEMents).

:HSControl <b>

:SYSTem:HSControl <b> Control humidity readings

<b> = 0or OFF Disable humidity readings
lor ON Enable humidity readings

:HSControl? Query state of humidity readings

This command is used to control humidity readings. When enabled (and the Model 6517-RH
connected to theinstrument), the Model 6517A will make humidity readings. Note that HUMid-
ity hasto be a selected data element in order to include the humidity reading in the data string.
See paragraphs 3.17 (:FORMat:ELEMents) and 3.23 (: TRACe:ELEMents).

‘HLControl <b>

:SYSTem:HLControl <b> Control A/D hardware limit

<b> = Oor OFF Disable A/D hardware limit
1or ON Enable A/D hardware limit

‘HLControl? Query state of A/D hardware limit

Thiscommand is used to control the A/D hardware limit. With the hardware limit ON, the “ Out-
OfLimit” error message is enabled to indicate that an out of range noise spike has occurred.

Disabling the hardware limit disables the error message. With the hardware limit OFF, noise
spikes may cause the reading to be erroneous.
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3.22.14 RS-232 Interface Commands

Description

Description

Parameters

Query
Description

The following commands are provided for control (enabled or disabled) of front panel keys
while using the RS-232 interface.

‘LOCal

:SYSTem:LOCal Take 6517A out of remote

Normally, the Model 6517A isinloca during RS-232 communications. In this state, front panel
keys are operational . However, the user may wish to lock out front keys during RS-232 commu-
nications (see :LLOCkout).

This action command is used to take the Model 6517A out of the remote state and enables the
operation of front panel keys. Note that this command can only be sent over the RS-232 interface.

‘REMote

:SYSTem:REMote Place the Model 6517A in remote

Thisaction command is used to place the Model 6517A in the remote state. In remote, the front
panel keys will be locked out if local lockout is enabled (see :LLOCkout). Note that this com-
mand can only be sent over the RS-232 interface.

:LLOCkout <b>

:SYSTem:LLOCkout <b> Enable or disable front panel keys
<b>= 0or OFF Disable local lockout

lor ON Enable local lockout
:LLOCkout? Query state of local lockout

This command is used to enable or disable local lockout. If enabled, the front panel keys are
locked out (non-operational) when the instrument is in remote (see :REMote). If disabled, the
front panel keysare operational in remote. Theinstrument must bein remotein order to usethis
command.

Taking the instrument out of remote (see :LOCal) restores front panel keys operation, but does
not change the status of the :L L OCkout command.

Note that this command can only be sent over the RS-232 interface.

3.22.15 Basic Trigger Commands

Description

Thefollowing commands are used to configure the Model 6517A for basic triggering. See para-
graph 2.15 for details on basic triggering.

[:EXECute]

:SYSTem:MACRo:TRIGger:MODE <name> Specify trigger mode

When this action command is sent, the instrument will exit from advanced triggering and select
basic triggering. Sending this command while already in basic triggering has no effect on the
instrument.

‘MODE <name>

:SYSTem:MACRo:TRIGger{:EXECute] Select basic triggering
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Parameters

Description

Parameters

Description

Parameters

<name> = CONTinuous Continuous trigger mode
ONEShot One-shot trigger mode

Thiscommand is used to specify the basic trigger mode. With CONTinuoustriggering, the Model
6517A will continuous trigger readings after the selected source event occurs (see :SOURCce).
With ONEShot selected, a single reading will be triggered every time the selected source event
OCCuUrs.

:SOURCce <name>
:SYSTem:MACRo:TRIGger:SOURce <name> Specify control source
<name> = |IMMediate Immediate triggering
MANual Manual trigger event
BUS Bustrigger event
EXTernal External trigger event
TIMer Timer trigger event

Thiscommand is used to specify which control sourcewill be used asthetrigger event for instru-
ment readings. If in the continuous trigger mode (see :MODE), the instrument will continuously
make readings when the specified event occurs. If in the one-shot mode, each event will cause a
single-reading to occur.

With IMMediate selected, the trigger event will be satisfied immediately. In IMMediate, readings
will be made continuoudly.

With MANual selected, the trigger event occurs when the front panel TRIG key is pressed. Note
that the instrument must be in local in order for the TRIG key to be active.

With BUS selected, the trigger event occurs when abustrigger (* TRG or GET) is sent. With EX-
Ternal selected, the trigger event occurs when an input trigger isreceived viathe rear panel EXT
TRIG IN connector.

While in the one-shot mode, with TIMer selected, trigger events occur at a programmed timer in-
terval. Each time the programmed interval elapses, areading is triggered. Use the :TIMer <n>
command to set the timer interval.

‘TIMer <n>
:SYSTem:MACRo:TRIGger:TIMer <n> Set the timer interval

<n> = 0.001t099999.999 Specify timer interval in seconds

DEFault 0.1 seconds
MINimum 0.001 seconds
MAXimum 99999.999 seconds

This command is used to specify the time interval for the timer. The :SOURce TIMer command
is used to select the timer as the control source.



3.22.16 :INTerlock?

Description

|EEE-488 Reference

:SYSTem:INTerlock?  Set the timer interval

This query command is used to determineif the safety interlock cableis connected to the Model
6517A. The response message is interpreted as follows:

1 = Interlock cable connected to the 6517A and fixture, or not connected to 6517A at all.

0= Interlock cable connected to 6517A but not connected to fixture, or interlock cable connected
to 6517A but fixturelid is open.

If the interlock cable is not connected, the Model 6517A cannot determine the state of the test
fixture lid (open or closed) or read the test fixture switch settings. A potential safety hazard is
present when the fixture lid is open.

3.23 :TRACe subsystem

3231

3.23.2

:CLEar

Description

‘FREE?

Description

The commands in this subsystem are used to configure and control data storage into the buffer.
The commands are summarized in Table 3-14. See paragraph 2.16 for more information about
the buffer.

‘TRACe | :DATA

Thebar (]) indicatesthat : TRACe or :DATA can be used asthe root command for this subsystem.
From this point on, the documentation in this manual uses:TRACe. If you prefer to use :DATA,
simply replace al the : TRACe command words with :DATA.

‘TRACe:CLEar

Clear buffer

Thisaction command is used to clear the buffer of readings. If you do not clear the buffer, asub-
sequent store will overwrite the old readings. If the subsequent store is aborted before the buff-
er becomes full, you could end up with some "old" readings still in the buffer.

‘TRACe:FREE?

Read status of memory

This command is used to read the status of storage memory. After sending this command and
addressing the Model 6517A to talk, two values separated by commas are sent to the computer.
The first value indicates how many bytes of memory are available, and the second value indi-
cates how many bytes are reserved to store readings.

3-137



|EEE-488 Reference

3.23.3
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‘POINts <n>

Parameters

Query

Description

Parameters

Query

Description

Description

‘TRACe:POINts <n>

Specify buffer size

<n> = 1to MAXimum Specify number or readings

DEFault 100
MAXimum Seetable 2-22
MINimum 1

:POINts? Query buffer size

This command is used to specify the size of the buffer. When the specified number of readings
are stored in the buffer, the buffer is considered to be full.

AUTO <b>

:TRACe:POINts:AUTO <b> Control auto buffer sizing

<b> = 0or OFF Disable auto buffer sizing
lor ON Enable auto buffer sizing

AUTO? Query state of auto buffer sizing

Thiscommand is used to enable or disable auto buffer sizing. When enabled, the buffer size de-
faults to the measure count value in the Trigger Model (see : TRIGger: COUNLt in Trigger sub-
system). With auto buffer enabled, changing the Trigger Model's measure count value changes
the buffer size to that value. If the :TRIGger:COUNL is greater than the maximum buffer size,
the buffer is adjusted to the maximum size and the following message is displayed:

+314 "Buffer sizing error; sized to MAX"

Disabling auto buffer sizing does not affect the size of the buffer. It simply means that you must
then use the :POINts command to change the buffer size.

If you use the :POINts command to change the buffer size while auto is enabled, the buffer size
changes to that value and auto buffer sizing disables.

If you try to enable auto buffer sizing while the measure count is programmed for infinite, an
error will occur and the command will be ignored. You cannot have an infinite buffer size.

:ACTual?

:TRACe:POINts:ACTual? Query number of readings in buffer

This query command returns the number of readingsthat are currently stored in the buffer. After
sending this command, the number of readings stored in the buffer will be sent to the computer
when the Model 6517A is addressed to talk. This command can be used to monitor the storage
process.
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3.234 :FEED Commands

Parameters

Query

Description

Parameters

Query

Description

;[PERCent] <n>

:TRACe:FEED:PRETrigger:AMOunt:[PERCent] <n> Specify percent of pre-trigger readings

<n>= 0to 100 % of buffer for pre-trigger readings
DEFault 50% of buffer for pre-trigger readings
MINimum 0% of buffer for pre-trigger readings
MAXimum  100% of buffer for pre-trigger readings

:[PERCent]? Query percent of pre-trigger readings

Thiscommand is used to specify how much of the defined buffer (:POINts) will be used to store
pre-triggered readings. When a pre- trigger store is started (see :FEED:CONTrol), readings are
continuously stored in the buffer. When the pre-trigger event occurs (see :PRETrig-
ger:SOURKce), post-trigger readings will then fill the part of the buffer that is not reserved for
pre-trigger readings.

For example, assume 25% of a 100 point buffer is reserved for pre- trigger readings. When the
pre-trigger store is started, readings continuoudly fill the buffer. When the pre-trigger event oc-
curs, subsequent readings will then be stored starting at buffer location 26 and continue until
buffer location 100 isfilled. Storage stops after buffer location 100 isfilled. Theresult is 25 pre-
trigger readings and 75 post-trigger readings. See paragraph 2.16.1 for moreinformation on pre-
trigger.

‘READINgs <n>

:TRACe:FEED:PRETrigger:AMOunt:READings <n> Specify number of pre-trigger readings

<n> = 0to MAXimum Specify number or readings

DEFault Half of MAXimum
MAXimum Buffer size as programmed by : TRACe:POINts
MINimum 0
:READiIngs? Queries number of pre-trigger readings
:READings? DEFault Queries* RST default number of readings

‘READings? MAXimum Querieslargest allowable number of readings
:READings? MINimum Queries lowest allowable number of readings

This command is used to specify how much of the defined buffer (:POINts) will be used to store
pre-triggered readings. Thiscommand is essentially the same asthe : PERCent command except
the amount is expressed as an exact value instead of a percent.

Sending aval ue that exceeds the defined size of the buffer (see :POINtS) generates an error. The
command isignored.
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Parameters

Query

Description

Parameters

Query

Description

:SOURce <name>
:TRACe:FEED:PRETrigger:SOURce <name> Specify pre-trigger event

<name> = EXTerna Use External Trigger as pre-trigger event
TLINK Use Trigger Link as pre-trigger event
BUS Use bus trigger as pre-trigger event
MANual Use TRIG key as pre-trigger event
:SOURce? Query pre-trigger event source

Thiscommand is used to specify the event for the pre-trigger storage mode. With the pre-trigger
mode selected (:CONTrol, PRETrigger), readings are continuously stored in the buffer while
waiting for the pre-trigger source event.

With EXTernal source selected, an external trigger viathe rear panel EXTERNAL TRIGGER
Input provides the pre-trigger event.

With TLINK selected, an input trigger viathe Trigger Link provides the pre-trigger event. The
Trigger Link line used for the input trigger is programmed from the Trigger subsystem (see
:TRIGger: TCONfigure command path).

With BUS selected, a GPIB bustrigger (GET or * TRG) provides the pre- trigger event.

With MANual selected, pressing the front panel TRIG key provides the pre-trigger event.

:CONTrol <name>
:TRACe:FEED:CONTrol <name> Specify buffer control

<name> = NEVer Disables buffer storage
NEXT Fills buffer and stops
AlLWays Continuously stores readingsin buffer
PRETrigger Use Pretrigger mode to store readings
:CONTrol? Query buffer control

This command is used to select the buffer control. With NEVer selected, storage into the buffer
is disabled. With any of the other selections, storage is performed as long as buffer feed is not
set for NONE (see: TRACe:FEED NONE). When NEXT is selected, the storage process starts,
fills the buffer and then stops. The buffer size is specified by the :POINts command.

When ALWays is selected, the storage process starts and continues to store readings even after
the buffer fills. After the buffer fills, readings overwrite the previously stored readings.

When PRETrigger is selected, the buffer stores readings continuously (like ALWays) until the
programmed pre-trigger event occurs. When the pre-trigger event occurs, the section of the buff-
er specified for post-trigger readings fill with new readings. The storage process stops when the
post trigger portion of the buffer becomes full with new readings (see : TRACe:FEED:PRETrig-

ger).



3.235

3.23.6

3.23.7

:DATA?

Description

LAST?

Description

|EEE-488 Reference

:TRACe:DATA? Send buffer readings

When this command is sent and the Model 6517A isaddressed to talk, all the readings stored in
the buffer are sent to the computer. The format that readings are sent over the busis controlled
by the :FORMat subsystem.

Note that the buffer elements selected by :TRACe:ELEMents (see paragraph 3.23.7) must
match the bus elements selected by :FORMat:EL EMents (see paragraph 3.16). Otherwise, the
following error will occur when using this command to send buffer readings over the bus.

+313 Buffer & format element mismatch

:TRACe:LAST? Read last Alternating Polarity reading stored in buffer.

When this query command is sent and the Model 6517A is addressed to talk, the last reading
stored in the buffer from the Alternating Polarity Resistance/Resistivity test sequenceis sent to
the computer. The format that the reading is sent over the bus is controlled from the :FORMat
subsystem.

Note that this command only works while the Alternating Polarity test sequence is running or
waiting for a control source event to start the test sequence.

TSTampFORI\/Iat <name> :TRACe:TSTamp:FORMat <name> Select timestamp format

Parameters

Query

Description

<name> = ABSolute Reference to first buffer reading
DELTa Time between buffer readings

:FORMat? Query timestamp format

Thiscommand is used to sel ect the timestamp format for buffer readings. With ABSolute sel ect-
ed, each timestamp is referenced to the first reading stored in the buffer. With DELTa selected,
timestamps provide the time between each buffer reading. See paragraphs 3.16 (:FORMat:EL-
EMents) and 3.22 (:SY STem:TSTamp) for more information.

:ELEMents <item list> :TRACe:ELEMents <item list> Select elements for buffer

Parameters

Query

Description

<item list> = TSTamp Includes timestamp
HUMuidity Includes humidity
CHANnNél Includes channel number
ETEMperature Includes external temperature
VSOurce Includes V-source
NONE None of the above elements

NOTE: Itemsin the list must be separated by commas (,).
‘ELEMents? Query selected elements

READing, STATus, RNUMber (reading number) and UNIT are always enabled for the buffer
and are included in the response for the query (:ELEMents?).

Thiscommand is used to include additional elementsfor each buffer reading. A detailed descrip-
tion for each element is provided in paragraph 3.16 (:FORMat:EL EMents).
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3.24 Trigger subsystem

The Trigger subsystem is made up of a series of commands and subsystems to configure the
three layers of the Trigger Model (see paragraph 2.7 and 3.9 for details). These commands and
subsystems are summarized in Table 3-15.

3.24.1 :INITiate commands

Description

Parameters

Query

Description

Parameters

Query

Description

3242 :ABORt
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[:IMMediate]

:INITiate[:IMMediate] Take 6517A out of idle

Thiscommand takesthe Model 6517A out of theidle state. After all programmed operations are
completed, theinstrument leaves the trigger layers and returnsto the idle state if continuousini-
tiation is disabled; (see next command).

:CONTinuous <b>

:INITiate:CONTinuous <b> Control continuous initiation

<b> = Oor OFF Disable continuous initiation
1or ON Enable continuous initiation

:CONTinuous? Query continuous initiation

When continuous initiation is selected (ON), the instrument is taken out of theidle state. At the
conclusion of al programmed operations, the instrument returnsto Arm Layer 1.

:‘POFLag <name>
:INITiate:POFLag <name> Control No-Operation-Pending flag

<name> = INCLude Include No-Operation-Pending flag
EXCLude Exclude No-Operation-Pending flag
:POFLag? Query Pending Operation Flag status

This command is used to include or exclude the No-Operation-Pending flag in the internal pro-
cess of determining whether all pending operations of an initiate command are completed. For
more information on the No-Operation-Pending flag, refer to paragraphs 3.11.5 (* OPC) and
3.11.6 (*OPC?).

:ABORt Abort operation

When this action command is sent, the Model 6517A aborts operation and returns to the top of
the Trigger Model. If continuousinitiation is disabled, theinstrument goestheidle state. If con-
tinuous initiation is enabled, operation continues on into Arm Layer 1.

The abort command resets the source bypasses of the Trigger Model. If scanning, the scan point-
er resets back to the first channel in the scan list.



3.24.3 :IMMediate

Description

3244 COUNt <n>

Parameters

Query

Description

3.245 DElay <n>

Parameters

Query

Description
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:ARM[:SEQuence[1]][:LAYer[1]]:IMMediate Bypass arm control source
:ARM[:SEQuence|1]]:LAYer2:IMMediate Bypass scan control source and delay
:TRIGger:[:SEQuence[1]]:IMMediate Bypass measure control source and delay

These action commands are used to bypass the specified control source of the Trigger Model.
They are used when you do not wish to wait for the programmed event. Note from the Trigger
Model (Figure 3-14) that :arm:lay2:imm and :trig:imm also bypass the delay.

The instrument must be waiting for the appropriate event when this command is sent. Other-
wise, an error occurs and the command isignored. When the command is sent, the bypass occurs
and operation continues on.

:ARM[:SEQuencel[T1]][:LAYer[1]]:COUNt <n> Set arm layer count
:ARM[:SEQuence[T1]]:LAYer2:COUNt <n> Set scan layer count
:TRIGger[:SEQuence[1]]:COUNt <n> Set measure layer count

<n> = 1t099999  Specify count
INF Sets count to infinite
DEFault Setscount to 1
MINimum Setscount to 1
MAXimum  Setscount to 99999

:COUNLt? Queries programmed count
:COUNLt? DEFault Queries * RST default count
:COUNt? MINimum Queries lowest alowable count
:COUNt? MAXimum  Querieslargest allowable count

These commands are used to specify how many times operation loops around in the specified
layer of operation. For example, if the measure count is set to 10, operation continues to loop
around in the measure layer until 10 measurements are performed. After the 10th measurement,
operation proceeds back up to the scan layer.

:ARM[:SEQuencel[1]]:LAYer2:DELay <n> Set scan layer delay
‘TRIGger[:SEQuence[1]]:DELay <n> Set measure layer delay

<n>= 010 999999.999 Specify delay in seconds

DEFault 0 second delay

MINimum 0 second delay

MAXimum 999999.999 second delay
:DELay? Query the programmed delay
:DELay? DEFault Query the *RST default delay

:DELay? MINimum Query the lowest allowable delay
:DELay? MAXimum  Query the largest allowable delay

These delay periods are used to delay operation in the specified layer. After the programmed

event occurs, the instrument waits until the delay period expires before proceeding on in the
Trigger Model. Note that the Arm Layer Arm Layer 1) does not use a delay.
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3.24.6

3.24.7

3-144

:SOURce <name> :ARM[:SEQuencel1]1[:LAYer[1]:SOURce <name>  Specify arm event control source

Parameters

Query

Description

TIMer <n>

Parameters

Query

:ARMI:SEQuence[1]]:LAYer2:SOURce <name> Specify scan event control source
‘TRIGger[:SEQuence[1]]:SOURce <name> Specify measure event control source
<name> = HOLD Hold operation in specified layer

IMMediate Pass operation through specified layer

RTCLock  Select real-time clock as event (Arm Layer 1 only)
MANual Select manual event

BUS Select GPIB trigger as event

TLINK Select Trigger Link as event

EXTernal  Select External Triggering as event

TIMer Select timer as event (not available for Arm Layer 1).

:SOURce? Query programmed control source.

These commands are used to select the event control source for the specified layer. With HOLD
selected, operation stops and waits indefinitely in the specified layer. Whilein HOL D, operation
can be continued by sending the :IMMediate command or the :SIGNa command. Keep in mind
however, that if the layer count is >1, HOLD is again enforced when operation loops back
around.

With IMMediate selected (do not confuse :SOURce IMMediate with :IMMediate), operation
immediately passes through the specified layer.

A specific event can be used to control operation through alayer. With BUS selected, operation
continues when aGPIB trigger (GET or *TRG) is sent. With TLINK selected, operation contin-
ues when an input trigger via the Trigger Link is received. With EXTernal selected, operation
continues when an External Trigger is received.

A real-time clock event is available for the arm layer (Arm Layer 1). With RTCLock selected,
event detection is satisfied at the programmed date and time allowing operation to continue on
in the Trigger Model. See paragraph 3.24.10 to set the date and time for the RTCLock control
source.

A TIMer event is available for the scan and measure layers. With TIMer selected for the speci-
fied layer, the event occurs at the beginning of thetimer interval, and every timeit times out. For
example, if the measure layer timer is programmed for a 30 second interval, the first pass
through the measure layer control source occurs immediately. Subsequent scan eventswill then
occur every 30 seconds. Theinterval for the timer is set using the : TIMer command.

:ARM:[SEQuencel[1]]:LAYer2:TIMer <n> Set interval for scan layer timer
:TRIGger:[SEQuence[1]]:TIMer <n> Set interval for measure layer timer

<n>= 0.001 to 999999.999 Specify timer interval in seconds

DEFault 0.1 second

MINimum 0.001 second

MAXimum 999999.999 seconds
TIMer? Query programmed timer interval
:TIMer? DEFault Query *RST default timer interval
:TIMer? MINimum Query lowest allowable timer interval
TIMer? MAXimum Query largest allowable timer interval



Description

3.24.8 :SIGNal

Description
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These commands are used to set the interval for the scan layer and measure layer timers. Note
that the timer isin effect only if the timer is the selected control source. Also, note that the arm
layer (Arm Layer 1) does not use atimer.

:ARM[:SEQuence[1]][:LAYer[1]]:SIGNal Bypass arm control source
:ARM[:SEQuence[1]]:LAYer2:SIGNal Bypass scan control source
TRIGger[:SEQuence[1]]:SIGNal Bypass measure control source

These action commands are used to bypass the specified control source and also when you do
not wish to wait for the programmed event. Keep in mind that the instrument must be waiting
for the appropriate event when the command is sent. Otherwise, an error occurs and this com-
mand isignored.

3.24.9 TCONfigure commands

Query

Description

Parameters

Query

Description

‘PROTocol <name>
:TRIGger[:SEQuence[1]]:TCONfigure:PROTocol <name> Specify Trigger Link protocol

<name> = ASY Nchronous Asynchronous Trigger Link mode
SSY Nchronous Semi-synchronous Trigger Link mode

:PROTocol ? Query programmed Trigger Link protocol

This command is used to select the protocol for the measure layer Trigger Link. With ASY N-
chronous selected, separate trigger lines are used for input and output triggers. With SSY Nchro-
nous selected, asingle trigger line is used for both input and output triggers.

Note that the arm and scan layers only use the asynchronous Trigger Link mode and therefore,
do not have to be selected.

:DIRection <name>

:ARM[:SEQuencel[1]][:LAYer[1]]:TCONfigure:DIRection <name> Control Arm Source Bypass
:ARM[:SEQuence|1]]:LAYer2:TCONfigure:DIRection <name> Control Scan Source Bypass
TRIGger[:SEQuence[1]]:TCONfigure:DIRection <name> Control Measure Source Bypass

<name> = SOURce Enable Source Bypass
ACCeptor Disable Source Bypass

:DIRection? Query Source Bypass state

When a source bypass is enabled and the External or Trigger Link control source is selected,
operation loops around the appropriate control source on theinitial passthrough that layer. Note
that the source bypass for the scan and measure layers also loops around the delay.

If programmed for another pass through the specified layer (count >1), the bypassloop ishotin
effect even though it isstill enabled. The bypass|oop will bein effect if operation first goes back
into the previous layer (or idle).

Enabling the Source Bypass for the arm and scan layers al so enables their output triggers. When

operation leaves the arm or scan layer, the appropriate output trigger pulse occurs. If the Trigger
Link (TLINK) control sourceis selected, the output trigger is available on the programmed Trig-
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Parameters

Query

Description

Parameters

Query

Description

ger Link output line. For all other control source selections, the output trigger pulseis available
at the METER COMPLETE Output connector. The output trigger in these two layersisdisabled
when the source bypass is disabled.

The output trigger in the measure layer is always enabled and occurs after the device action.

With ACCeptor selected, the bypassis disabled, This simply means that operation will not pro-
ceed through the specified layer until the appropriate event occurs.

:ASYNchronous commands
:ILINe <NRf>
:ARM[:SEQuence[1]][:LAYer[1]]:TCONfigure:ASYNchronous:ILINe <NRf> Select input trigger line; arm
layer
:ARM[:SEQuence[1]]:LAYer2:TCONfigure:ASYNchronous:ILINe <NRf> Select input trigger line; scan
layer
TRIGger[:SEQuence[1]]:TCONfigure:ASYNchronous:ILINe <NRf> Select input trigger line; mea-
sure layer
<NRf>=1 Line#l <NRf>= 4 Line#4
2 Line#2 5 Line#5
3 Line#3 6 Line#6
:ILINe? Query programmed input line #

These commands are used to select an input line for the asynchronous Trigger Link of the spec-
ified layer. Keep in mind that asynchronous Trigger Link input and output (see :OLINe) cannot
share the sameline. If you assign the input to aline that is already being used for the output, an
error occurs and the command isignored.

‘OLINe <NRf>
:ARM[:SEQuence[1]][:LAYer[1]]:TCONfigure:ASYNchronous:OLINe <NRf> Select output trigger line;
arm layer
‘ARM[:SEQuence[1]]:LAYer2: TCONfigure:ASYNchronous:OLINe <NRf> Select output trigger line;
scan layer
:TRIGger[:SEQuence[1]]:TCONfigure:ASYNchronous:OLINe <NRf> Select output trigger line;
measure layer
<NRf>=1 Line#l <NRf>= 4 Line#4
2 Line#2 5 Line#5
3 Line#3 6 Line#6
:OLINe? Query programmed output line #

These commands are used to select an output line for the asynchronous Trigger Link of the spec-
ified layer. Keep in mind that asynchronous Trigger Link input and output cannot share the same
line. If you assign the output to a line that is already being used for the input, an error occurs
and the command isignored.
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Parameters
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:SSYNchronous:LINE <NRf>

TRIGger[:SEQuence[1]]:TCONfigure:SSYNchronous :LINE <NRf> Specify semi-synchronous Trigger
Link line for measure layer

<NRf>=1 Line#l <NRf>= 4 Line#4
2 Line#2 5 Line#5
3 Line#3 6 Line#6
:LINE? Query programmed output line #

This command is used to select one of the six trigger lines for the semi-synchronous Trigger
Link.

3.24.10 RTCLock commands

Parameters

Query

Description

Parameters

Query

Description

The following commands are used to specify the date and time for the RTCL ock control source
(see paragraph 3.24.6 for details).

:DATE <yr>, <mo>, <day>

:ARM[:SEQuence[1]][LAYer[]]:RTCLock:DATE <yr>, <mo>, <day> Set date for RTCLock control source

<yr>=1994 to 2093 Specify year
<mo>=1to 12 Specify month
<day>= 1to 31 Specify day
:DATE? Query the date

This command is used to set the date for the RTCLock control source. Setting an invalid date
(i.e. February 29, 1994) for the clock event resultsin an error and the previous date is retained.

‘TIME <hr>, <min>, <sec>
:ARM[:SEQuence[1]][LAYer[]]:RTCLock:TIME <hr>, <min>, <sec> Set time for RTCLock control source

<hr> = 0to 23 Specify hour (24 hour format)
<min>= 0to59 Specify minute

<sec> = 0.00to 59.99 Specify second (round to 1/100 sec.)
:DATE? Query thetime

This command is used to set the time for the RTCLock control source. Note that the time must
be set using the 24-hour format (i.e. hour 13 is 1pm). Setting an invalid time results in an error
and the previoustimeis retained.

:TIME? returns the time to nearest hundredth of a second.
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3.25 :TSEQuence Subsystem

The commands in this subsystem are used to configure and control the built-in test sequences,
and are summarized in Table 3-16. Detailed information on the test sequences are provided in
paragraph 2.14.

In your test programs, use the * OPC? command before arming (:TSEQuence:ARM) the test.
The *OPC? command allows previous command operations to finish before arming the test.
Failureto do so may cause unfavorable results. The programming example at the end of this sub-
system demonstrates how to use the * OPC? command.

You should use SRQ to indicate when atest sequence isfinished. The programming example at
the end of this subsystem generates an SRQ when the buffer isfull (test sequence finished). The
readings are then sent to the computer where they are displayed.

3.25.1 General Test Sequence Commands

Description

Description

Parameters

Query

Description
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:ARM

:TSEQuence:ARM Arm selected test sequence

This action command is used to arm the selected test sequence (see : TYPE). The test will start
when the programmed source event occurs (see :TSOurce). When using this command for the
Alternating Polarity High Resistance/Resistivity M easurements, wait at least 0.3 seconds before
using the * TRG trigger command.

ABORt

:TSEQuence:ABORt Step test sequence in process

Thiscommand is used to stop atest sequence that isin process. You can start it again by arming
(:ARM) the test and providing the programmed source event (: TSOurce).

‘TYPE <name>

:TSEQuence:TYPE <name> Select test sequence

<name> = DLEskage Diode Leakage Test
CLE&akage Capacitor Leakage Test

ClResistance Cable Insulation Resistance Test

RVCoefficient ~ Resistor Voltage Coefficient Test

SRESistivity Surface Resistivity Test

VRESistivity Volume Resistivity Test

SlResistivity Surface Insulation Resistance Test

SQSWeep Square Wave Sweep Test

STSWeep Staircase Sweep Test

ALTPolarity Alternating Polarity Resistance/Resistivity Test

TYPE? Query selected test sequence
This command is used to select the desired test sequence. When test sequence is started (see

:TSOurce), the selected test will run according to how it is configured. The commands in para
graphs 3.25.2 through 3.25.15 are used to configure the test sequences.
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Parameters

Query

Description

Parameters

Query

Description

:STARt <NRf>

Parameters
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‘TSOurce <name>

:TSEQuence:TSOurce <name> Select control source to start test

<name> = MANual Manual control source
IMMediate Immediate control source
BUS Bus trigger control source
EXTerna External trigger control source
TLINK Trigger link control source
LCLosure Test fixture lid closure

:TSOurce? Query control sourceto start test

This command is used to select the event that will start the selected test sequence. When the se-
lected control source event occurs, the test will start.

With MANual selected, the test will start when the SEQ key is pressed. With IMMediate select-
ed, the test will start as soon as the instrument is taken out of the idle state. The :INITiate and
:INITiate: CONTinuous ON commands will take the instrument out of the idle state. Note that
if theinstrument is already in the continuous measurement mode (not in idle), the test will start
as soon as IMMediate is selected.

With BUS selected, the test will start when a bus trigger (* TRG or GET) is sent over the bus.
With EXTerna selected, the test will start when an external trigger is received via the EXT
TRIG IN connector on the rear panel.

With TLINk selected, the test will start when an external trigger isreceived viathe TRIG LINK
connector on the rear panel. The :TLINe command is used to select which trigger link line to
use for the input trigger.

With LCLOsure selected, the test will start when the test fixture lid is closed. This will only
work for test fixtures (such asthe Models 8002A and 8009) that incorporate the safety interlock
feature. If any sequenceisarmed when thiscommand is sent, it will not take effect until the next
sequence arm event.

‘TLIne <NRf>

:TSEQuence:TLIne <NRf> Specify trigger link line

<NRf>=1 Line#l <NRf>= 4 Line#4
2 Line#2 5 Line#5
3 Line#3 6 Line#6

:TLINe? Query trigger link line

This command is used to specify the input trigger link line for the TLINK control source. This
command is not used if a different control sourceis selected (see : TSOUrce).

:TSEQuence:DLEakage:STARt <NRf> Start voltage; diode leakage test
:TSEQuence:STSWeep:STARt <NRf> Start voltage; staircase sweep test

<NRf>= -100.0t0 100.0  Volts; 100V range
-1000 to 1000 Volts; 1000V range

3-149



|EEE-488 Reference

Query

Description

3.25.3 :STOP <NRf>

Parameters

Query

Description

:STARt? Query stop voltage

This configuration command is used for the following tests:

Diode Leakage Test
Staircase Sweep Test

This command is used to specify the start voltage for the specified test.

:TSEQuence:DLEakage:STOP <NRf> Stop voltage; diode leakage test
:TSEQuence:STSWeep:STOP <NRf> Stop voltage; staircase sweep test

<NRf>= -100.0t0 100.0  Volts; 100V range
-1000 to 1000 Volts; 1000V range

:STOP? Query stop voltage

This configuration command is used for the following tests:

Diode Leakage Test
Staircase Sweep Test

This command is used to specify the stop voltage for the specified test.

3.254 STEP <NRf> :TSEQuence:DLEakage:STEP <NRf> Step voltage; diode leakage test
:TSEQuence:STSWeep:STEP <NRf> Step voltage; staircase sweep test
Parameters <NRf>= -100.0t0100.0 Volts; 100V range
-1000 to 1000 Volts; 1000V range
Query :STEP? Query step voltage
Description This configuration command is used for the following tests:
Diode Leakage Test
Staircase Sweep Test
This command is used to specify the step voltage for the specified test.

3.255 MDELay <NRf> TSEQuence:DLEakage:MDELay <NRf> Measure delay; diode leakage test
:TSEQuence:RVCoefficient:MDELay[1] <NRf> Measure delay 1; resistor voltage coefficient test
:TSEQuence:RVCoefficient:MDELay2 <NRf> Measure delay 2; resistor voltage coefficient test

Parameters <NRf>= 010 99999.9 (Resistor voltage coefficient test) Delay in seconds
0 to 10000 (Diode leakage test) Delay in seconds
Query :MDELay? Query measure delay
Description This configuration command is used for the following tests: Diode L eakage Test Resistor Volt-
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age Coefficient Test

This command is used to specify the measure time for the specified test. Note that the Resistor
Voltage Coefficient Test uses two measure delays; delay 1 and delay 2.
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:SVOLtage <NRf>:TSEQuence:CLEakage:SVOLtage <NRf> Bias voltage; cap leakage test
:TSEQuence:ClResistance:SVOLtage <NRf> Bias voltage; cable insulation res test
:TSEQuence:RVCoefficient:SVOLtage[1] <NRf> Bias voltage 1; Res voltage coef test
:TSEQuence:RVCoefficient:SVOLtage2 <NRf> Bias voltage 2; Res voltage coef test
:TSEQuence:SRESistivity:SVOLtage <NRf> Bias voltage; Sur resistivity test
:TSEQuence:VRESistivity:SVOLtage <NRf> Bias voltage; Vol resistivity test
:TSEQuence:SIResistance:SVOLtage <NRf> Bias voltage; Sur insulation res test

Parameters

Query

Description

:STIMe <NRf>

Parameters

Query

Description

<NRf>= -100.0t0100.0 Volts; 100V range
-1000 to 1000 Volts; 1000V range

:SVOL tage? Query soak voltage

This configuration command is used for the following tests:

Capacitor Leakage Test

Cable Insulation Resistance Test
Resistor Voltage Coefficient Test
Surface Resistivity Test

Volume Resistivity Test

Surface Insulation Resistance Test

This command is used to specify the bias voltage for the specified test. Note that the Resistor
Voltage Coefficient Test uses two bias voltages; bias voltage 1 and bias voltage 2.

:TSEQuence:SRESistivity:STIMe <NRf> Bias time; surface resistivity test
:TSEQuence:VRESistivity:STIMe <NRf> Bias time; volume resistivity test
:TSEQuence:SIResistance:STIMe <NRf> Bias time; sur insul resistance test
:TSEQuence:STSWeep:STIMe <NRf> Bias time; staircase sweep test

:STIMe <NRf> 0 to 9999.9(Staircase Sweep test) Delay in seconds
0t099999.9(all others)Delay in seconds

:STIMe? Query soak time

This configuration command is used for the following tests:

Surface Resistivity Test

Volume Resistivity Test

Surface Insulation Resistance Test
Staircase Sweep Test

This command is used to specify the bias time for the specified test.
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3.25.8 :DTIMe <NRf> :1SEQuence:SRESistivity:DTIMe <NRf> Discharge time; sur resistivity test
TSEQuence:VRESistivity :DTIMe <NRf> Discharge time; vol resistivity test
Parameters <NRf>=01099999.9 (seconds)
Query :DTIMe? Query discharge time
Description This configuration command is used for the following tests:
Surface Resistivity Test

Volume Resistivity Test

This command is used to specify the discharge time for the specified test.

3.25.9 :PDTime <NRf> :1SEQuence:SRESistivity:PDTime <NRf> Pre-discharge time; surface resistivity test
TSEQuence:VRESistivity:PDTime <NRf> Pre-discharge time; volume resistivity test
Parameters <NRf>=01099999.9 (seconds)
Query :PDTime? Query pre-discharge time
Description This configuration command is used for the following tests:
Surface Resitivity Test

Volume Resistivity Test

This command is used to specify the pre-discharge time for the specified test.

3.25.10 MVOLtage <NRf> :TSEQuence:SRESistivity:MVOLtage <NRf> Measure voltage; sur resistivity test

:TSEQuence:VRESistivity:MVOLtage <NRf> Measure voltage; vol resistivity test
:TSEQuence:SIResistance:MVOLtage <NRf> Measure voltage; sur insul resistance test

Parameters <NRf>= -100.0to 100.0 Volts; 100V range

-1000 to 1000 Volts; 1000V range
Query :MVOLtage? Query measure voltage
Description This configuration command is used for the following tests:
Surface Resistivity Test

Volume Resistivity Test
Surface Insulation Resistance Test

This command is used to specify the measure voltage for the specified test.
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3.25.11 :MTIMe <NRf>
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Query
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3.25.12 :HLEVel <NRf>

Parameters

Query

Description

3.25.13 :HTIMe <NRf>

Parameters

Query

Description

3.25.14 :LLEVel <NRf>

Parameters

Query

Description
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:TSEQuence:SRESistivity:MTIMe <NRf> Measure time; surface resistivity test
:TSEQuence:VRESistivity:MTIMe <NRf> Measure time; volume resistivity test
:TSEQuence:SIResistance:MTIMe <NRf> Measure time; surface insulation resistance test
:TSEQuence:ALTPolarity:MTIMe <NRf> Measure time; alternating polarity test

<NRf> =0 to 9999.9 (seconds)
Note: <NRf> = 0.5 to 9999.9 (seconds) for Alternating Polarity Resistance/Resistivity Test.

‘MTIMe? Query measure time

This configuration command is used for the following tests:

Surface Resistivity Test

Volume Resistivity Test

Surface Insulation Resistance Test

Alternating Polarity Resistance/Resistivity Test

This command is used to specify the measure time for the specified test.

:TSEQuence:SQSWeep:HLEVel <NRf> High level voltage; square wave sweep test

<NRf>= -100.0to 100.0 Volts; 100V range
-1000 to 1000 Volts; 1000V range

‘HLEVE? Query high level voltage
This configuration command is used for the following test:
Square Wave Sweep Test

This command is used to specify the high level voltage for the square wave sweep test.

TSEQuence:SQSWeep:HTIMe <NRf> High level time; square wave sweep test
<NRf>=0109999.9 (seconds)

HTIMe? Query high level time

This configuration command is used for the following tests:

Square Wave Sweep Test

This command is used to specify the high level time for the square wave sweep test.

:TSEQuence:SQSWeep:LLEVel <NRf> Low level voltage; square wave sweep test

<NRf>= -100.0t0 100.0  Volts; 100V range
-1000 to 1000 Volts; 1000V range

‘LLEVel? Query low level voltage

This configuration command is used for the following test:
Square Wave Sweep Test

This command is used to specify the low level voltage for the square wave sweep test.
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3.25.15 :LTIMe <NRf>  :TSEQuence:SQSWeep:LTIMe <NRf> Low level time; square wave sweep test
Parameters <NRf>=01t09999.9 (seconds)
Query LTIMe? Query low level time
Description This configuration command is used for the following tests:
Square Wave Sweep Test

This command is used to specify the low level time for the square wave sweep test.

3.25.16 :COUNLt<NRf> :TSEQuence:SQSWeep:COUNt <NRf> Specify cycle count
Parameters <NRf>=1to MAX/2 Seetable2-22
Query :COUNt? Query cycle count
Description Thiscommand is used to specify how many timesto repeat the programmed square wave cycle.

3.25.17 :OFSVoltage <NRf>

:TSEQuence:ALTPolarity:OFSVoltage <NRf> Specify offset voltage
Parameters <NRf>=-1000t0 1000 Offset voltage
Query :OFSVoltage? Query offset voltage
Description This command is used to specify the offset voltage for the Alternating Polarity
Resistance/Resistivity test.

3.25.18 :ALTVoltage <NRf>

:TSEQuence:ALTPolarity:ALTVoltage <NRf> Specify alternating voltage
Parameters <NRf>=-1000t0 1000 Alternating voltage
Query :ALTVoltage? Query alternating voltage
Description This command is used to specify the alternating voltage for the Alternating Polarity
Resistance/Resistivity test.

3.25.19 :READIngs <NRf>

:TSEQuence:ALTPolarity:READings <NRf> Specify number of readings to store
Parameters <NRf>=1to MAXimum Specify number of readings
DEFAULT 1
MAXimum Seetable 2-22
MINimum 1
Query ‘READings? Query number of readings to store
Description This command is used to specify the number of readings to store for the Alternating Polarity
Resistance/Resistivity test.
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3.25.21 :SPOints <NRf>

Parameters

Query

Description
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:TSEQuence:ALTPolarity:DISCard <NRf> Specify number of readings to initially discard
<NRf> = 0to 9999 Number of readings to discard
:DISCard? Query number of discarded readings

This command is used to specify the number of initial readings to discard for the Alternating
Polarity Resistance/Resistivity test.

:TSEQuence:CLEakage:SPOints <NRf>
:TSEQuence:ClResistance:SPOints <NRf>

<NRf> = 1to Max Buffer Size Number of pointsin test sequence
:SPOints? Query number of points

This command specifies the number of measurement points for the following tests:

Capacitor Leakage Test
Cable Insulation Resistance Test

3.25.22 :SPINterval <NRf> :TSEQuence:CLEakage:SPINterval <NRf>

Parameters

Query

Description

:TSEQuence:ClResistance:SPINterval <NRf>

<NRf> =0 to 99999.9(sec) Interval between measurement points
:SPINterval? Query interval

This command specifies the time interval between measurement points for the following tests:

Capacitor Leakage Test
Cable Insulation Resistance Test

3.25.23 Test sequence programming example

Thefollowing QuickBASIC 4.5 program usesthe CEC/K PC | EEE-488 interface card. The stair-
case sweep test will measure current at each voltage step. The test will sweep from 0V to 20V
in 2V steps. When the test is finished, the readings (which are stored in the buffer) are dumped
to the computer and then displayed on the CRT.

" Quick Basic 4.5, CBEQ KPC card

"$I NCLLDE ' i eeeqgb. bi '

CALL initialize(21, 0)

as

CALL send(27, "*RST", status%

CALL send(27, ":CALCL: STAT CFF', status®%
CALL send(27, "*CLS', status%

CALL spol I (27, Kispoll% status%

' Configure status nodel to SRQon Buffer Full:

CALL send(27, "STAT: MEAS. ENAB 512", status%
CALL send(27, "*SRE 1", status%

3-155



|EEE-488 Reference

Set to send ascii readings:

CALL send(27, ":FCRMDATA ASQI", status%
CALL send(27, ": FCRM BLEM READ', status%

' Sel ect autorangi ng anps:

CALL send(27, ":SENSFUNC'AQURR ", status®%
CALL send(27, ":SENS QURR RANG AUTO ON', status%

Gonfigure Staircase Saeep fromOV to 20V in 2V steps:

CALL send(27, ":TSEQ TYPE STSW, status®%
CALL send(27, ":TSEQ STSWSTAR 0", status%
CALL send(27, ":TSEQ STSWSTCP 20", status%
CALL send(27, ":TSEQ STSWSTEP 2", status%
CALL send(27, ":TSEQ STSWSTIMO. 3", status%
CALL send(27, ":TSEQTSO I MV, status%

" Wit for commands to conpl ete processing:

DATAL$ = SPACES(600)
CALL send(27, "*CPC?", status%
CALL enter (DATAL$, |ength% 27, status%

Sart Test Sequence:
CALL send(27, ":TSEQ ARM, status%
" Wit for SRQ (buffer full):
Wi t SRQ
I F (NOT (srgq%) THEN QGOTO Véi t SRQ
CALL spol I (27, pol | % status%
I F (pol | %AND 64) = 0 THEN GOTO Wi t SRQ
" Dunp buffer readings to conputer CRT:

CALL send(27, ":TRACE DATA?', status%
CALL enter (DATALS, |length% 27, status%
A=1
FCRI =1 TO11

r$ = MDB(DATALS, A 13)

PRNT r$

A=A+ 14
NEXT |

END

3.26 UNIT Subsystem

The UNIT subsystem (see Table 3-17) is used to select measurement units for temperature read-

ings.
‘TEMPerature <name>
:UNIT:TEMPerature <name> Select temperature units
Parameters <name> = Cor CEL °C temperature units
For FAR °F temperature units
K K temperature units
Query :TEMPerature? Query temperature units
Description This command is used to select the units for temperature readings (internal and external). This

command controls the temperature reading units for the multiple displays, buffer readings and
readings sent out over the bus.
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3.27 RS-232 Serial Interface

The Model 6517A has a built-in RS-232 serid interface.
Over this interface, you can send program messages to the
instrument and receive response messages from the instru-
ment. You can also place the instrument in the talk-only
mode which allows you to dump readings to an external lis-
tening device, such as a serial printer.

The serial port of the Model 6517A can be connected to the
seria port of a computer for send/receive operation, or to a
listener (such asaserial printer) for talk-only operation. The
connection requirements are covered in paragraph 3.2.2.

The SCPI programming language can be used over the RS-
232 Serid Interface to communicate with the Model 6517A.
The DDC programming language cannot be used over the
RS-232 interface.

3.27.1 RS-232 Interface Configuration

Model 6517A:

The RS-232 Seria Interface is selected and configured from
the COMMUNICATION option of the MAIN MENU. The
MAIN MENU is accessed from the front panel by pressing
the MENU key. The following information summarizes the
stepsto select and configure the RS-232 interface. For details
on using the MAIN MENU, see paragraphs 2.19, 2.19.2 and
Table 2-12. Paragraph 2.3.5 provides generd rules to navi-
gate through the menu structure.

6. Select the RS-232 interface as follows:

* Press MENU
» Select COMMUNICATIONS
» Select RS-232

NOTE

Switching from the GPIB interface to the
RS-232 interface resets the instrument to
the power-on defaults. In this case, you
will have to repeat step 1 to display the
RS-232 SETUP menu.

7. Continue on to select the interface mode. Select SEND-
RECEIVE to send and receive commands, or select
TALK-ONLY to send readings directly to alistener (i.e.

seria printer).
e Select CONTROL
» Select SEND-RECEIVE or TALK-ONLY

8. Set the BAUD rate, number of data BITS, type of PAR-
ITY and the number of STOP bits as follows:
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e Select BAUD

» Select 19200, 9600, 4800, 2400, 1200, 600
or 300

e Select BITS

» Select 7or8

» Select PARITY

e Select NONE, ODD or EVEN

e Select STOP

o Select lor2

9. Continue on to select the data elements that you want to
include for each conversion. Use a manual range key
to toggle between yes (y) and  no (n):
» Select ELEMENTS

» Select RDG, RDG#, UNIT, CH#, HUM,
ETEMP, TIME, STATUS

Data elements can be selected over the RS-232 interface us-
ing the :FORMat:EL EMents command (see paragraph 3.15).
All other RS-232 interface configuration settings have to be
changed from the front panel MAIN MENU.

Computer:

From your communications software, configure the RS-232
interface for your computer as follows:

* RTS-CTSOFF

« XON - XON: ON

e Local cho: ON

¢ UseVT-100 Terminal Emulation

* Make sure the RS-232 parameters (baud rate, data hits,
parity, and stop bits) of your computer matches the RS-
232 parameters of the Model 6517A.

3.27.2 RS-232 Operating Considerations

Response Messages (Queries) — After aquery command is
sent and parsed, the response message will immediately be
sent to the computer. Thus, the computer should be ready to
receive the response message at that time.

Data Format — The RS-232 interface only supports the
ASCII data format. Therefore, whenever the RS-232 inter-
face is selected, the data format will default to ASCII. At-
tempts to change the data format using the :FORMat:DATA
command will result in an error message and the ASCII data
format will be retained.

Flow Control — The Model 6517A does not support any
form of hardware flow control. Software flow control isin
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the form of X_ON (*Q) and X_OFF (*S) characters. If the
input queue of the Model 6517A becomes more that 3/4 full
(2048 characters maximum), the instrument issue an X_OFF
command. The control program should respond to this and
stop sending characters until the Model 6517A issues the
X_ON, whichit will do onceitsinput buffer has dropped be-
low half-full. The Model 6517A also recognizes X_OFF and
X_ON sent from the controller. An X_OFF will cause the
Model 6517A to stop outputting characters until it sees an
X_ON. Incoming commands are processed after the <LF>
character is received.

Device-Clear Action — A Control C (°C) sent over the in-
terfaceinterruptsthe Model 6517A microprocessor and forc-
esadevice-clear action to take place. Thisclearsany pending
operation and discards any pending output. Note that *X is
also recognized as a device-clear character.

Reception of abreak condition also causes a device-clear ac-
tion and displays the appropriate error message (see para-
graph 3.26.3).

The Model 6517A signifies the completion of the device-
clear by echoing back the"DCL" followed by the carriagere-
turn and line feed characters.

Unique SCPI Commands — The following SCPI com-
mands are unique to the RS-232 interface and cannot be used
over the GPIB interface:

:SYSTem:LOCAd Take the 6517A out of remote
:SY STem:REMote Put the 6517A in remote
:SY STem:LLOCkout <b> Enable or disable |ocal lockout

See paragraph 3.22.14 for more information on using
these commands.

3.27.3 RS-232 Interface Error Messages

Thefollowing error messages are associated with RS-232 in-
terface operation. These error messages are also listed in Ta-
ble 2-5. Note that any of the following errorswill set bit B11
of the Operation Condition Register.

+800 "RS-232Framing error detected" — Start or stop bit
mismatch between computer and Model 6517A.

+801 "RS-232 Parity error detected" — Parity type mis-
match between computer and Model 6517A.

+802 "RS-232 Overrun detected" — Datareceived before
previous data can be read.

+803 "RS-232 Break detected" — Message indicates that
aBreak occurred (device-clear occurs).

+804 "RS-232 Noise detected" — Noisy signals could
corrupt the data.
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+805 "Invalid system communication” — RS-232 inter-
face selection lost on power-up. Instrument defaults
to GPIB.

+806 "RS-232 Settings lost" — RS-232 settings lost on
power-up. Instrument defaults to 9600 baud rate, 8
data bits, no parity (none), and 1 stop hit.

+807 "RS-232 OFLO; Characters lost" — A character
was received but discarded due to a lack of input
buffer space. Each line-feed character (<LF>) clos-
es a buffer and opens another. Thus, if too many
line-feeds are sent in succession, then al buffers
will fill before they have a chance to be read.

+808 "ASCII only with RS-232" — You tried to select a
data format (using :FORMat:DATA) other than
ASCII.

3.274 Downloading commands using ProComm

There are several communication programs that can be used
to send commands to the Model 6517A. The following sum-
marizes the procedure to use ProComm to download a com-
mand file to the Model 6517A.

1. Using atext editor, type the commands into a file and
saveit. An examplefileis shown asfollows:
syste:pres
:func ‘curr’
‘curr:rang 16
:syst:zch off
-data:fresh?

2. Go into PCPlus terminal and set the communications
settings to match the settings of Model 6517A (baud
rate, data bits, parity and stop bits).

3. Press the PageUp key on the computer keyboard. PC-
Pluswill prompt you to typein afile name. After typing
in the file name, press the Enter key. The command file
will be sent to the Model 6517A.

3.28 DDC programming language

The Modd 6517A can be controlled over the GPIB interface
using Device-Dependent Command (DDC) programming. The
DDC programming language is selected from the COMMU-
NICATION item of the MAIN MENU (see paragraph 3.4).

Appendix G lists and summarizes the DDC commands. For
detailed information on Device-Dependent Command pro-
gramming, refer to the Model 617 instruction manual. When
617 DDC mode is selected, the 6517A will power up with
digital filtersfor all functions disabled, and all NPLCs set to
10. This allows the Model 6517A to accurately mimic the
Model 617’'s operation.
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A-2  Specifications

VOLTS
ACCURACY TEMPERATURE
(1 Year)! COEFFICIENT
5%-DIGIT 18°-28°C 0°-18°C & 28°-50°C
RANGE RESOLUTION  +(%rdg+counts) +(%rdg+counts)/°C
2V 10 pv 0.025 +4 0.003 + 2
20V 100 pv 0.025 + 3 0.002 + 1
200 V 1 mV 0.06 +3 0.002 + 1

1 When properly zeroed, 5%-digit, 1 PLC (power line cycle), median filter on, digital filter = 10 readings.

NMRR: 60dB on 2V, 20V, >55dB on 200V, at 50Hz or 60Hz +0.1%.

CMRR: >120dB at DC, 50Hz or 60Hz.

INPUT IMPEDANCE: >200TQ in parallel with 20pE < 2pF guarded (10MQ with zero check on).
SMALL SIGNAL BANDWIDTH AT PREAMP OUTPUT: Typically 100kHz (-3dB).

AMPS
ACCURACY TEMPERATURE
(1 Year)! COEFFICIENT
51%-DIGIT 18°-28°C 0°-18°C & 28°-50°C
RANGE RESOLUTION  +(%rdg+counts) +(%rdg+counts)/°C
20 pA 100 aA 2 1 +30 01 +5
200 pA 1 A2 1 +5 01 +1
2 nA 10 fA 0.2 +30 01 +2
20 nA 100 fA 02+ 5 0.03 +1
200 nA 1 pA 02+ 5 0.03 +1
2 pA 10 pA 0.1 +10 0.005 + 2
20 pA 100 pA 01+ 5 0.005 + 1
200 pA 1 nA 01+ 5 0.005 + 1
2mA 10 nA 0.1 +10 0.008 + 2
20 mA 100 nA 01+ 5 0.008 + 1

I When properly zeroed, 5%-digit, 1 PLC (power line cycle), median filter on, digital filter = 10 readings.
2 aA =10-18A, fA=10-15A.

INPUT BIAS CURRENT: <3fA at Tp1. Temperature coefficient = 0.5fA/°C.

INPUT BIAS CURRENT NOISE: <750aA p-p (capped input), 0.1Hz to 10Hz bandwidth, damping on. Digital filter = 40 readings.

INPUT VOLTAGE BURDEN at Tcpy, £1°C: <20pV on 20pA, 2nA, 20nA, 2pA, 20pA ranges. <100pV on 200pA, 200nA, 200pA ranges. <2mV on 2mA range. <4mV on 20mA
range.

TEMPERATURE COEFFICIENT OF INPUT VOLTAGE BURDEN: <10pV/°C on pA, nA, pA ranges.

PREAMP SETTLING TIME (to 10% of final value): 2.5s typical on pA ranges, damping off, 4s typical on pA ranges damping on, 15ms on nA ranges, 2ms on pA and mA
ranges.

NMRR: >95dB on pA, 60dB on nA, pA, and mA ranges at 50Hz or 60Hz +0.1%.

COULOMBS
ACCURACY TEMPERATURE
(1Year) 1,2 COEFFICIENT
5%-DIGIT 18°-28°C 0°-18°C & 28°-50°C
RANGE RESOLUTION  +(%rdg+counts) +(%rdg+counts)/°C
2nC 10 fC 04+5 0.04+3
20 nC 100 fC 0.4+5 0.04 +1
200 nC 1 pC 04+5 0.04+1
2uC 10 pC 0.4+5 0.04 + 1

1 Specifications apply immediately after charge acquisition. Add
1Qav!
A+ —=)T,
( e )T
where T, = period of time in seconds between the coulombs zero and measurement, Qy = average charge measured over Ty, and RC = 300,000 typical.
2 When properly zeroed, 5Y2-digit, 1 PLC (power line cycle), median filter on, digital filter = 10 readings.
INPUT BIAS CURRENT: <4fA at Tp1 . Temperature coefficient = 0.5fA/°C.
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OHMS (Normal Method)

TEMPERATURE

ACCURACY! COEFFICIENT

5%-DIGIT  (10-100% Range)  (10-100% Range)
RESO- 18°-28°C (1Yr.) 0°-18°C & 28°-50°C  AUTO AMPS
RANGE LUTION +(% rdg+counts)  +(% rdg+counts) 'V SOURCE RANGE
2 MQ 10 Q 0.125+ 1 0.01 +1 40 V 200 pA
20 MQ 100 Q 0.125+ 1 0.01 +1 40V 20 pA
200 MQ 1 kQ 0.15 +1 0.015+1 40 V 2 pA
2 GQ 10 kQ 0.225+ 1 0.035 + 1 40V 200 nA
20 GQ 100 kQ 0.225+1 0.035 +1 40 V 20 nA
200 GQ 1 MQ 035 +1 0.110 +1 40V 2 nA
2 TQ 10 MQ 035 +1 0.110 +1 400 V 2 nA
20 TQ 100 MQ 1.025+ 1 0.105 + 1 400 V 200 pA
200 TQ 1 GQ 1.15 +1 0.125 + 1 400 V 20 pA

1Speciﬁcations are for auto V-source ohms, when properly zeroed, 5%-digit, 1 PLC, median filter on, digital filter = 10 readings. If user selectable voltage is required,

use manual mode. Manual mode displays resistance (up to 1018Q) calculated from measured current. Accuracy is equal to accuracy of V-source plus accuracy of

selected Amps range.

PREAMP SETTLING TIME: Add voltage source settling time to preamp settling time in Amps specification..

OHMS (Alternating Polarity Method)

The alternating polarity sequence compensates for the background (offset) currents of the material or device under test. Maximum tolerable offset up to full scale of the

current range used.
Using Keithley 8002A or 8009 fixture
REPEATABILITY: Algg X R/VapT + 0.1% (10) (instrument temperature constant +1°C).

ACCURACY: (VgpcErT + InjpasErTr X R)/ VT
where: Alg is a measured, typical background current noise from the sample and fixture.
VarT is the alternating polarity voltage used.
VgRrcEtr is the accuracy (in volts) of the voltage source using Vo as the setting.
InMEASETT is the accuracy (in amps) of the ammeter using Vo /R as the rdg.

VOLTAGE SOURCE
ACCURACY TEMPERATURE
(1 Year) COEFFICIENT
5%-DIGIT 18°-28°C 0°-18°C & 28°-50°C
RANGE RESOLUTION +(% setting + offset) +(% setting+offset)/°C
100 V 5 mV 0.15 + 10 mV 0.005 + 1 mV
1000 V 50 mV 0.15 +100 mV 0.005 +10 mV
MAXIMUM OUTPUT CURRENT:

+10mA; active current limit at <11.5mA for 100V range.
+1mA; active current limit at <1.15mA for 1000V range.
SETTLING TIME: <8ms to rated accuracy for 100V range.
<50ms to rated accuracy for 1000V range.
NOISE: <150uV p-p from 0.1Hz to 10Hz for 100V range.
<1.5mV p-p from 0.1Hz to 10Hz for 1000V range.

TEMPERATURE (THERMOCOUPLE)

ACCURACY (1 Year)!
THERMOCOUPLE 18°-28°C
TYPE RANGE +(% rdg + °C)
K -25°C to 150°C +(0.3% + 1.5°C)

1 Excluding probe errors, Ty, + 5°C, 1 PLC integration time.

HUMIDITY
ACCURACY (1 Year)1
RANGE 18°-28°C, +(% rdg + % RH)
0-100% +(0.3% +0.5)

1 Humidity probe accuracy must be added. This is +3% RH, for Model
6517RH, up to 65°C probe environment, not to exceed 85°C.
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IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT, UNL, SPE, SPD.

IMPLEMENTATION: SCPI (IEEE-488.2, SCPI-1993); DDC (IEEE-488.1).

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, T5, TEO, L4, LEO, SR1, RL1, PP0, DC1, DT1, C0, E1.

PROGRAMMABLE PARAMETERS: Function, Range, Zero Check, Zero Suppress, EOI (DDC mode only), Trigger, Terminator (DDC mode only), 100-Reading Storage
(DDC mode), 15706 Max. Reading Storage (SCPI mode), Calibration (SCPI mode only), V-Source Output, Display Format, SRQ, Status (including V-Source I-Limit),
Output Format, Guard.

ADDRESS MODES: TALK ONLY and ADDRESSABLE.

TRIGGER TO READING DONE: 150ms typical, with external trigger.

RS-232 IMPLEMENTATION: Supports: SCPI 1991.0. Baud Rates: 300, 600, 1200, 2400, 4800, 9600, 19.2k.

PROTOCOLS: Xon/Xoff, 7- or 8-bit ASCII, parity-odd/even/none.

CONNECTOR: DB-9 TXD/RXD/GND.

GENERAL

DISPLAY: 6'-digit vacuum fluorescent multiline.

OVERRANGE INDICATION: Display reads “OVERFLOW.”

RANGING: Automatic or manual.

CONVERSION TIME: Selectable 0.01 PLC to 10 PLC.

PROGRAMS: Provide front panel access to IEEE address, choice of engineering units or scientific notation, and digital calibration.
MAXIMUM INPUT: 250V peak, DC to 60Hz sine wave; 10s per minute maximum on maA ranges.

MAXIMUM COMMON MODE VOLTAGE (DC to 60Hz sine wave): Electrometer, 500V peak; V Source, 750V peak.

ISOLATION (Meter COMMON to chassis): Typically 1010Q in parallel with 500pE
INPUT CONNECTOR: Three lug triaxial on rear panel.
2V ANALOG OUTPUT: 2V for full range input. Non-inverting in Volts and Ohms modes, inverting when measuring Amps or Coulombs. Output impedance 10kQ.
PREAMP OUTPUT: Provides a guard output for Volts measurements. Can be used as an inverting output or with external feedback in Amps and Coulombs modes.
EXTERNAL TRIGGER: TTL compatible External Trigger and Electrometer Complete.
GUARD: Switchable voltage guard available.
DIGITAL 1/0 AND TRIGGER LINE: Available, see manual for usage.
EMI/RFI: Meets VDE-0871 and FCC Class B limits.
EMC: Conforms to European Union Directive 89/336/EEC.
SAFETY: Conforms to European Union Directive 73/23/EEC (meets EN61010-1/IEC 1010).
TEST SEQUENCES: Device-Characterization (Diode, Capacitor, Cable, Resistor), Resistivity, Surface-Insulation-Resistance, Sweep.
READING STORAGE: 100 readings (DDC mode), 15706 max. readings (SCPI mode).
READING RATE:
To internal buffer 125 readings/second!
To IEEE-488 bus 115 readings/ second!3
To front panel 17 readings/second?
Bus transfer 2500 readings/ second3
10,01 PLC, digital filters off, front panel off, temperature + RH off.
21.00 PLC, digital filters off, temperature + RH off.
3 Binary transfer mode.
DIGITAL FILTER: Median and averaging.
ENVIRONMENT: Operating: 0°-50°C; relative humidity 70% non-condensing, up to 35°C. Storage: —25° to +65°C.
WARM-UP: 1 hour to rated accuracy (see manual for recommended procedure).
POWER: 105-125V or 210-250V (external switch selected), 90-110V (internal switch selected), 50-60Hz, 50VA.
PHYSICAL: Case Dimensions: 90mm high x 214mm wide x 369mm deep (3% in. x 8% in. x 14% in.).
Working Dimensions: From front of case to rear including power cord and IEEE-488 connector: 15.5 inches.
Net Weight: <4.6 kg (<10.1 Ibs).
Shipping Weight: <9.5 kg (<21 lbs).

Specifications subject to change without notice.



A1  Accuracy calculations

The information shows how to calculate accuracy for volts,
amps, ohms and coulombs.

A.1.1 Calculating volts accuracy
From the specifications, Voltsis calculated as follows:

Accuracy = +(% rdg + counts)

The following example shows how to compute accuracy for
the 2V range:

Assumethat the voltage you are measuring isreading exactly
1.00000V on the 2V range.

From the specs:

Accuracy = +(0.025% of 1V + 4 counts)
= +(0.00025V + 4 counts)
= £(0.00025V + 0.00004V)
= +0.00029V

Note: 4 counts on the 2V range equals 0.00004 V

Thus, the accuracy range for the 1.00000V reading is
0.99971V to 1.00029V.

A.1.2 Calculating amps accuracy
From the specifications, Ampsis calculated as follows:;

Accuracy = +(% rdg + counts)

The following example shows how to compute accuracy for
the 20mA range:

Assume that the current you are measuring isreading exactly
10.0000mA on the 20mA range.

From the specs:

Accuracy = £(0.1% of 10mA + 5 counts)
= +(0.01mA + 5 counts)
= 1(0.01mA + 0.0005mA)
= +0.0105mA

Note: 5 counts on the 20mA range equals 00.0005mA

Thus, the accuracy range for the 10.0000mA reading is
9.9895mA to 10.0105mA.

Specifications A-5

A.1.3 Calculating ohms accuracy

The following information shows how to calculate ohms ac-
curacy for both Auto V-Source Ohms and Manual V-Source
Ohms.

Auto V-Source ohms

From the specifications, Auto V-Source Ohms accuracy is
calculated as follows:

Accuracy = +(% rdg + counts)

The following example shows how to compute Auto V-
Source Ohms accuracy for the 2MQ range:

Assumethat theresistor you are measuring isreading exactly
1.00000M €2 on the 2MQ range.

From the specs:

Accuracy = +£(0.125% of IMQ + 1 count)
= (125022 + 1 count)
= 1+(1250Q + 10Q)
= +1260Q2

Note: 1 count on the 2MQ range (0.00001M Q) equals
10Q2

Thus, the accuracy range for the 1.00000M €2 Auto V-Source
reading is 0.99874MQ to 1.00126M Q.

Manual V-Source ohms

Accuracy for Manual V-Source Ohms is determined by cal-
culating the accuracy of the amps measurement and the ac-
curacy of theV-Source. Accuracy for onmsisthen calculated
(R =V/) using the worst case amps and volts readings.

The following example shows how to compute Manua V-
Source Ohms accuracy:

Assumethat thetest voltageis set for 100.000V, AUTO mea-
surement range is enabled, and the resistor you are measur-
ing is reading exactly 01.0000MQ. Also assume that the
amps reading is 1.000e-04 A (100.000upA) on the 200pA
range. Thisreading isavailableasamultiple (NEXT) display
(MEAS and SRC).

Amps accuracy for the 100pA reading (200pA range) is cal-
culated asfollows:

Accuracy = +(% rdg + counts)
= +(0.1% of 100pA + 5 counts)
= +(0.1pA + 5 counts)
= #(0.1pA + 0.005pA)
= +(0.105pA)
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Note: 5 counts on the 200pA range equals 000.005pA

Thus, the accuracy range for a 100.000pA reading is
99.895pA to 100.105pA.

V-Source accuracy (100V on the 100V range) is calculated
asfollows:

Accuracy = +(% setting + offset)
= +(0.15% of 100V + 10mV)
=+(0.15V + 0.01V)
=+(0.16V)

Thus, the accuracy range for the 100V V-Source setting is
99.84V to 100.16V.

Ohms can then be calculated (R =V/1) using amps and
V-Source accuracy as follows:

Ohms Upper Limit Accuracy = %

= 1.00265M%o

99.84V

Ohms Lower Limit Accuracy = m

= 0.99735M%o

Accuracy = —2650%o

Thus, the accuracy range for the 01.0000MQ2 Manual V-
Source reading is 00.9974MQ to 01.0027M Q.

A.14 Calculating coulombs accuracy
From the specifications, Coulombsiis calcul ated as follows:
Accuracy = +(% rdg + counts)

The following example shows how to compute accuracy for
the 2uC range:

Assume that the charge you are measuring is reading exactly
1.00000pC on the 2uC range.

From the specs:

Accuracy = £(0.4% of 1uC + 5 counts)
= +(0.004uC + 5 counts)
= #(0.004uC + 0.00005uC)
= +0.00405uC

Note: 5 counts on the 2uC range equals 0.00005pC

Thus, the accuracy range for the 1.00000uC reading is
0.99595uC to 1.00405uC.

A.1.5 Calculating Resistance/Resistivity Accuracy
and Repeatability using the Alternating
Polarity Method

From the specifications, accuracy and repestability when using
aModel 8002A or 8009 test fixture are calculated as follows:

Repedablllty AlBG X R/VALT + 0.1% (10)
(instrument temp. constant £1°C)

ACCUracy: (VSR(:EIT + IMEASE” X R)/VALT

where: * Algg is ameasured, typical background cur-
rent noise from the sample and fixture over the
measurement time programmed, under normal
measurement conditions (1 PLC, same range,
filters off, etc.).

* VT isthe alternating polarity voltage used.

*V grcErr isthe accuracy (in volts) of the volt-
age source using V| 1 as the setting.

* ImeasErT isthe accuracy (in amps) of the am-
meter using V 1/R as the reading.

The following example shows how to calculate accuracy and
repeatability for a 10! ohms sample measured in a Mode
80009 test fixture, with 50V stimulus and abackground current
of 4pA. The user-sel ected measurement time for the Alternat-
ing Polarity measurement is 15 seconds.

Alpg is measured with no voltage gpplied, under normal mea-
surement conditions, and 15 seconds (according to the user’'s
choicefor the measurement) of readingsare stored to the buffer.
Normal conditions require 1 PLC, the same amps range that
will be used for the Alternating Polarity measurement and sm-
ilar preconditioning to the normal measurements. (If the sam-
ples are normaly inserted into the fixture and immediately
measured, the stored readings should be performed similarly af -
ter lid closure, etc.) After the storage is complete, the standard
deviation (1 sigma) of these values is taken. This can be done
by retrieving the standard deviation of the buffer over the busor
by pressing RECALL once and NEXT repeatedly, scrolling
through the second-line displaysto the standard deviation. This
is Algg. Assume for example, that the result was 55fA or
55x10°4A.

Repeatability = 5.5x10* A x 1013 Q / 50V + 0.1% = 0.011
+0.1% or 1.2%

Note that with normal ohms methods, the 4pA total back-

ground current contributes as much as 400% error.

V grcErr = 0.15% x 50V + 10mV = 0.085V (from 100V
V-source range Specs)

ImeasErT = 1% x (50V / 10'3 Q) + 30 counts x 106 A /
count = 5.3x10"1* A (from 20pA spec)

Accuracy = (0.085V +5.3x10 4 A x 1013 Q) / 50V = 0.0123
or 1.23%



Interface Function Codes

Theinterface function codes, which are part of the | EEE-488
standards, define an instrument’s ability to support various
interface functions and should not be confused with pro-
gramming commands found elsewhere in this manual. The
interface function codes for the Model 6517A are listed in
Table B-1. The codes define Model 6517A capabilities as
follows:

Table B-1
Model 6517A interface function codes

Code Interface function

SH1 Source Handshake capability

AH1 | Acceptor Handshake capability

T5 Talker (basic talker, talk-only, serial poll,
unaddressed to talk on LAG)

L4 Listener (basic listener, unaddressed to listen
on TAG)

SR1 Service Request capability

RL1 Remote/Local capability

PPO No Paralel Poll capability

DC1 Device Clear capability

DT1 Device Trigger capability

Cco No Controller capability

El Open collector bus drivers

TEO No Extended Talker capability

LEO No Extended Listener capability

SH (Source Handshake Function) — SH1 defines the abil-
ity of the instrument to initiate the transfer of message/data
over the data bus.

AH (Acceptor Handshake Function) — AH1 defines the
ability of the instrument to guarantee proper reception of
message/data transmitted over the data bus.

T (Talker Function) — The ability of the instrument to send
data over the busto other devicesis provided by the T func-
tion. Instrument talker capabilities (T5) exist only after the
instrument has been addressed to talk.

L (Listener Function) — The ability for the instrument to
receive device-dependent data over the bus from other devic-
esisprovided by the L function. Listener capabilities (L4) of
theinstrument exist only after it has been addressed to listen.

SR (Service Request Function) — SR1 defines the ability
of the instrument to request service from the controller.

RL (Remote-Local Function) — RL 1 defines the ability of
the instrument to be placed in the remote or local modes.

PP (Parallel Poll Function) — The instrument does not
have parallel polling capabilities (PPO).

DC (Device Clear Function) — DCL1 defines the ability of
the instrument to be cleared (initialized).

DT (Device Trigger Function) — DTI defines the ability of
the Model 6517 to have readings triggered.

C (Controller Function) — The instrument does not have
controller capabilities (CO).

TE (Extended Talker Function) — The instrument does
not have extended talker capabilities (TEQ).

LE (Extended Listener Function) — The instrument does
not have extended listener capabilities (LEO).

E (Bus Driver Type) — The instrument has open-collector
bus drivers (E1).

B-1



ASCII Character Codes and IEEE-488 Multiline
Interface Command Messages

IEEE-488 IEEE-488

Decimal Hexadecimal  ASCII Messages™ Decimal Hexadecimal  ASCII Messages™

0 00 NUL 16 10 DLE

1 01 SOH GTL 17 11 DC1 LLO

2 02 STX 18 12 DC2

3 03 ETX 19 13 DC3

4 04 EOT SDC 20 14 DC4 DCL

5 05 ENQ PPC 21 15 NAK PPU

6 06 ACK 22 16 SYN

7 07 BEL 23 17 ETB

8 08 BS GET 24 18 CAN SPE

9 09 HT TCT 25 19 EM SPD

10 0A LF 26 1A SUB

11 0B VT 27 1B ESC

12 ocC FF 28 1C FS

13 oD CR 29 1D GS

14 OE SO 30 1E RS

15 OF Sl 31 1F us

* Message sent or received with ATN true.

C-1



ASCI| Character Codes and |EEE-488 Multiline

Interface Command Messages

IEEE-488

Decimal Hexadecimal  ASCII Messages™
32 20 SP MLAO
33 21 ! MLA 1
34 22 ” MLA 2
35 23 # MLA 3
36 24 $ MLA 4
37 25 % MLA 5
38 26 & MLA 6
39 27 ' MLA 7
40 28 ( MLA 8
41 29 ) MLA 9
42 2A * MLA 10
43 2B + MLA 11
44 2C ' MLA 12
45 2D - MLA 13
46 2E . MLA 14
47 2F / MLA 15
48 30 0 MLA 16
49 31 1 MLA 17
50 32 2 MLA 18
51 33 3 MLA 19
52 34 4 MLA 20
53 35 5 MLA 21
54 36 6 MLA 22
55 37 7 MLA 23
56 38 8 MLA 24
57 39 9 MLA 25
58 3A : MLA 26
59 3B ; MLA 27
60 3C < MLA 28
61 3D = MLA 29
62 3E > MLA 30
63 3F ? UNL

* Message sent or received with ATN true. Numbers shown repre-
sent primary address resulting in MLA (My Listen Address).
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Decimal Hexadecimal  ASCII Messages™
64 40 @ MTA O
65 41 A MTA 1
66 42 B MTA 2
67 43 C MTA 3
68 44 D MTA 4
69 45 E MTA 5
70 46 F MTA 6
71 47 G MTA 7
72 48 H MTA 8
73 49 I MTA 9
74 4A J MTA 10
75 4B K MTA 11
76 4C L MTA 12
77 4D M MTA 13
78 4E N MTA 14
79 4F @] MTA 15
80 50 P MTA 16
81 51 Q MTA 17
82 52 R MTA 18
83 53 S MTA 19
84 54 T MTA 20
85 55 U MTA 21
86 56 Vv MTA 22
87 57 w MTA 23
88 58 X MTA 24
89 59 Y MTA 25
90 5A Z MTA 26
91 5B [ MTA 27
92 5C \ MTA 28
93 5D ] MTA 29
94 5E « MTA 30
95 5F & UNL

* Message sent or received with ATN true. Numbers shown are pri-

mary address resulting in MTA (My Talk Address).



ASCII Character Codes and |EEE-488 Multiline
Interface Command Messages

IEEE-488
Decimal Hexadecimal  ASCII Messages*
96 60 « MSA 0, PPE
97 61 a MSA 1, PPE
98 62 b MSA 2, PPE
99 63 c MSA 3, PPE
100 64 d MSA 4, PPE
101 65 e MSA 5, PPE
102 66 f MSAG, PPE
103 67 g MSA 7, PPE
104 68 h MSA 8, PPE
105 69 i MSA 9, PPE
106 6A j MSA 10, PPE
107 6B k MSA 11, PPE
108 6C I MSA 12, PPE
109 6D m MSA 13, PPE
110 6E n MSA 14, PPE
111 6F o} MSA 15, PPE

IEEE-488
Decimal Hexadecimal  ASCII Messages*
112 70 p MSA 16, PPD
113 71 q MSA 17, PPD
114 72 r MSA 18, PPD
115 73 s MSA 19, PPD
116 74 t MSA 20, PPD
117 75 u MSA 21, PPD
118 76 % MSA 22, PPD
119 77 w MSA 23, PPD
120 78 X MSA 24, PPD
121 79 y MSA 25, PPD
122 TA z MSA 26, PPD
123 7B { MSA 27, PPD
124 7C | MSA 28, PPD
125 7D } MSA 29, PPD
126 7E ~ MSA 30, PPD
127 TF DEL

* Message sent or received with ATN true. Numbers represent second-
ary address resulting in MSA (My Secondary Address).
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Introduction

Basically, the IEEE-488 busis simply acommunication sys-
tem between two or more electronic devices. A device can be
either an instrument or a computer. When acomputer is used
on the bus, it serves to supervise the communication ex-
change between all the devices and is known as the control -
ler. Supervision by the controller consists of determining
which devicewill talk and which devicewill listen. Asatalk-
er, adevicewill output information and as alistener, adevice
will receive information. To simplify the task of keeping
track of the devices, a unique address number is assigned to
each one.

On the bus, only one device can talk at atime and is ad-
dressed to talk by the controller. The device that istalking is
known as the active talker. The devices that need to listen to
the talker are addressed to listen by the controller. Each lis-
tener isthen referred to as an active listener. Devices that do
not need to listen are instructed to unlisten. The reason for
the unlisten instruction is to optimize the speed of businfor-
mation transfer since the task of listening takes up bus time.

Through the use of contral lines, ahandshake sequence takes
placein the transfer process of information from atalker to a
listener. This handshake sequence helps ensure the credibili-
ty of the information transfer. The basic handshake sequence
between an active controller (talker) and a listener is as fol-
lows:

1. Thelistener indicatesthat it is ready to listen.

2. The talker places the byte of data on the bus and indi-
cates that the datais available to the listener.

3. Thelistener, aware that the datais available, acceptsthe
data and then indicates that the data has been accepted.

4. The talker, aware that the data has been accepted, stops
sending data and indicates that data is not being sent.

5. Thelistener, aware that there is no data on the bus, indi-
catesthat it isready for the next byte of data.

Bus description

The IEEE-488 bus, which is also frequently referred to athe
GPIB (General Purpose Interface Bus), was designed as a
parallel transfer medium to optimize data transfer without
using an excessive number of bus lines. In keeping with this
goal, the bus has only eight data lines that are used for both
data and with most commands. Five bus management lines
and three handshake lines round out the complement of bus
signal lines

A typical set up for controlled operation is shown in Figure
D-1. Generadly, a system will contain one controller and a
number of other instrumentsto which the commandsare giv-
en. Device operation is categorized into three operators: con-
troller, talker and listener. The controller does what its name
implies; it controls the instruments on the bus. The talker
sends data while a listener receives data. Depending on the
type of instrument, any particular device can be atalker only,
alistener only or both atalker and listener.

There are two categories of controllers: system controller,
and basic controller. Both are able to control other instru-
ments, but only the system controller has the absolute au-
thority in the system. In a system with more than one
controller, only one controller may be active at any given
time. Certain protocol is used to pass control from one con-
troller to another.

D-1
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TO OTHER DEVICES

DEVICE 1
ABLE TO —1
TALK, LISTEN
AND CONTROL
(COMPUTER)
a DATA BUS
DEVICE 2 <
ABLETO [
TALK AND
LISTEN
6517A DATA BYTE

TRANSFER
o CONTROL

DEVICE3 |-
ONLY ABLE
TO LISTEN

(PRINTER)

GENERAL
INTERFACE
H T MANAGEMENT

DO\
<7

DEVICE 4 —
ONLY ABLE
TO TALK

L\ DIO1..8DATA
— (8'LINES)

— DAV
——NRFD HANDSHAKE
NDAC

IFC
ATN
SRQ BUS

REN MANAGEMENT
EOI

Figure D-1
| EEE-488 bus configuration

The |IEEE-488 bus is limited to 15 devices, including the
controller. Thus, any number of talkers and listeners up to
that limit may be present on the bus at one time. Although
severa devices may be commanded to listen simultaneously,
the bus can have only one active talker, or communications
would be scrambled.

A deviceisplaced inthetalk or listen state by sending an ap-
propriate talk or listen command. These talk and listen com-
mands are derived from an instrument’s primary address.
The primary address may have any value between 0 and 31,
and is generaly set by rear panel DIP switches or pro-
grammed in from the front panel of the instrument. The ac-
tual listen address value sent out over the busis obtained by
ORing the primary address with $20. For example, if the pri-
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mary address is $27, the actual listen address is $47 ($47 =
$27 + $20). In asimilar manner, the talk addressis obtained
by ORing the primary address with $40. With the present ex-
ample, the talk address derived from a primary address of 27
decimal would be $67 ($67 = $27 + $40).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary addresses lie
in the range of $60-$7F. Note, however, that many devices,
including the Model 6517A, do not use secondary addressing.

Once a device is addressed to talk or listen, the appropriate
bus transactions take place. For example: if theinstrument is
addressed to talk, it placesits data string on the bus one byte
at atime. The controller reads the information and the appro-
priate software can be used to direct the information to the
desired location.

Bus lines

The signal lines on the IEEE-488 bus are grouped into three
different categories: data lines, management lines and hand-
shake lines. The data lines handle bus data and commands,
while the management and handshake lines ensure that prop-
er datatransfer and operation takes place. Each buslineisac-
tive low, with approximately zero volts representing alogic
1 (true). The following paragraphs describe the operation of
theselines.

Data lines

The | EEE-488 bus uses eight data linesthat transfer data one
byte at atime. DIO1 (Data Input/Output) through DIO8 (Da-
talnput/Output) are the eight data lines used to transmit both
dataand multiline commands and are bidirectional. The data
lines operate with low true logic.

Bus management lines

The five bus management lines help to ensure proper inter-
face control and management. These lines are used to send
the uniline commands.

ATN (Attention) — The ATN lineis one of the more impor-
tant management linesin that the state of thisline determines
how information on the data bus isto be interpreted.

IFC (Interface Clear) — As the name implies, the IFC line
controls clearing of instruments from the bus.

REN (Remote Enable) —The REN line is used to place the
instrument on the bus in the remote mode.



EOQI (End or Identify) — The EOI isusually used to mark the
end of amulti-byte data transfer sequence.

SRQ (Service Request) — Thislineis used by deviceswhen
they require service from the controller.

Handshake lines

The bus handshake lines operate in an interlocked sequence.
This method ensures reliable data transmission regardl ess of
the transfer rate. Generally, data transfer will occur at arate
determined by the slowest active device on the bus.

One of the three handshake linesis controlled by the source
(the talker sending information), while the remaining two
lines are controlled by accepting devices (the listener or lis-
teners receiving the information). The three handshake lines
are:

DAV (DATA VALID) — The source controls the state of the
DAV lineto indicate to any listening devices whether or not
data bus information is valid.

NRFD (Not Ready For Data) — The acceptor controls the
state of NRFD. It isused to signal to the transmitting device
to hold off the byte transfer sequence until the accepting de-
viceisready.

NDAC (Not DataAccepted) — NDAC is aso controlled by
the accepting device. The state of NDAC tells the source
whether or not the device has accepted the data byte.

The complete handshake sequence for one data byte is
shown in Figure D-2. Once datais placed on the data lines,
the source checks to see that NRFD is high, indicating that
all active devices are ready. At the same time, NDAC should
below from the previous bytetransfer. If these conditionsare
not met, the source must wait until NDAC and NRFD have
the correct status. If the source is a controller, NRFD and
NDAC must be stable for at least 100nsec after ATN is set
true. Because of the possibility of abus hang up, many con-
trollers have time-out routines that display messagesin case
the transfer sequence stops for any reason.

Once all NDAC and NRFD are properly set, the source sets
DAV low, indicating to accepting devicesthat the byte on the
data lines is now valid. NRFD will then go low, and NDAC
will go high once all devices have accepted the data. Each
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device will release NDAC at its own rate, but NDAC will not
be released to go high until all devices have accepted the data
byte.

The sequencejust described isused to transfer both data, talk
and listen addresses, as well as multiline commands. The
state of the ATN line determines whether the data bus con-
tains data, addresses or commands as described in the fol-

lowing paragraph.
>< SOURCE

DATA ><

DAV SOURCE

VALID

— ALLREADY  ACCEPTOR

NRFD
- ALL ACCEPTED
NDAC ACCEPTOR
Figure D-2
| EEE-488 handshake sequence
Bus commands

The instrument may be given a number of specia bus com-
mands through the |EEE-488 interface. This section briefly
describes the purpose of the bus commands which are
grouped into the following three categories.

1. Uniline Commands— Sent by setting the associated bus
linestrue. For example, to assert REN (Remote Enable),
the REN line would be set low (true).

2. Multiline Commands — General bus commands which
are sent over the datalineswith the ATN line true (low).

3. Common Commands— Commandsthat are common to
all devices on the bus; sent with ATN high (false).

4. SCPI Commands — Commands that are particular to
each device on the bus; sent with ATN (false).

These bus commands and their general purpose are summa-
rized in Table D-1.

D-3
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Table D-1
| EEE-488 bus command summary
State of
Command type | Command ATN line | Comments
Uniline REN (Remote Enable) X Set up devices for remote operation.
EOI X Marks end of transmission.
IFC (Interface Clear) X Clearsinterface.
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device.
Multiline
Universal LLO (Local Lockout) Low Locks our local operation.
DCL (Device Clear) Low Returns device to default conditions.
SPE (Serial Enable) Low Enables serid polling.
SPD (Serial Poll Disable) Low Disables seria polling.
Addressed SDC (Selective Device Clear) | Low Returns unit to default conditions.
GTL (Go To Local) Low Returns deviceto local.
Unaddressed UNL (Unlisten) Low Removes al listeners from the bus.
UNT (Untalk) Low Removes any talkers from the bus.
Common — High Programs | EEE-488.2 compatible instruments for
common operations.
SCPI — High Programs SCPI compatible instruments for particul ar
operations.

Uniline commands

ATN, IFC and REN are asserted only by the controller. SRQ
is asserted by an external device. EOl may be asserted either
by the controller or other devices depending on the direction
of datatransfer. The following is a description of each com-
mand. Each command is sent by setting the corresponding
bus line true.

REN (Remote Enable) — REN is sent to set up instruments
on the bus for remote operation. When REN istrue, devices
will be removed from the local mode. Depending on device
configuration, all front panel controls except the LOCAL
button (if the device is so equipped) may be locked out when
REN istrue. Generally, REN should be sent before attempt-
ing to program instruments over the bus.

EOI (End or Identify) — EOI is used to positively identify
the last byte in a multi-byte transfer sequence, thus allowing
data words of various lengths to be transmitted easily.

IFC (Interface Clear) — IFCisused to clear theinterface and
return all devicesto the talker and listener idle states.
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ATN (Attention) — The controller sends ATN while trans-
mitting addresses or multiline commands.

SRQ (Service Request) — SRQ is asserted by adevice when
it requires service from a controller.

Universal multiline commands

Universal commands are those multiline commands that re-
quire no addressing. All devices equipped to implement such
commands will do so simultaneously when the commands
are transmitted. As with all multiline commands, these com-
mands are transmitted with ATN true.

LLO (Local Lockout) — LLO is sent to the instrument to
lock out the LOCAL key and thus all their front panel con-
trols.

DCL (Device Clear) — DCL isused to return instruments to
some default state. Usually, instruments return to their pow-
er-up conditions.



SPE (Serial Poll Enable) — SPE isthefirst step in the serial
polling sequence which is used to determine which device
has requested service.

SPD (Serial Poll Disable) — SPD isused by the controller to
remove all devices on the bus from the serial poll mode and
is generally the last command in the serial polling sequence.

Addressed multiline commands

Addressed commands are multiline commands that must be
preceded by the device listen address before that instrument
will respond to the command in question. Note that only the
addressed device will respond to these commands. Both the
commands and the address preceding it are sent with ATN
true.

SDC (Selective Device Clear) — The SDC command per-
forms essentially the same function as the DCL command
except that only the addressed device responds. Generally,
instruments return to their power-up default conditionswhen
responding to the SDC command.

GTL (GoTo Local) — The GTL command isused to remove
instruments from the remote mode. With some instruments,
GTL also unlocksfront panel controlsif they were previous-
ly locked out with the LLO command.

GET (Group Execute Trigger) — The GET command is used
to trigger devices to perform a specific action that depends
on device configuration (for example, take a reading). Al-
though GET is an addressed command, many devices re-
spond to GET without addressing.

Address commands

Addressed commandsinclude two primary command groups
and asecondary address group. ATN istrue when these com-
mands are asserted. The commands include:

LAG (Listen Address Group) — These listen commands are
derived from aninstrument’s primary address and are used to
address devices to listen. The actual command byte is ob-
tained by ORing the primary address with $20.

TAG (Talk Address Group) — The talk commands are de-
rived from the primary address by ORing the address with
$40. Talk commands are used to address devicesto talk.

| EEE-488 Bus Overview

SCG (Secondary Command Group) — Commands in this
group provide additional addressing capabilities. Many de-
vices (including the Model 6517A) do not use these com-
mands.

Unaddress commands

The two unaddress commands are used by the controller to
remove any talkers or listeners from the bus. ATN is true
when these commands are asserted.

UNL (Unlisten) — Listeners are placed in the listener idle
state by the UNL command.

UNT (Untalk) — Any previously commanded talkerswill be
placed in the talker idle state by the UNT command.

Common commands

Common commands are commands that are common to all
devices on the bus. These commands are designated and de-
fined by the |EEE-488.2 standard.

Generally, these commands are sent as one or more ASCI|
characters that tell the device to perform a common opera-
tion, such asreset. The | EEE-488 bus treats these commands
asdatainthat ATN isfalse when the commands are transmit-
ted.

SCPI commands

SCPI commands are commands that are particular to each
device on the bus. These commands are designated by thein-
strument manufacturer, and are based on the instrument
model defined by the Standard Commands for Programma-
ble Instruments (SCPI) Consortium’s SCPI standard.

Generally, these commands are sent as one or more ASCII
characters that tell the device to perform a particular opera-
tion, such as setting arange or closing arelay. The |EEE-488
bus treats these commands as datain that ATN is false when
the commands are transmitted.

Command codes

Command codes for the various commands that use the data
lines are summarized in Figure D-3. Hexadecimal and the
decimal values for the various commands are listed in Table
D-2.
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Figure D-3
Command codes
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Table D-2
Hexadecimal and decimal command codes
Decimal
Command Hex value | value
GTL 01 1
SDC 04 4
GET 08 8
LLO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
SCG 60-7F 96-127
UNL 3F 63
UNT 5F 95
Table D-3
Typical addressed command sequence
Data bus
Step | Command | ATN state ASCII Hex Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low ; 3B 59
3 SDC Stays low EQOT 04 4
4 Returns high
* Assumes primary address = 27.
Table D-4
Typical common command sequence
Data bus
Step | Command | ATN state ASCII Hex Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low ; 3B 59
3 Data Set high * 2A 42
4 Data Stays high R 52 82
5 Data Stays high S 53 83
6 Data Stays high T 54 84

* Assumes primary address = 27.
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Typical command sequences

For the various multiline commands, a specific bus sequence
must take place to properly send the command. In particular,
the correct listen address must be sent to the instrument be-
foreit will respond to addressed commands. Table D-3 lists
atypical bus sequence for sending the addressed multiline
commands. In thisinstance, the SDC command is being sent
to the instrument. UNL is generally sent as part of the se-
guence to ensure that no other active listeners are present.
Note that ATN is true for both the listen command and the
SDC command byte itself

Table D-4 gives a typical common command seguence. In
this instance, ATN is true while the instrument is being ad-
dressed, but it is set high while sending the common com-
mand string.

IEEE command groups

Command groups supported by the Model 6517A are listed
in Table D-5. Common commands and SCPI commands are
not included in thislist.

Table D-5
IEEE command groups

HANDSHAKE COMMAND GROUP

NDAC = NOT DATA ACCEPTED
NRFD = NOT READY FOR DATA
DAV = DATA VALID

UNIVERSAL COMMAND GROUP

ATN =ATTENTION

DCL =DEVICE CLEAR

IFC = INTERFACE CLEAR
REN = REMOTE ENABLE

SPD = SERIAL POLL DISABLE
SPE = SERIAL POLL ENABLE

ADDRESS COMMAND GROUP

LAG = LISTEN ADDRESS GROUP
MLA = MY LISTEN ADDRESS
UNL = UNLISTEN

TAG = TALK ADDRESS GROUP
MTA =MY TALK ADDRESS

UNT = UNTALK

OTA = OTHER TALK ADDRESS

LISTEN

TALK

ADDRESSED COMMAND GROUP
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Table D-5
|EEE command groups

ACG = ADDRESSED COMMAND GROUP
GTL =GO TOLOCAL
SDC = SELECTIVE DEVICE CLEAR

STATUS COMMAND GROUP

RQS = REQUEST SERVICE
SRQ = SERIAL POLL REQUEST
STB = STATUSBYTE

EOI = END
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Information

The IEEE-488.2 standard requires specific information about how the Model 6517A implements the standard. Paragraph 4.9 of
the IEEE-488.2 standard (Std 488.2-1987) lists the documentation requirements. Table E-1 provides a summary of the require-
ments, and provides the information or references the manual for that information.

Table E-1
| EEE-488 documentation requirements

Requirement

Description or reference

(1)
2

3

(4)

Q)
(@
(b)

(©

(d)

()
(6)

()

(8)
(9)
(10)

(11)
(12)
(13)
(14)
(15)

| EEE-488 Interface Function Codes.
Behavior of 6517A when the addressis set outside the
range 0-30.
Behavior of 6517A when valid addressis entered.
Power-On Setup Conditions.
Message Exchange Options:
Input buffer size.
Queries that return more than one response message
unit.
Queriesthat generate a response when parsed.
Queriesthat generate a response when read.
Coupled commands.
Functional elements required for SCPI commands.

Buffer size limitations for block data.

Syntax restrictions.

Response syntax for every query command.
Device-to-device message transfer that does not follow
rules of the standard.

Block data response size.

Common Commands implemented by 6517.
Calibration query information.

Trigger macro for *DDT.

Macro information.

See Appendix B.
Cannot enter an invalid address.

Address changes and bus resets.
Determine by :SY STem:POSetup (para. 3.22.2).

256 bytes.
None.

All queries (Common Commands and SCPI).

None.

See Table E-2.

Contained in SCPI command subsystems tables (see Tables
3-4 through 3-16).

Block display messages: Top display = 20 characters max,
bottom display = 32 characters max.

See paragraphs 3.10 through 3.25.

See paragraphs 3.10 through 3.25.

None.

See paragraph 3.15.
See paragraph 3.11.
See Service Manual.
Not applicable.

Not applicable.
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Table E-1 (cont.)
| EEE-488 documentation requirements

Requirement

Description or reference

(16) | Responseto *IDN (identification).

(17) | Storage areafor *PUD and *PUD?

(18) | Resource description for *RDT and *RDT?
(19) | Effectsof *RST, *RCL and * SAV.

(20) | *TST information.
(21) | Statusregister structure.
(22) | Sequential or overlapped commands.

(23) | Operation complete messages.

See paragraph 3.11.4.

Not applicable.

Not applicable.

See paragraphs 3.11.9, 3.11.8, 3.11.10, and Tables 3-4
through 3-16.

See paragraph 3.11.14.

See paragraph 3.8.

All are sequential except :INIT and :INIT:CONT ON, which
are overlapped.

*OPC; see paragraph 3.11.5,

*OPC?, see paragraph 3.11.6,

*WAI; see paragraph 3.11.15.
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Coupled commands
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Command Also changes To If
:TRIG:COUN :TRAC:POIN:AUTO OFF TRAC:POIN:AUTO is
ON and TRIG:COUN is
anillega buffer size
:TRAC:POIN TRIG:COUN TRAC:POIN:AUTO is
ON
:TRAC:FEED:PRET:AMO:READ | TRIG:COUN * TRAC:POIN:AUTO is
TRAC:FEED:PRET:A | ON
MO:PERC/ 100
‘TRAC:FEED:CONT ‘TRIG:SOUR TIM TRAC:FEED:CONT is
PRET and TRIG:SOUR
isneither IMM nor TIM
:TRAC:POIN :TRAC:POIN:AUTO OFF
‘TRAC:FEED:CONT NEV

‘TRAC:FEED:PRET:AMO:PERC

‘TRAC:FEED:PRET:AMO:READ

:TRAC.CLE
....APER

..NPLC

...DIG

..RANG:UPP
..REF:ACQ

:TRAC:FEED:PRET:AMO:READ

‘TRAC:FEED:PRET:AMO:READ

‘TRAC:FEED:CONT
:TRAC:FEED:PRET:AMO:PERC

‘TRAC:FEED:CONT
‘TRAC:FEED:CONT

...APER:AUTO
...NPLC:AUTO
...NPLC

..DIG

...APER:AUTO
...NPLC:AUTO
...APER

..DIG

....DIG:AUTO
....APER
..NPLC

..RANG:AUTO
...REF

TRAC:POIN * TRAC
:FEED:PRET:AMO
:PERC/ 100

TRAC:POIN * TRAC
:FEED:PRET:AMO
:PERC/ 100

NEV

TRAC:FEED:PRET:
AMO:READ / TRAC
:POIN * 100

NEV

NEV

OFF

OFF
APER*|ine-frequency
varies per function

OFF

OFF
NPLC/line-frequency
varies per function

OFF
varies per function
varies per function

OFF

presently displayed
reading

..DIG:AUTO isON

..DIG:AUTO isON

...APER:AUTO isON
..NPLC:AUTO isON




|EEE-488 Confor mance Information

Table E-2 (cont.)
Coupled commands

:CURR:DC:METH

‘FREQ:THR:VOLT:TTL

:TEMP:TRAN

"-TEMP:RTD:TYPE

"-TEMP:RTD:ALPH

‘RES.IRANG:AUTO:ULIM

‘RES.RANG:AUTO.LLIM

:CURR:DC:RANG:UPP
:CURR:DC:RANG:AUTO
:CURR:DC:AVER:STAT
:CURR:DC:AVER:COUN
:CURR:DC:AVER:TCON
:CURR:DC:AVER:ADV:STAT

:CURR:DC:AVER:ADV:NTOL

‘FREQ:THR:VOLT:RANG
‘FREQ:THR:VOLT:LEV

‘ROUT:SCAN:INT
‘ROUT:SCAN:INT:FUNC

"TEMP:DIG
"-TEMP:RTD:ALPH

"-TEMP:RTD:BETA
:TEMP:RTD:DELT

:TEMP:RTD:RZER

"-TEMP.RTD:TYPE

200k

200k

12

OFF

varies per function
varies per function
varies per function

varies per function

varies per function

10
0.8

very complicated algo-
rithm

very complicated algo-
rithm

varies per transducer

varies per RTD type
varies per RTD type
varies per RTD type

varies per RTD type

USER

Command Also changes To If

....DET:FUNC ....APER varies per function ...APER:AUTO isON
....DIG varies per function ...DIG:AUTO isON
...AVER:STAT varies per function ...AVER:AUTO isON
....AVER:COUN n varies per function ...AVER:AUTO isON
...AVER:TCON n varies per function ...AVER:AUTO isON
....AVER:ADV:STAT n varies per function ...AVER:AUTO isON
...AVER:ADV:NTOL n varies per function ...AVER:AUTO isON

:RES:OCOM :RES:RANG:UPP 200k RES:OCOM isON and

RES:RANG:UPP > 200k
RES:OCOM isON and
RES:RANG:AUTO:ULI
M > 200k

RES:OCOM isON and
RES:RANG:AUTO:LLI
M > 200k

CURR:DC:METH is
ICIR

CURR:DC:METH is
ICIR
CURR:DC:AVER:AUTO
isON
CURR:DC:AVER:AUTO
isON
CURR:DC:AVER:AUTO
isON
CURR:DC:AVER:AUTO
isON
CURR:DC:AVER:AUTO
isON

TEMP:DIG:AUTOisON

TEMP:RTD:TYPE is not
USER
TEMP:RTD:TYPE is not
USER
TEMP:RTD:TYPE is not
USER
TEMP:RTD:TYPE is not
USER
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Table E-2 (cont.)
Coupled commands

| EEE-488 Confor mance Information

Command Also changes To If

‘ROUT:CLOS ‘ROUT:SCAN:LSEL NONE

:ROUT:OPEN ‘ROUT:SCAN:LSEL NONE the command actually
opens a channel

:ROUT:OPEN:ALL ‘ROUT:SCAN:LSEL NONE

‘ROUT:SCAN:INT ‘ROUT:SCAN:LSEL INT

... = Vdid function command words (i.e. :VOLT:DC, :RESistance, etc.)




SCPI Conformance Information

Introduction

The Model 6517A complies with SCPI version 1991.0. Ta-
bles 3-4 through 3-16 list the SCPI confirmed commands,
and the non-SCPI commands implemented by the Model
6517A.
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Device Dependent Command Summary

Mode Command | Description
Execute X Execute other device-dependent commands.
Function FO Volts
F1 Amps
F2 Ohms (V/1)
F3 Coulombs
F4 External feedback
F5 Ohms (V/1)
Range EXTERNAL
VOLTS AMPS OHMS COULOMBS FEEDBACK
RO Auto Auto Auto Auto Auto
R1 2V 20pA 200TQ 2nC 2V
R2 2V 20pA 20TQ 2nC 2V
R3 20V 200pA 2TQ 20nC 20V
R4 200V 2nA  200GQ 200nC 200V
R5 200V 20nA  20GQ 2uC 200V
R6 200V 200nA 2GQ 2uC 200V
R7 200V 2uA 200M Q 2uC 200V
R8 200V 20pA  20MQ 2uC 200V
R9 200V 200pA 2MQ 2uC 200V
R10 200V 2mA 200k ** 2uC 200V
R11 200V 20mA  200kQ ** 2uC 200V
R12 * *  200kQ ** * *
*Disables autorange
**Manua ohms only
Zero Check Co Zero check off
C1 Zero check on
Zero Correct Z0 Zero correct disabled
Z1 Zero correct enabled
Reference NO Reference disabled
N1 Reference enabled
Digital Filter PO Digital filter disabled
P1 Digital filter enabled
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Device Dependent Command Summary

Mode Command | Description
Reading Mode BO Electrometer
B1 Buffer reading
B2 Maximum reading
B3 Minimum reading
B4 Voltage source
Data Store Q0 Conversion rate
Q1 One reading per second
Q2 One reading every 10 seconds
Q3 One reading per minute
Q4 One reading every 10 minutes
Q5 One reading per hour
Q6 Trigger mode
Q7 Disabled
Voltage Source Vaue Vznnnn.nn or | Voltage source value: -1000V to +1000V, 50mV increments
Vn.nnnnExn
Voltage Source Operate 00 Source output off (0V)
o1 Source output on (programmed value)
Data Format GO Reading with prefix (NDCV -1.23456E+00)
Gl Reading without prefix (-1.23456E+00)
G2 Reading with prefix and buffer suffix (if in B1)
(NDCV -1.23456E+00, 012)
Trigger Mode TO Continuous, trigger by talk
T1 One-shot, trigger by talk
T2 Continuous, trigger by GET
T3 One-shot, trigger by GET
T4 Continuous, trigger by X
T5 One-shot, trigger by X
T6 Continuous, trigger by external trigger
T7 One-shot, trigger by external trigger
SRQ MO Disable SRQ
M1 Reading overflow
N2 Buffer full
M8 Reading done
M16 Ready
M32 Error
EOI and Bus Hold Off KO Enable EOI and bus hold-off on X
K1 Disable EQI, enable bus hold-off on X
K2 Enable EQI, disable bus hold-off on X
K3 Disable both EOI and bus hold-off on X
Terminator YO LFCR
Y1 CRLF
Y2 LF
Y3 CR
Y4 None
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Device Dependent Command Summary

Mode Command | Description
Status Word uo Status word: 617 FRRCZNTOBGDQMMKY'Y*
Ul Error conditions
u2 Data conditions
U3 Buffer size and readings stored
U4 Top display data
us Bottom display data
U6 Attributes of top display characters**
u7 Attributes of bottom display characters**
*YY: = LFCR
=  CRLF
0 LF
=0 CR
00 None
**1 = blinking character, O = other
Hit Key Hn Hit front panel key. “n” = 1 to 31 (see Figure 3-40 for key-
press codes).
Buffer Size In “n" =2t0 15868 (if buffer elements are not changed using

Hit Key command).
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Index

Numerics

2V analog output 2-51

Symbols

‘ABORt 3-142

:ADI Scharge Commands 3-102
:ALTVoltage <NRf> 3-154
:APERture <n> 3-87
:AVERage commands 3-98

:CALCulate[1] 3-62
:CALCulate? 3-65
:CALCulate3 3-67
:CALibration subsystem 3-71
:CLEar 3-131, 3-137
:CLOSe<list> 3-81
*CLS — clear status 3-27
:CONDition? 3-126

:COUNt <n> 3-143

:COUNt <NRf> 3-154

:DAMPiIng <b> 3-101

:DATA commands 3-85

:DATA? 3-141

:DATE <yr>, <mo>, <day> 3-132
:DELay <n> 3-143

:DIGits<n> 3-97

:DISCard <NRf> 3-155

:DISPlay subsystem 3-72
:DTIMe<NRf> 3-152

:ELEMents<item list> 3-141
:ENABIe<NRf> 3-114

:ERRor? 3-129

*ESE <NRf> — event enable 3-28
ESE? — event enable query 3-28

*ESR? — event status register query 3-29

[:EVEN{]? 3-109

:FEED Commands 3-139
:FORMat subsystem 3-75
:FREE? 3-137

:FUNCtion <name> 3-85

:GUARd <b> 3-101

‘HLEVe <NRf> 3-153
‘HTIMe <NRf> 3-153

*|DN?— identification query 3-30
(IMMediate 3-143

!INITiate commands 3-142
!INTerlock? 3-137

:IREFerence <b> 3-97

:KEY <NRf> 3-130

‘LLEVe <NRf> 3-153
‘LSYNc:STATe<b> 3-130
‘LTIMe <NRf> 3-154

:MDELay <NRf> 3-150
:MEDian Commands 3-100
:MSEL ect <name> 3-103
:MTIMe <NRf> 3-153
:MVOLtage <NRf> 3-152

:NPLCycles<n> 3-89
:NTRansition <NRf> 3-124

:OFSVoltage <NRf> 3-154

* OPC — operation complete 3-31

* OPC? — operation complete query 3-32
:OPEN <list> 3-81

:OPEN:ALL 3-82

*OPT?— option identification query 3-33



:PDTime <NRf> 3-152
:POINts<n> 3-138
:POSetup <name> 3-129
‘PRESet 3-126, 3-129
:PTRansition <NRf> 3-117

:QUEue commands 3-127

*RCL — recall 3-33

‘READings <NRf> 3-154
:REFerence <n> 3-95

:RESistivity commands 3-103
‘RNUMber:RESet 3-133

:ROUTe subsystem 3-81

*RST — reset the Model 6517A 3-33

*SAV — save the current setup in memory 3-33
:SCAN commands 3-82

:SENSel subsystem 3-85

[:SENSE[1]] subsystem 3-85

:SIGNal 3-145

:SOURce <name> 3-144

:SOURCce subsystem 3-106

:SPINterval <NRf> 3-155

:SPOInts <NRf> 3-155

*SRE <NRf> — service request enable 3-34
SRE? — service request enable query 3-34
:STARt <NRf> 3-149

:STATus subsystem 3-109

*STB? — status byte query 3-35

:STEP <NRf> 3-150

:STIMe <NRf> 3-151

:STOP <NRf> 3-150

:SVOLtage <NRf> 3-151

:SY STem subsystem 3-129

:TIME <hr>, <min>, <sec> 3-132
‘TIMer <n> 3-144

:TRACe subsystem 3-137

*TRG — trigger 3-36
:TSEQuence Subsystem 3-148
:TSTamp:FORMat <name> 3-141
:TSTamp commands 3-132

*TST? — self-test query 3-36

:VERSion? 3-129
:V SControl <name> 3-102

*WAI| — wait-to-continue 3-36
:XFEedback <b> 3-102

:ZCHeck <b> 3-131

A/D Controls 3-134

Accuracy calculations A-4

Advanced trigger configuration 2-77

Amps configuration 2-27

Analog outputs 2-50

ASCII Character Codes and |EEE-488 Multiline
Interface Command Messages C-1

Basic measurement procedure 2-18, 2-24, 2-43
Basic Trigger Commands 3-135

Basic trigger configuration 2-76

Buffer 2-94

Buffer multiple displays 2-100

Bus commands D-3

Buslines D-2

CAL 2-117

Caculate multiple display 2-107
Cdlculate subsystems 3-62
Cadculating amps accuracy A-4
Calculating coulombs accuracy A-5
Cadculating ohms accuracy A-4

Cdculating Resistance/Resistivity Accuracy and Re-

peatability using the Alternating Polarity
Method A-5
Calculating volts accuracy A-4
Charge measurement considerations 2-45
Charge measurements (Q) 2-42
Common commands 3-27
COMMUNICATION 2-116
Condition registers 3-14
Configure Test Sequence 2-68
Configuring data storage 2-96
Configuring the filters 2-103
Connections 3-2

Connections— el ectrometer, high- resistance meter, and

V-source 2-9
Coulombs configuration 2-43
Current measurement considerations 2-28
Current measurements 2-24

DCL (deviceclear) 3-6

DDC programming language 3-158
Deviation 2-105

Device Dependent Command Summary G-1



Digita filters 2-101

Digital Output Commands 3-106

Display 2-4

Display resolution 2-57

Downloading commands using ProComm 3-158

Electrochemical effects 2-127
Electromagnetic interference (EMI) 2-128
Electrometer input circuitry 2-54
Electrometer input connector 2-9
Electrostatic interference 2-127

Enable registers 3-15

Error and status messages 3-7

Event registers 3-15

Exponent mode (Engineering or Scientific) 2-4
External feedback procedure 2-55
External scanning 2-125

External triggering 2-81

Features 1-1

Filters 2-100

Floating circuits 2-13

Front panel aspects of |EEE-488 operation 3-7
Front Panel Operation 2-1

GENERAL 2-120

General bus commands 3-5

General Information 1-1

Genera Test Sequence Commands 3-148
GET (group execute trigger) 3-6

GPIB primary address selection 3-3

GPIB programming language selection 3-4
Ground loops 2-126

GTL (gotolocal) 3-6

High-resistance meter connections 2-11
Humidity 2-127

|EEE-488 bus connections 3-2
|EEE-488 Bus Overview D-1

|EEE-488 Conformance Information E-1
|EEE-488 primary address 2-4
|EEE-488 Reference 3-1

|EEE-488 status indicators 3-7

IFC (interface clear) 3-5

Information messages 2-4
Inspection 1-2

Interface Function Codes B-1
Interlock and test fixtures 2-50
Internal scanning 2-125

Light 2-127

LIMITS 2-118

Line fuse replacement 2-2

Line power connections 2-2

LLO (local lockout) 3-6

LOCAL key 3-7

Logarithmic 2-106

Logarithmic currents 2-56

Low noise cables, shielding, and guarding 2-12

Magnetic fields 2-128
Manual addenda 1-2
Math 2-105
Measurement range 2-57
Median filter 2-101
Menu 2-107

Multiple display 2-42

Navigating menus 2-8
Non-decade current gains 2-57
Non-standard coulombs ranges 2-56

Ohms configuration 2-39

Ohms measurement considerations 2-42
Operate 2-50

Options and accessories 1-2

Other measurement considerations 2-126
Output Subsystems 3-80

Percent 2-105

Percent deviation 2-105

Piezoelectric and stored charge effects 2-127
Polynomial 2-105

Power-on default conditions 2-3

Power-up 2-2

Power-up sequence 2-3

Preamp out 2-52

Programming syntax 3-21

“Properly zeroed” 2-60



Q

R

Queues 3-15
QUickBASIC 4.5 programming 3-4

Range and resolution 2-57

RANGe commands 3-90

Ratio 2-106

Relative (REL) 2-59

Relative humidity and external temperature
readings 2-128

REN (remote enable) 3-5

Resistance and resistivity measurements 2-32

Resistance measurements 2-33

Resistivity measurements 2-36

RFI/EMI 2-126

RS-232 Interface Commands 3-135

RS-232 Interface Configuration 3-157

RS-232 Interface Error Messages 3-158

RS-232 Operating Considerations 3-157

RS-232 Serial Interface 3-157

RS-232 serial interface connections 3-3

RTCLock commands 3-147

Running the selected test 2-70

Safety symbols and terms 1-2
SAVESETUP 2-110

Scanning 2-125

SCPI command subsystems 3-41

SCPI Command Summary 3-42

SCPI Conformance Information F-1

SDC (selective device clear) 3-6

Selecting and configuring math 2-106
Setting voltage source value 2-48

Shielded fixture construction 2-54

Signal oriented measurement commands 3-38
Sourcing options 2-46

SPE, SPD (seria polling) 3-6
Specifications 1-2, A-1

Status and error messages 2-5

Status byte and service reguest (SRQ) 3-16
Status structure 3-7

STATUSMSG 2-120

Storing and recalling readings 2-98

TCONfigure commands 3-145

TEST 2-118

Test descriptions 2-60

Test fixtures 2-15

Test sequence programming example 3-155
Test sequences 2-60

Transition filters 3-14

Triboelectric effects 2-127

Trigger Link 2-83

Trigger model 2-73

Trigger Model (IEEE-488 operation) 3-18
Trigger subsystem 3-142

Triggers 2-71

UNIT Subsystem 3-156
Using external feedback 2-54

Voltage and current limit 2-49

V oltage measurement considerations 2-22
V oltage measurements 2-18

Voltage source 2-46

V oltage source output connections 2-11
Volts configuration 2-21

Volts, Amps and Coulombs Ranges 3-90
V-Source Configuration Commands 3-106

W

Warm-up period 2-4
Warranty information 1-2

Zero check 2-58

Zero check and zero correct commands 3-133
Zero check, relative, and zero correct 2-58
Zero correct 2-60



KEITHLEY

Service Form

Model No. Serial No. Date
Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

Ll Intermittent [l Analog output follows display [l Particular range or function bad; specify
[l IEEE failure I Obvious problem on power-up [ Batteries and fuses are OK
LI Front panel operational LI All ranges or functions are bad I Checked all cables

Display or output (check one)

U Drifts LI uUnable to zero

[l Unstable LI will not read applied input
I overload
O

Calibration only ] Certificate of calibration required
[0 Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.
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