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57 ABSTRACT 
The present invention is a method and an electrical 
circuit (28 and 50) for effectively eliminating the effects 
of time jitter caused by metastable states by rejecting 
measurements made under timing conditions that could 
lead to the development of metastable states. In a pre 
ferred embodiment, the circuit of the invention effec 
tively eliminates time jitter caused by metastable states 
in digital oscilloscope circuitry by determining in ad 
vance the timing conditions that can lead to such jitter 
and detecting whenever the transitions of trigger and 
trigger hold-off signals meet such timing conditions. 
The circuit then generates a "possible metastable sig 
nal that can be used by the oscilloscope circuitry, or by 
the controlling software, to reject any measurement 
made under those timing conditions. 

28 Claims. 6 Drawing Sheets 
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1. 

METHOD AND ELECTRICAL CIRCUIT FOR 
ELIMINATING TIME JITTER CAUSED BY 

METASTABLE CONDITIONS IN 
ASYNCHRONOUS LOGIC CIRCUITS 

TECHNICAL FIELD 

The present invention relates to high-speed digital 
measurement circuits, in particular, to a method and an 
electrical circuit for eliminating measurement errors 
caused by time jitter that results from metastable states 
in digital measurement circuits. 

BACKGROUND OF THE INVENTION 
Measurements made by high-speed oscilloscopes 

have suffered from time jitter caused by occurrences of 
metastable states in digital circuits. Time jitter occurs 
whenever an external signal being measured undergoes 
transitions from one state to another at times essentially 
coincident with internal oscilloscope signals undergo 
ing transitions between logic states. This is true for 
external signals in either analog or digital form. Circuit 
designers have long known about such "race' condi 
tions and have sought to avoid them by the use of syn 
chronous circuit designs wherein all signals are derived 
from a common system clock, thereby eliminating coin 
cidence of logic signal transitions. - 
Such "race' conditions can confuse logic circuits 

when. for example, two signals applied to different 
inputs of a flip-flop undergo nearly coincident changes 
between logic states and cause the output signal of the 
flip-flop to settle in an undefined state. The correct state 
often results, but the output signal may contain extrane 
ous transitions until the circuit settles to its final logic 
state. It is also possible for the output signal to change to 
its final logic state following an unpredictable delay. 
Such unpredictable and untrustworthy signal states are 
called metastable states. 

In measurement instruments such as oscilloscopes, it 
is impossible to ensure that externally applied signals 
being measured will be synchronous to the internal 
signals being used to make a measurement. A common 
example of such a pair of signals is the oscilloscope 
trigger and trigger hold-off signals. The trigger signal is 
commonly derived from an externally applied signal 
being measured and is, therefore, a completely arbitrary 
time-varying signal with unknown waveform charac 
teristics. Once the oscilloscope is triggered, its internal 
circuitry generates various signals including the trigger 
hold-off signal. The trigger hold-off signal is used to 
prevent the generation of additional trigger signals until 
the current measurement being made is completed and 
the oscilloscope is ready to make another measurement. 
Time jitter may occur whenever the trigger hold-off 
signal changes logic states at about the same time a new 
trigger signal is received by the oscilloscope. The de 
gree of coincidence that can cause time jitter is a time 
interval that can be determined from the known electri 
cal characteristics of the logic circuits being driven by 
the trigger signal and trigger hold-off signal. 

Previous art, such as dual synchronizer circuits, mini 
mize the problem but do not eliminate trigger time 
jitter. The dual synchronizer circuit is used in a variety 
of oscilloscopes manufactured by Tektronix, Inc., Bea 
verton, Oreg., including its 11,000 series digital oscillo 
scopes. 

FIG. 1, shows a prior art dual synchronizer circuit 8 
that minimizes, but does not eliminate, metastable states 
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2 
in asynchronous logic circuits. Referring to FIG. 1, a 
hold-off signal and a trigger signal are applied to respec 
tively a D (data) input 10 and a C (clock) input 12 of a 
first stage flip-flop 14. Whenever the trigger signal 
changes logic states in a positive-going direction, the 
signal logic state at D input 10 appears at Q output 16 of 
flip-flop 14. The signal at Q output 16 might be metasta 
ble if the trigger signal at input 12 changes logic stares 
in a positive-going direction at the same time that the 
hold-off signal at D input 10 changes logic states. 
To minimize the possibility of metastable states, the D 

input of a second flip-flop 18 is coupled to Q output 16 
of flip-flop 14. The clock input C of flip-flop 18 is cou 
pled to the trigger signal through a time delay element 
20. The time delay imparted to the trigger signal by 
delay element 20 exceeds the signal propagation delay 
through flip-flop 14. Delay element 20 can be imple 
mented as a series of gates, a long piece of cable, or 
other means of delaying the propagation time of the 
trigger signal to the output 22 of delay element 20. The 
result is that flip-flop 18 receives as input signals the 
signal appearing on output 16 of flip-flop 14 and the 
delayed trigger pulses appearing on output 22 of delay 
element 20. 
Dual synchronizer circuit 8 operates under the as 

sumption that even if the signal on output 16 of flip-flop 
14 is metastable, it will settle by the time delayed trigger 
signal output 22 of delay element 20 is applied to flip 
flop 18. Therefore, the output 24 of second stage flip 
flop 18 is assumed to be a reliable main hold-off signal. 
The problem with dual synchronizer 8 is that a small 
percentage of signals appearing on output 16 of first 
stage flip-flop 14 will take longer to settle than the delay 
imparted by delay element 20, or will settle to an incor 
rect logic state thereby rendering unreliable the signal 
on output 24 of second stage flip-flop. 18. 
A trigger resynchronization circuit described by 

Metz in U.S. Pat. No. 4,797,572 also minimizes but does 
not eliminate trigger time jitter. Metz describes a con 
ventional trigger detecting circuit followed by delay 
and logic gate elements intended to eliminate all trig 
gers except those in which the trigger signal and trigger 
hold-off signal are separated in time by an amount in 
excess of the delay element propagation time. The Metz 
circuit is another form of synchronizer circuit. 

Trigger time jitter is particularly bothersome in high 
speed digital sampling oscilloscopes because sampled 
measurement points may be stored and displayed at 
incorrect locations, thereby producing a cluttered dis 
play that remains until the entire display is cleared. 
Further, as oscilloscope measurement bandwidth in 
creases, so does the need for increasing the triggering 
bandwidth, which must be equal to or greater than the 
measurement bandwidth. Increasing the triggering 
bandwidth increases susceptibility to time jitter-causing 
metastable conditions. 
Thus, it has become more important to eliminate 

rather than just minimize metastable-caused time jitter 
conditions. Unfortunately, most circuit improvements 
that lead to reduced time jitter also ten to reduce the 
effective bandwidth of the logic circuits they are de 
signed to protect from time jitter. 

SUMMARY OF THE INVENTION 

An object of the present invention is, therefore, to 
provide a method which will determine whether asyn 
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chronous signals have logic state transitions occurring 
within a predetermined time interval. 
Another object of the present invention is to provide 

a method and circuit that produces a signal indicating 
whether such transitions nave occurred within the pre 
determined time interval. 
A further object of this invention is to provide a 

method and circuit that use the indication signal to take 
corrective actions based on the assumption that meta 
stable states may have occurred during the predeter 
mined time interval. 
The present invention provides a method and an 

electrical circuit for effectively eliminating the effects 
of time jitter by rejecting measurements made under 
conditions where metastable states may have caused 
time jitter. This invention is described by way of exam 
ple only with reference to an oscilloscope, but can be 
adapted for use in other applications in which the jitter 
resulting from metastable states arises. The present 
method of the invention effectively eliminates time 
jitter caused by metastable states by determining in 
advance the timing conditions that can lead to such 
jitter, detecting whenever the transitions of a pair of 
signals meet those conditions, and then generating a 
"possible metastable" signal that can be used by the 
oscilloscope circuitry, or for controlling software, to 
reject any measurement made under those conditions. 

In a preferred embodiment, the present invention is 
implemented as an electrical circuit in a digital oscillo 
scope that is designed to measure electronic signals. The 
signal being measured is typically used to generate the 
trigger signal. Once triggered, the oscilloscope gener 
ates an internal trigger hold-off signal that is used to 
inhibit additional trigger pulses for a preset amount of 
time. The present invention is used to detect trigger 
pulses that occur just as the trigger hold-off signal 
changes logic states and to take corrective action when 
ever such a condition occurs. The coincidence of a 
trigger signal and the trigger hold-off signal represents 
one condition that can cause metastable states leading to 
trigger time jitter. 

Additional objects and advantages of the present 
invention will be apparent from the following detailed 
description of a preferred embodiment thereof that 
proceeds with reference to the accompanying draw 
lings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a logic diagram of a prior art dual synchro 
nizer circuit. 

FIG. 2 is a simplified block diagram of a logic state 
transition detector circuit implemented as part of the 
invention. 
FIG. 3 is a simplified block diagram of a logic state 

transition detector circuit coupled to a trigger detecting 
flip-flop according to the invention. 

FIG. 4 is a logic diagram of the logic state transition 
detector and trigger logic circuit according to the in 
vention. 

FIG. 5 is a timing diagram for explaining the opera 
tion of the circuit according to the invention. 

FIG. 6 is a simplified block diagram of a digital san 
pling oscilloscope utilizing the invention. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

FIG. 2 shows a simplified block diagram of a logic 
state transition detector 28 designed in accordance with 
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4. 
the present invention. Transition detector 28 generates 
at its output terminal 30 a possible metastable signal 
whenever the trigger signal and the trigger hold-off 
signals change logic states within a time interval deter 
mined by delay element 32. Metastable states can occur 
whenever logic input signals change states within 
shorter time intervals than those specified by the manu 
facturers of the logic devices being driven. Logic de 
vices have specification sheets that specify minimum 
setup and hold times for logic signals applied to their 
inputs. The present invention detects changes in logic 
states that violate the setup and hold time specifications 
required for metastable state-free operation of oscillo 
scope logic circuits. The time delay provided by delay 
element 32 is set to equal or exceed the setup and hold 
times required to satisfy the specifications of logic cir 
cuits to be driven by the trigger signal and the trigger 
hold-off signal. 

Referring to FIG. 2, the trigger signal is electrically 
connected to the D (data) inputs of two storage ele 
ments, latch 34 and latch 36. The trigger hold-off signal 
is electrically connected to the C (clock) input of stor 
age latch 34 and to the input 37 of delay element 32. A 
delayed trigger hold-off signal developed at output 38 
of delay element 32 is electrically connected to the C 
input of storage latch 36. Storage latches 34 and 36 
operate as follow-and-hold latches in the manner de 
scribed below. 

In general. whenever the C input is true (i.e., a logic 
1 state), the Q output follows the logic state of the signal 
applied to the D input. Whenever the C input is false 
(i.e., a logic 0 state), the Q output holds the last logic 
state applied to the D input as C became false. Since the 
critical moment of timing in oscilloscope triggering 
circuits occurs just as the trigger hold-off signal 
changes from true to false, storage latch 34 will provide 
at its Q output 3 the state of the trigger signal just as the 
trigger hold-off signal goes false, and storage latch 36 
will provide at its Q output 42 the state of the trigger 
signal just as the delayed hold-off signal on output 38 of 
delay element 32 goes false. 

If Q outputs 39 and 42 of the respective storage 
latches 34 and 36 have the same logic states after the 
delayed trigger hold-off signal has gone false, then the 
trigger signal did not change states as the trigger hold 
off signal propagated through delay element 32. If Q 
outputs 39 and 42 of the respective storage latches 34 
and 36 have different logic states after the delayed trig 
ger hold-off signal has gone false, then the trigger signal 
changed states during the time that the trigger hold-off 
signal propagated through delay element 32. That is, the 
trigger and trigger hold-off signals changed states in a 
coincident manner in which the degree of coincidence 
represented an amount of time up to the amount defined 
by the signal propagation time of delay element 32. The 
difference of the logic states stored by latches 34 and 36 
is detected by electrically connecting the inverting QN 
output 40 of storage latch 34 and Q output 42 of storage 
latch 36 to different inputs of an AND gate 44. The 
output of AND gate 44 is the output terminal 30 of 
detector circuit 28 and provides the possible metastable 
signal. 

Delay element 32 has an output tap 45 that provides 
a replica of the trigger hold-off input signal delayed by 
an amount of less than that of the signal on output 38. 
Tap 45 is centered on the delay element 32 in this exam 
ple. In actual operation, the position of, i.e., the amount 
of delay of the signal on, tap 45 is determined by the 
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setup and hold time requirements of the logic circuits 
with which the invention is implemented. 
FIG. 3 is a block diagram of the logic state transition 

detector circuit 28 used in conjunction with a trigger 
signal detecting flip-flop 50. Trigger signal detecting 
flip-flop 50 has a clock C input 52 connected to the 
trigger signal and a data D input 54 connected to delay 
tap output 45 of delay element 32. Delay tap output 45 
can be made to be either an inverting signal or a non 
inverting signal, depending upon the requirements of 
the logic circuit being driven. In the case of trigger 
detecting flip-flop 50, its data D input 54 should be true 
when the trigger hold-off signal is false, thereby requir 
ing an inversion of the logic signal at tap 45 of delay 
element 32. A technique for achieving the logic inver 
sion, as well as delay time and tap requirements for 
delay element 32, will be more fully described below. 

For purposes of illustration, delay element 32 pro 
vides a 0.200 nanosecond delay with tap 45 at the center 
point of the delay element. If the trigger hold-off signal 
goes false at a time zero, delay tap 45 will go true after 
0.100 nanoseconds, thereby setting data D input 54 of 
trigger detecting flip-flop 50 true to enable flip-flop 50. 
Then if the trigger signal goes true at a time greater than 
0.200 nanoseconds after time zero, the Q output 56 of 
trigger detecting flip-flop 50 will change logic states 
after the time in which the logic state transition detector 
28 would have operated and therefore no possible meta 
stable signal is generated at transition detector output 
30. 

If, however, the trigger signal goes true 0.150 nano 
seconds after time zero, the Q output 56 of trigger de 
tecting flip-flop 50 will change logic states within the 
time during which the logic state transition detector 28 
can operate, and a possible metastable signal will be 
generated at transition detector output 30. 

If the trigger signal goes true 0.050 nanoseconds after 
time zero, trigger detecting flip-flop 50 will change 
states prior to the arrival of the tapped trigger hold-off 
signal at the data D input 54 of trigger detecting flip 
flop 50. This occurs within the operating time window 
of the logic state transition detector 28 as determined by 
delay element 32, and a possible metastable signal is 
generated at transition detector output 30. 
The above three examples indicate that trigger de 

tecting flip-flop 50 changes logic states without an ac 
companying possible metastable signal only under the 
conditions in which clock C input 52 detects a trigger 
signal that occurs at a time greater than 0.100 nanosec 
onds plus the setup time of latch 34 plus the hold time of 
latch 36 from the time when the tapped trigger hold-off 
signal at delay element 32 tap 45 goes true. 

If the propagation delay time of delay element 32 is 
made sufficiently long to account for the setup and hold 
times of storage latches 34 and 36 and of trigger detect 
ing flip-flop 50, flip-flop 50 will be free of metastable 
triggering conditions whenever the trigger signal and 
trigger hold-off signals change states at time differences 
greater than the propagation time of the trigger hold-off 
signal through delay element 32. The Q output 56 of 
trigger detecting flip-flop 50 is representative of the 
main trigger signal as it is normally used in an oscillo 
scope. 
FIG. 4 shows in greater detail the preferred embodi 

ment of the present invention as it is used in an oscillo 
scope. The logic circuits are implemented using an 
emitter-coupled logic (ECL) gate array such as the 
Q3500 series of arrays available from Applied Micro 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Circuits Corporation (AMCC). San Diego, Calif. One 
skilled in the art would appreciate that arrays from 
different manufacturers, discrete logic chips, or other 
logic forms such as TTL could also be used, either alone 
or in combination, to implement the invention. Only the 
performance parameters of the resulting circuit would 
change without altering the novelty or utility of the 
invention. Corresponding changes in the amount of 
propagation delay through delay element 32 would be 
necessary to account for the differing setup and hold 
time specifications inherent in different logic device 
families. 

Referring to FIG. 4, the trigger hold-off signal passes 
through buffer logic elements 58 and 60 and is electri 
cally connected to reset input 57 of trigger detecting 
flip-flop 50. The buffers are used to decrease loading of 
the trigger hold-off signal. The Q output 56 of trigger 
detecting flip-flop 50 is held false as long as the trigger 
hold-off signal is true. The trigger hold-off signal is 
delayed by the propagation delay of buffers 58 and 60 
prior to being asserted at reset input 57 of trigger detect 
ing flip-flop 50. To compensate for the delay through 
buffers 58 and 60, buffers 62, 64, and 66 delay the trigger 
hold-off signal by a time greater than the delay of buff 
ers 58 and 60 before the buffered trigger hold-off signal 
is asserted at the clock input C of storage latch 34 and 
input 37 of delay 32. The delay introduced by buffers 
62, 64, and 66 ensures that the reset signal will be false 
at trigger detecting flip-flop 50 before the buffered trig 
ger signal can be true at the clock C input 52 of trigger 
detecting flip-flop 50 by the manufacturer specified 
reset release time of trigger detecting flip-flop 50. 

In FIG. 4, many of the logic signal conductors are 
implemented as differential pairs. In ECL logic such as 
that found in the AMCC Q3500 series, the use of differ 
ential pairs increases the speed of the logic and in 
proves the noise rejection of the circuitry, Signals may 
be inverted in logic sense by simply exchanging connec 
tions at one end of a differential pair or the other. For 
example, this is done to the buffered trigger hold-off 
signal at the input to delay element 32 to provide the 
necessary signal inversion at delay tap 45. The trigger 
signal drives buffer 68 and is then electrically con 
nected, as a non-inverted signal, to the data D inputs of 
storage latches 34 and 36 and to the clock input C 52 of 
trigger detecting flip-flop 50. 
The logic state transition detector 28 is made up of 

storage latches 34 and 36, delay element 32, AND gate 
44, and buffer 70, Delay element 32 is implemented by 
cascading logic buffers 74, 76, 78, and 80. A logic signal 
inversion at the input to buffer 78 compensates for an 
earlier one at the input 37 of delay element 32 and pro 
vides a signal of the proper polarity at the clock input C 
of storage latch 36. The inputs to AND gate 44 are QN 
output 40 of storage latch 34 and Q output 42 of storage 
latch 36. The output of AND gate 44 is electrically 
connected to buffer 70. The output 30 of buffer 70 pro 
vides the possible metastable signal. 

Trigger detecting flip-flop 50 operates in essentially 
the same manner as was described with reference to 
FIG. 3. The buffered trigger signal provided at output 
73 of buffer 68 is electrically connected to the clock 
input C of trigger detecting flip-flop 50, and the delayed 
hold-off signal provided at delay element 32 tap 45 is 
electrically connected to the data input D of trigger 
detecting flip-flop 50. The Q and QN outputs of flip-flop 
50 are electrically connected to buffer 72, the output of 
which is the main trigger signal. 
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FIGS. 5A-5H show the timing relationships of cer 
tain key signals developed by the invention. The buff 
ered trigger signal (line A) drives clock C input 52 of 
flip-flop 50, data input D of storage latch 34, and data 
input D of storage latch 36. The setup and hold times 
for flip-flop 50 are indicated on the timing diagram by 
the width of shaped areas on the rising edges of the 
buffered trigger waveform (line A). 
The tapped trigger hold-off signal (line B) is shown as 

it drives data input D 54 of flip-flop 50. The shaded 
portion of the rising edge of this waveform indicates the 
time region in which the tapped trigger hold-off signal 
violates the setup and hold times of flip-flop 50 with 
respect to the buffered trigger signal (line A) being 
applied to C input 54 of flip-flop 50. 
The waveform for Q output 56 (line C) of flip-flop 50 

indicates the time region in which the logic state may be 
uncertain because of the possibility of metastable states 
in flip-flop 50. 
The buffered hold-off signal (line D) drives the clock 

input C of storage latch 34 and input 37 of delay element 
32. The setup and hold times of storage latch 34 are 
shown as a shaded region on the waveform. The 
amount of delay required through delay element 32 
from input 37 to delay tap 45 is equal to or greater than 
the hold time of storage latch 34 plus the setup time of 
flip-flop 50. 
The delayed hold-off signal (line E) drives the clock 

input C of storage latch 36. The time delay from the tap 
45 of delay element 32 to output 38 of delay element 32 
is equal to or greater than the hold time of flip-flop 50 
plus the setup time of storage latch 36. The setup and 
hold times of storage latch 36 are shown by the shaded 
region on the waveform. 
When the liming conditions described above are met, 

the circuit will operate properly and will ensure that 
only one of the three elements, storage latch 34, storage 
latch 36, or flip-flop 50, can be metastable at a time. The 
remaining three signals, QN output 40 of storage latch 
34 (line F). Q output 42 of storage latch 36 (line G), and 
output 30 of buffer 70 (line H) are shown in their normal 
operating relationships with the signals previously de 
scribed. Line H represents the possible metastable sig 
nal. 
The logic state transition detector 28 and trigger 

detecting flip-flop 50 circuits described above are used 
in a digital sampling oscilloscope in the manner de 
scribed below. 

FIG. 6 is a simplified block diagram of a digital sam 
pling oscilloscope 98 that incorporates the invention. 
An external signal to be measured by the oscilloscope is 
connected to an input amplifier 100 and further coupled 
to a trigger input circuit 102. Trigger input circuit 102 is 
coupled to trigger detecting flip-flop 50 and transition 
detector 28. Normally the signal to be measured is re 
petitive and will produce a trigger signal for each wave 
form cycle. Trigger flip-flop 50 develops the main trig 
ger signal which drives a presettable sweep counter 104 
and a time interval measurement unit 106. Presettable 
sweep counter 104 provides a signal to a processor 108 
via a bus 110 to begin execution of a program, stored in 
a program memory 112, that causes the waveform to be 
sampled. The trigger hold-off signal is asserted on bus 
110 at the same time. Processor 108 starts sample clock 
114 which causes a sample-and-hold circuit 116 to sam 
ple pieces of the waveform for digitizing by analog-to 
digital converter 118. As the waveform is digitized, data 
representing the waveform amplitude are placed into a 
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8 
waveform memory 120 at address locations related to 
the equivalent time of each sample taken of the wave 
form as determined by time interval measurement unit 
106. Waveform memory 120 is repetitively read out 
through a digital-to-analog converter system 122 and 
displayed on a cathode-ray tube display 124. 
The oscilloscope digitizing process is sufficiently fast 

to sample numerous points on the waveform for each 
oscilloscope sweep. With numerous sweeps, the dis 
played waveform quickly builds to appear as a continu 
ous solid waveform on cathode-ray tube display 124. 
During each sweep, the trigger hold-off signal is true, 
thereby preventing additional trigger signals from re 
starting the sweep prematurely. As soon as the Sweep is 
completed, as determined by presettable sweep counter 
104, the trigger hold-off signal changes to a false condi 
tion. If a new trigger signal occurs just as the trigger 
hold-off signal becomes false, time interval measure 
ment unit 106 may be started erroneously by the main 
trigger signal because of metastable states generated in 
the trigger detecting flip-flop 50. The resulting timing 
error would cause waveform point samples digitized 
during the ensuing sweep to be stored in memory at 
improper equivalent time locations in waveform men 
ory 120, thereby giving the displayed waveform the 
appearance of jittering. 
Under the circumstances just described, the circuit of 

the present invention would generate a possible meta 
stable signal that oscilloscope 98 would use to reject 
waveform samples digitized during sweeps with ques 
tionable timing. The rejection can be accomplished in 
many ways, but the preferred method uses the possible 
metastable signal to set a flag that processor system 108 
uses under control of programs stored in program mem 
ory 112 that control the oscilloscope digitizer system. 
The flag interrupts the digitizing process described 
above and causes storage of digitized waveform points 
in memory to cease until a main trigger signal is re 
ceived for which the possible metastable signal stays 
false. 
The application of the method for eliminating jitter 

caused by metastable conditions in asynchronous cir 
cuits has application in many other electronic circuits as 
well. In oscilloscopes it is used for trigger detecting 
circuits, as described above, and for delayed trigger 
timers where the time delay is arbitrary. Applications in 
which asynchronous signals are being used and in 
which errors, timing confusion, dropped signals, or 
other anomalies can occur because of metastable states, 
are candidate applications for this invention as one 
skilled in the art can appreciate. Such applications can 
include multi-port memory controllers, digital word 
trigger detectors, signal acquisition systems, and human 
interface device couplers. The scope of the present 
invention should, therefore, be determined only by the 
following claims. 
What is claimed is: 
1. A method for detecting conditions leading to meta 

stable states in a digital circuit, comprising: 
receiving first storing in a first storage element infor 

nation indicative of a predetermined first state of 
the first signal before an occurrence of a predeter 
mined transition of the second signal and second 
storing in a second storage element information 
indicative of a predetermined transition of the first 
signal from the first state to a second state during a 
predetermined time interval following the prede 
termined transition of the second signal; and 
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developing a possible metastable signal indicative of a 

possible metastable state resulting from an occur 
rence of predetermined transitions of the first and 
second signals within the predetermined time inter 
val from the information stored in the first and 
second storage elements. 

2. The method of claim 1 further comprising: 
processing the first and second signals to produce a 

result; and 
preventing reliance on the result in response to the 

possible metastable signal. 
3. The method of claim 1 in which each of the first 

and second storage elements includes a level-triggered 
storage latch. 

4. The method of claim 1 in which the predetermined 
time interval is represented by the propagation time 
imparted to the second signal passing through a series of 
logic elements. 

5. The method of claim 1 in which the predetermined 
time interval is represented by the second signal propa 
gation time through a delay line. 

6. The method of claim 2 in which the digital circuit 
is implemented in an oscilloscope that produces a trig 
ger hold-off signal and that includes a processor to 
process signal data acquired during a sweep initiated by 
a trigger signal, the trigger signal and the trigger hold 
off signal representing the respective first and second 
asynchronous time-varying signals, the step of prevent 
ing reliance on the result, comprising: 

signaling the processor to ignore signal data acquired 
during a sweep in which a possible metastable sig 
nal is developed. 

7. The method of claim 2 in which the digital circuit 
is implemented in an oscilloscope that produces a trig 
ger hold-off signal and that includes a processor to 
process signal data acquired during a sweep initiated by 
a trigger signal, the trigger signal and the trigger hold 
off signal representing the respective first and second 
asynchronous time-varying signals that are processed to 
produce a main trigger signal, the step of preventing 
reliance on the result, comprising: 

using logic elements electrically connected to the 
possible metastable signal to inhibit the action of 
the main trigger signal. 

8. The method of claim 2 in which the digital circuit 
is implemented in an oscilloscope that produces a trig 
ger hold-off signal and that includes a processor to 
process signal data acquired during a sweep initiated by 
a trigger signal, the trigger signal and the trigger hold 
off signal representing the respective first and second 
asynchronous time-varying signals, the step of prevent 
ing reliance on the result, comprising: 

signaling the processor to inhibit storage of signal 
data acquired during a sweep in which a possible 
metastable signal is developed. 

9. The method of claim 8 in which the first signal 
constitutes a trigger signal and the second signal consti-. 
tutes a trigger hold-off signal. 

10. The method of claim 2 in which the digital circuit 
is implemented in an oscilloscope that produces a trig 
ger hold-off signal and that includes a processor to 
process signal data acquired during a sweep initiated by 
a trigger signal, the trigger signal and the trigger hold 
off signal representing the respective first and second 
asynchronous time-varying signals and the result consti 
tuting the production of a main trigger signal, the step 
of processing the first and second signals to produce the 
result, comprising: 
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10 
providing a logic element with first and second in 

puts: 
driving the first input of a logic element with the 

trigger signal; 
driving the second input of the logic element with the 

trigger hold-off signal delayed by less than the 
predetermined time interval; and 

processing the signals at the first and second inputs of 
the logic element to develop the main trigger sig 
nal. 

11. A method for avoiding erroneous results caused 
by metastable states in a digital oscilloscope circuit, 
comprising: 

receiving trigger and trigger hold-off asynchronous 
time-varying signals, each of which having transi 
tions between two states: 

processing the trigger and trigger hold-off signals to 
produce a main trigger signal; 

storing in a first storage element information indica 
tive of a predetermined first state of the trigger 
signal before an occurrence of a predetermined 
transition of the trigger hold-off signal; 

storing in a second storage element information indic 
ative of a predetermined transition of the trigger 
signal from the first state to a second state during a 
predetermined time interval following the prede 
termined transition of the trigger hold-off signal; 

developing from the information stored in the first 
and second storage elements a possible metastable 
signal indicating whether the predetermined transi 
tions of the trigger and trigger hold-off signals 
occurred within the predetermined time interval; 
and 

preventing reliance on the main trigger signal in re 
sponse to the possible metastable signal. 

12. Apparatus for avoiding erroneous results caused 
by metastable states in a digital oscilloscope circuit, 
comprising: 

trigger means for receiving a trigger signal having 
transitions between two states; 

trigger hold-off means for receiving a trigger hold-off 
signal having transitions between two states, the 
trigger hold-off signal being asynchronous to the 
trigger signal; 

main trigger signal means responsive to the trigger 
and trigger hold-off signals to produce a main trig 
ger signal; 

first storage means for storing information indicative 
of a predetermined first state of the trigger signal at 
the time before a predetermined transition of the 
trigger hold-off signal; 

second storage means for storing information indica 
tive of a transition of the trigger signal to a second 
state during a predetermined time interval follow 
ing the predetermined transition of the trigger 
hold-off signal; 

possible metastable signal means for developing a 
possible metastable signal responsive to informa 
tion in the first and second storage means, the pos 
sible metastable signal indicating whether predeter 
mined transitions of the trigger and trigger hold-off 
signals occurred within the predetermined time 
interval; and 

processing means using the possible metastable signal 
for preventing reliance on the main trigger signal. 

13. The apparatus of claim 12 in which each of the 
first and second storage means includes a level-trig 
gered storage latch. 



5,122,694 
11 

14. The apparatus of claim 12 in which the predeter 
mined time interval is represented by the propagation 
time imparted to the trigger hold-off signal passing 
through a series of logic elements. 

15. The apparatus of claim 12 in which the predeter 
mined time interval is represented by the propagation 
time of the trigger hold-off signal through a delay line. 

16. The apparatus of claim 12 in which the possible 
metastable signal means includes an AND gate for com 
paring the contents of the first and second storage 
means and for generating the possible metastable signal 
whenever the trigger signal states stored in the first and 
second storage means differ. 

17. The apparatus of claim 12 in which the main 
trigger signal means includes a flip flop that comprises a 
clock input responsive to the trigger signal, a data input 
responsive to the trigger hold-off signal delayed by less 
than the predetermined time interval, and output means 
for generating the main trigger signal. 

18. The apparatus of claim 12 in which the processing 
means includes a microprocessor responsive to the pos 
sible metastable signal for preventing reliance on the 
main trigger signal. 

19. The apparatus of claim 12 in which the processing 
means includes logic elements responsive to the possible 
metastable signal for preventing reliance on the main 
trigger signal. 

20. Apparatus for detecting conditions leading to 
metastable states in a digital circuit, comprising: 
means for receiving first and second time-varying 

signals each having transitions between two states, 
the second signal being asynchronous to the first 
signal; 

first storage means for storing information indicative 
of a predetermined first state of the first signal at 
the time before a predetermined transition of the 
second signal: 

second storage means for storing information indica 
tive of a transition of the first signal to a second 
state during a predetermined time interval follow 
ing the predetermined transition of the second sig 
nal; 
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possible metastable signal means for developing a 

possible metastable signal responsive to informa 
tion in the first and second storage means, the pos 
sible metastable signal indicating whether predeter 
mined transitions of the first and second signals 
occurred within the predetermined time interval. 

21. The apparatus of claim 20 further comprising: 
means responsive to the first and second signals to 
produce a third signal; and 

processing means for using the possible metastable 
signal to prevent reliance on the third signal. 

22. The apparatus of claim 20 in which each of the 
first and second storage means includes a level-trig 
gered storage latch. 

23. The apparatus of claim 20 in which the predeter 
mined time interval is represented by the propagation 
time imparted to the second signal passing through a 
series of logic elements. 

24. The apparatus of claim 20 in which the predeter 
mined time interval is represented by the propagation 
time of the second signal through a delay line. 

25. The apparatus of claim 20 in which the possible 
metastable signal means includes AND gate means for 
comparing the contents of the first and second storage 
means to generate the possible metastable signal when 
ever the first signal states stored in the first and second 
storage means differ. 

26. The apparatus of claim 20 in which the third 
signal means includes a flip flop that comprises a clock 
input responsive to the first signal, a data input respon 
sive to the second signal delayed by less than the prede 
termined time interval, and output means for generating 
the third signal. 

27. The apparatus of claim 20 in which the processing 
means includes a microprocessor responsive to the pos 
sible metastable signal for inhibiting responses to the 
third signal. 

28. The apparatus of claim 20 in which the processing 
means includes logic elements responsive to the possible 
metastable signal for preventing reliance on the third 
signal. 
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