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SIGNAL COMPARISON SYSTEM AND METHOD 
FOR DETECTING AND CORRECTING TIMING 

ERRORS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This document is a continuation-in-part of and 
claims priority to copending US. patent application entitled 
“Signal Comparison System and Method for Detecting and 
Correcting Timing Errors,” assigned serial number 09/302, 
688, and ?led on Apr. 29, 1999, Which is hereby incorpo 
rated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to computer 
systems and, in particular, to a signal comparison system and 
method for improving data analysis by analyZing transitions 
of a data signal With respect to transitions of a clock signal 
and by adjusting the timing of the data signal and/or clock 
signal transitions to correct for timing errors. 

BACKGROUND OF THE INVENTION 

[0003] As knoWn in the art, data Within a computer system 
is typically sampled With respect to a system clock signal. 
For example, a data signal may be sampled at the occurrence 
of every rising edge and/or falling edge of a clock signal 
When the data signal is synchroniZed With respect to the 
clock signal, the clock signal is designed to produce one 
sample for each bit of the data signal (e.g., a clocking edge 
of the clock signal occurs once for every bit of the data 
signal). Accordingly, each bit of the data signal is reliably 
sampled and used by the computer system to perform 
various functionality. 

[0004] Ideally, transitions of the clock signal do not occur 
close to transitions of the data signal. If a data signal 
transitions too close to the occurrence of a clock transition, 
then the data may be in a transition state When the data signal 
is sampled, thereby causing the data to be unreliable. Fur 
thermore, small timing variations can cause the clock tran 
sition to actually skip a bit of data and to prematurely sample 
the next bit of data. Therefore, great care is usually taken to 
keep transitions of clock signals suf?ciently separated from 
transitions of data signals in order to ensure data reliability. 

[0005] Unfortunately, suf?cient separation of data signal 
transitions and clock signal transitions cannot alWays be 
ensured. Errors in generating data signals and clock signals 
as Well as delays in processing data signals and clock signals 
cause the transitions of the tWo signals to ?uctuate With 
respect to one another such that data signal transitions may 
occur too close to clock signal transitions to ensure reliable 
data. Therefore, there exists a need for a system or method 
for determining When data signal transitions occur With 
respect to clock signal transitions and for adjusting the 
transitions of the data or clock signal When the transitions of 
the tWo signals are too close. This is especially true in 
systems that receive data signals and clock signals from 
external sources such as logic analyZers, for example. 

[0006] Logic analyZers analyZe data generated Within an 
external computer system or other digital system in order to 
determine errors Within the data. Therefore, logic analyZers 
receive data from the system under analysis and sample the 
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data relative to an external clock signal also received from 
the system. It is desirable for the logic analyZer to ensure that 
transitions of the received clock signal are not occurring too 
close to transitions of the received data signal. OtherWise, 
timing errors could occur that corrupt the analysis of the 
data. 

[0007] Many prior art systems test for adequate separation 
of data signal transitions and clock signal transitions by 
having the system under analysis transmit a predetermined 
data signal for calibration. In this regard, the sampled data 
is compared to the predetermined data to determine Whether 
the tWo match. If the tWo data signals match, then it is 
assumed that there is adequate separation of the transitions 
of the data and clock signals HoWever, if the tWo data signals 
do not match, then the timing of the tWo signals is adjusted, 
and the data is then retested. This process is continued until 
the tWo signals match. 

[0008] Not only does this prior art method take time to 
establish an accurate result, but the system under analysis 
must be able to generate a “knoWn-good” signal. Further 
more, the timing of the clock signal transitions With respect 
to the data signal transitions is not actually determined, 
making it dif?cult to isolate the source and amount of error 
When the tWo data signals do not match. 

[0009] Thus, a heretofore unaddressed need exists in the 
industry for providing a signal comparing system and 
method for determining transitions of a data signal relative 
to transitions of a clock signal and for adjusting the timing 
of the transitions to prevent timing errors. Furthermore, the 
enabling mechanism 97 should be con?gured to enable the 
timing of the clock signal 12 or the data signal 14 to be 
adjusted relative to the other signal 12 or 14 only during time 
periods after each of the latches 74-49 has received the same 
transition of the data signal 14 and before any of the latches 
74-49 has received the next transition of the data signal 14. 

SUMMARY OF THE INVENTION 

[0010] The present invention overcomes the inadequacies 
and de?ciencies of the prior art as discussed herein. The 
present invention provides a system and method for improv 
ing data communications by determining When transitions of 
a ?rst signal occur With respect to transitions of a second 
signal and by adjusting, When appropriate, the transitions of 
the tWo signals. 

[0011] The present invention utiliZes a ?rst latch, a second 
latch, a third latch, a ?rst delay mechanism, a second delay 
mechanism, and a feedback mechanism. Each of the latches 
receives a ?rst signal and a second signal and transmits a 
respective value of the ?rst signal in response to a transition 
of the second signal. The ?rst delay mechanism delays the 
transition of the second signal before the transition is 
received by the ?rst latch, and the second delay mechanism 
delays the transition of the second signal before the transi 
tion is received by the second latch. The feedback mecha 
nism receives the values transmitted by the latches and 
determines Whether these values are logically equivalent. 
The feedback mechanism then transmits a feedback signal in 
response to a determination that one of the values is logically 
different than another of the values. 

[0012] In accordance With another feature of the present 
invention, a third delay mechanism delays the ?rst signal 



US 2002/0004926 A1 

and adjusts the delay of the ?rst signal based on the feedback 
signal transmitted by the feedback mechanism. 

[0013] In accordance With another feature of the present 
invention, an enabling mechanism transmits an enabling 
signal to the third delay mechanism after the transition of the 
second signal has been received by each of the latches and 
before the neXt transition of the clock signal is received by 
any of the latches. 

[0014] The present invention can also be vieWed as pro 
viding a method for correcting timing errors. Brie?y 
described, the method can be broadly conceptualized by the 
folloWing steps: receiving a ?rst signal and a second signal; 
latching a value of the ?rst signal in response to a transition 
of the second signal; latching another value of the ?rst signal 
in response to the transition of the second signal; delaying 
the transition prior to one of the latching steps; comparing 
the values; transmitting a feedback signal based on the 
values; and adjusting a delay of the ?rst signal based on the 
feedback signal. 

[0015] Other features and advantages of the present inven 
tion Will become apparent to one skilled in the art upon 
examination of the folloWing draWings in the detailed 
description. It is intended that all such features and advan 
tages be included herein Within the scope of the present 
invention and protected by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention can be better understood With refer 
ence to the folloWing draWings. The elements of the draW 
ings are not necessarily to scale relative to each other, 
emphasis instead being placed upon clearly illustrating the 
principles of the invention. Furthermore, like reference 
numerals designate corresponding parts throughout the sev 
eral vieWs. 

[0017] FIG. 1A is an illustrative diagram illustrating the 
timing relationship of a data signal With a clock signal, When 
the timing of the data signal and the clock signal is properly 
aligned. 
[0018] FIG. 1B is an illustrative diagram illustrating the 
timing relationship of the data signal With the clock signal of 
FIG. 1A, When transitions of the data signal occur close to 
transitions of the clock signal. 

[0019] FIG. 2 is a block diagram illustrating a computer 
system employing a signal comparison system in accordance 
With the principles of the present invention. 

[0020] FIG. 3 is a block diagram illustrating an imple 
mentation of the signal comparison system of FIG. 2. 

[0021] FIGS. 4A-4F are timing diagrams illustrating the 
values transmitted by the latches of FIG. 3 for various states. 

[0022] FIG. 5 is a block diagram illustrating an imple 
mentation of the delay mechanisms of FIG. 3. 

[0023] FIG. 6 is a block diagram illustrating an imple 
mentation of the feedback mechanism of FIG. 3. 

[0024] FIG. 7 is a block diagram illustrating another 
implementation of the signal comparison system of FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0025] FIGS. 1A and 1B illustrate eXamples of the tran 
sitions of a clock signal 12 With respect to transitions of a 
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corresponding data signal 14. FIG. 1A depicts an ideal 
situation Where transitions of the clock signal 12 and the data 
signal 14 occur far enough apart to ensure accurate sam 
pling. In FIGS. 1A and 1B, assume, for illustrative purposes 
only, that the data signal 14 contains eleven bits of infor 
mation. Therefore, the data signal 14 contains tWo bits of 
information for each period of clock signal 12, and the data 
signal 14 is sampled for each transition of clock signal 12 
(i.e., the data signal 14 is sampled on every rising and falling 
edge of clock signal 12 As clearly illustrated by the dashed 
reference lines in FIG. 1A, each transition of the clock 
signal 12 occurs approximately in the middle of each data bit 
of data signal 14 Having the clock signal 12 transition in the 
middle of each data signal 14 bit is an ideal situation because 
each data bit center is stable and any small variations in 
timing are likely to produce very feW, if any, errors. 

[0026] Contrasting FIG. 1A is FIG. 1B, Which depicts the 
same clock signal 12 and data signal 14 When the transi 
tioning of the tWo signals occur too close to one another to 
ensure reliable sampling. As illustrated by the dashed ref 
erence lines in FIG. 1B, the transitions of clock signal 12 
occur very close to the transitions of the data signal 14. 
Consequently, a small variation in timing of either the clock 
signal 12 or the data signal 14 could cause a transition of the 
clock signal 12 to occur during the Wrong data signal bit, 
thereby causing a sampling of an incorrect data value. 
Furthermore, as knoWn in the art, there eXists a ?nite amount 
of transition time for a bit to sWitch from one state to another 
(e.g., to sWitch from a loW value to a high value or vice 
versa). Therefore, by having the transitions of the clock 
signal 12 occur close to the transitions of the data signal 14, 
it is possible for the data signal 14 to be sampled during a 
transition state Which yields unreliable results. Accordingly, 
it is desirable to detect and prevent the transitions of clock 
signal 12 from occurring close to the transitions of the data 
signal 14 

[0027] In general, the present invention provides a signal 
comparison system and method for improving data analysis 
by ensuring adequate separation of the transitions of the 
clock signal 12 from the transitions of the data signal 14. In 
the preferred embodiment, as illustrated by Way of eXample 
in FIG. 2, the signal comparison system 20 of the present 
invention along With its associated methodology is imple 
mented Within a computer system 23. Furthermore, com 
puter system 23 is preferably a logic analyZer. As noted in 
the Background section hereinabove, the signal comparison 
system 20 is particularly useful in a logic analyZer since 
logic analyZers typically evaluate an external data signal 14 
(FIGS. 1A and 1B) in relation to an eXternal clock signal 12 
(FIGS. 1A and 1B). HoWever, the principles of the present 
invention are not limited for use in logic analyZers and may 
be implemented in any system 23 Where it is desirable to 
detect and adjust transitions of one signal relative to tran 
sitions of another signal. 

[0028] Furthermore, control logic 24 for controlling the 
features of the signal comparison system 20 can be stored in 
computer memory 25 of the computer system 23. Note that 
control logic 25 can be stored and transported on any 
computer-readable medium for use by or in connection With 
an instruction eXecution system, apparatus, or device, such 
as a computer-based system, processor-containing system, 
or other system that can fetch the instructions from the 
instruction eXecution system, apparatus, or device and 
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execute the instructions. In the context of this document, a 
“computer-readable medium” can be any means that can 

contain, store, communicate, propagate, or transport the 
program for use by or in connection With the instruction 
execution system, apparatus, or device. The computer read 
able medium can be, for example but not limited to, an 
electronic, magnetic, optical, electromagnetic, infrared, or 
semiconductor system, apparatus, device, or propagation 
medium. More speci?c examples (a nonexhaustive list) of 
the computer-readable medium Would include the folloW 
ing: an electrical connection (electronic) having one or more 
Wires, a portable computer diskette (magnetic), a random 
access memory (RAM) (magnetic), a read-only memory 
(ROM) (magnetic), an erasable programmable read-only 
memory (EPROM or Flash memory) (magnetic), an optical 
?ber (optical), and a portable compact disc read-only 
memory (CDROM) (optical). Note that the computer-read 
able medium could even be paper or another suitable 
medium upon Which the program is printed, as the program 
can be electronically captured, via for instance optical 
scanning of the paper or other medium, then compiled, 
interpreted or otherWise processed in a suitable manner if 
necessary, and then stored in a computer memory. As an 
example, the control logic 24 may be magnetically stored 
and transported on a conventional portable computer dis 
kette. 

[0029] The preferred embodiment of the computer system 
23 of FIG. 2 comprises one or more conventional processing 
elements 26, such as a digital signal processor (DSP), that 
communicate to and drive the other elements Within the 
system 23 via a local interface 27, Which can include one or 
more buses. Furthermore, an input device 28, for example, 
a keyboard or a mouse, can be used to input data from a user 
of the system 23, and screen display 29 or a printer 31 can 
be used to output data to the user A disk storage mechanism 
32 can be connected to the local interface 27 to transfer data 
to and from a nonvolatile disk (e.g., magnetic, optical, etc.). 
The signal comparison system 20 can be connected to an 
electrical device 34, such as another computer system, for 
example, Which is detachable from system 23. In the pre 
ferred embodiment, the system 20 receives the signals 12 
and 14 from device 34, although the system 20 can receive 
the signals 12 and 14 from other devices, Which can be 
located internally or externally to system 23. 

[0030] FIG. 3 depicts the preferred embodiment of the 
signal comparison system 20 of the present invention. As 
shoWn by FIG. 3, the data signal 14 is input into a delay 
mechanism 51, Which transmits the data signal 14 to a 
plurality of latches 52-58 via connection 62 after delaying 
the data signal. The amount of delay associated With the 
delay mechanism 51 Will be discussed in further detail 
hereinafter. 

[0031] The plurality of latches 52-58 receive the data 
signal on connection 62 as a data (D) input and receive the 
clock signal 12 as a clock input. Latches 52-58 can be of any 
conventional design and, in the preferred embodiment, are 
conventional ?ip-?ops of any suitable type or model. Each 
latch 52-58 is con?gured to transmit as an output (Q) the 
value of the data signal being received as an input (D) When 
a transition of the clock signal 12 is detected by the latch 
52-58. Therefore, the values transmitted by the latches 52-58 
on connections 63-69 are sampled data values of the data 
signal on connection 62. 
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[0032] In the preferred embodiment, the output (Q) of 
latch 55 is used by components or devices outside of the 
system 20 for various functionality. For example, other 
components of the system 23 preferably utiliZe the output 
(Q) from latch 55 as the sampled data signal 14 in analyZing 
or processing the logic of the data signal 14. Therefore, 
connection 66 is coupled to other components of the system 
23 (FIG. 2) that analyZe and/or process the signals on 
connection 66. Consequently, it is important to ensure the 
reliability of the data on connection 66. 

[0033] Delay mechanisms 74-79 are con?gured to delay 
the clock signal 12 a predetermined amount as the clock 
signal 12 passes through the delay mechanisms 74-79 In this 
regard, the clock signal 12 is: (1) delayed by delay mecha 
nism 74 before being transmitted to latch 53, (2) delayed by 
delay mechanisms 74 and 75 before being transmitted to 
latch 54, (3) delayed by delay mechanisms 74-76 before 
being transmitted to latch 55, (4) delayed by delay mecha 
nisms 74-77 before being transmitted to latch 56, (5) delayed 
by delay mechanisms 74-78 before being transmitted to 
latch 57, and (6) delayed by delay mechanisms 74-79 before 
being transmitted to latch 58. 

[0034] The amount of delay associated With each delay 
mechanism 74-79 may vary. In the preferred embodiment, it 
is desirable for the sum of the delays associated With each 
delay mechanism 74-79 to be less than the setup/hold time 
associated With the data signal 14 in order to facilitate and 
optimiZe the testing of the data signal 14. HoWever, in an 
alternative embodiment, it may be desirable for the sum of 
the delays associated With each delay mechanism 74-79 to 
be greater than the setup/hold time associated With the data 
signal 14 in order to optimally ?nd transitions of the data 
signal 14. 

[0035] Furthermore, although not necessary in implement 
ing the present invention, the delay associated With each 
delay mechanism 74-79 is the same in the preferred embodi 
ment. For example, assume that it is desirable to ensure the 
reliability of the data values transmitted across connection 
66 by ensuring that any transition of the data signal 14 being 
input to the latch 55 does not occur Within 150 pico-seconds 
(ps) of any transition of the clock signal 12 being input to the 
latch 55. In the preferred embodiment, the delay associated 
With each delay mechanism 74-79 is, therefore, 50 ps (i.e., 

2(150) 
(fl-1)’ 

[0036] Where n is the total number of latches 52-58). 

[0037] Consequently, the clock signal 12 received by 
latches 53-58 is respectively delayed 50, 100, 150, 200, 250, 
and 300 ps by delay mechanisms 74-79. Therefore, latches 
52-54 respectively receive a clock signal transition 150, 100, 
and 50 ps before the latch 55 receives the transition, and 
latches 56-58 respectively receive a clock signal transition 
50, 100, and 150 ps after the latch 55 receives the transition. 

[0038] As a result, if a transition of the clock signal 12 is 
received by latch 55 Within 101-150 ps after a corresponding 
transition of the data signal on connection 62, then the value 
transmitted on connection 63 by latch 52 should be different 
than the values transmitted on connections 64-66 by latches 
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53-55, respectively, once the transition of the clock signal 12 
has propagated through each latch 52-55, as shown by FIG. 
4A. It should be noted that, in FIGS. 4A-4F, the cross 
hatched regions 88 indicate When the values of the connec 
tions 63-69 can either be a logical high or a logical loW 
depending on the previous state of the system 20 (i.e., the 
state of the system before the occurrence of the clock signal 
12 shoWn in FIGS. 4A-4F). In addition, for illustrative 
purposes, it is assumed that delay mechanism 51 currently 
delays the data signal 14 by about 125 ps in FIGS. 4A-4F. 
HoWever, this delay may be varied as Will be described in 
further detail hereinafter. 

[0039] If a transition of the clock signal 12 is received by 
latch 55 Within 51-100 ps after a corresponding transition of 
the data signal on connection 62, then the values transmitted 
on connections 63 and 64 by latches 52 and 53, respectively, 
should be different than the values transmitted on connec 
tions 65 and 66 by latches 54 and 55, respectively, once the 
transition of the clock signal 12 has propagated through each 
latch 52-55, as shoWn by FIG. 4B. Furthermore, if a 
transition of the clock signal 12 is received by latch 55 
Within 1-50 ps after a corresponding transition of the data 
signal on connection 62, then the values transmitted on 
connections 63-65 by latches 52-54, respectively, should be 
different than the value transmitted on connection 66 by 
latch 55, once the transition of the clock signal 12 has 
propagated through each latch 52-55, as shoWn by FIG. 4C. 

[0040] In addition, if a transition of the clock signal 12 is 
received by latch 55 Within 1-50 ps before a corresponding 
transition of the data signal on connection 62, then the value 
transmitted on connection 66 by latch 55 should be different 
than the values transmitted on connections 67-69 by latches 
56-58, respectively, once the transition of the clock signal 12 
has propagated through each latch 55-58, as shoWn by FIG. 
4D. Furthermore, if a transition of the clock signal 12 is 
received by latch 55 Within 51-100 ps before a correspond 
ing transition of the data signal on connection 62, then the 
values transmitted on connections 66 and 67 by latches 55 
and 56, respectively, should be different than the values 
transmitted on connections 68 and 69 by latches 57 and 58, 
respectively, once the transition of the clock signal 12 has 
propagated through each latch 55-58, as shoWn by FIG. 4E. 
If a transition of the clock signal 12 is received by latch 55 
Within 101-150 ps before a corresponding transition of the 
data signal on connection 62, then the values transmitted on 
connection 66-68 by latches 55-57, respectively, should be 
different than the value transmitted on connection 69 by 
latch 58, once the transition of the clock signal 12 has 
propagated through each latch 55-58, as shoWn by FIG. 4F. 
Finally, if a transition of the clock signal 12 is received by 
the latch 55 more than 150 ps before or after a corresponding 
transition of the data signal on connection 67, then all of the 
values transmitted on connections 63-69 should be the same, 
once the transition of the clock signal 12 has propagated 
through each latch 52-58. 

[0041] Afeedback mechanism 92 is con?gured to analyZe 
the signals on connections 63-69 to determine Whether 
transitions of the clock signal 12 are occurring Within a 
predetermined time (e.g, 150 ps in the preferred embodi 
ment) of the transitions of the data signal on connection 62. 
When the values on connections 63-69 are logically differ 
ent, the feedback mechanism 92 is designed to transmit a 
feedback signal on connection 95 to delay mechanism 51. In 
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response to the feedback signal, the delay mechanism 51 is 
designed to change the delay associated With the delay 
mechanism 51 so that transitions of the data signal on 
connection 62 are prevented from occurring Within a pre 
determined time (e.g., 150 ps in the preferred embodiment) 
of the transitions of the clock signal 12 received by the latch 
55. Therefore, the value transmitted by the latch 55 on 
connection 66 should be a reliable sampled value of the data 
signal 14. 

[0042] If the value on connection 66 is different than any 
of the values on connections 63-65, then the delay mecha 
nism 51, in response to the feedback signal on connection 
95, is designed to decrease the delay associated With the 
delay mechanism 51. For eXample, if the value on connec 
tion 63 is different than the values on connections 64-66, 
then the delay mechanism 51 in response to the feedback 
signal on connection 95 is preferably designed to decrease 
the delay associated With delay mechanism 51 by about 50 
ps. If the values on connections 63 and 64 are different than 
the values on connections 65 and 66, then the delay mecha 
nism 51 in response to the feedback signal on connection 95 
is preferably designed to decrease the delay associated With 
delay mechanism 51 by about 100 ps. Furthermore, if the 
values on connections 63-65 are different than the value on 
connection 66, then the delay mechanism 51 in response to 
the feedback signal on connection 95 is preferably designed 
to decrease the delay associated With delay mechanism 51 
by about 150 ps. If desired, the delay associated With delay 
mechanism 51 may be increased or decreased by different 
amounts in the foregoing examples to ensure reliable data on 
connection 66. 

[0043] In addition, if the value on connection 66 is dif 
ferent than any of the values on connections 67-69, then the 
delay mechanism 51, in response to the feedback signal on 
connection 95, is designed to increase the delay associated 
With the delay mechanism 51. For eXample, if the value on 
connection 66 is different than the values on connections 
67-69, then the delay mechanism 51 in response to the 
feedback signal on connection 95 is con?gured to increase 
the delay associated With delay mechanism 51 by about 150 
ps. If the values on connections 66 and 67 are different than 
the values on connections 68 and 69, then the delay mecha 
nism 51 in response to the feedback signal on connection 95 
is designed to increase the delay associated With delay 
mechanism 51 by about 100 ps. Finally, if the values on 
connections 66-68 are different than the value on connection 
69, then the delay mechanism 92 in response to the feedback 
signal on connection 95 is designed to increase the delay 
associated With delay mechanism 51 by about 50 ps. If 
desired, the delay associated With delay mechanism 51 may 
be increased or decreased by different amounts in the 
foregoing eXamples to ensure reliable data on connection 66. 

[0044] Therefore, the feedback mechanism 92 is prefer 
ably designed to indicate via the feedback signal hoW much 
the delay associated With the delay mechanism 51 should be 
changed. In this regard, the feedback mechanism 92 is 
preferably designed to transmit a three bit feedback signal 
indicating Whether the delay associated With delay mecha 
nism should: (1) remain unchanged; (2) increase by 50 ps; 
(3) increase by 100 ps; (4) increase by 150 ps; (5) decrease 
by 50 ps; (6) decrease by 100 ps; or (7) decrease by 150 ps. 
It should be noted that the foregoing values are used for 
illustrative purposes only and that other values may be 
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employed Without departing from the principles of the 
present invention Alternatively, the feedback mechanism 92 
can be con?gured to transmit a tWo bit signal indicating 
Whether the delay of the delay mechanism 51 should remain 
unchanged, should be increased, or should be decreased. 
When the feedback signal indicates that the delay should be 
increased or decreased, the delay mechanism 51 is designed 
to respectively increase or decrease the delay by a prede 
termined amount. As a result, a state Where the output (Q) of 
each latch 52-58 has the same value Will eventually be 
reached. 

[0045] It should be noted that the delay mechanism 51 
should decrease its delay based on the feedback signal only 
When the latches 52-55 have been clocked by the same 
transition of the clock signal 12, and the delay mechanism 
51 should increase its delay based on the feedback signal 
only When the latches 55-58 have been clocked by the same 
transition of the clock signal 12 Therefore, the enabling 
mechanism 97 is con?gured to transmit an enabling signal 
(e.g, a pulse) to delay mechanism 51 after a transition of the 
clock signal 12 has been received by each of the latches 
52-58 and before the next transition of the clock signal 12 is 
received by any of the latches 52-58. Furthermore, in 
changing the delay of the delay mechanism 51, the delay 
mechanism 51 is designed to only utiliZe feedback signals 
received When an enabling signal is received from the 
enabling mechanism 97. 

[0046] Delay mechanisms 51 and 74-79 can be of any 
conventional design to achieve the functionality of delaying 
signals a desired amount of time. FIG. 5 depicts an example 
of a possible con?guration of delay mechanisms 51 and 
74-79. Each delay mechanism 51 and 74-79 is preferably 
con?gured to include a plurality of buffers 102a-102d 
coupled to a multiplexer 105 by a plurality of connections 
106a-106a'. Delay mechanisms 51 and 74-79 are designed to 
receive the signal 12 or 14 (FIGS. 1A and 1B) to be delayed 
on connection 107. The signals on connection 107 pass 
through each buffer 102a-102d to multiplexer 105. As 
knoWn in the art, multiplexer 105 is of a conventional design 
Which outputs one of the signals on connections 106a, 106b, 
106c, 106d or 107 across an output connection 108 

[0047] Control logic 24 is designed to provide control 
signals to mulitplexer 105 to instruct multiplexer 105 on 
Which connection 10a, 106b, 106c, 106d or 107 to select. As 
knoWn in the art, each buffer 102a-102d delays a signal by 
a ?nite amount of time Therefore, a signal on connection 107 
is not delayed While signals on each connection 106a-106d 
are delayed an amount of time corresponding to a number of 
buffers 102a-102d that each of the signals respectively 
passes through. The more buffers 102a-102d that a signal 
passes through, the longer the signal is delayed. Therefore, 
the delay time of delay mechanism 51 and 74-79 can be 
altered by changing Which connection 106a, 106b, 106c, 
106d, or 107 provides the selected input to multiplexer 105. 

[0048] Various implementations of the feedback mecha 
nism 92 may exist Without departing from the principles of 
the present invention. FIG. 6 shoWs an implementation of 
the preferred embodiment of the present invention. In this 
regard, each comparison mechanism 102-105 receives 
inputs from connections 63-69, as shoWn by FIG. 6. Fur 
thermore, each comparison mechanism 102-105 transmits 
an output signal on connections 112-115, respectively. The 
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output signal from each comparison mechanism 102-105 is 
asserted if all inputs to the comparison mechanism 102-105 
have the same value, and the output signal from each 
comparison mechanism 102-105 is deasserted if any of the 
inputs to the comparison mechanism 102-105 are different. 

[0049] Furthermore, a transmitter 118 is designed to 
receive the signals on connections 112-115 and to transmit 
a feedback signal on connection 95 based on the signals 
received from connections 112-115. The transmitter 118 of 
this embodiment is designed to transmit a feedback signal 
indicating that the delay of the delay mechanism 51 should 
be increased When (1) the signal on connection 115 is 
deasserted and the signal on connection 114 is asserted or (2) 
the signal on connection 114 is deasserted and the signal on 
connection 113 is asserted. In addition, the transmitter 118 is 
further designed to transmit a feedback signal indicating that 
the delay of the delay mechanism 51 should be decreased 
When (1) the signal on connection 115 is asserted and the 
signal on connection 114 is deasserted or (2) the signal on 
connection 114 is asserted and the signal on connection 113 
is deasserted. 

[0050] It should be noted that delay times other than those 
described hereinabove for delay mechanisms 51 and 74-79 
may be employed Without departing from the principles of 
the present invention. Furthermore, the number of latches 
52-58 may be changed Without departing from the principles 
of the present invention. HoWever, to ensure that the tran 
sitions of the data signal on connection 62 received by the 
latch 55 do not occur Within a predetermined time before 
transitions of the clock signal 12 received by the latch 55, 
there should be at least one latch 52, 53, or 54 that receives 
a transition of the clock signal 12 before the latch 55 
receives the transition. In addition, to ensure that the tran 
sitions of the data signal on connection 62 received by the 
latch 55 do not occur Within a predetermined time after 
transitions of the clock signal 12 received by the latch 55, 
there should be at least one latch 56, 57, or 58 that receives 
a transition of the clock signal 12 after the latch 55 receives 
the transition. 

[0051] For example, latches 54-56 of the preferred 
embodiment can be utiliZed to determine Whether a transi 
tion of the clock signal 12 received by latch 55 occurs Within 
50 ps (or some other amount) of a corresponding transition 
of the data signal on connection 62. In this regard, if a 
transition of the clock signal 12 is received by latch 55 
Within 1-50 ps after a corresponding transition of the data 
signal on connection 62, then the value transmitted on 
connection 66 by latch 54 should be different than the value 
transmitted on connection 66 by latch 55, once the transition 
of the clock signal 12 has propagated through each latch 54 
and 55, as shoWn by FIG. 4C. If a transition of the clock 
signal 12 is received by latch 55 Within 1-50 ps before a 
corresponding transition of the data signal on connection 62, 
then the value transmitted on connection 66 by latch 55 
should be different than the value transmitted on connection 
67 by latch 56, once the transition of the clock signal 12 has 
propagated through each latch 55 and 56, as shoWn by FIG. 
4D. Furthermore, if a transition of the clock signal 12 is 
received by latch 55 more than 1-50 ps from a corresponding 
transition of the data signal on connection 62, then the 
values transmitted on connections 65-67 by latches 54-56 
should be the same, once the transition of the clock signal 12 
has propagated through each latch 54-56. 
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[0052] Consequently, in this example, the feedback 
mechanism 92 is designed to transmit a feedback signal on 
connection 95 indicating that the delay associated With delay 
mechanism 51 should be decreased by a desired amount, 
When the value of connection 65 is different than the value 
of connection 66 When the value of connection 66 is 
different than the value of connection 67, the feedback 
mechanism 92 is designed to transmit a feedback signal on 
connection 95 indicating that the delay associated With delay 
mechanism 51 should be increased by a desired amount. 
HoWever, in other embodiments, the delay associated With 
delay mechanism can be differently adjusted Without depart 
ing from the principles of the present invention. 

[0053] It should be further noted that it may be possible 
control the delay of the clock signal 12 instead of the data 
signal 14 to adjust the timing of the data signal 14 With 
respect to the clock signal 12. In this regard, the delay 
mechanism 51 should be used to delay the clock signal 12 
instead of the data signal 14. In this embodiment, the delay 
mechanism 51 should decrease the delay associated With the 
delay mechanism 51 When one of the connections 63-65 
eXhibits a different value than connection 66 (assuming an 
enabling signal from enabling mechanism 97 is present). 
Also, the delay mechanism 51 should increase the delay 
associated With the delay mechanism 51 When one of the 
connections 67-69 exhibits a different value than connection 
66 (assuming an enabling signal from enabling mechanism 
97 is present). HoWever, it is possible to adjust the delay 
associated With delay mechanism 51 differently Without 
departing from the principles of the present invention. 

[0054] Furthermore, in some applications, it may not be 
desirable to adjust the delay associated With delay mecha 
nism 51 each time the feedback signal on connection 95 
indicates that the values of connections 63-69 are logically 
different When an enabling signal from enabling mechanism 
97 is also present. For eXample, it may desirable to only 
correct for drift instead of jitter. Drift occurs When the timing 
difference betWeen consecutive transitions of the data signal 
14 and the clock signals 12 sloWly increases or decreases, 
Whereas jitter relates to momentary or abrupt changes in the 
timing of the clock signal 12 and the data signal 14. By 
requiring the feedback signals to indicate a need to adjust the 
delay of delay mechanism 51 for a predetermined time 
before adjusting the delay of the delay mechanism 51, it is 
possible to only correct for drift as opposed to jitter. HoW 
ever, in other applications, it may be desirable to adjust the 
delay of delay mechanism 51 each time the feedback signals 
indicate that the delay of delay mechanism 51 should be 
changed. Accordingly, various methodologies for analyZing 
the feedback signals to determine When to adjust the delay 
associated With delay mechanism 51 may be employed 
Without departing from the principles of the present inven 
tion. 

[0055] It should be noted that it may be possible to insert 
delay mechanisms 74-79 into the path of the data signal 14 
instead of the clock signal 12, as shoWn by the system 120 
of FIG. 7. In this embodiment, the operation of the system 
120 is similar to that of the system 20 of FIG. 3, eXcept that 
the latches 52-58 are simultaneously clocked by clock signal 
12 and the transitions of data signal 14 are delayed by delay 
mechanisms 74-79. In this regard, the feedback mechanism 
92 operates as previously described for system 20. Further 
more, the delay mechanism 51 responds to the feedback 
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signal from feedback mechanism 92 in the same manner that 
has been previously described for system 20 eXcept that, as 
shoWn by FIG. 7, the delay mechanism 51 is con?gured to 
delay the clock signal 12 instead of the data signal 14. In 
addition, an enabling mechanism 125 is designed to enable 
the delay mechanism 51 to respond to the feedback signal 
only during the time period When a transition of the data 
signal has been received by each of the latches 52-58 and 
before the neXt successive transition of the data signal 14 has 
been received by any of the latches 52-58. Therefore, When 
the delay mechanism 51 is enabled and receives a feedback 
signal indicating that the timing betWeen the clock signal 12 
and the data signal 14 should be changed (i.e., indicating that 
a transition of clock signal 12 occurred close to a transition 
of data signal 14), the delay mechanism 51 changes the 
delay of clock signal 12 as appropriate to better prevent 
timing errors. 

[0056] Note that, as in system 20, the function of the delay 
mechanism 51 is to change the timing of the data signal 14 
With respect to the clock signal 12. Thus, it is possible to 
modify the system 120 such that the delay mechanism 51 
delays the data signal 14 instead of the clock signal 12. 

Operation 

[0057] The preferred use and operation of the signal 
comparison system 20 and associated methodology are 
described hereafter. 

[0058] Referring to FIG. 3, the delays associated With 
delay mechanisms 74-79 are initially set to a predetermined 
amount. The amount of delay associated With each delay 
mechanism can vary. HoWever, the con?guration of the 
system 20 is preferably such that at least one latch 52-54 
receives a clock transition from clock signal 12 a predeter 
mined amount of time before latch 55 receives the transition 
and that at least one latch 56-58 receives a clock transition 
from clock signal 12 a predetermined amount of time after 
latch 55 receives the transition. To ensure that timing errors 
associated With the data on connection 66 do not occur, the 
predetermined amount of time is chosen to correspond to at 
least the minimum amount of time that should elapse 
betWeen a transition of the clock signal 12 and a transition 
of the data signal 14. In the preferred embodiment, it is 
assumed for illustrative purposes that the minimum amount 
of time is 150 ps. 

[0059] After passing through the delay mechanism 51, the 

data signal 14 is transmitted to each latch 52-58 as input Furthermore, the clock signal 12 is also transmitted to 

latches 52-58. Each latch 52-58 transmits the logical value 
of connection 62 across connections 63-69, respectively, 
When the latch 52-58 receives a clocking transition from the 
clock signal 12. As shoWn by FIG. 3, the clock transitions 
are delayed for different amounts of time so that each latch 
52-58 latches the signal on connection 62 at different times. 

[0060] Feedback mechanism 92 analyZes the signals on 
connections 63-69 to determine Whether the delay associated 
With delay mechanism 51 should be changed. In this regard, 
if the value on all of the connections 63-69 are the same, 
then the amount of time betWeen transitions of the clock 
signal 12 received by latch 55 and transitions of the data 
signal on connection 62 is large enough such that the delay 
associated With the delay mechanism 51 does not need to be 
changed to ensure reliable data on connection 66. HoWever, 
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if any one of the connections 63-69 has a value different than 
another one of the connections 63-69 (When an enabling 
signal from enabling mechanism 97 is present), then the 
delay associated With delay mechanism 51 should be 
changed to ensure reliable data on connection 66. In this 
regard, the feedback mechanism 92 transmits a feedback 
signal on connection 95 to indicate to the delay mechanism 
51 that its delay should be changed. 

[0061] In this regard, if any of the connections 63-65 
eXhibits a different data value than connection 66, then the 
feedback mechanism 92 transmits a feedback signal that 
causes the delay mechanism 51 to decrease its delay. HoW 
ever, if any of the connections 67-69 exhibits a different data 
value than connection 66, then the feedback mechanism 92 
transmits a feedback signal that causes the delay mechanism 
51 to increase its delay. In addition, When the values on 
connections 63-69 are all the same, the feedback mechanism 
51 indicates that the delay of delay mechanism 51 should not 
be changed. 

[0062] In the preferred embodiment, the delay associated 
With the delay mechanism 51 is only adjusted in response to 
a feedback signal received after a clock transition has been 
received by each of the latches 52-58 and before the neXt 
consecutive transition of clock signal 12 is received by any 
one of the latches 52-58. Therefore, the enabling mechanism 
97 transmits an enabling signal indicating When the delay 
mechanism 51 may respond to a feedback signal. In this 
regard, the enabling mechanism 97 only transmits an 
enabling signal after a transition of the clock signal 12 has 
been received by each latch 52-58 and before the neXt 
transition of the clock signal 12 is received by any one of the 
latches 52-58. The delay mechanism 51 only responds to a 
feedback signal from feedback mechanism 92 When an 
enabling signal is also received from the enabling mecha 
nism 97. 

[0063] By changing the delay associated With delay 
mechanism 51 as described hereinabove, the number of 
transitions of the clock signal 12 received by latch 55 that 
occur Within a predetermined amount of time relative to the 
transitions of the data signal 14 received by latch 55 are 
reduced. As a result, the reliability of the data transmitted 
across connection 66 is improved. 

[0064] It should be noted that it is not necessary for the 
delay mechanisms 74-49 to be connected together as shoWn 
by FIG. 3 For eXample, it is possible for any or all of the 
delay mechanisms 74-79 to receive transitions that have not 
been delayed by any of the other delay mechanisms 74-79. 
HoWever, it may be desirable to adjust the delay times 
described hereinbefore for the delay mechanisms 74-79 in 
order to account for the fact that each transition passes 
through feWer delay mechanisms 74-79 in such embodi 
ments. 

[0065] It should be emphasiZed that the above-described 
embodiments of the present invention, particularly, any 
“preferred” embodiments, are merely possible examples of 
implementations, merely set forth for a clear understanding 
of the principles of the invention Many variations and 
modi?cations may be made to the above-described embodi 
ment(s) of the invention Without departing substantially 
from the spirit and principles of the invention. All such 
modi?cations and variations are intended to be included 
herein Within the scope of the present invention. 
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NoW, therefore, the folloWing is claimed: 
1. A system for preventing timing errors, comprising: 

a ?rst latch con?gured to receive a data signal and a clock 
signal, said ?rst latch con?gured to latch a value of said 
data signal in response to a transition of said clock 
signal; 

a second latch con?gured to receive said data signal and 
said clock signal, said second latch con?gured to latch 
a value of said data signal in response to said clock 
signal transition; 

a third latch con?gured to receive said data signal and said 
clock signal, said third latch con?gured to latch a value 
of said data signal in response to said clock signal 
transition; 

a ?rst delay mechanism coupled to said ?rst latch, said 
?rst delay mechanism con?gured to delay a transition 
of said data signal before said data signal transition is 
received by said ?rst latch such that said ?rst latch 
receives said data signal transition after said third latch 
receives said data signal transition; 

a second delay mechanism coupled to said second latch, 
said second delay mechanism con?gured to delay said 
data signal transition before said data signal transition 
is received by said second latch such that said second 
latch receives said data signal transition after said ?rst 
latch receives said data signal transition; and 

a feedback mechanism con?gured to receive said latched 
values, said feedback mechanism con?gured to trans 
mit a feedback signal based on said latched values, said 
feedback signal indicative of Whether said ?rst, second, 
and third latches the same logical value of said data 
signal in response to said clock signal transition. 

2. The system of claim 1, further comprising a third delay 
mechanism con?gured to delay said data signal by a time 
period and to adjust said time period based on said feedback 
signal. 

3. The system of claim 2, further comprising an enabling 
mechanism con?gured to enable said third delay mechanism 
to adjust said time period When said data signal transition 
has been received by each of said latches and before a neXt 
transition of said data signal has been received by any of said 
latches. 

4. The system of claim 1, further comprising a third delay 
mechanism con?gured to delay said clock signal by a time 
period and to adjust said time period based on said feedback 
signal. 

5. The system of claim 4, further comprising an enabling 
mechanism con?gured to enable said third delay mechanism 
to adjust said time period When said data signal transition 
has been received by each of said latches and before a neXt 
transition of said data signal has been received by any of said 
latches. 

6. A system for preventing timing errors, comprising: 

means for receiving a data signal and a clock signal; 

?rst means for latching a ?rst value of said data signal in 
response to said clock signal; 

second means for latching a second value of said data 
signal in response to said clock signal, 




