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(57) ABSTRACT 

Acomparison circuit may be fabricated along With a primary 
circuit on a semiconductor substrate. The propagation delay 
of a comparison signal across a ?rst path of circuit elements 
is compared to propagation delays of the comparison signal 
across a second path of delay elements. As a semiconductor 
fabrication process varies, the relative propagation delays 
across the ?rst and second paths Will vary in a manner 
correlative to the process variations. By monitoring the 
relative propagation delays, the fabrication process may be 
controlled to ensure that the process does not vary to an 
undesirable extent. Also, various programmable delay ele 
ments may be fabricated into the primary circuit, and these 
programmable delay elements may be activated and/or deac 
tivated in response to the relative propagation delays of the 
comparison circuit. 
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COMPARATOR FOR DETERMINING PROCESS 
VARIATIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to elec 
tronic circuitry and, more particularly, to a method and 
apparatus for comparing signal propagation delay across one 
circuit path With signal propagation delay across another 
circuit path. 

[0003] 2. Description of the Related Art 

[0004] This section is intended to introduce the reader to 
various aspects of art Which may be related to various 
aspects of the present invention Which are described and/or 
claimed beloW. This discussion is believed to be helpful in 
providing the reader With background information to facili 
tate a better understanding of the various aspects of the 
present invention. Accordingly, it should be understood that 
these statements are to be read in this light, and not as 
admissions of prior art. 

[0005] Microprocessor-controlled integrated circuits are 
used in a Wide variety of applications. Such applications 
include personal computers, vehicle control systems, tele 
phone netWorks, and a host of consumer products. As is Well 
knoWn, microprocessors are essentially generic devices that 
perform speci?c functions under the control of a softWare 
program. This program is stored in a memory device 
coupled to the microprocessor. Not only does the micropro 
cessor access a memory device to retrieve the program 

instructions, it also stores and retrieves data created during 
execution of the program in one or more memory devices. 

[0006] There are a variety of different memory devices 
available for use in microprocessor-based systems. The type 
of memory device chosen for a speci?c function Within a 
microprocessor-based system depends largely upon What 
features of the memory are best suited to perform the 
particular function. For instance, volatile memories, such as 
dynamic random access memories (DRAMs), must be con 
tinually poWered in order to retain their contents, but they 
tend to provide greater storage capability and programming 
options and cycles than non-volatile memories, such as read 
only memories (ROMs). 

[0007] Each memory element in a DRAM, for instance, is 
paired With an access device to form a memory cell. A 
plurality of these memory cells are typically arranged in an 
array of roWs and columns that are addressable by the 
microprocessor. Most advantageously, a memory cell 
resides Within a memory array in such a Way that informa 
tion can be Written to it or read from it Without disturbing the 
other cells in the array. In the case of an exemplary DRAM, 
a small capacitor is coupled to an access transistor. The 
access transistor is coupled to a roW line and a column line 
of the array so that it can be selectively turned on or off 
depending upon the voltages found on the roW line and the 
column line. When the access transistor is turned on, infor 
mation in the form of a charge may be Written to or read 
from the capacitor. 

[0008] It is desirable to create memory devices that 
include one or more arrays of densely packed memory cells 
to maximiZe the storage capability for a given area. As the 
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density of memory arrays increases, the cost of the memory 
tends to decrease While the speed of the memory tends to 
increase. HoWever, as the density of a memory, or any other 
semiconductor device for that matter, increases, the dimen 
sions of the individual elements Which make up the semi 
conductor device tend to decrease. As these dimensions 
become increasingly smaller, it becomes more and more 
dif?cult to fabricate the elements accurately. 

[0009] To gain a better understanding of these difficulties, 
it may be useful to discuss the manner in Which integrated 
circuits are formed. Integrated circuits, such as memory 
devices, are formed by creating microscopic electronic cir 
cuits, Which are typically called microelectronic circuits, on 
a semiconductor Wafer. Once these microelectronic circuits 
have been fabricated on the Wafer, the circuits are typically 
tested, and the Wafer is divided into individual die, each of 
Which contains a similar microelectronic circuit. To com 

plete the fabrication, appropriate metal connectors are 
coupled to the microelectronic circuit, and a protective 
package is formed around the die so that the integrated 
circuit may be coupled to other electronic components. 

[0010] During the process of fabricating a microelectronic 
circuit on a Wafer, a process commonly referred to as a 

photoresist process is repeated over and over again until the 
microelectronic circuit has been fully fabricated. Generally 
speaking, a photoresist process begins With the application 
of a thin layer of photoresist to the surface of the Wafer. 
Photoresist is an organic substance that, When properly 
developed, resists attack by acids and solvents. This layer of 
photoresist is developed by placing a photographic mask, 
Which has transparent areas and opaque areas, over the 
Wafer. When an ultraviolet light is shined through the mask, 
the portion of the photoresist that is exposed to the ultra 
violet light either polymeriZes or depolymeriZes, depending 
upon the type of photoresist. DepolymeriZed portions of the 
photoresist may then be removed With a suitable solvent, 
While polymeriZed portions of the photoresist remain on the 
surface of the Wafer. The Wafer is then typically baked to 
harden the remaining photoresist in preparation for remain 
ing steps Which form certain features of the microelectronic 
circuit. For instance, once the photoresist has been devel 
oped and baked, portions of the Wafer exposed by the 
photoresist may be doped, etched, metaliZed, oxidiZed, or 
otherWise altered to fabricate certain desired aspects of the 
microelectronic circuit. Thereafter, the remaining photore 
sist is typically removed, using a mixture of inorganic acids 
or chemical-mechanical planariZation, for instance. The 
process is repeated until all of the features of the microelec 
tronic circuit have been fabricated. 

[0011] It should be appreciated that fabrication processes 
of this type may be subject to many variations that may 
affect the microelectronic circuits being fabricated. Of 
course, as the siZe of such circuits becomes smaller, the 
effect of process variations on the circuits tends to become 
greater. For example, as the dimensions of a gate of a 
transistor become smaller, or as the gate oxide becomes 
thinner, the transistor tends to operate faster. Conversely, as 
gate dimensions become larger, or as the gate oxide becomes 
thicker, the transistor tends to operate sloWer. With circuit 
elements currently being fabricated With sub-micron dimen 
sions, i.e., dimensions less than one millionth of a meter, 
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process control becomes quite important in order to fabricate 
semiconductor chips Which contain circuits that operate as 
designed. 
[0012] As is clear from the above discussion, it takes a 
?nite amount of time for each circuit element of a semicon 
ductor circuit to perform its function. Thus, as signals 
propagate through sequential elements in the circuit, time 
delays are introduced along each signal path. Adifference in 
time delays of signal propagation along different paths may 
cause a malfunction of a circuit that is typically referred to 
as a “race.” Thus, in a circuit having tWo or more signal 
propagation paths that are designed to coordinate to produce 
a desired function, the circuit may malfunction depending 
on Which path of gates Works faster. 

[0013] The present invention may address one or more of 
the matters mentioned above. 

SUMMARY OF THE INVENTION 

[0014] Certain aspects commensurate in scope With the 
disclosed embodiments are set forth beloW. It should be 
understood that these aspects are presented merely to pro 
vide the reader With a brief summary of certain forms the 
invention might take and that these aspects are not intended 
to limit the scope of the invention. Indeed, the invention may 
encompass a variety of aspects that may not be set forth 
beloW. 

[0015] It Would be desirable to monitor the speed of 
certain types of circuit elements in order to determine the 
manner in Which process variations are affecting the overall 
circuit. In one eXemplary embodiment disclosed in detail 
beloW, a comparison circuit may be fabricated along With a 
primary circuit on a semiconductor substrate. The propaga 
tion delay of a comparison signal across a ?rst path of circuit 
elements is compared to propagation delays of the compari 
son signal across a second path of delay elements. As the 
semiconductor fabrication process varies, the relative propa 
gation delays across the ?rst and second paths Will vary in 
a manner correlative to the process variations. By monitor 
ing the relative propagation delays, the fabrication process 
may be controlled to ensure that the process does not vary 
to an undesirable eXtent. Also, various programmable delay 
elements may be fabricated into the primary circuit, and 
these programmable delay elements may be activated and/or 
deactivated in response to the relative propagation delays of 
the comparison circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The foregoing and other advantages of the inven 
tion Will become apparent upon reading the folloWing 
detailed description and upon reference to the draWings in 
Which: 

[0017] FIG. 1 illustrates a substrate, such as a semicon 
ductor Wafer, having a plurality of dies formed thereon; 

[0018] FIG. 2 illustrates an integrated circuit formed on a 
die of FIG. 1, Where the integrated circuit includes a 
memory array and a control circuit; 

[0019] FIG. 3 illustrates an array of memory cells 
arranged in roWs and columns; 

[0020] FIG. 4 illustrates a delay element versus gate count 
comparator circuit; 
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[0021] FIG. 5 illustrates various Wave forms produced by 
the comparator illustrated in FIG. 4; and 

[0022] FIG. 6 illustrates a block diagram of a circuit that 
includes the comparator of FIG. 4 or FIG. 7 for use in a test 
mode for a normal mode; 

[0023] FIG. 7 illustrates a line versus gate count com 
parator circuit; 

[0024] FIG. 8 illustrates various Wave forms produced by 
the comparator illustrated in FIG. 7. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0025] Turning noW to the draWings, and referring initially 
to FIG. 1, a substrate, such as a semiconductor Wafer, is 
illustrated and generally designated by the reference 
numeral 10. The Wafer has been partitioned into a plurality 
of die 12. Typically, use of the die 12 contains an integrated 
circuit that is substantially identical to the integrated circuit 
contained by each of the other die 12 on the Wafer 10. 

[0026] Although a Wide variety of integrated circuits may 
be formed on the die 12 of the Wafer 10, in the embodiment 
illustrated in FIG. 2, a semiconductor memory device 14, 
such as a DRAM, is formed on the die 12. The memory 
device 14 generally includes a memory array 16. As illus 
trated in FIG. 3, the memory array 16 typically includes a 
plurality of memory cells 18 that are arranged in multiple 
roWs and multiple columns. Each of the memory cells 18 is 
coupled to a respective roW line 20 and to a respective 
column line 22. The memory device 14 also includes a 
control circuit 24 that is coupled to the memory array via one 
or more control lines 26. The control circuit 24 facilitates the 
addressing or selection of one or more of the memory cells 
18 Within the memory array so that information can be 
stored in and read from the memory cells 18. 

[0027] Other than the capacitors used in the memory cells 
18, transistors are the primary circuit elements that are used 
to create the various circuits of the memory device 14. For 
eXample, transistors are primarily used to create the address 
decoders, registers, sense ampli?ers, and other circuits that 
function as part of the memory device 14. As mentioned 
previously, process variations may affect the speed at Which 
these transistors operate. Due to this circumstance, delay 
elements may be placed in various circuit paths, typically 
through the use of a delay circuit. After process changes 
have occurred and the fabricated circuit is tested, the delay 
circuit may be redesigned, usually through the use of an 
upper level metal mask, to alter the delays in various circuit 
paths to adjust the speed of the various paths in vieW of the 
process changes. 

[0028] As can be appreciated, this technique does not 
directly monitor the effect of process changes on the speed 
of the transistors, as it requires a relatively high level 
functional test of the fabricated circuit. Furthermore, this 
technique typically requires that a part malfunction during 
testing before the delay circuit is changed so that subse 
quently fabricated parts Will function properly. Accordingly, 
the malfunctioning parts must be scrapped, thus reducing 
yield. In addition, process variations may not affect delay 
elements in the same manner that the process variations 
affect transistor speed. Therefore, the delay circuit may need 
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to be redesigned more than once before properly functioning 
circuits are fabricated, thus reducing yield further. 

[0029] To address these problems, a circuit, such as the 
comparator circuit 30 illustrated in FIG. 4, may be imple 
mented on each Wafer or on each die. In the illustrated 
embodiment, the comparator circuit 30 compares the time 
for a signal to propagate along a ?rst path 32 having a ?rst 
type of circuit elements to the time for the same signal to 
propagate along a second path 34 having a second type of 
circuit elements. As illustrated, the ?rst path 32 includes a 
number of inverters 36, While the second path 34 includes a 
number of delay elements 38. 

[0030] For the purposes of this eXample, the ?rst path 32 
includes tWenty-one inverters 36, Where the signal propa 
gation time along the ?rst path 32 of the tWenty-one invert 
ers 36 should take betWeen about 4 nanoseconds and about 
6 nanoseconds (nominally about 5 nanoseconds), depending 
upon process variations. The second path 34 advantageously 
includes delay elements that Will typically produce a delay 
Within the range of propagation, e.g., 4 to 6 nanoseconds, of 
the ?rst path 32. In this eXample, the second path 34 includes 
?ve delay elements 38, Where the propagation delay across 
each delay element 38 is approximately 1 nanosecond, so 
that the second path 34 has a propagation delay approXi 
mately equal to the nominal propagation delay of the ?rst 
path 32. 

[0031] Each of the sequentially connected paths 32 and 34 
of circuit elements 36 and 38 are coupled to receive a 
compare signal COM. As illustrated in FIG. 5, the compare 
signal COM transitions from a logical Zero to a logical one 
at time to. Due to the odd number of inverters in the ?rst path 
32, the signal at node A transitions from a logical one to a 
logical Zero at time tpl. Thus, the difference betWeen the 
time to When the compare signal COM Was initiated and the 
time tp1 represents the time it took for the compare signal 
COM to propagate along the tWenty-one inverters 36 in the 
?rst path 32. 

[0032] Referring noW to the second path 34, it should be 
noted that the signal at node B transitions from a logical Zero 
to a logical one at time tpz. The difference betWeen the time 
to When the compare signal COM Was initiated and the time 
tp2 represents the time t5d for the compare signal COM to 
propagate along the ?ve delay elements 38 in the second 
path 34. As can be seen in this eXample, the compare signal 
COM propagates along the ?rst path 32 of inverters 36 faster 
than along the second path 34 of delay elements 38, thus 
indicating that the process variations are such that the 
inverters 36 are operating faster than their nominal speed. 

[0033] To compare the respective speeds of the tWo paths 
32 and 34, the nodes A and B are coupled to the inputs of a 
NAND gate 40 Which delivers its output on a node C. As 
illustrated in FIG. 5, the output on the node C remains at a 
logical one, thus indicating that the inputs on nodes A and B 
are never both at a logical one at the same time. In other 

Words, the output of the NAND gate 40 on the node C 
indicates that the propagation delay through the inverters 36 
on the ?rst path 32 is less than the propagation delay through 
the delay elements 38 on the second path 34, thus indicating 
that the speed through the gates eXceeds the speed through 
the delay elements. The output of the NAND gate 40 is 
coupled to the set input of a latch 42 formed by cross 
coupled NAND gates 44 and 46. The output of the latch 42 
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on the node D essentially captures the compliment of the 
signal on the node C so that the result of this test or operation 
may be temporarily saved for further use, as described beloW 
With reference to FIG. 6. 

[0034] It should be noted that delay signals may be tapped 
at different points betWeen the delay elements 38 on the 
second path 34 to create several output signals that may be 
used to determine the effect that process variations have had 
on the speed of the inverters 36 to a greater degree. In this 
eXample, three taps are illustrated—a ?rst at a node F 
betWeen the fourth delay element 38D and the ?fth delay 
element 38E, a second at a node J betWeen the third delay 
element 38C and the fourth delay element 38D, and a third 
at a node N betWeen the second delay element 38B and the 
third delay element 38C. 

[0035] The output of the ?rst tap on the node F is delivered 
to the input of a NAND gate 48, While the output of the ?rst 
path 32 of inverters 36 at node Ais coupled to the other input 
of the NAND gate 48 at the node E. As illustrated in FIG. 
5, the signals on the nodes A and E are identical, While the 
signal at the node F transitions from a logical Zero to a 
logical one at a time tp3, Which is one delay sooner than the 
signal on the node B. Thus, the difference betWeen the time 
to When the compare signal COM Was initiated and the time 
tp3 represents the time t4d signal propagation across the four 
delay elements 38A-D. Because the signal on the node F 
does not change state before the signal on the node E, the 
compare signal COM still propagates faster through the 
tWenty-one inverters 36 in the ?rst path 32 than through the 
four delay elements 38A-D in the second path 34. Thus, the 
output of the NAND gate 48 on the node G remains at a 
logical one to indicate this situation, and the output on node 
H of the second latch 50 formed by the cross-coupled 
NAN D gates 52 and 54 delivers the compliment of the signal 
on the node G. 

[0036] The output of the second tap on the node J is 
delivered to the input of a NAND gate 56, While the output 
of the ?rst path 32 of inverters 36 at node A is coupled to the 
other input of the NAN D gate 56 at the node I. As illustrated 
in FIG. 5, the signals on the nodes A and I are identical, 
While the signal at the node J transitions from a logical Zero 
to a logical one at a time tp4, Which is tWo delays sooner than 
the signal on the node B. Thus, the difference betWeen the 
time tc When the compare signal COM Was initiated and the 
time tp4 represents the time delay t3d of the three delay 
elements 38A-C. Because the signal on the node J changes 
state before the signal on the node I, the compare signal 
COM propagates sloWer through the tWenty one inverters 36 
in the ?rst path 32 than through the three delay elements 
38A-C in the second path 34. Thus, the output of the NAN D 
gate 56 on the node K transitions from a logical one to a 
logical Zero at time tp4 to indicate the situation, and the 
output on node L of the third latch 58 formed by the 
cross-coupled NAND gates 60 and 62 captures the compli 
ment of the signal on the node K after a short delay. 

[0037] Similarly, the output of the third tap on the node N 
is delivered to the input of a NAN D gate 64, While the output 
of the ?rst path 32 of inverters 36 at node A is coupled to the 
other input of the NAND gate 64 at the node M. As 
illustrated in FIG. 5, the signals on the nodes A and M are 
identical, While the signal at the node N transitions from a 
logical Zero to a logical one at a time tps, Which is three 
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delays sooner than the signal on the node B. Thus, the 
difference betWeen the time to When the compare signal 
COM Was initiated and the time tp5 represents the time delay 
t2d of the tWo delay elements 38A-B. Because the signal on 
the node N changes state before the signal on the node M, 
the compare signal COM propagates sloWer through the 
tWenty-one inverters 36 in the ?rst path 32 than through the 
tWo delay elements 38A-B in the second path 34. Thus, the 
output of the NAND gate 64 on the node O transitions from 
a logical one to a logical Zero at time tp5 to indicate the 
situation, and the output on node P of the second latch 66 
formed by the cross-coupled NAND gates 68 and 70 deliv 
ers the compliment of the signal on the node O. 

[0038] Acircuit may read the outputs of the latches on the 
nodes D, H, L, and P to determine the relative speed of the 
paths 32 and 34 and, thus, the eXtent that the process 
variations have affected the fabricated circuitry. For 
eXample, as illustrated in FIG. 6 by the circuit 80, the 
outputs of the latches on the nodes D, H, L, and P may be 
used in a test mode and/or in normal operation of the 
fabricated circuit. The comparator circuit 30 is coupled to 
receive a test mode signal TEST on a line 82 and a normal 
operation signal NORM on a line 84. The nodes D, H, L, and 
P of the comparator circuit 30 are coupled to a DO circuit 86 
and to a delay adjust circuit 88. The line 82 is coupled to the 
enable input of the DO circuit 86, and the line 84 is coupled 
to the enable input of the delay adjust circuit 88. 

[0039] To initiate the test mode, the test mode signal TEST 
is asserted on the line 82, While the normal operation signal 
NORM on the line 84 remains unasserted. Thus, When the 
compare signal COM is asserted, the outputs on the nodes D, 
H, L, and P are delivered to the DO circuit 86 Which has been 
enabled by the test mode signal TEST. The DQ circuit 86 
may then easily be read by providing an output of the logic 
values of the nodes D, H, L, and P on one or more of the DO 
circuit’s output pins. The state of the signals on the nodes D, 
H, L, and P may be used to determine hoW Well the delay 
elements compare to the normal gate delay as the fabrication 
process vanes. This information may be used to help control 
process variations, as Well as to help designers design better 
delay elements. 

[0040] The comparator circuit 30 may also be used in a 
normal operational mode. As discussed previously, delay 
elements are typically formed in various locations in a 
circuit using a delay circuit Which can be adjusted With one 
or more masks. To add or remove a delay element, the delay 
circuit is changed and a neW circuit is fabricated. HoWever, 
as set forth in FIG. 6, the output signals of the comparator 
circuit 30 on the nodes D, H, L, and P may be used to add 
or remove delay elements in a different manner. For 
eXample, the circuits on the dice 12 may be fabricated With 
a number of delay elements Which may be placed in service 
and/or removed from service in response to receiving an 
appropriate signal. By coupling the nodes D, H, L, and P to 
the inputs of a delay adjust circuit 88, for eXample, the 
outputs of delay adjust circuit 88 may be used to option 
delay elements in or out of the operation Within the circuit. 

[0041] The comparator circuit 30 has been described 
above to demonstrate the manner in Which the comparison 
of propagation delays across a series of inverters 36 and 
across a series of delay elements 38 may be used to 
determine the eXtent of process variations. HoWever, as 
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indicated above, other types of circuit paths may also be 
used to determine the eXtent of process variations. For 
eXample, as illustrated in FIG. 7, a circuit, such as the 
comparator circuit 130 may be implemented on each Wafer 
or on each die. In the illustrated embodiment, the compara 
tor circuit 130 compares the time for a signal to propagate 
along a ?rst path 132 to the time for the same signal to 
propagate along a second path 134. As illustrated, the ?rst 
path 132 includes three inverters 136A-C and a long con 
ductive line 137, Which may be metal or polysilicon for 
instance, While the second path 134 includes a number of 
inverters 138A-E. 

[0042] For the purposes of this eXample, the ?rst path 132 
has a signal propagation time of about 1 to 1.5 nanoseconds 
nominally, depending upon process variations. The second 
path 134 advantageously includes inverters 138 that Will 
typically produce a nominal delay Within the range of 
propagation, e.g., about 1.25 nanoseconds, of the ?rst path 
132. Thus, in this example, the second path 134 includes ?ve 
inverters 138A-E, Where the propagation delay across each 
inverter 138 is approximately 250 picoseconds, so that the 
second path 134 has a nominal propagation delay approXi 
mately equal to the nominal propagation delay of the ?rst 
path 132. 

[0043] Each of the paths 132 and 134 are coupled to 
receive a compare signal COM. As illustrated in FIG. 8, the 
compare signal COM transitions from a logical Zero to a 
logical one at time to. Shortly thereafter, the signal X at the 
output of the inverter 136A transitions from a logical one to 
a logical Zero. Due to the resistance and the parasitic 
capacitance of the line 137, the signal Y at the input of the 
inverter 136B drops sloWly in accordance With the RC time 
constant of the line 137. When the signal Y reaches the trip 
point for the inverter 136B, the output of the inverter 136B 
transitions from a logical Zero to a logical one, as illustrated 
by the signal Z in FIG. 8. 

[0044] Due to the odd number of inverters in the ?rst path 
132, the signal at node A transitions from a logical one to a 
logical Zero at time tpl. Thus, the difference betWeen the 
time tc When the compare signal COM Was initiated and the 
time tp1 represents the time it took for the compare signal 
COM to propagate along the three inverters 136A-C in the 
?rst path 132. 

[0045] Referring noW to the second path 134, it should be 
noted that the signal at node B transitions from a logical Zero 
to a logical one at time tpz. The difference betWeen the time 
tc When the compare signal COM Was initiated and the time 
tp2 represents the time t5d for the compare signal COM to 
propagate along the ?ve inverters 138A-E in the second path 
134. As can be seen in this eXample, the compare signal 
COM propagates along the ?rst path 132 faster than along 
the second path 34, thus indicating that the process varia 
tions are such that the inverters 136 and the line 137 are 
operating faster than their nominal speed. 

[0046] To compare the respective speeds of the tWo paths 
132 and 134, the nodes A and B are coupled to the inputs of 
a NAND gate 140 Which delivers its output on a node C. As 
illustrated in FIG. 8, the output on the node C remains at a 
logical one, thus indicating that the inputs on nodes A and B 
are never both at a logical one at the same time. In other 
Words, the output of the NAND gate 140 on the node C 
indicates that the propagation delay through the ?rst path 
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132 is less than the propagation delay through the second 
path 134, thus indicating that the speed through the inverters 
136 and the line 137 exceeds the speed through the inverters 
138. The output of the NAND gate 140 is coupled to the set 
input of a latch 142 formed by cross-coupled NAND gates 
144 and 146. The output of the latch 142 on the node D 
essentially captures the compliment of the signal on the node 
C so that the result of this test or operation may be 
temporarily saved for further use, as described above With 
reference to FIG. 6. 

[0047] It should be noted that delay signals may be tapped 
at different points betWeen the inverters 138 on the second 
path 134 to create several output signals that may be used to 
determine the effect that process variations have had on the 
speed of the line 137 to a greater degree. In this example, 
three taps are illustrated—a ?rst at a node F betWeen the 
fourth inverter 138D and the ?fth inverter 138E, a second at 
a node J betWeen the third inverter 138C and the fourth 
inverter 138D, and a third at a node N betWeen the second 
inverter 138B and the third inverter 138C. 

[0048] The output of the ?rst tap on the node F is delivered 
to the input of a NAN D gate 148, While the output of the ?rst 
path 132 at node Ais coupled to the other input of the NAN D 
gate 148 at the node E. As illustrated in FIG. 8, the signals 
on the nodes A and E are identical, While the signal at the 
node F transitions from a logical Zero to a logical one at a 
time tp3, Which is one inverter delay sooner than the signal 
on the node B. Thus, the difference betWeen the time to When 
the compare signal COM Was initiated and the time tp3 
represents the time t4d of signal propagation across the four 
inverters 138A-D. Because the signal on the node F does not 
change state before the signal on the node E, the compare 
signal COM still propagates faster through the three invert 
ers 136 and the line 137 in the ?rst path 32 than through the 
four inverters 138A-D in the second path 134. Thus, the 
output of the NAND gate 148 on the node G remains at a 
logical one to indicate this situation, and the output on node 
H of the second latch 150 formed by the cross-coupled 
NAND gates 152 and 154 delivers the compliment of the 
signal on the node G. 

[0049] The output of the second tap on the node J is 
delivered to the input of a NAND gate 156, While the output 
of the ?rst path 132 at node A is coupled to the other input 
of the NAND gate 156 at the node I. As illustrated in FIG. 
8, the signals on the nodes A and I are identical, While the 
signal at the node J transitions from a logical Zero to a logical 
one at a time tp4, Which is tWo inverter delays sooner than 
the signal on the node B. Thus, the difference betWeen the 
time tc When the compare signal COM Was initiated and the 
time tp4 represents the time delay t3d of the three inverters 
138A-C. Because the signal on the node J changes state 
before the signal on the node I, the compare signal COM 
propagates sloWer through the ?rst path 132 than through the 
three inverters 138A-C in the second path 134. Thus, the 
output of the NAN D gate 156 on the node K transitions from 
a logical one to a logical Zero at time tp4 to indicate the 
situation, and the output on node L of the third latch 158 
formed by the cross-coupled NAND gates 160 and 162 
captures the compliment of the signal on the node K after a 
short delay. 

[0050] Similarly, the output of the third tap on the node N 
is delivered to the input of a NAND gate 164, While the 
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output of the ?rst path 132 at node A is coupled to the other 
input of the NAND gate 164 at the node M. As illustrated in 
FIG. 8, the signals on the nodesA and M are identical, While 
the signal at the node N transitions from a logical Zero to a 
logical one at a time 5, Which is three inverter delays 
sooner than the signal on the node B. Thus, the difference 
betWeen the time to When the compare signal COM Was 
initiated and the time tp5 represents the time delay t2d of the 
tWo inverters 138A-B. Because the signal on the node N 
changes state before the signal on the node M, the compare 
signal COM propagates sloWer through the ?rst path 132 
than through the tWo inverters 138A-B in the second path 
134. Thus, the output of the NAND gate 164 on the node O 
transitions from a logical one to a logical Zero at time tp5 to 
indicate the situation, and the output on node P of the second 
latch 166 formed by the cross-coupled NAND gates 168 and 
170 delivers the compliment of the signal on the node O. 

[0051] As discussed previously, the circuit 80 illustrated in 
FIG. 6 may read the outputs of the latches on the nodes D, 
H, L, and P to determine the relative speed of the paths 132 
and 134 and, thus, the eXtent that the process variations have 
affected the fabricated circuitry. 

[0052] While the invention may be susceptible to various 
modi?cations and alternative forms, speci?c embodiments 
have been shoWn by Way of eXample in the draWings and 
have been described in detail herein. HoWever, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
folloWing appended claims. 

What is claimed is: 
1. A method of accessing processing variations of a 

semiconductor fabrication process, the method comprising 
the acts of: 

(a) providing a ?rst path of a ?rst plurality of serially 
coupled circuit elements, the ?rst path having an input 
and an output; 

(b) providing a second path of a second plurality of 
serially-coupled delay elements, the second path hav 
ing an input and a plurality of outputs; 

(c) coupling the input of the ?rst path and the input of the 
second path to receive a comparison signal; 

(d) coupling the output of the ?rst path to a plurality of 
comparators; and 

(e) coupling each of the plurality of outputs of the second 
path to a respective one of the plurality of comparators, 
each of the plurality of comparators delivering a 
respective output signal correlative to propagation 
speed of the comparison signal betWeen the input of the 
?rst path and the output of the ?rst path and betWeen 
the input of the second path and each of the plurality of 
outputs of the second path. 

2. The method, as set forth in claim 1, Wherein act (a) 
comprises the act of providing a ?rst plurality of serially 
coupled invertors. 

3. The method, as set forth in claim 1, comprising the act 
of coupling the respective output of each of the plurality of 
comparators to a respective one of a plurality of latches. 
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4. The method, as set forth in claim 3, comprising the act 
of coupling the respective output of each of the plurality of 
latches to respective inputs of a multipleXor. 

5. The method, as set forth in claim 1, comprising the act 
of programming delay elements in a circuit based on the 
outputs of the comparators. 

6. The method, as set forth in claim 1, comprising the act 
of altering the processing variations based on the outputs of 
the comparators. 

7. An apparatus for programming delay elements in an 
integrated circuit, the apparatus comprising: 

means for comparing a propagation delay of a comparison 
signal across a ?rst path of serially-connected circuit 
elements With a plurality of propagation delays of the 
comparison signal across a second path of serially 
connected delay elements; and 

means for selecting delay elements for operation in the 
integrated circuit in response to the comparison. 

8. The apparatus, as set forth in claim 7, Wherein the 
circuit elements comprise a plurality of invertors. 

9. The apparatus, as set forth in claim 7, Wherein the 
comparing means comprises a plurality of signal taps in the 
second path of serially-connected delay elements, each of 
the signal taps providing a respective one of the plurality of 
propagation delays of the comparison signal. 

10. The apparatus, as set forth in claim 9, Wherein the 
comparing means comprises a plurality of gates, each gate 
receiving the comparison signal across the ?rst path of 
serially-connected circuit elements and receiving the com 
parison signal from a respective one of the plurality of signal 
taps. 

11. An method for programming delay elements in an 
integrated circuit, the method comprising the acts of: 

comparing a propagation delay of a comparison signal 
across a ?rst path of serially-connected circuit elements 
With a plurality of propagation delays of the compari 
son signal across a second path of serially-connected 
delay elements; and 
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selecting delay elements for operation in the integrated 
circuit in response to the comparison. 

12. An apparatus for programming delay elements in an 
integrated circuit, the apparatus comprising: 

a ?rst path of a ?rst plurality of serially-coupled circuit 
elements, the ?rst path having an input and an output, 
the input of the ?rst path being coupled to receive a 
comparison signal; 

a second path of a second plurality of serially-coupled 
delay elements, the second path having an input and a 
plurality of outputs, the input of the second path being 
coupled to receive the comparison signal; and 

a plurality of comparators, each of the plurality of com 
parators having tWo inputs and an output, the output of 
the ?rst path being coupled on one of the tWo inputs of 
each of the plurality of comparators, each of the plu 
rality of outputs of the second path being respectively 
coupled to the other of the tWo inputs of each of the 
plurality of comparators, each of the plurality of com 
parators delivering a respective output signal correla 
tive to propagation speed of the comparison signal 
betWeen the input of the ?rst path and the output of the 
?rst path and betWeen the input of the second path and 
each of the plurality of outputs of the second path. 

13. The apparatus, as set forth in claim 12, Wherein the 
?rst plurality of serially-coupled circuit elements comprise 
invertors. 

14. The apparatus, as set forth in claim 12, comprising a 
plurality of latches, each one of the plurality of latches 
having an input being coupled to the respective output of 
each of the plurality of comparators. 

15. The apparatus, as set forth in claim 14, comprising a 
multipleXor coupled to a respective output of each of the 
plurality of latches. 


