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INTEGRATED CIRCUIT TIME DELAY 
MEASUREMENT APPARATUS 

FIELD OF THE INVENTION 

[0001] The present invention relates to semiconductor 
integrated circuits and, more particularly, to test circuits 
built into the integrated circuits (ICs) that enable ef?cient 
testing of embedded memory. 

BACKGROUND OF THE INVENTION 

[0002] Testing and measuring certain parametrics elec 
tronic products is a crucial part of the manufacturing pro 
cess. This is particularly the case With today’s complex 
products, in Which even the smallest hardWare defect can 
cause serious malfunctions. Integrated circuits are Widely 
used because they offer a high functionality per unit of cost. 
Today’s system-on-silicon and core-based design styles 
drive the integration of logic and memory Within a single 
device. An increasing percentage of the silicon area in a 
complex IC is embedded memory. To achieve the economies 
necessary in modern integrated circuit manufacturing, it is 
necessary to minimiZe both the cost of the raW circuit as Well 
as the cost of testing and measuring certain parametrics. 
HoWever, testing of the embedded memories Within these 
complex ICs is increasingly dif?cult. Adding test access to 
the embedded memories increases design siZe and complex 
ity and in some cases increases cost. As products, hoWever, 
become more complex, it becomes dif?cult to use traditional 
external testing methods. This is the case because the 
integrated-circuit are operating at increasing frequencies. In 
addition, testing equipment has bandWidth and performance 
limitations. 

[00033] Circuit time delay is the amount of time necessary 
to process input information and make it available for 
further processing at the output of the circuit. The circuit 
time delay measure provides the information necessary for 
integration With other circuits. More particularly, access 
time is the time that a memory device, such as dynamic 
random access memory (DRAM) and static RAM (SRAM), 
takes to locate a single piece of information and make it 
available to the computer for processing. Access time for a 
DRAM ranges from 50 to 150 nanoseconds. While the 
access time for the SRAM can be as loW as 600 picoseconds. 
Access time is the primary measurement used to sort devices 
because it is the best indicator of the die process parameters. 
It is an absolute requirement that an accurate measurement 
of the memory access time be obtained, particularly, in vieW 
of the continuous trend toWards decreasing the system cycle 
time coupled to the design of high speed SRAM macros 
having themselves a reduced memory access time. 

[0004] Built-In Self Test (BIST), Which moves critical test 
and measurement functions inside chips, are commonly used 
to measure access time. BIST uses scanning technology to 
provide the stimulus-generation and response-processing 
capabilities necessary to test and measure parametrics for 
complex logic structures and embedded memory. An 
example of access time measurement using Array Built-In 
Self Test (ABIST) is described in US. Pat. No. 5,386,392 
entitled “Programmable High Speed Array Clock Generator 
Circuit for Array Built-In Self Test Memory Chips” Which is 
incorporated by reference herein. 

[0005] Herein a clock distribution scheme is considered, 
yet, it is dif?cult if not impossible to test the memory of the 
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SRAM macro having such short system cycle time and make 
accurate memory access time measurements because of the 
unacceptable imprecision caused by uncontrollable clock 
signal skeWs. This is particularly true in the ABIST manu 
facturing sub-mode Where the imprecision inherent to the 
clock distribution scheme originates from a variety of fac 
tors such as: tester limitations, Width variations of the clock 
signals generated by the tester, off-chip line delays caused by 
the lines betWeen the tester and the chip, chip internal clock 
distribution netWorks, etc. In addition, calibration of the 
clock signals generated by the tester is required for state of 
the art SRAM macros. This calibration is process dependent 
and thus must be done for each chip lot. The calibration is 
achieved by estimating the internal delays after accurate kerf 
measurements. As a result, it is expensive and time con 
suming to perform an accurate memory access time mea 
surement in an ABIST manufacturing sub-mode because it 
requires high performance and expensive testers. HoWever, 
this skeW also exists in the ABIST system sub-mode. It is 
caused by the chip internal clock distribution netWork and 
by mismatches in the internal chip path delay thereof. For 
each clock signal, the mismatch results from physical Wiring 
layout imbalances and device differences betWeen the driver 
circuits that buffer the clock signals, Which in turn results in 
layout and process dependency. 

[0006] A preferred embodiment of the ACG circuit opti 
miZed for the ABIST manufacturing sub-mode of the refer 
ence cited includes tWo delay lines having, tWo 2-Way AND 
gates, and three inverters. It further includes a 2-Way AND 
gate. The clock signal is applied to the input terminal Which 
is connected to a ?rst input of AND gate and ?rst inverter. 
The output of ?rst inverter is connected to the input of ?rst 
delay line, Whose output is connected to the second input of 
?rst AND gate and to the ?rst input of a second AND gate 
via a second inverter and a second delay line. The clock 
signal is applied to the second input of a second AND gate 
by a connection or optionally via a third delay line. The 
ungated clock signal available at the output of the ?rst AND 
block is gated at third AND gate by gating signal generated 
by the ABIST unit When the clock signal CACG at a ?rst 
output terminal is inhibited. The CSACG signal is available 
through the third inverter at a second output terminal. The 
BACG and the SACG signals are generated by the second 
AND gate and are available at a common third output 
terminal. 

[0007] This embodiment is optimiZed for the ABIST 
manufacturing sub-mode When the macros are individually 
tested on a serial basis by the external tester Which can 
precisely control the Width of the clock signal, and Which is 
the same for all the macros Within the chip. Circuit thus 
alloWs an accurate memory access time measurement simply 
by varying the clock signal pulse Width When the chip is 
tested during the ABIST manufacturing sub-mode, and it is 
thus easy to determine its operating limits. HoWever, 
Whereas a precise control of the pulse Width is relatively 
simple in a manufacturing environment thanks to the tester, 
it becomes quite dif?cult in the system environment. 

[0008] Another possible approach to measuring access 
time in embedded memories is to connect the control, 
address, and data lines of the memories to external pads of 
the integrated circuit. Multiplexer blocks are implemented 
Within the integrated circuit to connect the embedded memo 
ries either to the external pads for testing or to internal buses 
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for standard circuit operation. A drawback to this approach 
is that the extra bus lines and pads increase the siZe of the 
semiconductor die and the eXtra pads increase the number of 
pins required of the tester. The cost of the tester is generally 
roughly proportional to the number of pins. Since the trend 
is toWard Wide memories of increasingly large capacity in 
modern ICs, the number of eXtra buses and pads required 
can frequently eXceed one-hundred, Which represents a 
prohibitive cost burden. In addition, the delay from the 
bondpad driver is typically larger than the delay of the 
SRAM. 

[0009] Another approach includes storing the outputs of 
an SRAM in a register. Problems arise, hoWever, When the 
clock frequency increases simultaneous to the timing edge 
for the register. As a result, the clock period is shortened 
Which is available to sample the data. Varying the frequency 
of the register While recording samples mingles the timing 
information from the memory and device logic Where the 
information is not separable or distinguishable. 

[0010] There is a need for an built-in circuit delay mea 
surement apparatus that may be used in a variety of appli 
cations, including memory devices, such as SRAM and a 
DRAM. 

SUMMARY OF THE INVENTION 

[0011] A circuit for measuring circuit time delay of an 
integrated circuit herein provides the ability to accurately 
measure access time of a memory device Without requiring 
a high performance expensive tester. The apparatus includes 
a phase detector having a ?rst and a second input. Both the 
?rst input of the phase detector and the input of the memory 
device are coupled to receive a clocking signal, having a 
period, T. The second input of the phase detector is coupled 
to the output of the memory device. The tWo outputs of the 
phase detector couple to a ?rst and a second ?lter. A 
comparator is coupled to receive the tWo ?ltered outputs for 
sensing the difference, VDiEE, betWeen the tWo signals. A 
processing unit is connected to the comparator to calculate 
the access time, Where access time=(VDiEE/VDD) T and VDD 
is the poWer supply rail voltage. 

[0012] The breadth of memory design support is unique 
Which includes testing capabilities for embedded SRAM, 
ROM and DRAM type memories. The addition of this 
circuit to electronics hardWare frequently does not signi? 
cantly increase a product’s siZe, cost, and production time. 
Furthermore, this measurement apparatus permanently 
resides on the chip throughout its life, adding future cost 
savings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing description taken in conjunction With the 
accompanying draWings in Which like reference numbers 
indicate like features and Wherein: 

[0014] FIG. 1 is a knoWn memory access time measuring 
apparatus; 

[0015] FIG. 2 is a knoWn phase detector; 

[0016] FIG. 3 is a built-in circuit delay time measuring 
apparatus in accordance With the present invention; 
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[0017] FIG. 4 is a SRAM access time measuring appara 
tus in accordance With the present invention; and 

[0018] FIG. 5 is a timing diagram With respect to the 
built-in circuit delay time measuring apparatus of FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0019] The present invention is best understood by com 
parison With the prior art. Hence, this detailed description 
begins With a discussion of knoWn built-in SRAM access 
time measurement apparatus shoWn in FIG. 1 as disclosed 
in US. Pat. No. 5,386,392 entitled “Programmable High 
Speed Array Clock Generator Circuit for Array Built-In Self 
Test Memory Chips”. An array clock generator (ACG) 
circuit 20 uses both edges of an input clock signal labeled D 
Which is generated by a tester in a sub-mode. Circuit 20 
includes tWo delay lines 21-1 and 21-2 having, respectively, 
delays labeled DEL2 and DEL3, three 2-Way AND gates 16, 
22 and 23, and three inverters 24 to 26. Both input and 
output terminals are generically referenced 27. The D clock 
signal is applied to the input terminal 27-1 Which is con 
nected to one input of AND gate 22 and inverter 24. The 
output of inverter 24 is connected to the input of delay line 
21-1, Whose output is connected to the second input of AND 
gate 22 and to the ?rst input of AND gate 23 via inverter 25 
and delay line 21-2. The signals at the output of delay lines 
21-1 and 21-2 are respectively labeled D* and D**. The 
combination of AN D gate 22, inverter 24 and delay line 21-1 
result in a conventional signal chopper circuit 28. The delays 
inherent to AND gates 22 and 23 are respectively referred to 
as DELl and DEL4. The D clock signal is applied to the 
second input of AND gate 23 by connection 29 or optionally 
via a delay line 21-3 that introduces a delay DELS. To 
facilitate the memory access time measurement, it is rec 
ommended that DEL1=DEL4 (or DEL1=DEL4+DEL5, if 
the option mentioned above is implemented). The ungated 
clock signal CACG* available at the output of AND block 
22 is gated at AND gate 16 by gating no operation signal 
generated by the ABIST unit 11 When the clock signal 
CACG at output terminal 27-2 is inhibited. 

[0020] In operation, circuit 20 provides tWo clock edges 
With a precise time delay betWeen them generated by 
varying frequency or using tWo clocks separated by a precise 
delay. The ?rst edge starts the SRAM and the second edge 
samples the data. Measurement of access time is calculated 
by varying the pulse Width of the incoming clock signal. The 
clock signal pulse is ?Xed by the sum of these internal delays 
DELI-5. This, hoWever, is not a very practical scheme for 
memories that run as fast as they do today in the GigahertZ 
range. This Would require loWer than a half nanosecond 
pulse Width to measure the access time. This pulse Width is 
not easily generated. Another disadvantage of circuit 20 
eXists because the clock generator and the SRAM must be 
controlled by additional control circuitry. In addition, delays 
DELI-5 are relative to process variations. Thus, any process 
variations in circuit 20 are subtracted from the memory 
access time measurement. Moreover, a calibration step is 
taught Whereby each delay is calibrated. The delay, hoWever, 
may vary from integrated circuit to integrated circuit. The 
teaching of an interpolative method of searching for the 
correct delay time is not ef?cient. Thus, a more direct 
approach is needed. 

[0021] FIG. 2 displays a knoWn phase detector. A clock 
signal Clk1 is received by inverter 32 Which is coupled to a 
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?rst input of NAND gate 36. A second clock signal Clk2 is 
received by inverter 34 Which is coupled to a ?rst input of 
a second NAND gate 38. The output of NAND gate 36 
couple to the ?rst input of NAND gates 40, 48 and 50. The 
output of NAND gate 40 is coupled to the second input of 
NAND gates 42, 50 and 48. The output of NAND gate 48 
couples to the second input of NAND gate 36 and inverter 
54. The output of NAND gate 42 is coupled to the second 
input of NAND gate 40. The output of NAND gate 38 
couple to the ?rst input of NAND gates 46 and 52 and third 
input of NAND gate 50. The output of NAND gate 44 
couples to the second input of NAND gate 46 and fourth 
input of NAND gate 50. The output of NAND gate 46 
couples to the second input of NAN D gate 44 and the second 
input of NAND gate 52. The output of NAND gate 52 
couples to the second input of NAND gate 38 and inverter 
60. The output of NAND gate 50 couples to the ?rst input 
of NAND gates 42 and 44 and couples to the third inputs of 
NAND gates 48 and 52. Inverter 54 couples to inverter 56 
Which couples to inverter 58. Inverter 60 couples to inverter 
62 Which couples to inverter 64. 

[0022] In operation, a phase detector samples the rising 
edge of pulses coming from tWo samples and measures the 
delay difference betWeen the tWo. Accordingly, it produces 
an output voltage proportional to the phase difference of the 
tWo input signals. As shoWn, phase detector 30 has tWo 
outputs, UP and DOWN. If tWo inputs arrive at the same 
time, both outputs, UP and DOWN, Will display a very 
narroW pulse. If input signal Clk1 arrives earlier than Clk2, 
the pulse Width of the output UP Will be longer than the pulse 
Width of the DOWN output. The difference At betWeen the 
tWo outputs UP and DOWN is the difference of the phase 
betWeen both input signals, Clk1 and Clkz. If input signal 
Clk2 arrives earlier than input signal Clkl, the output DOWN 
pulse Width Will be Wider than the pulse Width of the output 
UP pulse Width. The difference betWeen the tWo output 
signals, UP and DOWN, is the difference of the phase 
betWeen both signals. 

[0023] FIG. 3 shoWs a circuit delay time measurement 
apparatus 100 in accordance With the present invention. A 
clock signal Clk and enable signal En couple to a latch 
device 102. The output of the latch device 102 and the clock 
signal Clk are coupled into NAND gate 104. Output signal 
DOut from the circuit in Which the time delay is being 
measured couples into NAND gate 106. The outputs of 
NAND gates 104 and 106 are coupled into the ?rst and 
second inputs of phase detector 108. The outputs, UP and 
DOWN, of the phase detector 108 couple to resistors 110 
and 112. Capacitors 114 and 116 couple betWeen resistors 
110 and 112 and ground, respectively. The difference 
betWeen outputs signals 118 and 120 provide the time delay 
measurement. As such, a simple voltmeter can be used to 
measure the delay of an on-chip circuit, even though the 
circuit is not meant to drive a large load. The delay of the 
circuit is very small, for eXample, less than a nanosecond. 

[0024] In operation, phase detector 108, having tWo output 
signals, UP and DOWN, receives tWo input signals CLK1 
and CLK2. Output signal UP maintains a high voltage level, 
if input signal CLKl, changes level from a high voltage level 
to a loW voltage level or vice versa before signal CLK2 
changes level. Output signal DOWN Will maintain a high 
voltage level if input signal CLK1 changes level after signal 
CLK2 changes level. Note also that in the schematic of FIG. 
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2, the input inverters 32 and 34 have been replaced by 
NAND gates 104 and 106 for disablement of input pulses. 
Both the outputs, UP and DOWN, are sent through RC 
?lters, including resistors 110 and 112 and capacitors 114 
and 116, Which have a time constant much longer than the 
clock cycle time of the inputs. The RC ?lters can be 
substituted With loW pass ?lters. The RC circuits rise during 
the time pulse rises and falls When pulse falls. The average 
value of these pulses is the Width divided by the period. The 
RC ?lters provide output signals OUTPLUS and OUTMI 
NUS. Cumulative voltage from signals OUTPLUS and 
OUTMINUS averages the pulses UP and DOWN output 
from the phase detector 108. The differential voltage Vdiif 
betWeen output signals OUTPLUS and OUTMINUS equals 

[0025] Where Period represents the clock period and Delay 
represents the time difference betWeen the arrival of signals 
Clk1 and Clkz. Therefore, the circuit delay can be easily 
computed given a simple voltage measurement of the dif 
ferential voltage Vdi?f. A comparator (not shoWn) may be 
coupled to receive the tWo ?ltered outputs, OUTPLUS and 
OUTMINUS, for sensing the difference, VDiEE, betWeen the 
tWo signals. A processing unit (not shoWn) may be con 
nected to the comparator to calculate the access time, Where 
access time=(VDiEE/VDD) T and VDD is the poWer supply rail 
voltage. 
[0026] Note that VDD and GND are also output signals 122 
and 124 to facilitate an accurate reading of the local value of 
VDD and GND. Resistors 110 and 112 can be implemented 
on chip using long polysilicon Wires. Capacitors 114 and 116 
can be applied externally to add to the distributed capaci 
tance of the long polysilicon Wires. The siZe of the RC 
circuit may vary. 

[0027] When clock signal Clk is loW, latch 102 samples 
the value of the enable signal. When the clock is high, latch 
102 is off and the value of the enable signal is held. The 
latched enable is held constant after the clock signal Clk 
goes high. 

[0028] FIG. 4 illustrates an embodiment 200 for measur 
ing the access time of an SRAM 202. A clock signal Clk is 
applied to the input of the SRAM 202. At the same time the 
clock signal Clk is applied to input 206 of the delay 
measurement circuit 208 of FIG. 3. An enable signal is 
applied to the input 204 of the delay measurement circuit 
208. The output of SRAM 202 is applied to the third input 
205 of delay measurement circuit 208. Access time mea 
surement circuit 200 has outputs 210, 212, 214 and 216. 

[0029] In operation, SRAM 202 accepts an input Clk, and 
starts its read operation on the rising edge of Clk. SRAM 202 
has a ?rst input clock, read and Write inputs. SRAM 202 has 
tWo outputs, DOut and DOutX, Where SRAM 202 outputs a 
pulse on the line DOUT to indicate the presence of data. In 
many cases, SRAM 202 may output a dual-rail output, DOut 
and DOutX. If data on the ?rst input is a one, output DOut Will 
rise. Conversely, if the data is a Zero, then output DOutX Will 
rise. The access time is the difference in time betWeen the 
rising edge of Clk and the rising edge of output Dom. 

[0030] In cases Where SRAM 202 has an access time that 
is longer than a clock cycle, it is best to turning off the enable 
every other clock cycle such that the clock signal Clk is only 
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on every other clock cycle. This makes the phase detector 
108 appear to be running at half the frequency. Thus, every 
other output is the reciprocal of the input data signal Clk. 
FIG. 2 assumes that Clk1 comes before Clk2, or equivalently 
in the circuit of FIG. 4, that input Clk comes before output 
Dom. 
[0031] In order to properly initialiZe the state of the phase 
detector 108, it is desirable to be able to turn off either of the 
tWo inputs to the phase detector 108. The input Clk input can 
be turned off by setting the enable input EN to Zero, so that 
input signal Clk is blocked by the NAND gate 104. NAND 
gate 106 can be disabled With a separate signal. In the 
alternative, SRAM 202 can perform a Write operation Which 
does not produce any output signal Dom. 

[0032] For access times larger than the clock cycle, the 
access time can be measured by blocking every other pulse 
at the Clk and DOut inputs. Therefore, the enable input EN 
can be toggled to block the Clk input and SRAM 202 can 
toggle betWeen read and Write operations to eliminate the 
pulse DOut on alternate cycles. 

[0033] Operation of circuit 100 can be best understood by 
reference to FIG. 5 Which displays a timing diagram for the 
embodiment shoWn in FIGS. 3 and 4. Accordingly, a pulse 
at the output UP is on for the interval betWeen the rising edge 
of the signal Clk and the falling edge of the enable signal 
EN. The output DOWN produces a short pulse. The duration 
of the pulse UP is actually slightly longer than the time 
interval betWeen the arrival of the inputs Clk and EN, so that 
the difference in durations betWeen the outputs UP and 
DOWN is equal to the interval betWeen the arrival of Clk 
and EN. The rising edge of clock signal Clk initiates the 
rising edge of the signal UP. The rising edge of signal DOut 
initiates the rising edge of the signal DOWN. The falling 
edge of the signal DOWN initiates the falling edges of 
signals UP and DOWN. The enable signal initiates at the 
?rst rising edge of clock signal Clk. Thus, the combination 
of the rising edge of the enable signal and the rising edge of 
the clock signal Clk initiates the rising edge of the signal UP. 
In the case Where the enable signal is on, the clock signal is 
running and the rising edge of signal DOut has not occurred, 
signal UP remains high. At this point, the rising edge of 
signal DOut initiates the rising edge of signal DOWN. 
Accordingly, the falling edge of signal DOWN initiates the 
falling edge of both signals UP and DOWN. In the case 
Where time elapses as shoWn and the enable signal is off, all 
signals are loW. Once enable is turned on at the rising edge 
of the clock signal Clk, the signal UP rises at the next rising 
edge of the clock signal Clk. Accordingly, signal DOut rises. 
The rising edge of signal DOut initiates the rising edge of 
signal DOWN. The falling edge of signal DOWN initiates 
the falling edge of both signals UP and DOWN. This is 
repeated for three cycles. As shoWn, output signals Outplus 
and Outminus are RC ?ltered versions of signals, UP and 
DOWN. 

[0034] The terms and expressions Which have been 
employed in the foregoing speci?cation are used therein as 
terms of description and not of limitation, and there is no 
intention in the use of such terms and expressions of 
excluding equivalents of the features shoWn and described 
or portions thereof, it being recogniZed that the scope of the 
invention is de?ned and limited only by the claims Which 
folloW. 
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What is claimed is: 
1. A circuit for measuring access time for a memory 

device, having an input and output and a poWer supply rail, 
VDD, comprising: 

a clocking signal, having a period, T, the input of the 
memory device coupled to receive the clocking signal; 

a phase detector having a ?rst and a second input and a 
?rst and a second output, the ?rst input coupled to the 
input of the memory device, the second input coupled 
to the output of the memory device; 

a ?rst ?lter coupled to the ?rst output of the phase 
detector; 

a second ?lter coupled to the second ouput of the phase 
detector; 

a comparator for measuring the difference, VDig, betWeen 
the ?rst ?ltered output signal and the second ?ltered 
output signal; 

a processing unit coupled to the comparator to calculate 
the access time, Where access time=(VDiEE/VDD) T. 

2. Acircuit for measuring access time of a memory device 
as recited in claim 1, Wherein the ?rst ?lter is a loW pass 
?lter. 

3. Acircuit for measuring access time of a memory device 
as recited in claim 2, Wherein the ?rst loW pass ?lter, having 
an input and an output, includes a resistor and a capacitor, 
the resistor coupled betWeen the input and the output of the 
?rst loW pass ?lter, the capacitor coupled betWeen the output 
of the ?rst loW pass ?lter and ground. 

4. Acircuit for measuring access time of a memory device 
as recited in claim 1, Wherein the second ?lter is a loW pass 
?lter. 

5. Acircuit for measuring access time of a memory device 
as recited in claim 4, Wherein the second loW pass ?lter, 
having an input and an output, includes a resistor and a 
capacitor, the resistor coupled betWeen the input and the 
output of the ?rst loW pass ?lter, the capacitor coupled 
betWeen the output of the ?rst loW pass ?lter and ground. 

6. Acircuit for measuring access time of a memory device 
as recited in claim 1, further comprising: 

an enable signal for intitialiZing the test measurement; 

a latch having a data input, a clocking input and an output, 
Wherein the clocking signal is applied to the data input 
and the enable signal is applied to the clocking input; 

a ?rst NAND gate having ?rst and second input and an 
output, the ?rst input coupled to the clocking signal and 
the second input coupled to the output of the latch; 

a second NAND gate having ?rst and second input and an 
output, the ?rst input coupled to the output of the 
memory device and the second input coupled to 
ground; 

the ?rst input of the phase detector coupled to the ?rst 
output of the ?rst NAND gate and the second input of 
the phase detector coupled to the output of the second 
NAND gate. 

7. Acircuit for measuring access time of a memory device 
as recited in claim 1, Wherein said phase detector includes: 
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a third NAND gate having ?rst and second input and an 
output, said ?rst input coupled to the output of said ?rst 
NAND gate; 

a fourth NAND gate having ?rst and second input and an 
output, said ?rst input coupled to the output of said 
third NAND gate; 

a ?fth NAND gate having ?rst and second input and an 
output, said ?rst input coupled to the output of said 
fourth NAND gate; 

a siXth NAND gate having ?rst and second input and an 
output, said ?rst input coupled to the second input of 
said ?fth NAND gate; 

a seventh NAND gate having ?rst and second input and 
an output, said ?rst input coupled to the output of said 
siXth NAND gate; 

a eighth NAND gate having ?rst and second input and an 
output, said ?rst input coupled to the output of said 
second NAND gate; 

a ninth NAND gate having a ?rst, second and third input 
and an output, said ?rst input coupled to the output of 
said third NAND gate, said third input coupled to the 
output of said fourth NAND gate; 

a tenth NAND gate having a ?rst, second, third, and 
fourth input and an output, said ?rst input coupled to 
the output of said siXth NAND gate, said second input 
coupled to the output of said fourth NAND gate, said 
third input coupled to the output of said third NAND 
gate, said fourth input coupled to the output of said 
eighth NAND gate, said output couples to the second 
input of said fourth, ?fth, siXth, and ninth NAND gate; 

a eleventh NAND gate having a ?rst, second, and third 
input and an output, said ?rst input coupled to the 
output of said eighth NAND gate, said second input 
coupled to the output of said seventh NAND gate, said 
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third input coupled to the output of said tenth NAND 
gate, said output coupled to the second input of said 
eighth NAND gate; 

a ?rst inverter having an input and an output, the input 
coupled to the output of said ninth NAND gate; 

a second inverter having an input and an output, the input 
coupled to the output of said ?rst inverter; 

a third inverter having an input and an output, the input 
coupled to the output of said second inverter; 

a fourth inverter having an input and an output, the input 
coupled to the output of said eleventh NAND gate; 

a ?fth inverter having an input and an output, the input 
coupled to the output of said fourth inverter; and 

a siXth inverter having an input and an output, the input 
coupled to the output of said ?fth inverter. 

8. A method for measuring access time in a memory 
device having an input and output and a poWer supply rail, 
VDD, comprising the steps of: 

applying a clocking signal, having a period, T, to the input 
of the memory device; 

applying the clocking signal to a ?rst input of a phase 
detector having a ?rst and a second input and a ?rst and 
a second output; 

applying the output of the memory device to the second 
input of the phase detector; 

?ltering the ?rst and second outputs of the phase detector; 

calculating the difference, VDiff betWeen the ?rst and 
second ?ltered output signal of the phase detector; 

calculating the access time of the memory device, Where 
the access time=(VD?f/VDD) T. 

* * * * * 


