
(19) United States 
US 20010052801A1 

(54) 

(76) 

(21) 

(22) 

(51) 
(52) 

(12) Patent Application Publication (10) Pub. N0.: US 2001/0052801 A1 
ZHANG (43) Pub. Date: Dec. 20, 2001 

SENSE AMPLIFIER FOR INTEGRATED (57) ABSTRACT 
CIRCUITS USING PMOS TRANSISTORS 

Inventor, KEVIN X_ ZHANG PORTLAND OR A sense ampli?er includes a pair of differential input termi 
' (Us) ’ ’ nals and a pair of differential output terminals. Each of a pair 

of precharge circuits connects a respective one of the dif 
Correspondence Address: ferential output terminals to precharge potential and has a 
JOHN C ALTMILLER clocking input. The precharge circuits maintains the respec 
KENYON & KENYON tive differential output terminals at ground in response to a 
1500 K STREET NW precharge state of a signal at the clocking input. The sense 
WASHINGTON’ DC 20005 ampli?er also may include a pair of evaluation circuits, each 

Notice: This is a publication of a Continued pros_ connecting a respective one of the differential output termi 
. . . nals to an evaluation potential and coupled to a respective 

ecut1on application (CPA) ?led under 37 . . . . . . 
CFR 1 53((1) one of the differential input terminals. The evaluation c1r 

' ' cuits may transition the respective output terminal to an 

APPL No. 09/351 141 evaluation voltage in response to an evaluation state of a 
’ signal at the respective differential input terminal. Further, 

Filed; Ju]_ 12, 1999 the sense ampli?er may include a pair of clamping circuits, 
each connecting a respective one of the differential output 

Publication Classi?cation terminals to ground and maintaining the respective one of 
the differential output terminal at ground in response to an 

Int. Cl.7 ..................................................... .. H03F 3/45 evaluation voltage at the other of the differential output 
US. Cl. .............................................................. .. 327/52 terminals. 

1 Vcc 

1 8 
EN 

11 j 
150 
D# , 140 

190 200 D 

.'_|__ 
160 

K .OU T 
.OUT# 

1 7 O 

210 I I 230 
CLK I I CLK 
120 130 

220 

.ui ‘H E 



Patent Application Publication Dec. 20, 2001 US 2001/0052801 A1 

i V00 

@ 
EN 

11 j 

150 140 

“H m F|G- 1 m ' D 
100 ‘ 
__ 160 

k .OUT 

N 

.OUT# 
170 

2_1_Q 0 i m _ 
CLK CLK 

T ‘i? h I 
I 



US 2001/0052801 A1 

SENSE AMPLIFIER FOR INTEGRATED CIRCUITS 
USING PMOS TRANSISTORS 

BACKGROUND 

[0001] The present invention relates to an improved archi 
tecture for a sense ampli?er in integrated circuits, to sense 
small differential signals betWeen ground and a small posi 
tive potential. 

[0002] Increasing attention has been given to sense ampli 
?ers for use in loW voltage sWing circuits. In loW voltage 
sWing circuits, data signals may be carried throughout the 
circuit as a pair of data signals, a true signal and a comple 
ment signal, Where the complement signal is a voltage that 
represent the logical inverse of the true signal. Typically, the 
true and complement signals are precharged to a predeter 
mined value. During an evaluation phase, the true and 
complement signals are permitted to carry actual data. One 
of the signals Will evaluate to a different potential than the 
precharge potential. A sense ampli?er for such an applica 
tion is designed to sense small voltage differentials betWeen 
the true and complement signals and generate true and 
complementary output signals in response thereto. By gen 
erating output signals in response to the small differentials, 
the sense ampli?er can generate valid output signals Without 
requiring the input data to complete a “full rail” transition 
(e.g. transition fully to Vcc or ground). Such a sense 
ampli?er achieves higher throughput and faster speed than 
circuits that require full rail transitions. 

[0003] Sense ampli?ers are carefully designed to ensure 
that they include only a minimum number of components 
sufficient for their operation. A sense ampli?er that includes 
unnecessary components typically has a sloWer response; it 
also may consume unnecessary poWer. Accordingly, there is 
a continuing need in the art for an LVS sense ampli?er 
having a minimal number of components. 

SUMMARY 

[0004] An embodiment of the present invention provides 
a sense ampli?er circuit that includes a pair of differential 
input terminals and a pair of differential output terminals. 
Each of a pair of precharge circuits connects a respective one 
of the differential output terminals to precharge potential and 
has a clocking input. The precharge circuits maintains the 
respective differential output terminals at ground in response 
to a precharge state of a signal at the clocking input. The 
sense ampli?er also may include a pair of evaluation cir 
cuits, each connecting a respective one of the differential 
output terminals to an evaluation potential and coupled to a 
respective one of the differential input terminals. The evalu 
ation circuits may transition the respective output terminal to 
an evaluation voltage in response to an evaluation state of a 
signal at the respective differential input terminal. Further, 
the sense ampli?er may include a pair of clamping circuits, 
each connecting a respective one of the differential output 
terminals to ground and maintaining the respective one of 
the differential output terminal at ground in response to an 
evaluation voltage at the other of the differential output 
terminals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a circuit diagram according to an embodi 
ment of the present invention. 
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DETAILED DESCRIPTION 

[0006] The present invention provides an improved archi 
tecture for PMOS based sense ampli?ers for use in an 
integrated circuit. The improved architecture employs feWer 
components than in a traditional PMOS based sense ampli 
?ers, provides improved speed and, therefore, can contrib 
uted to higher performance of integrated circuits. 

[0007] According to an embodiment of the present inven 
tion, the sense ampli?er 100 is adapted for use in loW voltage 
sWing (“LVS”) circuits. LVS circuits typically carry data in 
true and complement form. Thus, for a data signal d, an LVS 
circuit also Will carry its logical complement (usually 
labeled, “d#”) on a second data signal. 

[0008] FIG. 1 illustrates a sense ampli?er 100 constructed 
in accordance With an embodiment of the present invention. 
The sense ampli?er 100 includes terminals for a clock signal 
(terminals 110-130) and true and complement data signals 
(terminals 140, 150). The sense ampli?er 100 also includes 
terminals 160, 170 for an output signal and its complement. 

[0009] The sense ampli?er 100 may be populated by a 
number of transistors. An enable transistor 180 is coupled to 
Vcc at its source and receives a signal from input terminal 
110 on an input. A ?rst data transistor 190 couples the drain 
of the enable transistor 180 to the OUT terminal 160 across 
a source to drain path. The ?rst data transistor 190 receives 
the D data signal on input terminal 150. A second data 
transistor 200 couples the drain of the enable transistor 180 
to the OUT# terminal 170 across a source to drain path. The 
second data transistor 200 receives the D data signal on input 
terminal 140. According to an embodiment, the ?rst and 
second data transistors 190, 200 may become conductive 
When the input data signal transitions to a loW state. For 
eXample, the data transistors 190, 200 may be PMOS 
transistors. 

[0010] The sense ampli?er 100 also may be populated by 
a pair of clocking transistors 210, 240. The ?rst clocking 
transistor 210 couples the OUT terminal 160 to ground via 
a source to drain path. The second clocking transistor 240 
couples the OUT# terminal 170 to ground via a drain to 
source path. Both clocking transistors 210, 240 receive the 
CLK signal via respective input terminals 120, 130. Accord 
ing to an embodiment, the clock transistors 210, 240 each 
may become conductive When the input signal applied to the 
clocking terminals 120, 130 is at a high state. For eXample, 
the clocking transistors may be NMOS transistors. 

[0011] The sense ampli?er 100 also may be populated by 
a plurality of clamping transistors 220 and 230. A ?rst 
clamping transistor 220 couples the OUT terminal 160 to 
ground. It receives the signal from the OUT# terminal 170 
as an input. A second clamping transistor 230 couples the 
OUT# terminal 170 to ground. It receives the signal from the 
OUT terminal 160 at an input. 

[0012] According to an embodiment, the sense ampli?er 
100 may ?nd application With “domino” LVS circuits having 
a precharge phase and an evaluation phase. The precharge 
phase is preparatory to the evaluation phase; the sense 
ampli?er does not output active data. In the evaluation 
phase, the sense ampli?er does output active data. The 
embodiment shoWn in FIG. 1 is directed an LVS system in 
Which the clock signal CLK evaluates loW. 



US 2001/0052801 A1 

[0013] Consider the sense ampli?er in precharge. The 
CLK signal input at terminals 110-130 all are active (CLK= 
Vcc). The clocking transistors 210, 240 conduct thereby 
forcing both output terminals OUT and OUT# to ground. 
Further, the enabling transistor 180 is nonconductive in 
response to the CLK signal, thereby cutting off the path from 
Vcc to the sources of the data transistors 190 and 200. 
Regardless of the state of the data signals D and D#, the 
OUT and OUT# terminals 160, 170 are maintained at 
ground during the precharge phase. Because the OUT and 
OUT# terminals 160, 170 both are at ground, the clamping 
transistors 220, 230 are nonconductive in the precharge 
phase. 
[0014] Typically, in domino systems, the data signals D 
and D# are themselves characteriZed by a precharge phase 
and an evaluation phase. That is, the data signals D and D# 
carry information during the evaluation phase but not during 
the precharge phase. In the embodiment shoWn in FIG. 1, 
the data signals D and D# may be precharged loW but 
transition high if they evaluate during the evaluation phase. 
During the precharge phase, the data transistors 190, 200 
both are conductive. 

[0015] Consider the sense ampli?er during the evaluation 
phase. The CLK signal input at terminals 110-130 transition 
to ground (CLK=0 V). The clocking transistors 210, 240 
become nonconductive. Further, the enabling transistor 180 
becomes conductive, thereby applying Vcc to the sources of 
the tWo data transistors 190, 200. The values of the OUT and 
OUT# terminals 160, 170 are determined by the data signals 
D and D# applied at input terminals 190 and 200. 

[0016] The clamping transistors 220, 230 improve the 
sensitivity of the sense ampli?er 100 and improve the speed 
of its operation. During the evaluation phase, one of the data 
signals D or D# Will transition from the loW precharge state 
toWard a high state. The other complementary signal Will 
remain loW. As the evaluating signal D transitions high, its 
associated data transistor 200 becomes increasingly less 
conductive. HoWever, the data transistor 190 associated With 
the non-evaluating signal (D#) remains conductive. Thus, 
the OUT terminal 170 transitions high. When the OUT 
terminal transitions high, the clamping transistor 230 begins 
to conduct thereby maintaining the OUT# terminal 160 at 
ground. 
[0017] The inventor has performed computer simulations 
of the sense ampli?er 100 shoWn in FIG. 1 and determined 
that the circuit generates useful evaluation outputs When the 
D and D# signals exhibit a voltage difference of about 100 
mV. 

[0018] Several embodiments of the present invention are 
speci?cally illustrated and described herein. HoWever, it Will 
be appreciated that modi?cations and variations of the 
present invention are covered by the above teachings and 
Within the purvieW of the appended claims Without departing 
from the spirit and intended scope of the invention. 

We claim: 
1. A sense ampli?er, comprising: 

an enable transistor, 

?rst and second data transistors, each connected at 
sources thereof to a drain of the enable transistor, 
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?rst and second clocking transistors, the ?rst connected at 
a source thereof to a drain of the ?rst data transistor, the 
second connected at a source thereof to a drain of the 

second data transistor, and 

?rst and second clamping transistors, the ?rst connected 
at a source thereof to the drain of the ?rst data transistor 
and connected at a gate thereof to the drain of the 
second transistor, the second connected at a source 
thereof to the drain of the second data transistor and 
connected at a gate thereof to the drain of the ?rst 
transistor. 

2. The sense ampli?er of claim 1, Wherein gates of the 
enable transistor and the tWo clocking transistors are mutu 
ally connected. 

3. The sense ampli?er of claim 1, Wherein a source of the 
enable transistor is connected to a voltage source. 

4. The sense ampli?er of claim 1, Wherein drains of the 
clocking transistors are connected to ground. 

5. The sense ampli?er of claim 1, Wherein drains of the 
clamping transistors are connected to ground. 

6. The sense ampli?er of claim 1, Wherein the enable 
transistor is a PMOS transistor. 

7. The sense ampli?er of claim 1, Wherein the clocking 
transistors each are NMOS transistors. 

8. The sense ampli?er of claim 1, Wherein the clamping 
transistors each are NMOS transistors. 

9. The sense ampli?er of claim 1, Wherein the data 
transistors each are PMOS transistors. 

10. The sense ampli?er of claim 1, Wherein the enable 
transistor becomes conductive in response to a high voltage 
signal. 

11. The sense ampli?er of claim 1, Wherein the clocking 
transistors become conductive in response to a high voltage. 

12. The sense ampli?er of claim 1, Wherein the clamping 
transistors become conductive in response to a high voltage. 

13. The sense ampli?er of claim 1, Wherein the data 
transistors become conductive in response to a loW voltage. 

14. A sense ampli?er circuit, comprising: 

a pair of differential input terminals, 

a pair of differential output terminals, 

a pair of precharge circuits, each connecting a respective 
one of the differential output terminals to precharge 
potential, each having a clocking input and maintaining 
the respective differential output terminal at ground in 
response to a precharge state of a signal at the clocking 
input; 

a pair of evaluation circuits, each connecting a respective 
one of the differential output terminals to an evaluation 
potential, each coupled to a respective one of the 
differential input terminals and transitioning the respec 
tive differential output terminal to an evaluation voltage 
in response to an evaluation state of a signal at the 
respective differential input terminal; and 

a pair of clamping circuits, each connecting a respective 
one of the differential output terminals to ground and 
maintaining the respective one of the differential output 
terminal at ground in response to an evaluation voltage 
at the other of the differential output terminals. 

15. The sense ampli?er of claim 14, Wherein the evalu 
ation circuits include an enable circuit in a path betWeen the 
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evaluation gates of the enable transistor and the tWo clock 
ing transistors are mutually connected. 

16. The sense ampli?er of claim 14, Wherein a source of 
the enable transistor is connected to a voltage source. 

17. The sense ampli?er of claim 14, Wherein drains of the 
clocking transistors are connected to ground. 

18. The sense ampli?er of claim 14, Wherein drains of the 
clamping transistors are connected to ground. 

19. The sense ampli?er of claim 14, Wherein the enable 
transistor is a PMOS transistor. 

20. The sense ampli?er of claim 14, Wherein the clocking 
transistors each are NMOS transistors. 

21. The sense ampli?er of claim 14, Wherein the clamping 
transistors each are NMOS transistors. 

22. The sense ampli?er of claim 14, Wherein the data 
transistors each are PMOS transistors. 

23. The sense ampli?er of claim 14, Wherein the enable 
transistor becomes conductive in response to a high voltage 
signal. 

24. The sense ampli?er of claim 14, Wherein the clocking 
transistors become conductive in response to a high voltage. 

25. The sense ampli?er of claim 14, Wherein the clamping 
transistors become conductive in response to a high voltage. 
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26. The sense ampli?er of claim 14, Wherein the data 
transistors become conductive in response to a loW voltage. 

27. A method of detecting data present in loW voltage 
sWing signals, comprising: 

precharging a pair of differential output terminals to a 
precharge potential, 

receiving differential loW voltage sWing input signals in 
an evaluation phase, 

responsive to one of the loW voltage sWing input signals 
transitioning toWard an evaluation potential, charging 
an associated output terminal to the evaluation poten 
tial, 

responsive to a potential difference betWeen the output 
terminals, clamping the output terminals to respective 
complementary potentials, Wherein the output terminal 
associated With the evaluating input signal is clamped 
to the evaluation potential and the other output terminal 
is clamped to the precharge potential. 


