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(57) Abstract: A latching sense amplifier includes an input stage (302) and an output stage (304). The output stage (304) is coupled
to the input stage (302). The output stage (304) includes a first output node (336), a second output node (338), a pull-up circuit (362),
and a pull-down circuit (360). The pull- up circuit (362) includes a first transistor (352), a second transistor (354), and a latch circuit
(333). The first transistor (352) is configured to pull up the first output node (336). The second transistor (354) is configured to pull up
the second output node (338). The latch circuit (333) is configured to control the first transistor (352) and the second transistor (354).
The pull-down circuit (360) includes a latch circuit (331) configured to pull-down the first output node (336) based on a voltage of
the second output node (338).
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LATCHING SENSE AMPLIFIER
BACKGROUND

[0001] Sense amplifiers are used in a wide variety of applications such as analog-to-digital
converters and high-speed data communication receivers. The sense amplifier converts the
difference of two signals received as input to a higher voltage signal, such as a logic level signal,
suitable for use in digital circuitry. The sense amplifier may include latch circuitry to generate
the logic level signal.

SUMMARY

[0002] A latching sense amplifier with reduced power consumption and clock loading is
described herein. In one example, a latching sense amplifier includes an input stage and an output
stage. The input stage includes a clocked differential amplifier. The output stage includes a first
output node, a second output node, a pull-up circuit, and a pull-down circuit. The pull-up circuit
includes a first transistor, a second transistor, a third transistor, and a fourth transistor. The second
transistor is cross-coupled with the first transistor. The third transistor is controlled by the first
transistor, and is configured to pull up the first output node. The fourth transistor is controlled by
the second transistor, and is configured to pull up the second output node. The pull-down circuit
includes a fifth transistor and a sixth transistor. The fifth transistor is configured to pull down the
first output node. The sixth transistor is configured to pull down the second output node. The fifth
transistor and the sixth transistor are cross-coupled.

[0003] In another example, a latching sense amplifier includes an input stage and an output
stage. The output stage is coupled to the input stage. The output stage includes a first output node,
a second output node a pull-up circuit, and a pull-down circuit. The pull-up circuit includes a first
transistor, a second transistor, and a latch circuit. The first transistor is configured to pull up the
first output node. The second transistor is configured to pull up the second output node. The latch
circuit is configured to control the first transistor and the second transistor. The pull-down circuit
includes a latch circuit configured to pull-down the first output node based on a voltage of the
second output node.

[0004] In a further example, a latching sense amplifier includes an input stage and an output
stage. The output stage is coupled to the input stage. The output stage includes a first output node,

a second output node, a pull-down circuit, and pull-up circuit. The pull-down circuit is coupled to
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the first output node and the second output node. The pull-up circuit is coupled to the first output
node and the second output node. The pull-up circuit includes a first transistor, a second transistor,
a third transistor, a fourth transistor, a fifth transistor, and a sixth transistor. The second transistor
is cross-coupled with the first transistor. The third transistor includes a control terminal and an
output terminal. The control terminal is coupled to an output terminal of the first transistor. The
output terminal coupled to the first output node. The fourth transistor includes a control terminal
and an output terminal. The control terminal of the fourth transistor is coupled to an output
terminal of the second transistor. The output terminal of the fourth transistor is coupled to the
second output node. The fifth transistor includes a control terminal and an input terminal. The
control terminal of the fifth transistor coupled to the first output node. The input terminal of the
fifth transistor is coupled to a control terminal of the second transistor. The sixth transistor
includes a control terminal and an input terminal. The control terminal of the sixth transistor is
coupled to the second output node. The input terminal of the sixth transistor is coupled to a control
terminal of the first transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] For a detailed description of various examples, reference will now be made to the
accompanying drawings in which:

[0006] FIG. 1 shows a schematic diagram for a double-tail sense amplifier latch;

[0007] FIG. 2 shows a schematic diagram for a two-stage N-MOS sense amplifier latch; and
[0008] FIG. 3 shows a schematic diagram for a latching sense amplifier.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0009] Certain terms have been used throughout this description and claims to refer to particular
system components. In this disclosure and claims, the terms “including” and “comprising” are
open-ended and mean “including, but not limited to... .” Also, the term “couple” or “couples” is
intended to mean either an indirect or direct wired or wireless connection. The recitation “based
on” means “based at least in part on.”

[0010] FIG. 1 shows a schematic diagram for a double-tail latching sense amplifier 100. The
double-tail latching sense amplifier 100 provides good performance with a relatively low number
of transistors, but requires a multi-phase clocking, and the output stage includes stacked P-MOS
transistors that must be relatively large to provide high output drive. The double-tail latching sense

amplifier 100 includes an input stage 102 and an output stage 104. When a clock signal provided
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to the double-tail latching sense amplifier 100 is “low” the double-tail latching sense amplifier 100
is reset, and when the clock signal is “high” the double-tail latching sense amplifier 100 latches a
value based on differential input signals provided to the double-tail latching sense amplifier 100.
[0011] The input stage 102 includes a clocked differential amplifier 106 and a reset circuit 108.
The clocked differential amplifier 106 includes a transistor 110, a transistor 112, and a tail
transistor 114. The transistor 110 and the transistor 112 are connected as a differential amplifier to
receive differential input signals Vip and Vin. The transistor 110, the transistor 112, and the tail
transistor 114 may be negative-channel (N-channel) metal oxide semiconductor field effect
transistors (MOSFETs). The tail transistor 114 is turned on when the clock signal provided to the
double-tail latching sense amplifier 100 is “high” to connect the sources of the transistor 110 and
the transistor 112 to ground and to allow a differential voltage to develop across the drains of the
transistor 110 and transistor 112.

[0012] The reset circuit 108 is connected to the drain terminals of the transistor 110 and the
transistor 112. The reset circuit 108 includes a transistor 116, a transistor 118, and a transistor 120.
The transistor 116, the transistor 118, and the transistor 120 may be positive-channel (P-channel)
MOSFETs. When the clock signal provided to the double-tail latching sense amplifier 100 is
“low,” the transistor 116, the transistor 118, and transistor 120 are turned on to pull up the drain
terminals of the transistor 110 and the transistor 112.

[0013] The output stage 104 includes input transistor 122, input transistor 124, tail transistor
126, latch transistor 128, latch transistor 130, latch transistor 132, and latch transistor 134. The
input transistor 122, the input transistor 124, the latch transistor 128, and the latch transistor 130
may be N-channel MOSFETs. The tail transistor 126, the latch transistor 132, and the latch
transistor 134 may be P-channel MOSFETs. The tail transistor 126 must be relatively large to
provide sufficient current to quickly switch large loads. The input transistor 122 and the input
transistor 124 are controlled by the input stage 102. The input transistor 122 is coupled to the drain
of the transistor 112, and the input transistor 124 is coupled to the drain of the transistor 110.
When the reset circuit 108 is active, tail transistor 126 is turned off, and the input transistor 122
and the input transistor 124 pull the output node 136 and the output node 138 of the output stage
104 to ground. The tail transistor 126 is controlled by an inverted version of the clock signal
applied to the tail transistor 114. Accordingly, the tail transistor 126 and the tail transistor 114 are

turned on during the same phase of the clock signal.
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[0014] The latch transistor 128 and the latch transistor 132 are coupled to form a first inverter.
The latch transistor 130 and the latch transistor 134 are coupled for form a second inverter that is
cross-coupled with the first inverter to form a latch. When the tail transistor 114 and the tail
transistor 126 are turned on, a differential voltage at the gates of the transistor 110 and the
transistor 112 produces a differential voltage at the drains of the transistor 110 and the transistor
112, which in turn drives the input transistor 122 and the input transistor 124 to produce a
differential voltage at the output node 136 and the output node 138. As the differential voltage at
the output node 136 and output node 138 increases, one of the latch transistor 128 or the latch
transistor 130 turns on, and positive feedback within the latch causes the output node 136 and
output node 138 to swing to the power supply rails.

[0015] FIG. 2 show a schematic diagram for a two-stage N-MOS sense amplifier latch 200.
Unlike the double-tail latching sense amplifier 100, the two-stage N-MOS sense amplifier latch
200 uses a single clock phase and does not include stacked P-channel MOSFETs, however, the
output pull-up drive strength is limited. The two-stage N-MOS sense amplifier latch 200 includes
an input stage 202 and an output stage 204. When a clock signal provided to the two-stage N-
MOS sense amplifier latch 200 is “low” the two-stage N-MOS sense amplifier latch 200 is reset,
and when the clock signal is “high” the two-stage N-MOS sense amplifier latch 200 latches a value
based on differential input signals provided to the two-stage N-MOS sense amplifier latch 200.
[0016] The input stage 202 includes a clocked differential amplifier 206 and a reset circuit 208.
The clocked differential amplifier 206 includes a transistor 210, a transistor 212, and a tail
transistor 214. The transistor 210 and the transistor 212 are connected as a differential amplifier to
receive differential input signals Vip and Vin. The transistor 210, the transistor 212, and the tail
transistor 214 may be N-channel MOSFETs. The tail transistor 214 is turned on when the clock
signal provided to the two-stage N-MOS sense amplifier latch 200 is “high” to connect the sources
of the transistor 210 and the transistor 212 to ground and to allow a differential voltage to develop
across the drains of the transistor 210 and transistor 212.

[0017] The reset circuit 208 is connected to the drain terminals of the transistor 210 and the
transistor 212. The reset circuit 208 includes a transistor 216, a transistor 218, and a transistor 220.
The transistor 216, the transistor 218, and the transistor 220 may be P-channel MOSFETs. When
the clock signal provided to the two-stage N-MOS sense amplifier latch 200 is “low,” the transistor

216, the transistor 218, and transistor 220 are turned on to pull up the drain terminals of the
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transistor 210 and the transistor 212.

[0018] The output stage 204 includes input transistor 222, input transistor 224, tail transistor
226, latch transistor 228, latch transistor 230, latch transistor 232, latch transistor 234, and reset
circuit 240. The reset circuit 240 includes transistor 242, transistor 244, and transistor 246. The
input transistor 222, the input transistor 224, the latch transistor 228, the latch transistor 230, and
the tail transistor 226 may be N-channel MOSFETs. The latch transistor 232, the latch transistor
234, the transistor 242, the transistor 244, and the transistor 246 may be P-channel MOSFETs.
The reset circuit 240 is similar to the reset circuit 208. When the clock signal provided to the two-
stage N-MOS sense amplifier latch 200 is “low,” the transistor 242, the transistor 244, and the
transistor 246 are turned on to pull up the output node 236 and the output node 238.

[0019] The input transistor 222 and the input transistor 224 are controlled by the input stage 202.
The input transistor 222 is coupled to the drain of the transistor 210, and the input transistor 224 is
coupled to the drain of the transistor 212. The tail transistor 226 is controlled by the clock signal
provided to the two-stage N-MOS sense amplifier latch 200. When the clock signal is “high” the
tail transistor 226 is turned on to connect the input transistor 222, the input transistor 224, the latch
transistor 228, and the latch transistor 230 to ground. Accordingly, the tail transistor 226 and the
tail transistor 214 are turned on during the same phase of the clock signal.

[0020] The latch transistor 228 and the latch transistor 232 are coupled to form a first inverter.
The latch transistor 230 and the latch transistor 234 are coupled to form a second inverter that is
cross-coupled with the first inverter to form a latch. When the tail transistor 214 and the tail
transistor 226 are turned on, a differential voltage at the gates of the transistor 210 and the
transistor 212 produces a differential voltage at the drains of the transistor 210 and the transistor
212, which in turn drives the input transistor 222 and the input transistor 224 to produce a
differential voltage at the output node 236 and the output node 238. As the differential voltage at
the output node 236 and output node 238 increases, one of the latch transistor 228 or the latch
transistor 230 turns on, and positive feedback within the latch causes the output node 236 and
output node 238 to swing to the power supply rails.

[0021] FIG. 3 shows a schematic diagram for a latching sense amplifier 300. The latching sense
amplifier 300 includes some circuitry that is similar to that of the double-tail latching sense
amplifier 100 or the two-stage N-MOS sense amplifier latch 200, and the latching sense amplifier

300 provides a number of advantages over the double-tail latching sense amplifier 100 and the
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two-stage N-MOS sense amplifier latch 200. For example, the latching sense amplifier 300 has
lower clock loading than the double-tail latching sense amplifier 100 while providing similar
performance, and in contrast to the double-tail latching sense amplifier 100, the latching sense
amplifier 300 requires only one clock phase. The latching sense amplifier 300 does not include
stacked P-channel MOSFETsSs, which allows the size of the P-channel MOSFETS to be reduced.
[0022] The latching sense amplifier 300 includes an input stage 302 and an output stage 304.
When a clock signal provided to the latching sense amplifier 300 is “low” the latching sense
amplifier 300 is reset, and when the clock signal is “high” the latching sense amplifier 300 latches
a value based on differential input signals provided to the latching sense amplifier 300. The input
stage 302 includes a clocked differential amplifier 306 and a reset circuit 308. The clocked
differential amplifier 306 includes a transistor 310, a transistor 312, and a tail transistor 314. An
output terminal (e.g., source terminal) 310S of the transistor 310 is connected to an output terminal
(e.g., source terminal) 312S of the transistor 312 to form a differential amplifier that receives
differential input signals Vip and Viy. The transistor 310, the transistor 312, and the tail transistor
314 may be N-channel MOSFETs. The tail transistor 314 is turned on when the clock signal
provided to the latching sense amplifier 300 is “high” to connect the sources of the transistor 310
and the transistor 312 to ground and to allow a differential voltage to develop across the drains of
the transistor 310 and transistor 312. The transistor 310 drives the output node 311 of the input
stage 302, and the transistor 312 drives the output node 313 of the input stage 302.

[0023] The reset circuit 308 is connected to the input terminal (e.g., drain terminal) 310D of the
transistor 310 and the input terminal (e.g., drain terminal) 312D of the transistor 312. The reset
circuit 308 includes a transistor 316, a transistor 318, and a transistor 320. The transistor 316, the
transistor 318, and the transistor 320 may be P-channel MOSFETs. When the clock signal
provided to the latching sense amplifier 300 is “low,” the transistor 316, the transistor 318, and
transistor 320 are turned on to pull up the drain terminals of the transistor 310 and the transistor
312, and the output nodes 311 and 313. The transistor 316 includes an output terminal (e.g., drain
terminal) 316D that is connected to the input terminal 310D of the transistor 310. The transistor
318 includes an output terminal (e.g., drain terminal) 318D that is connected to the input terminal
312D of the transistor 312. The transistor 320 includes a control terminal (e.g., gate terminal)
320G that is connected to a control terminal (e.g., gate terminal) 316G of the transistor 316 and a

control terminal (e.g., gate terminal) 318G of the transistor 318. An input terminal (e.g., source
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terminal) 320S of the transistor 320 is connected to one of the output terminal 316D of the
transistor 316 or the output terminal 318D of the transistor 318, and an output terminal (e.g., drain
terminal) 320D of the transistor 320 is connected to one of the output terminal 316D of the
transistor 316 or the output terminal 318D of the transistor 318.

[0024] The output stage 304 is coupled to the input stage 302, and includes a pull-down circuit
360 and a pull-up circuit 362. The pull-down circuit 360 pulls the output node 336 and the output
node 338 to ground, and the pull-up circuit 362 pulls the output node 336 and the output node 338
up to a power supply rail.

[0025] The pull-up circuit 362 includes input transistor 348, input transistor 350, tail transistor
326, transistor 332, transistor 334, transistor 352, transistor 354, transistor 356, transistor 358, and
reset circuit 340. The reset circuit 340 includes transistor 342, transistor 344, and transistor 346.
The input transistor 348, the input transistor 350, the tail transistor 326, the transistor 356, and the
transistor 358 may be N-channel MOSFETs. The transistor 332, the transistor 334, the transistor
342, the transistor 344, and the transistor 346 may be P-channel MOSFETs. When the clock signal
provided to the latching sense amplifier 300 is “low,” the transistor 342, the transistor 344, and the
transistor 346 are turned on to pull up the control terminals (e.g., the gate terminals) 352G, 354G,
332G, and 334G of the transistor 352, the transistor 354, the transistor 332, and the transistor 334
respectively, thereby turning off the transistor 352, the transistor 354, the transistor 332, and the
transistor 334, and disabling the transistor 352 and the transistor 354 from pulling up the output
node 336 and the output node 338.

[0026] The transistor 332 and the transistor 334 are cross-coupled to form a latch circuit 333. A
control terminal (e.g., gate terminal) 332G of the transistor 332 is connected to an output terminal
(e.g., drain terminal) 334D of the transistor 334. A control terminal (e.g., gate terminal) 334G of
the transistor 334 is connected to an output terminal (e.g., drain terminal) 332D of the transistor
332.

[0027] The output terminal (i.e., drain terminal) 352D of the transistor 352 is coupled to the
output node 336 to pull up the output node 336. The 352G is connected to the output terminal
332D of the transistor 332. The output terminal (i.e., drain terminal) 354D of the transistor 354 is
coupled to the output node 338 to pull up the output node 338. The 354G is connected to the
output terminal 334D of the transistor 334. Thus, in the latching sense amplifier 300, the output

node 336 and the output node 338 are each pulled up via a single transistor.
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[0028] The transistor 356 and the transistor 358 provide feedback from the output node 336 and
the output node 338 to the transistor 332 and the transistor 334. The control terminal (i.e., gate
terminal) 356G of the transistor 356 is coupled to the output node 336. The input terminal (e.g.,
drain terminal) 356D of the transistor 356 is connected to the control terminal 334G of the
transistor 334 to pull down the control terminal 334G. The control terminal (i.e., gate terminal)
358G of the transistor 358 is coupled to the output node 338. The input terminal (e.g., drain
terminal) 358D of the transistor 358 is connected to the control terminal 332G of the transistor 332
to pull down the control terminal 332G.

[0029] The input transistor 348 and the input transistor 350 are controlled by the input stage 302.
The control terminal (i.e., gate terminal) 348G of the input transistor 348 is coupled to the output
node 311 of the input stage 302. The output terminal (i.e., source terminal) 348S of the transistor
348 is coupled to the output terminal (i.e., source terminal) 356S of the transistor 356. The input
terminal (i.e., drain terminal) 348D of the transistor 348 is coupled to the control terminal 332G of
the transistor 332. The control terminal (i.e., gate terminal) 350G of the input transistor 350 is
coupled to the output 313 of the input stage 302. The output terminal (i.e., source terminal) 350S
of the transistor 350 is coupled to the output terminal (i.e., source terminal) 358S of the transistor
358. The input terminal (i.e., drain terminal) 350D of the transistor 350 is coupled to the control
terminal 334G of the transistor 334. The tail transistor 326 is controlled by the clock signal
provided to the latching sense amplifier 300. When the clock signal is “high” the tail transistor 326
is turned on to connect the input transistor 348, the input transistor 350, the transistor 356, and the
transistor 358 to ground. Accordingly, the tail transistor 326 and the tail transistor 314 are turned
on during the same phase of the clock signal.

[0030] When the reset circuit 308 is inactive, a differential voltage at the control terminals (e.g.,
gate terminals) 310G and 312G of the transistor 310 and the transistor 312 produces a differential
voltage at the input terminals input terminal 310D and input terminal 312D of the transistor 310
and the transistor 312, which in turn drives the input transistor 348 and the input transistor 350 to
produce a differential voltage at the control terminal 332G of the transistor 332, the control
terminal 334G of the transistor 334, the control terminal 352G of the transistor 352, and the control
terminal 354G of the transistor 354. As the differential voltage increases, one of the transistor 332
and the transistor 334 turns on, and one of the transistor 352 and the transistor 354 turns on.

Positive feedback from the output node 336 and the output node 338 and between the transistor
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332 and the transistor 334 latches the state of the pull-up circuit 362.

[0031] The pull-down circuit 360 includes a transistor 322, a transistor 324, a transistor 328, and
a transistor 330. The transistor 322 and the transistor 324 are respectively coupled to the output
nodes 311 and 313 of the input stage 302, and controlled by the input stage 302. The transistor 322
includes a control terminal (e.g., gate terminal) 322G that is connected to the input terminal 310D
of the transistor 310. The transistor 324 includes a control terminal (e.g., gate terminal) 324G that
is connected to the input terminal 312D of the transistor 312. An input terminal (e.g., drain
terminal) 322D of the transistor 322 is connected to the output node 336 of the latching sense
amplifier 300, and an input terminal (e.g., drain terminal) 324D of the transistor 324 is connected
to the output node 338 of the latching sense amplifier 300.

[0032] The transistor 328 and the transistor 330 are cross-coupled to form a latch circuit 331. A
control terminal (e.g., gate terminal) 328G of the transistor 328 is connected to an input terminal
(e.g., drain terminal) 330D of the transistor 330, the input terminal 324D of the transistor 324, and
the output node 338. A control terminal (e.g., gate terminal) 330G of the transistor 330 is
connected to an input terminal (e.g., drain terminal) 328D of the transistor 328, the input terminal
322D of the transistor 322, and the output node 336.

[0033] When the reset circuit 308 is active, the transistor 322 and the transistor 324 pull the
output node 336 and the output node 338 of the output stage 304 to ground. When the reset circuit
308 is inactive, a differential voltage at the control terminals (e.g., gate terminals) 310G of the
transistor 310 and 312G of the transistor 312 produces a differential voltage at the input terminal
310D of the transistor 310 and the input terminal 312D of the transistor 312, which in turn drives
the transistor 322 and the transistor 324 to produce a differential voltage at the output node 336 and
the output node 338. As the differential voltage at the output node 336 and output node 338
increases, one of the transistor 352 and the transistor 354 turns on, which causes one of the
transistor 328 and the transistor 330 to turns on and pull a corresponding one of the output node
336 and the output node 338 to ground. Positive feedback from the output node 336 and the output
node 338 and between the transistor 328 and the transistor 330 latches the state of the pull-down
circuit 360. Thus, in the latching sense amplifier 300, the output node 336 and the output node 338
are each pulled down via a single transistor.

[0034] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
I. A latching sense amplifier, comprising:
an input stage comprising a clocked differential amplifier; and
an output stage comprising:
a first output node;
a second output node;
a pull-up circuit, comprising:
a first transistor;
a second transistor cross-coupled with the first transistor;
a third transistor, controlled by the first transistor, and configured to pull up
the first output node;
a fourth transistor, controlled by the second transistor, and configured to
pull up the second output node; and
a pull-down circuit, comprising:
a fifth transistor configured to pull down the first output node; and
a sixth transistor configured to pull down the second output node;
wherein the fifth transistor and the sixth transistor are cross-coupled.
2. The latching sense amplifier of claim 1, wherein the pull-up circuit further comprises a
seventh transistor, controlled by the first output node, and configured to pull down a control
terminal of the second transistor.
3. The latching sense amplifier of claim 1, wherein the pull-up circuit further comprises a
seventh transistor, controlled by the second output node, and configured to pull down a control
terminal of the first transistor.
4. The latching sense amplifier of claim 1, wherein the pull-up circuit further comprises a
reset circuit configured to pull up a control terminal of the first transistor, pull up a control terminal
of the second transistor, pull up a control terminal of the third transistor, and pull up a control
terminal of the fourth transistor.
5. The latching sense amplifier of claim 1, wherein the pull-up circuit further comprises:
a seventh transistor coupled to a first output node of the input stage, and configured to

control the first transistor; and

10
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an eighth transistor coupled to a second output node of the input stage, and configured to

control the second transistor.

6. The latching sense amplifier of claim 1, wherein the pull-down circuit further comprises:
a seventh transistor coupled to a first output node of the input stage, and configured to pull-
down the first output node; and
an eighth transistor coupled to a second output node of the input stage, and configured to
pull-down the second output node.
7. The latching sense amplifier of claim 1, wherein the clocked differential amplifier
comprises:
a seventh transistor configured to drive a first output node of the input stage;
an eighth transistor coupled to the seventh transistor to form a differential pair, and
configured to drive a second output node of the input stage; and
a reset circuit configured to pull-up the first output node of the input stage and the second
output node of the input stage.
8. A latching sense amplifier, comprising:
an input stage; and
an output stage coupled to the input stage, and comprising:
a first output node;
a second output node;
a pull-up circuit comprising:
a first transistor configured to pull up the first output node;
a second transistor configured to pull up the second output node;
a latch circuit configured to control the first transistor and the second
transistor; and
a pull-down circuit comprising a latch circuit configured to pull-down the first
output node based on a voltage of the second output node.
0. The latching sense amplifier of claim 8, wherein the latch circuit of the pull-down circuit is

configured to pull-down the second output node based on a voltage of the first output node.

10.

The latching sense amplifier of claim 8, wherein the latch circuit of the pull-up circuit

comprises:

a third transistor; and
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a fourth transistor cross-coupled with the third transistor.

11. The latching sense amplifier of claim 10, wherein the pull-up circuit comprises a fifth
transistor configured to pull down a control terminal of the fourth transistor based on a voltage of
the first output node.

12. The latching sense amplifier of claim 10, wherein the pull-up circuit comprises a fifth
transistor configured to pull down a control terminal of the third transistor based on a voltage of the
second output node.

13. The latching sense amplifier of claim 10, wherein the pull-up circuit comprises:

a fifth transistor coupled to a first output node of the input stage, and configured to pull
down a control terminal of the third transistor based on a voltage at the first output
node of the input stage; and

a sixth transistor coupled to a second output node of the input stage, and configured to pull
down a control terminal of the fourth transistor based on a voltage at the second
output node of the input stage.

14. The latching sense amplifier of claim 8, wherein the output stage comprises:

a third transistor coupled to a first output node of the input stage, and configured to pull
down the first output node of the output stage based on a voltage at the first output
node of the input stage; and

a fourth transistor coupled to a second output node of the input stage, and configured to
pull down the second output node of the output stage based on a voltage at the
second output node of the input stage.

15. The latching sense amplifier of claim 8, wherein the input stage comprises:

a clocked differential amplifier configured to drive a first output node and a second output
node of the input stage; and

a reset circuit configured to pull-up the first output node and the second output node of the
input stage during a half-cycle of a clock signal.

16. The latching sense amplifier of claim 8, wherein the output stage comprises a reset circuit
configured to pull-up a first output terminal and a second output terminal of the latch circuit of the
pull-up circuit during a half-cycle of a clock signal.

17. A latching sense amplifier, comprising:

an input stage; and
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an output stage coupled to the input stage, and comprising:

a first output node;

a second output node;

a pull-down circuit coupled to the first output node and the second output node; and

a pull-up circuit coupled to the first output node and the second output node, the

pull-up circuit comprising:
a first transistor;
a second transistor cross-coupled with the first transistor;
a third transistor comprising:
a control terminal coupled to an output terminal of the first
transistor; and
an output terminal coupled to the first output node;
a fourth transistor comprising:
a control terminal coupled to an output terminal of the second
transistor; and
an output terminal coupled to the second output node;
a fifth transistor comprising:
a control terminal coupled to the first output node; and
an input terminal coupled to a control terminal of the second
transistor; and
a sixth transistor comprising;
a control terminal coupled to the second output node; and

an input terminal coupled to a control terminal of the first transistor.

18. The latching sense amplifier of claim 17, wherein the pull-up circuit comprises:

a seventh transistor, comprising;

a control terminal coupled to the input stage;

an input terminal coupled to the control terminal of the first transistor; and

an output terminal coupled to an output terminal of the fifth transistor; and

an eighth transistor, comprising:

a control terminal coupled to the input stage;

an input terminal coupled to the control terminal of the second transistor; and

13
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an output terminal coupled to an output terminal of the sixth transistor.
The latching sense amplifier of claim 17, wherein the pull-down circuit comprises:
a seventh transistor;
an eighth transistor cross-coupled with the seventh transistor;
a ninth transistor comprising:
a control terminal coupled to the input stage; and
an input terminal coupled to:
the first output node;
a control terminal of the eighth transistor; and
an input terminal of the seventh transistor; and
a tenth transistor comprising:
a control terminal coupled to the input stage; and
an input terminal coupled to:
the second output node;
a control terminal of the seventh transistor; and
an input terminal of the eighth transistor.
The latching sense amplifier of claim 17, wherein the input stage comprises:
a seventh transistor;
an eighth transistor comprising an output terminal coupled to an output terminal of the
seventh transistor; and
a reset circuit coupled to the seventh transistor and the eighth transistor, the reset circuit
comprising:
a ninth transistor comprising an output terminal coupled to an input terminal of the
seventh transistor;
a tenth transistor comprising an output terminal coupled to an input terminal of the
eighth transistor; and
an eleventh transistor comprising:
a control terminal coupled a control terminal of the ninth transistor and to a
control terminal of the tenth transistor;
an input terminal coupled to an output terminal of one of the ninth transistor

or the tenth transistor; and

14
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an output terminal coupled to an output terminal of one of the ninth

transistor or the tenth transistor.
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