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Design and Sensitivity Analysis of a
New Current-Mode Sense Amplifier

for Low-Power SRAM
Anh-Tuan Do, Zhi-Hui Kong, Kiat-Seng Yeo, and Jeremy Yung Shern Low

Abstract—A new current-mode sense amplifier is presented. It
extensively utilizes the cross-coupled inverters for both local and
global sensing stages, hence achieving ultra low-power and ultra
high-speed properties simultaneously. Its sensing delay and power
consumption are almost independent of the bit- and data-line
capacitances. Extensive post-layout simulations, based on an
industry standard 1 V/65-nm CMOS technology, have verified
that the new design outperforms other designs in comparison
by at least 27% in terms of speed and 30% in terms of power
consumption. Sensitivity analysis has proven that the new design
offers the best reliability with the smallest standard deviation
and bit-error-rate (BER). Four 32 32-bit SRAM macros have
been used to validate the proposed design, in comparison with
three other circuit topologies. The new design can operate at a
maximum frequency of 1.25 GHz at 1 V supply voltage and a
minimum supply voltage of 0.2 V. These attributes of the proposed
circuit make it a wise choice for contemporary high-complexity
systems where reliability and power consumption are of major
concerns

Index Terms—Current mode and sense amplifier, low power, low
voltage SRAM.

I. INTRODUCTION

S RAM-BASED cache which is responsible for increasing
the speed of the data flows, and hence the speed of the

system, is one of the most important components of state-of-
the-art VLSI systems. It is prevalently presented in the design
of modern microprocessors for bridging the widening diver-
gence between the performances of the Central Processing Unit
(CPU) and the DRAM-based main memory [1]. This trend is
accentuated by the never-ending market demand for sophisti-
cated communication and multimedia applications, which re-
quire high-tech portable electronic gadgets with high-perfor-
mance as their requisite feature. As on-chip memory will occupy
a large portion of the chip area, the power dissipated within the
memory, both active and standby, will become a dominant part
of the total power consumption of the chip [2]–[4]. In view of the
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above, there is invariably an apparent urgency to address these
two often-conflicting power and performance requirements [5],
[6]. While there are a lot of sources of power consumption (for
instance, leakages, memory cells, Sense Amplifier (SA) and I/O
circuits), the total delay is mainly determined by the signifi-
cant capacitances attributed by the long-wire paths routed in
close proximity (commonly known as and ) [7]. These
highly capacitive wires are also important factors that drastically
increase the total power dissipation during the read and write op-
erations [8], [9]. The current-mode SA, which has the ability to
quickly amplify a small differential signal on the bit-lines (BLs)
and data-lines (DLs) to the full CMOS logic level without re-
quiring a large input voltage swing, is widely used as one of
the most effective ways to reduce both sensing delay and power
consumption of the SRAM [8]–[22].

In this paper, we propose a current-mode SA that improves
the sensing speed and reliability of the previously published de-
signs and at the same time reduce the power consumption. It
was extensively simulated and graphically presented in com-
parison with other three widely used SA topologies, namely the
high-speed [12], decoupled latch [18], [19], and the alpha latch
[20] designs.

II. EXISTING DESIGNS

This section briefly describes the operations of three existing
designs studied in this work. The gists of these designs are de-
picted in Fig. 1.

A. Current-Conveyor-Based Sense Amplifier

The first conveyor-based sense amplifier was proposed by E.
Seevinck et al. in [8]. It consists of four identical pMOS tran-
sistors [P1–P4 in Fig. 1(a)] connected in a feedback structure.
It is assumed that the complementary bit-lines (BL and ) are
precharged to and all four pMOS transistors operate in sat-
uration region during the read cycles. The current conveyor is
enabled by triggering the column select (CS) signal low. Since
all four transistors are in saturation, their source-to-drain cur-
rents are only dependent on their gate-to-source voltages. As
a result, voltage at the bit-line terminals ( and ) are
the same and equal to . The current conveyor there-
fore has the ability to convey the differential current from the
bit-lines to the data-line without waiting for the discharging of
the highly capacitive bit-lines. Thus, this design achieved both
higher sensing speed and lower power consumption when com-
pared to the conventional voltage mode designs in which large
voltage difference must be developed between the bit-lines [8].

1063-8210/$26.00 © 2009 IEEE
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Fig. 1. Local sensing stage of existing SRAM sense amplifier. a) Current-con-
veyor. b) Alpha latch. c) Bit-line decoupled latch.

Based on this basis structure, several improved versions of this
design have been reported, mainly by adding current-mirrors
to the feet of the current-conveyor to enhance its current drive-
ability [5], [10], [12]. In this paper, we will compare our work
with the high-speed design [12] which consists of four addi-
tional nMOS transistors, also shown in Fig. 1(a). These nMOS
devices form two current-mirrors to intensify the output currents

and to the data-lines. This design will be used as the bench-
mark to evaluate the performance of the proposed design, the
alpha latch and the decoupled latch sense amplifiers mentioned
below. However, because of its current-mode nature, we do not
study its input-offset voltage. As a result, input-off set analysis
(see Fig. 7) and latching delay analysis (see Fig. 5) are not ap-
plicable to this design.

B. Alpha-Latch Sense Amplifier

The alpha latch [20] is depicted in Fig. 1(b). The nMOS tran-
sistor N5 is used to turn the amplifier off during standby, thus
save power. When the sense amplifier is activated by the en-
able signal (EN), the differential input from the complementary
bit-lines induces a differential transconductance in N3 and N4.
As a result, voltage and current differences will appear at the
drains of N3 and N4, i.e., the sources of N1 and N2. Since the
CS signal turns off N6, the flip-flop structure will latch and full
swing voltages will be available at nodes A and B, turning one

Fig. 2. Proposed design coupled with a simplified read-cycle-only memory
system.

of the transistors N7 and N8 on while the other is off. During
standby, is kept high to turn P3 and P4 off. During oper-
ation, both P3 and P4 are turned on but one of N7 and N8 is
turned off, thus only one current will flow to the data-lines [i.e.,

or in Fig. 2(b)]. A global sense amplifier is also used to
quickly amplify the voltage difference on the data-lines to the
output of the SRAM.

C. Decoupled Latch Sense Amplifier

The decoupled-latch consists of six nMOS and two pMOS
transistors, as shown in Fig. 1(c). Similar to the alpha-latch, its
N3 is used to save power. The reason we use a tail nMOS de-
vice in Fig. 1(b) and Fig. 1(c) is because it gives a smaller area
comparing to a pMOS with the same current strength. Further-
more, BLs are precharged to and hence nMOS tail device
is required. It is in contrast with our proposed design in Fig. 2
where a tail pMOS device must be used because DL and
are precharged to ground. To tackle the heavily loaded bit-lines
issue, these bit-line signals are tapped to the input ports of the
amplifier through two decoupled devices, i.e., P3 and P4. Once
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the bit-line differential signal is induced at nodes C and D, the
latch is enabled by turning off N4 but turning on N3. Concur-
rently, P3 and P4 are turned off to decouple the bit-lines from the
high-swing output nodes. The use of P3 and P4 helps reducing
the impact of the bit-line capacitances on the switching activity,
hence significantly reducing both sensing delay and power con-
sumption [18], [19]. Similar to the alpha latch design, full swing
voltage at nodes C and D is transferred to the data-line differ-
ential voltage by the means of a pair of nMOS transistors, as
shown in Fig. 1(c).

III. PROPOSED SA

The proposed SA, coupled with a simplified read-cycle-only
memory system, is presented in Fig. 2. It consists of two sensing
stages: local and global. The local sensing stage is formed by
four pMOS (P3–P6) and three nMOS (N1, N2, and N7) tran-
sistors. While P3 and P4 act as a column switch, the rest of
the transistors establish the local cross-coupled inverters, which
are responsible for generating the BL differential currents and
transferring them to the DLs. The global sensing stage consists
of three pMOS (P7–P9) and five nMOS (N3–N6 and N8) tran-
sistors. In Fig. 2, two output inverters, which serve as buffers
to drive the potentially large output loads to full CMOS logic
output levels, are also included. The operation of the proposed
SA is described as follows.

During the standby period, P3 and P4 are turned off to block
any BL currents. The Column Select and Global Enable (CS and
GEN) signals turn on N7 and N8 respectively to equalize nodes
A, B and C, D to the same potential, respectively. Meanwhile,
two pre-charge transistors N5 and N6 are turned on to pull both
DLs to ground. At the same time, P9 is turned off to save power.
Since P9 is off and the DLs are precharged to ground, C and D
are also at a low potential (near ) during standby. The two
output inverters are also cutoff by P9, as shown in Fig. 2. This
topology ensures that the standby current of the circuit, and thus
the power dissipation are minimized.

Consider both RS1 and CS2 being activated during a read
operation. The precharge signal (PRE) turns N5 and N6 off, al-
lowing the DL voltages to change freely. The memory cell at
the upper row and right column will be selected, resulting in
a small cell current flowing from the into the cell as
shown in Fig. 2 and discharges the to a voltage level lower
than that of the BL. As CS2 is triggered low, P3 and P4 are
turned on to transfer the BL potentials and BL currents to the
inputs of the local cross-coupled inverters. At the same time, N7
is turned off to activate the local cross-coupled inverters. This
building block senses the voltage and current difference at the
source terminals of P5 and P6 and quickly finishes its latching
process. Hence, node A is pulled to while node B is dis-
charged to the same potential of the , which is near ground,
as shown in Fig. 3 [18]. More importantly, during this latching
process, the pulsing current flowing from N2 to , i.e., , is
much higher than that from the N1 to the DL, i.e., , as shown
in Fig. 3. This phenomenon can be intuitively explained as fol-
lows. During standby, nodes A and B reside at a low potential
near . Once the sense amplifier is activated, both node po-
tentials will slightly rise and then quickly start to deviate. For
example, in Fig. 3, node A approaches near while node B

Fig. 3. Waveforms at several nodes of the proposed SA during a read cycle.

plunges to near ground. Thus, transistor N1 is in cutoff most of
the time. On the other hand, transistor N2 operates in triode re-
gion and then moves to saturation region, resulting in a much
larger pulsing current when compared to that of N1. Integrating
these two currents over time we get the total charges flowing to
DL and , respectively.

These differential currents flow to the DLs and induce a
voltage difference on the global data-lines. Similarly, this
voltage difference is amplified by the global sensing stage to
the intermediate outputs and , also shown in Fig. 2.
These two voltages are then fed to the output buffers to get the
full CMOS logic levels. It is worth mentioning that the global
sensing stage can only be activated after the latching process
of the local amplifier has completed. The waveforms of several
nodes of the proposed SA during a read cycle are also shown
in Fig. 3. This hierarchical two-level sensing scheme helps re-
ducing both power consumption and sensing delay imposed by
the bit-lines and the data-lines on high density SRAM designs.
Furthermore, although nodes A and B have a near-full-swing
during a read operation, they can not be tapped directly to the
data-lines. Otherwise, the total power consumption and sensing
delay will be increased dramatically. As a result, a global
sensing stage is required to amplify the small differential signal
on the data-lines to a full CMOS logic level at the output of the
SRAM.

The total active power dissipated in the proposed SA is lim-
ited by the cell current flowing from one of the BLs to the node
of the cell where a “0” is stored (which solely depends on the
cell design) and the switching currents of the sensing stages.
After latching, the cross-coupled configuration stays at one of
its bi-stable stages and no additional current is consumed and
hence, power dissipated on the BLs and DLs is optimized. Fig. 4
below shows the prelayout transient waveforms of several nodes
of the proposed design during a read cycle at 1 GHz. Sensing
delay is defined from the time when CS signal reaches half-
to the time when the differential output reaches half- .

Since the global data-lines are shared among many columns,
their parasitic capacitances are significant and have an impor-
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Fig. 4. Output waveforms at 1 GHz.

tant impact on the input margin of the global sensing stage. The
voltage difference on the data-lines must be larger than the input
offset voltage of the global sense amplifier in order to perform a
correct readout. Thus, number of columns sharing the data-lines
should be considered carefully to maintain a reasonable input
margin. It is determined by the size of the MOS transistors in the
local sense amplifier (i.e., N1–N2 and P5–P6) and the layout di-
mension of memory cell (as it affect the length of the data-lines
and hence their parasitic capacitances). This number does not
depend on the technology as it can be adjusted by changing the
size of the transistor in the local sense amplifier. Our analysis in-
dicated that to maintain an input of at least 100 mV to the global
sense amplifier at 1 V voltage supply and 1.25 GHz operating
frequency (as will be mentioned in Section VI-C), number of
columns sharing the data-lines must not exceed 164.

IV. SIMULATION AND DESIGN METHODOLOGY

A. Test Structure

All the sense amplifiers in comparison, i.e., [12], [18]–[20]
and the proposed circuit have been extensively simulated using
four identical 32 32-bit SRAM cores. Each column of the core
has one local sense amplifier which transfers the signal to the
data-lines for global sensing. The orders in which the memory
cells are activated are identical for all four designs. Furthermore,
lump-sum and are connected to the bit- and data-
lines to model additional parasitic capacitance in bigger SRAM
macro. As a simple approximation, each row contributes 1 fF to
the bit-line capacitance and each column contributes 1 fF to the
data-line. It means that if 100 fF and 150 fF,
our structure is equivalent to a SRAM macro of 132 rows and
182 columns. This facilitates the needs to vary both and

for investigation. It also reduces the simulation time with
reasonable accuracy. Detailed investigations for various
and parasitic conditions and supply voltage have also
been performed to gauge the robustness of the designs.
and are swept from 100 to 200 fF simultaneously while

is swept from 0.2 to 1 V. Besides the sensing delay and the
average power consumption, power-delay product (PDP) is used

Fig. 5. Latching delay distributions of the three designs using Monte Carlo
simulation at room temperature, 1 V supply voltage, 100 mV differential input.
Number of iteration is 1000.

as the main performance indicator which takes both entities into
consideration. The transistor sizes of different designs of SAs
have also been fully optimized to achieve the minimum PDP.

B. Circuit Optimization

All transistors in the readout circuits of the four designs have
a constant channel length of 65 nm and parameterized channel
widths. Each circuit is then optimized using a systematic param-
eter sweeping methodology. To ensure the fairness of the com-
parison, transistor widths are set to obtain the minimum PDP at
1 V supply voltage and 100 fF. Parasitic capac-
itances are extracted and back-annotated from the layout view
to the schematic view to perform post-layout simulations. All
results presented in Figs. 5–13 are based on post-layout simula-
tion results.

C. Speed Deviations

In digital and memory circuit, time matching is vital since it
ensures that sufficient input voltage is available to be amplified.
If the output signal of one stage is slowed down, the input of the
next stage may be smaller than the input-offset voltage, resulting
in a wrong sensing. This issue is even more critical in highly
compact SRAM macros, due to their heavily loaded bit- and
data-lines, which are likely to cause signal mismatches. There-
fore, each sensing stage should have a very stable sensing delay
to minimize the above-mentioned mismatches. Thus, speed de-
viations due to inter-die variations of the circuits in comparisons
must be evaluated. These are done with the SA alone as well as
in the context of 32 32-bit SRAM macro. Monte Carlo sim-
ulations are performed with inter-die variations to monitor the
stability of the circuits and simulation results are presented in
Figs. 5 and 6. All circuits are simulated at a power supply of 1
V, 100 fF, 100 fF, 20 fF and clock fre-
quency of 250 MHz. The latching delay is defined as the interval
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Fig. 6. Total sensing delay distributions of the designs in comparison using
Monte Carlo simulations at room temperature. Number of iterations is 200. The
numbers in the brackets explain the mean and standard deviation in sensing
delay of each design.

from 0.5 of the enable signal of the sense amplifier to the
time when the differential output of the sense amplifier is 0.5

. The total sensing delay is measured from 0.5 of the
CS signal to the time when the final differential output of the
SRAM reaches 0.5 , as illustrated in Fig. 4.

D. BER Consideration

In this work, we investigate the input-offset quality of the
sense amplifier designs. Therefore, our BER investigations are
only performed on the sense amplifiers alone. In this work,
BER refers to the failure rate of the sense amplifier at some
specific condition, not the memory cell. Since the input offset
voltage is the main cause of read failure and is more critical to
the cross-coupled based sense amplifiers; only three designs
investigated, namely the proposed, the decoupled latch and the
alpha latch. The BL voltage is set to . The input voltage is
defined as the difference between BL and . All simulations
are performed using Monte Carlo simulations, taking both
process variations (inter-die) and device mismatches (intra-die)
into considerations. Device variations are from foundry-given
data with all parameters considered simultaneously (i.e., doping
level, , , etc.). Number of iterations is 35 000. Simulation
results are shown in Fig. 7.

E. Maximum Operating Frequencies at Various Supply
Voltages

As the supply voltage scales down, the maximum operating
frequency of the SRAM also reduces. For each supply voltage
from 1 V down to 0.2 V, we consider the maximum frequency
at which the sense amplifiers are able to work correctly. Perfor-
mance comparisons are also carried by monitoring the sensing
delay and power consumption per MHz. All transistor sizes are
kept unchanged, as obtained in Section IV-B.

Fig. 7. BER of the three cross-coupled based sense amplifier using Monte
Carlo simulations with 35 000 iterations. a) BER versus supply voltage, input
voltage equals to 0.1 � . b) BER versus input voltage at � � 1 V.

V. SENSITIVITY ANALYSIS

A. Process Variations

As CMOS technology scales down, process variations are be-
coming predominant concerns in designing VLSI system, espe-
cially in SRAM where device geometries are especially small.
It is therefore critical for a SA to work properly not only under
power supply fluctuations but also process variations.

In this work, a detailed sensitivity analysis has been carried
out to investigate the operation of the four designs by using the
process data from the foundry. While the latching delay anal-
ysis is only performed on the three cross-coupled based sense
amplifiers, the total sensing delay analysis is carried out on all
four designs, with the current-conveyor based high-speed sense
amplifier used as a reference circuit. Circuit setups for these sim-
ulations are shown in Figs. 1 and 2.

Fig. 5 shows the latching delay distribution of the proposed,
the decoupled latch and the alpha latch. It is evident that the
proposed design offers the best latching delay with the smallest
mean value (161 ps) and a standard variation (13 ps) similar to
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Fig. 8. Sensing delay versus � and � variations for the circuits in com-
parison � � 20 fF.

Fig. 9. Power versus � and � variations for the circuits in comparison
� � 20 fF.

that of the decoupled latch (15 ps). This can be explained as the
proposed design has the smallest capacitive load at the switching
nodes (nodes A and B in Fig. 2) compared to those of the alpha
latch [nodes A and b in Fig. 1(b)] and the decoupled-latch [nodes
C, D in Fig. 1(c)]. Furthermore, it contains the least number of
transistor hence, its variations is smallest.

Fig. 6 illustrates the total sensing delay distribution of the
three above-mentioned circuit with the high-speed design added
as a reference. It is accordant with the data shown in Fig. 5 where
the proposed and the decoupled designs offer the best perfor-
mance. It is evident that all three cross-coupled based sense am-
plifiers are more reliable with much smaller mean values and
standard deviations, also shown in Fig. 6. For example, the pro-
posed design is 3.6 faster than the high-speed design and its
delay standard deviation is almost 10 smaller.

Fig. 10. PDP versus � and � variations for the circuits in comparison
� � 20 fF.

Fig. 11. Layout of four local SA designs in consideration. From left to right:
Proposed, high-speed, decoupled latch and alpha latch. � signal runs hori-
zontally and is not shown in this figure.

B. Device Mismatches

Device mismatches refer to intra-die variations, which is
caused by local random variations during fabrication. In the
sensing circuit, this issue is more critical than inter-die varia-
tions as it is the main cause of the input offset voltage which in
turn leads to a wrong sensing if the input swing is smaller than
the required offset value.

Fig. 7(a) and (b) show the BER of the three cross-coupled
based caused by the device mismatches in various supply and
input conditions, respectively. Both figures show that the pro-
posed circuit has a smaller BER at every condition. For example,

Authorized licensed use limited to: Nanyang Technological University. Downloaded on February 26,2010 at 01:14:50 EST from IEEE Xplore.  Restrictions apply. 



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

DO et al.: DESIGN AND SENSITIVITY ANALYSIS OF A NEW CURRENT-MODE SENSE AMPLIFIER 7

Fig. 12. Leakage currents of the global and local sense amplifiers of four de-
signs versus operating temperature.

Fig. 13. Maximum operating frequency of four circuits in comparison at dif-
ferent the supply voltages. � � 20 fF, � � 100 fF, � � 100 fF. Room
temperature.

at 1 V voltage supply and 110 mV input, BER of the proposed,
decoupled latch and alpha latch are 171, 20 171, and 75 532
part-per-million (ppm), respectively. This is because the pro-
posed design has the least transistor count (4 versus 6). Although
the BER of the proposed design increases drastically when the
supply voltage scales down [see Fig. 7(a)], it is still smaller than
the other two designs. Furthermore, this trend saturates when

approaches 0.5 V and still ensures better performance than
its counterparts down to 0.2 V supply voltage.

In contrast of Fig. 7(a) and (b) presents three parallel lines
which indicate a predictable behavior of all three designs when
input voltage changes. At 1 V supply voltage, the BER of the
proposed design is at least 50 better than the other designs.
As the proposed design suffers less from the process variations
(Figs. 5–7), it scales better with technologies. Therefore it is
reasonable to conclude that the proposed design is more reliable
than the other latch-based topologies and hence more suitable
for applications where reliability is of crucial concern.

VI. PERFORMANCE COMPARISONS

A. Power Consumption and Sensing Delay

Performance indicators (sensing delay, power consumption
and PDP) of the above-mentioned circuits are graphically pre-
sented in Figs. 8to 10. Fig. 8 compares the sensing delay of the
four designs with respect to and variations, respec-
tively. It is apparent that all four designs are insensitive to both

and , manifested by the almost-horizontal surfaces.
This is because all switching nodes are isolated from the highly
loaded bit-lines and data-lines. However, data-line capacitance
has a greater impact on the performance of the circuits with a
higher slope along the data-line capacitance axis. This figure
also demonstrates the superiority of the proposed design over
the other circuits at 1 V supply voltage against and
variations, respectively. For example, at 100 fF,
100 fF, and 20 fF, its sensing delay is reduced to 21.3%,
72.8%, and 27.6% of that of the high-speed [12], decoupled
latch [18], and alpha latch [20], respectively. This observation is
consistent over a wide range of parasitic conditions, also shown
in Fig. 8.

A similar observation can be seen in Fig. 9, regarding the
power consumptions of the four circuits. For example, at the
same working condition as above (i.e., at 1 V,
100 fF, 100 fF, and 20 fF) the power consump-
tion of the new design is reduced to 70.2%, 34.7%, and 64.3% of
that of the high-speed [12], decoupled latch [18], and alpha latch
[20], respectively. This is because the output of the local sensing
stage in our design has very low voltage swing and thus can be
tapped directly to the data-lines. Furthermore, after latching, no
bit-line current is flowing from the bit-lines to the data-lines.
This is in contrast with the other designs in which at least one
bit-line current flows from the bit-lines to the data-lines. Thus,
the PDP of the proposed design is more than 74% superior as
compared to other designs, as shown in Fig. 10. In addition, the
proposed circuit achieves the most stable behavior with a total
change across the simulated regions (i.e. ranges from 100
to 200 fF and ranges from 100 to 200 fF) of 6.5% whereas
that of the high-speed [12], decoupled latch [18] and alpha latch
[20] are 10.9%, 17.3%, and 34.2%, respectively. Table I summa-
rizes the comparison of these four designs, including the layout
area of each topology. As shown in Table I and Fig. 11, the
proposed local design occupies the smallest active area, which
is only 79%, 67%, and 64% of that of the high-speed, decou-
pled latch and alpha latch designs, respectively. All transistor
sizes are obtained from the circuit optimization mentioned in
Section IV-B.

B. Leakage Consideration

Leakage currents of the four sense amplifiers are investigated
at various operating temperature using DC analysis. All four
sense amplifiers (see Figs. 1 and 2) are turned off by setting
their control signals to either or 0 V. At the same time,

is kept at 1 V and temperature is swept from 0 C to 125
C, to cover with the commercial standard range. Simulation

results are shown in Fig. 12. As the proposed local design has
only seven transistors cascaded into two branches (see Fig. 2),
it has the smallest leakage current, as illustrated by the black
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TABLE I
COMPARISON SUMMARY OF THREE CIRCUITS FOR � � 20 fF, � � 100 fF,
� � 100 fF AT 65-nm CMOS TECHNOLOGY AND 250 MHz FREQUENCY.

ALL DESIGNS HAVE THE SAME LAYOUT WIDTH OF 1.6 �m TO FIT ONE

COLUMN PITCH

curves in Fig. 12. For example, at room temperature, leakage
currents of the proposed, decoupled latch, alpha latch, and high
speed designs are 9, 19, 17, and 18 nA, respectively. Simi-
larly, the proposed global sense amplifier also offers the least
leakage although the difference between the four designs is not
significant. The reason is because all four designs contain two
pairs of output buffers which contribute a large portion to their
total leakage. These two observations confirm that the proposed
design consumes the least standby power and hence enabling
longer battery life of the system.

C. Operating Frequency

We aim to design a new SA that can work with a clock fre-
quency higher than 1 GHz. Furthermore, we also study the max-
imum frequency of each design at several supply voltages, as
shown in Fig. 13. It is noticeable that the high-speed design
ceases to work at a supply voltage of 0.3 V. As shown in Fig. 13,
the proposed design and the decoupled-latch have similar max-
imum operating frequency at every supply voltage and about 2
and 4 higher than that of the alpha latch and the high-speed
circuits, respectively. This agrees with the data presented in
Fig. 14, as the proposed design and the decoupled latch have
similar sensing delay. However, power consumption per MHz of
the proposed design is smaller than that of the decoupled latch,
which is even higher than that of the alpha latch, as both shown
in Fig. 14 and Fig. 9. Fig. 14 also clearly indicates that the cur-
rent-conveyor-based high-speed sense amplifier has the largest
sensing delay as well as power consumption. This conclusively
proves the superiority of the proposed circuit when both stability
and performance are of critical design specifications.

VII. CONCLUSION

A latch-type SA has been presented, offering both speed,
and power improvements when compared to the existing circuit
topologies. Furthermore, it can operate with clock frequency as
high as 1.25 GHz, which is the highest among the circuits in con-
sideration. The sensitivity analysis carried out across process
corners has reaffirmed that the new design can tolerate exces-
sive process variations with smallest performance fluctuations.
It also provides better reliability with at least 50 BER at 1 V
supply voltage. In view of the above, it can be concluded that
the new SA is best suited for applications where low-voltage,
low-power, high-speed and stability are of crucial design con-
siderations.

Fig. 14. Maximum operating frequency of four circuits in comparison at dif-
ferent the supply voltages. � � 20 fF, � � 100 fF, � � 100 fF. Room
temperature.
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