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Abstract. In the prominent era of the digital world and
Very Large-Scale Integration (VLSI) circuits, Static
Random Access Memory (SRAM) provides a vital con-
tribution to low-power and high-speed performance.
Sense Amplifiers (SA) are a part of Complementary
Metal-Oxide-Semiconductor (CMOS) memories used
to read the stored information. This paper indicates
a Dual-Voltage, Dual-Tail Level Restoration Voltage
Latch Sense Amplifier (DVDTLR-VLSA). The design
has been implemented using the LT SPICE tool at
180 nm technology node with a 1.8 V supply. Per-
formance comparison of existing SA presented in lit-
erature with the proposed SA is examined based on
different parameters like power, energy, delay, and
current. The proposed design maintains power at
2.167 µW that is decreased to half as against Dual
Switch Transmission Gate Voltage SA (DTGVSA) and
shows an appreciable depletion. Also, the current and
delay results are improved. Dimensional analysis is
also done for the proposed SA to examine the perfor-
mance. After that, the effect of sleep transistors on the
proposed SA examines the performance in comparison
to delay and power parameters without sleep transis-
tors. The DVDTLR-VLSA has minimal energy and
power. Also, the delay is improved which may be de-
termined more advisable for low-power operations.

Keywords
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1. Introduction

In the raising interest of high-speed and low-power
VLSI circuits, Sense Amplifier (SA) has drawn the at-
tention for enormous usage in CMOS memory and cir-
cuits. The SRAM circuit may explosively influence the
power, delay, and stability of the design. Thus, SRAM
cache is among the critical components of the mod-
ern VLSI system, and SRAM circuit is a salient ele-
ment for portable electronic devices [1]. A permanent
memory retains its data when power is disconnected
after activation which is embedded inside "System On
Chip" (SOC) circuits to provide high-level integration.
SRAMs are used in consumer appliances applications
since they can deeply influence the system performance
concerning energy consumption, speed, and reliabil-
ity [2]. It means they may perform high-speed and
low-power operations. However, the major problem of
SRAM circuits is the engagement of equilibrium be-
tween the writing and reading. As suggested in the lit-
erature, the cell ratio should be significant enough to
permit the read access aside from changing the data [3]
and [4].
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SA is an essential part of the peripheral circuit for
SRAM as it identifies and reads the information stored
inside the bit cell during the action as far as the read-
ing operation is completed. SA senses the bit lines’
low signal voltage differences and amplifies them to
the desired level, but it functions only while data is
to be read in the memory. SAs are employed to am-
plify the low signal difference to the preferable logic
level [5]. The differential SAs also called Voltage Mode
SA (VMSA) are used as the static current is not passed
through them. Therefore, to raise the performance
and speed of memory, it is mandatory to identify and
analyse various VMSAs’ importance and benefits. The
cross-coupled latch SAs are the most used and known
due to their power and speed performance. However,
it must be deliberately controlled since the input line
also serves as the output line [6]. Between those SAs,
the proposed SA has minimum power.

In this research work, a modified dual-voltage dual-
tail level restoration voltage latch SA is designed at
a 180 nm technology node that reveals low energy, de-
lay, and power performance in comparison with any
cross-coupled latch SA reported in the literature. Sec-
tion 2. describes a literature review of the ex-
isting VMSA topologies. Section 3. presents the
schematic design, characteristics analysis, dimensional
analysis, and effect of sleep transistors on the proposed
SA. A comparative analysis of the performance of the
proposed SA with the pre-existing SAs is presented
in Sec. 4. The findings of the paper are concluded in
Sec. 5.

2. Existing Voltage-Mode
Based SA Topologies

In this section, some well-known existing SA topolo-
gies reported in previous years are presented. The SA
is a prerequisite ingredient that assembles the memory
Integrated Circuit (IC) chip in the semiconductor in-
dustry. SA is the part of reading circuit systems used
for data reading in the memory. Thus, it is a necessary
component of functionality and performance. The SAs
need reading data within the memory cells. The funda-
mental role of the SA is to sense the stored data based
on bitline voltage discharge and to amplify the small
voltage signal difference to a preferable voltage level.
Thus, the stored data can be demonstrated correctly by
logic aside from the memory [7]. The familiar and supe-
rior SA is SRAM based on cross-coupled voltage latch
SA. Few existing SAs that achieve the desired ambition
are shown in Fig. 1. The correlative property discussed
in the paper for each SA is based on latch type of cross-
coupled voltage mode design. W/L (Width/Length)
ratio of each topology is equal i.e., 4 : 1 for all Positive

channel Metal-Oxide-Semiconductor (PMOS) and 2 : 1
for NMOS transistors.

The basic High-Speed Voltage Latch SA (HSVLSA)
design was reported in 2016 [8] and is shown in
Fig. 1(a). In this circuit, there are three Negative
channel Metal-Oxide-Semiconductor (NMOS) transis-
tors (M3, M4, and M6) and two PMOS transistors (M1
and M2), and a CMOS inverter. The operation starts
with an active Enable signal (EN), the bitline voltage
differences "BL" and "BLB" are being detected by SA,
and the output voltage is carried out. The suitable de-
sign of SA is the first objective for designing SRAM
based circuits [9]. A CMOS inverter is attached addi-
tionally with SA output to amplify the magnitude. Due
to high gain of inverter, the achieved Output (VOUT)
and the cost of HSVLSA are high.

The Conventional Cross-coupled Voltage Latch SA
(CCVLSA) was designed in 2019 [10] and its schematic
is depicted in Fig. 1(b). Circuit consists of three sec-
tions: Driver, Access, and Load transistors. Various
SAs for various memory cells are presented in liter-
ature [10]. VMSA is well-known because of its sim-
plicity and performance. In voltage latch SA, EN
needs to be selected carefully because output line also
serves as input line. Footer Transistor M7 is used
to bring down the leakage current during standby
mode. When EN is high, then the SA conducts active
mode.

The performance and current path in CCVLSA were
improved by modifying it with a Double Switch Cross-
coupled VMSA (DSCVMSA) [11] in 2013. For this pur-
pose, an additional head switch and correspondent En-
able (ENB) signal are introduced, as shown in Fig. 1(c).
The head switch limits the weal latching transistors
from being active during idle period, therefore the in-
firm current path is restricted, EN must be activated
before ENB to transistor M1, and M3 remains to be
turned "OFF". The Enable Bar signal turns "ON"
the transistors M7 and M8. The output nodes charge
equally to voltage of BL and BLB. When EN is ac-
tive and ENB is inactive, the access transistors M7–M8
turn OFF. Then, node at the source of head switch M1
is picked up to Vdd and node at drain of bottom switch
M6 takes out to the ground level. Thus, the output to-
wards BL will be identical to power supply (Vdd) and
output towards BLB will be equal to zero. This demon-
strates that stored data in BL is 1 and stored data in
BLB is 0.

A nine transistor Conventional Latched SA [12] is
illustrated in Fig. 1(d). Here, transistors M2, M3, M5
and M6 form cross-coupled inverter. When EN is "1",
PMOS transistors M8 and M9 are used for decoupling.
M1 is precharge to supply voltage [8]. In CLSA, EN
signal must be direct attentively due to difference in
voltage between drain and source of PMOS M9 and
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Fig. 1: Circuit diversity.

M8, and leakage of current flow from output node to
bit lines.

The design for Transmission Gate Voltage Latch SA
(TGVLSA) was reported in 2019 [10] and its schematic
is depicted in Fig. 1(e). The design consists of four
PMOS (M6, M8, M1 and M2) and five NMOS (M3,
M4, M5, M7 and M9) transistors. TGVLSA works in
the same way as CCVLSA, only two additional tran-
sistors M5 and M7 are added by two PMOS transis-
tors M6 and M8 which form a transmission gate. The
transmission gate transistors are attached to BLB and
BL. The delay and power of TGVLSA are improved as
compared to CCVLSA. Therefore, transmission gate is
the combination of PMOS and NMOS also known as
analog or CMOS switch. TGVLSA is used to allow or
reject a signal towards output [13] and [14]. The trans-
mission gate is used to control gate signal and acts as
a bi-directional switch.

The Dual switch Transmission Gate Voltage latch
SA (DTG-VSA) [11] was designed to depreciate the
power consumption and remove the leakage current is
depicted in Fig. 1(f). The head switch transistor M10
and foot switch transistor M10 relates to enable EN
respectively in the SA to avoid leakage current. Sleep
switches are used to decrease leakage current [15]. The
SA comprises of five PMOS and four NMOS transistors

where transistors M5–M8 are used to make inverter cir-
cuit and transistors M3 and M4 are access transistors.
When EN is "high" and ENB is "low", the sleep tran-
sistors M9 and M10 are turned "ON". Assuming BL
is "high" and BLB is "low". When EN is equal to 0
and ENB is 1, M9 and M10 gets turned "OFF" and
transmission gate transistors (M1, M3, M4, M2) will
be turned "ON". By this, output node charges BL and
BLB equally. Due to dual switch and decreased leak-
age current, the energy is falling off and the speed is
expanded.

3. Schematic Diversity and
Parameter Extraction of the
Proposed Sense Amplifier

Differential Sense Amplifiers are used as the static cur-
rent is not passed through them which will help in re-
ducing power. Also, they are authentic. The main
liability of SA is to detect the stored data of bitline
voltage discharge. However, differential SA uses most
silicon area. Therefore, high packing density is re-
quired. A Level Restoration Circuit (LRC) sets out
a voltage swing from "0" to "1" logic level. LRCs can
be used in VLSI Metal-Oxide-Semiconductor (MOS)
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digital circuit designs. In Fig.2, primary level restora-
tion circuit along with pass transistor is presented [16].
LR circuits are normally brought in because of their
authenticity and also have low short circuit dissipation
due to positive feedback transistor (M2).

M1

VDDL M2

VDDH VDDH

M4

M3

VOUT
CL

Fig. 2: Primary level restoration circuit along pass transistor.

3.1. Schematic Design of the
Proposed Circuit

A Dual-Voltage Dual-Tail Level Restoration Volt-
age Latch Sense Amplifier (DVDTLR-VLSA) includ-
ing two sleep transistors is reported in the paper.
The schematic design of the proposed SA consists of
ten transistors, as depicted in Fig. 3. The circuit design
of the proposed SA is the same as double switch cross
coupled VMSA [11], only two additional PMOS tran-
sistors M1 and M2 are attached. Also, there are two
divisions of circuit connected to Vdd. The DVDTLR-
VLSA amplifies the bitline voltage difference ∆VBLB
and ∆VBL.
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Vdd

M2M1

Vdd

EN M5

BL
BLB

VOUTBVOUT

M9

EN M8

M3

M10

ENB

M4

M7

Fig. 3: Schematic diagram of the proposed SA.

Level restoration circuits are used in MOS logic de-
signs as they supply low-to-high valid logic level of volt-
age swing in reaction to a low swing input signal Dual
voltage with swing restoration logic is used [16]. When
EN is "1" and ENB is "0", the enabling transistors M8
and M5 are turned "ON". Assuming (BLB = "0") and
(BL = "1"), while ENB = 1, EN = 0, and sleeping

transistor gets turned "OFF". This will charge output
nodes.

3.2. Performance Analysis of the
Proposed SA

In this section, the simulated results of the proposed
SA are examined. All the simulations have been per-
formed using LT SPICE tool. In Fig. 4(a), output
functionality of the proposed SA is presented. When
EN signal and BL are high, then output V (p) fol-
lows the BL. Similarly, when ENB is active low and
BL is high, the output V (q) acts in accordance with
BLB. By this waveform, working of SA can be con-
firmed. In Fig. 4(b) and Fig. 4(c), power and current
waveforms are presented respectively.

Power is a critical parameter nowadays. The low
power is important to avoid supplementary system re-
quired for cooling which can cause a portable prob-
lem [17] and [18]. Thus, cost of the systems raises due
to additive system.

3.3. Dimensional Analysis of the
Proposed SA

Speed performance of any SA can be recognized by
knowing how fast the output nodes become charged.
Therefore, correct designing is necessary to charge out-
put nodes through precharge transistors in minimum
time.

In Fig. 5, the aspect ratio of driver transistors and
load transistors is arranged to attain perfect pull-up
ratio and cell ratio [19]. Length of all driver and load
transistors is 180 nm, while the widths (w) of transis-
tors M3, M4, M6 and M7 are 900 nm, 900 nm, 300 nm
and 300 nm respectively.

The design is analysed for low-power, low-energy,
and satisfactory speed operation. The proposed SA
is designed to store and amplify low voltage difference
between the bitlines to yield desired logic level and also
to reduce time for charging the output node. It can be
surmised from Fig. 6(a) and Fig. 6(b) that when the as-
pect ratios of driver and load transistor are 900/180 nm
and 300/180 nm, the best output results are achieved
by this ratio as the output node charges fast. By this
method, the speed of SA can be improved.

3.4. Sleep Transistor Effect on the
Proposed SA

One among the low-power techniques used for VLSI
circuits is power gating. It is used to save the power
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Fig. 4: Output analysis of SA.

by turning off the switch of the unused portion of cir-
cuit. PMOS and NMOS transistors are used as power
switches. Another name for power switches is sleep
transistors. NMOS and PMOS are used as power sup-
ply rails Vss and Vdd, respectively.

The impact of sleep transistor on the SRAM is re-
ported by researchers in reference [20]. In Fig. 7, the
bottom sleep transistor is removed from the proposed
SA. After removing bottom sleep transistor, we get
power and delay of 3.7 µW and 256.78 ps, respectively.
Table 1 shows the result comparison of SA with or
without sleep transistor.
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Fig. 5: Schematic of the proposed SA with labelled aspect
ratios.
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Fig. 6: Output waveform with various width.

Tab. 1: Effect of sleep transistor.

Power (µW) Delay (ps)
Proposed SA 2.16 262.03
Proposed SA

without sleep transistor 3.70 256.78

It is shown in Tab. 1 that SA with sleep transistor
is consuming lower power i.e., 2.16 µW than that of
SA without sleep transistors i.e., 3.7 µW while there
is not too much variation in delay results. It is due
to reduction of leakage. The NMOS transistor is at-
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Fig. 7: Proposed SA without bottom sleep transistor.

tached to circuit and ground. Hence, it is called footer
transistor.

4. Performance Comparison of
Existing SA with the
Proposed SA

Comparative performance analysis of various cross cou-
pled voltage mode SAs with the proposed SA is pre-
sented in this section. The four main designs aimed in
the VLSI industry are speed, delay, power, and area.
Paper is summed up based on the design extent to ana-
lyze the stability within these parameters [20] and [21].
Low power is necessary for portable devices [22].

4.1. Energy and Power Performance

Power consumption is a principal parameter of entire
VLSI circuits. With the rising request for low power
circuits, research on lowering power consumption for
SA is getting popular [23]. It may be surmised from
Fig. 8(a) that among existing SAs, DVDTLR-VLSA
has the low energy as well as the lowest power. Com-
parative energy analysis is shown in Fig. 8(b). The
product of delay and power also known as switching
energy is used to calculate the energy. Here, Power
P = V · I.

4.2. Delay Analysis

As the interest of high-speed circuit increases, delay
factor becomes more important in VLSI circuits [24].

It can be surmised from Fig. 9 that SA i.e., HSVLSA
has the lowest delay and therefore, it is the best choice.
Also, there is a tradeoff between other topologies pre-
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Fig. 8: Analytical output waveform of (a) comparative power
and (b) comparative energy.

sented in Tab. 2. Propagation delay of logic circuit is
defined as time needed for output voltage to hold out
the midway between the 0 and 1 logic levels. i.e., half
(50 %) of Vdd:

τp =
τphl + τplh

2
, (1)

where τp, τphl and τplh are known as total propaga-
tion delay, high-to-low transition delay and low-to-high
transition delay, respectively. Results are obtained by
assuming aspect ratios of PMOS’s of 4 : 1 and NMOS’s
of 2 : 1.
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Tab. 2: Comparison of SA configuration designed at 180 nm technology node and evaluated for 1.8 V supply [10].

Sense amplifiers with
power supply 1.8 V

Power
(µW)

Energy
(fJ)

Delay
(ps)

Average current
(µA)

Number of
transistors

HSVLSA 4.839 193.596 40 0.412 7
CCVLSA 13.004 3329.28 256.02 0.796 7

DSCVMSA 8.9707 1854.60 206.74 0.514 8
CLSA 15.94 661.51 41.50 2.230 9

TGVLSA 9.64 2217.2 230.00 2.504 9
DTGVSA 3.916 792.911 202.48 2.229 10

Proposed SA 2.167 567.81 262.03 4.878 10

4.3. Comparative Current Analysis

In Fig. 10, comparative results of current of all SA
topologies are presented. Current (I) equals to power
divided by voltage (I = P · V −1). Here we have calcu-
lated the average current passing towards the output
nodes.
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0.796
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 2.23
2.504

2.229

4.878

HSVLSA CCVLSA DSCVMSA CLSA TGVLSA DTGVSA PROPOSED

Sense amplifier

0
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3

4

5

Fig. 10: Current analysis.

It can be surmised from the Fig. 10 that HSVLSA
has the lowest current and DVDTLR-VLSA possesses
the maximum current i.e., 4.878 µA. It is because of
transistor count and dual voltage present. Current
of the proposed design is high, but consuming lowest
power. The comparative data of parameters; power,
switching energy delay and current of each SA evalu-
ated for 1.8 V is given in Tab. 2 [25].

5. Conclusion

This paper has decorated performance upgradation of
Sense Amplifier (SA) and a dual-voltage dual-tail level
restoration voltage latch SA (DVDTLR-VLSA) has
been reported. The SA is designed at a 180 nm tech-
nology node and 1.8 V power supply. Comparative
Transient analysis for each SA with the proposed SA
is done at 55 ns pulse width. The DVDTLR-VLSA is
modified mainly for high-speed and low-power conse-
quences. It can be inferred from the simulated results
that the power of the modified SA is the lowest, specif-
ically 2.2 µW. That is notably improved compared to
existing SAs analysed in the paper. Two additional
analyses have been done for DVDTLR-VLSA which

show the proposed design to be the best case. As in
the case of SA without sleep transistors, the power is
increased. The DVDTLR-VLSA is designed for low-
power circuits.
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