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Sense amplifiers (SA) are essential in the peripheral circuitry of Static Random Access Memory (SRAM).
They enhance operational speed, minimize power consumption, and reduce access time. This paper introduces a
modified and enhanced Dual Switch Level Restoration Voltage-mode Sense Amplifier (DSLR-VMSA). An
operational voltage of 1.8 V and a 32 nm technology node were used to simulate the designreveals DSLRA-SA's
superior performance. Notably, this improved circuit achieves a power consumption of 6.7 uW, half that of the
conventional Cross-Coupled Voltage Latch Sense Amplifier (CCVLSA). Energy and delay metrics also exhibit
marked improvements. The study includes in-depth analyses such as Dimension and Temperature analyses, as
well as evaluations on the impact of sleep transistors, to validate the enhanced SA's performance. Incorporating
sleep transistors in the modified design further reduces power, delay, and energy consumption, significantly
enhancing overall performance. The results underscore the suitability and superiority of the improved SA,

particularly for low-power CMOS SRAM applications.
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1. INTRODUCTION

In modern CMOS memory circuits, the power and
speed performance of sense amplifier is a critical aspect [1-
3]. Amongst the different memory topologies, the
embedded SRAM is the fastest, but it is usually the most
powerful-hungry memory. The SRAM operates solely when
a supply voltage (Vpp) is present in the circuit. This means
that data is retained within the memory cell when Vbp is
applied but is lost when Vpp is disconnected (turned off).
SRAM is typically integrated within System on Chips
(SOCs)for quick operation and is referred to as cache. The
major performance parameters for SRAM are energy
consumption, leakage current, power utilization and
propagation delay required for the circuit. Additionally,
Reducing the circuit's power consumption, size, and
latency has become a key design goal due to the growing
need for low-power portable digital devices.

An important component of the SRAM peripheral
circuit is the sense amplifier. Sense amplifiers play a
crucial role in the operation of RAM, DRAM, and SRAM
cells by facilitating the accurate reading of their contents.
Due to their high sensitivity to noise, their design ensures
robust noise margins to guarantee reliable data
representation from each memory cell. There exist two
primary types of sense amplifiers: static sense amplifiers,
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employed in static RAMs and SRAMs to detect logic states,
and dynamic

Sense amplifiers, utilized to conserve energy during
low power consumption phases.

The significance of fast sense amplifiers lies in their
ability to minimize latency in various circuits, particularly
in tasks like bit-line reading within memory systems. As
CMOS chips advance towards sub-micrometer scales,
minimizing on-chip delays caused by interconnections
becomes increasingly critical. Fast sense amplifiers serve
as essential repeaters for high-speed signals that need to
traverse large chip distances efficiently.

Aspect ratio is another important factor that affects the
operational effects in relation to the voltage level. To
ensure optimized aspect ratios are utilized for circuit
evaluation, dimensional analysis is employed for
determining pull up and cell ratio for the modified SA
topology. The study is examined in supplementing part of
this paper. The modified SA topology is designed based on
the different SA topologies already reported in the
literature. The different categories of the SA topology
include single and double ended, voltage mode, current
mode, charge transfer mode and latch type SA etc. [4-6].
Amongst the different SA topologies, the cross coupled
voltage mode SA (VMSA) is reported to have optimal
performance. The feature that deems the cross coupled
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latch type SA better than others due to its no static current
through the circuit. Therefore, low power cache
implementation requires extensive analysis and planning,
as well as the output of the highest performing VMSA and
appropriate circuit operation. Power, speed, transistor
count area, and aspect ratio are the primary design factors
to be taken into account [7-8]. Transistors are typically
utilized in circuits with fewer space requirements in lower
numbers. The impact of adding or removing head and foot
switch sleep transistors has been studied in order to
investigate the same. High speed and low power, energy,
and area SAs are regarded as the best SA topologies.

This paper focuses on the development of modified
DSLR-VMSA based on an LRC. Based on a single supply
circuit, the design was created. LRCs offer the necessary
positive feedback network for short circuit dissipation. The
efficacy of DSLR-VMSA is contrasted with prominent
extant SAs.

The paper is structured into various sections. The
introduction is covered in the first section. Section II
provides an explanation of the circuit design, dimensional
analysis, features, temperature analysis and impact of
sleep transistors on the modified SA topology. Finally, last
section concludes the finding of the paper.

2. MODIFIED SENSE AMPLIFIER TOPOLOGY

SA is a component of CMOS memories’ read
circuits. Its main function is to amplify the low
differential signal developed on the bit line pair due
to discharge current during the read operation, to
develop the desired output level to define the data
value stored in the memory cell. VMSA are the SA
that identifies the bit lines voltage differences. In
cross coupled VMSA, back-to-back inverters are
connected; the input of first CMOS inverter is
connected to output of second and input of second is
connected to output of first inverter.
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Fig. 1 - Basic LRC along Pass Transistor Logic

Vin

A level restoration circuit (LRC) behaves as a voltage
swing between a low and a high valid logic level. Fig. 1
depicts basic LRC along Pass Transistor Logic. The stand-
by power consumption increases further when the low-
swing signal is converted to a full-swing signal using a
standard CMOS inverter. Therefore, in order to correctly
switch the low-swing signal to a high-swing signal without
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creating an extreme short-circuit DC current, a LRC must
be used as a receiver. Because of their simplicity, the
circuits are widely used, although they aren't active
enough. Moreover, there is a significant amount of short-
circuit dissipation [9].

2.1 Schematic Design of Modified SA

In this paper, Dual Switch Level Restoration Voltage-
mode Sense Amplifier (DSLR-VMSA) suggested [10]. The
circuit topology for DSLR-VMSA consists of five PMOS
transistors (M1, M2, M3, M4 and M5) and five NMOS
transistors (M6, M7, M8, M9 and M10).Fig. 2 shows the
circuit diagram for the DSLR-VMSA circuit. The design
and working of DSLR-VMSA is inspired from the Dual Tail
Cross Coupled Voltage Mode SA, with the exception of a
LRC, formed by two additional PMOS transistors (M1 and
M2) [11-12].
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Fig. 2 - Schematic design of Modified SA

The LRC topology used in the modified SA topology is
composed of pass transistors (M1 and M2) connected in a
latch type topology. The inputs to the two PMOS
transistors are connected to the drain voltages of
transistors (M4, M6, M7 and M8).It is also the input node
for the modified SA topology, therefore during the read
operation, a small differential voltage is developed on the
BL-BLB pair [13-14]. When EN is “1” and ENB is “0”, the
sleep transistors M3 and M8 are turned “ON”. Assuming
initially bit line BL is high and bit line bar BLB is low and
switching transistors are turned “OFF”, then output nodes
will charge and provide low to high voltage swing.

2.2 Characteristics Analysis of Modified Sense
Amplifier

The first round of evaluation for an SA topology is its
ability to perform fast sensing operation for minimal
differential input voltage on the input nodes. The modified
DSLR-VMSA topology's output waveform at 32 nm node is
depicted and examined in Fig. 3.

The modified SA topology is analyzed for all the
important parameters necessary for best design
considerations such as power, energy, delay, and current
[15]. The simulation waveforms corresponding to each of
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the evaluated parameters for the modified SA topology are
depicted in Fig. 3. The modified SA topology is designed for
32 nm technology node and is simulated at 1.8 V supply
voltage.
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Fig. 3 — Output Analysis Of DSLR-VMSA
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Fig. 5 — Current output of DSLR-VMSA

When EN and BL signal both are active high, the
output node OUTP follows the BL voltage. Similarly, when
the ENB is active low and BL signal is high, the output
node OUTQ follows the BLB voltage. The modified SA
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topology's output waveform can also be used for
verification of the same. Another essential parameter
while designing an SA topology is its power consumption.
With the decreasing technology node, the focus on power
consumption has grown exponentially.

Here, Power (P) =V x I

The power consumption, energy performance for the
modified SA topology is depicted in Fig. 4.

The current performance for the modified SA is
depicted in Fig. 5. As can be inferred from Figure, the
modified SA tends to consume more power and current
during the transient operation.

2.3 Effect of Sleep Transistor on Modified SA

An SA topology's power consumption is a significant
factor. Power gating is a widely used low power approach
in VLSI devices [16]. It relies on switching off the unused
portion of circuit to save power consumption for the circuit.
Therefore, to reduce the power consumption for the
modified SA topology, As a power switch, PMOS and
NMOS transistors are added between the supply voltage
and ground pins [17]. Power gating technique is also
known as sleep transistor technique.

Vdd
31

Fig. 6 — Modified SA without head switch

To understand the impact of head switch transistor on
the performance of the modified SA, a modified SA without
head switch PMOS is analyzed. The circuit design for
modified SA is represented in Fig. 6. The DSLR-VMSA is
compared with the modified SA without a head switch in
terms of power, energy, and delay shows in Table 1.

Table 1 — Effect of sleep transistors on SA

Power Energy Delay
(uW) (£J) (ps)
Modified SA 6.3181 347.5 187.14
Modified SA 6.7589 371.74 338.48
without Head
Sleep Transistor
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2.4 Temperature Analysis

As elaborated in the previous sections, SAs are the
heart of CMOS memories in VLSI industry. A wide variety
of digital circuits are made to function reliably in a
temperature ranges. With the ability to carry devices
anywhere and utilize them in any kind of environment,
temperature evaluation is an essential [18]. Devices can
have different temperatures. In order to investigate how
the modified SA design performs differently depending on
temperature, a temperature variation analysis 1is
performed.
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Fig. 7 - Temperature variation of output P
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Fig. 8 — Temperature Variation of Output Q

This analysis is used to ensure the performance
reliability for the modified DSLR-VMSA circuit. The
temperature variation study is carry out at temperatures
varying from (27°-120°) °C. The simulation results
obtained for the temperature variation analysis is depicted
in Fig. 7 and 8. It can be inferred from Fig. 7 and 8 that the
impact of temperature variation on the performance of the
SA is within the reliable range, as it does not show high
variation in its performance. SA's output voltage level
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varies from 0 V to 1.8 V. While the modified SA's typical
operating range is approximately 84 mV.

2.5 Dimensional of Modified Sense

Amplifier

Analysis

The operational speed for an SA is determined as the
time elapsed in charging the output nodes of the SA.
Therefore, to ensure faster operation, it is mandatory to
correctly design the circuit topology to charge output nodes
through pre-charge transistors in minimum time.

To achieve the same, dimensional analysis is performed
for the modified DSLR-VMSA circuit. The range of aspect
ratios and their best values for transistor are tabulated in
Table 2. The output waveform corresponding to variation
in aspect ratio of driver transistors and load transistors is
depicted in Fig. 9 and Fig. 10. The same is done to identify
the perfect pull-up ratio and cell ratio for the modified
DSLR-VMSA circuit. The channel length for all driver and
load transistors is maintained at 180 nm. While the width
for the transistors M4, M5, M6, and M7 are maintained at
900, 900, 300, and 300 nm respectively.
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Fig. 9 - Output waveform when width is varied for
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Table 2 — Aspect Ratios of Transistors

Transistor Range (nm) | Best Dimension (nm)
M4, M5 (W) 700-900 900
M6, M7 (W) 300-500 300
M4, M5 (L) 180 180
M6, M7(L) 180 180

The modified SA is developed by modifying the pre-
existing SA topologies in order to create a SA that can
minimize the amount of time needed to charge the output
nodes and store and amplify low voltage variations to the
necessary logic level. From Fig. 9 and 10, it can be deduced
that the fastest output node charging occurs when the
aspect ratios of the driver and load transistors are,
respectively, 900/180 nm and 300/180 nm. This approach
can increase SA's speed.
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Iloxpamenuit nigcuII0BaY MaJIOl MOTYKHOCTI 3 BUKOPHCTAHHAM TE€XHIKM BiJTHOBJIEHHA PiBHA
3a TexHoJoriew 32 Hm

Divya, Neha Goel, Renu Rani, Hashmat Usmani

Department of ECE, Raj Kumar Goel Institute of Technology, Ghaziabad, India

IligcumoBaui gytmBocTi (SA) € BaKIUBUMU B IepUQEPIMHUX cXeMaX CTATHYHOI HaM' AT 3 JOBLIBHAM JIOCTYIIOM
(SRAM). Bosu migBUIIyOTh MIBAAKICTS POOOTH, MIHIMI3YIOTh €HEPIOCIIOMKABAHHS TA CKOPOUYIOTD Yac JOCTYILY. ¥ IIbOMY
IOKYMEHTI IIPeICTABIEHO MOAM(MIKOBAHUY 1 BIOCKOHAJIEHNN IIIICHIIOBAY YyTINBOCTI B PEKUMI HAIIPYTH 3 IIOABIAHUM
nepemukadem BigHoBieHHs piBHA (DSLR-VMSA). Po6oua mampyra 1,8 B 1 TexHosoriunmit By3on 32 HM
BHUKOPHUCTOBYBAJIVICS JIJIsT MOJIEJIIOBAHHS KOHCTPYKILI, 1110 TeMOHCTpye uyaoBy rnpoxykrusHicts DSLRA-SA. ITpumitsHo,
110 1151 BJOCKOHAJIEHA cxeMa 3a0e3reuye CIIoyKABAHHA eJeKTpoeHeprii 6,7 MxBT, 1o BABiUl MeHIIe, Hik y 3BUYANHOTO
migcuioBava gikcarrii Hampyru 3 Kpoc-3B’sakoM (CCVLSA). IlokasHukn eHeprii Ta 3aTPUMKN TAKOK JEMOHCTPYIOTH
TOMITHI HOKpateHHs. J{ocmireHHs BRITI0OYA€e TOrTHOIeHII aHAJII3, TAKUH K aHAaJI3 PO3MIPIB 1 TEMIIEPATyPH, a TAKOMK
OLIIHKHM BIUIMBY TPAH3WCTOPIB B pEKUMI CHy, II00 IIATBEPAWTH MOKpAIleHy HIpoAyKTHBHICTE SA. Briouenus
TPAH3UCTOPIB B MOAM(DIKOBAHY KOHCTPYKINIO JOJATKOBO 3MEHINYE IOTY:KHICTh, 3aTPUMKY TA CIOKMBAHHS eHepril,
3HAYHO MiABUIIYIOYH 3aTaJIbHY IPOAYKTHUBHICTE. Pe3yIbTaT MigKpec/olTh IPUIATHICTE 1 IepeBary BIOCKOHAJIEHOL
SA, ocobmuso aya gomatkis CMOS SRAM 3 HM3BKHM €HEepProCIIOKIBAHHIM.

Kirouogi ciora: [lincmmosau uyrsmsocti, Binsossienss pisust, Tpauaucrop B peskumi cHy, 3arpumea, Ctpym, Temneparypa.
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