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Abstract: In this paper Sense Amplifier is analyzed the basic 

and fundamental operational block in the Static Random Access 
Memory. The function of the sense amplifier is to amplify the 
small signal bit line voltages into high voltages. In the existing 
literature survey, there are many methods available for designing 
the sense amplifier. In this paper, the cross-coupled sense 
amplifier is modified into a 4T based sense amplifier. The 
proposed scheme also developed for capacitive offset correction 
based sense amplifier. The existing and proposed designs of SA 
are briefly examined in this paper. The proposed design is 
implemented in the linear predictive technology model. The 
parameters like power and energy. The proposed scheme shows 
the better results compared to the existing method. 

 
Keywords : Sense Amplifier, Mismatch, Read Write operation, 

Capacitive offset correction, Cross-Coupled, Power, Energy.  

I. INTRODUCTION 

In today’s computer technology, the SRAMs are most 
widely used cache memory. So the designs of SRAM consist 
of high speed and lower power consumption during read and 
write operational cycles. The entire speed and power were 
significantly affected the memory and its peripheral circuits. 
Sense amplifier is one of the important peripherals in the 
SRAM memory [1]. Fig. 1 shows the schematic of the single 
column SRAM. During the read operation of the SRAM, the 
sense amplifier circuit is operated to sense the input bit-line 
voltage differences. It produces the full rail voltage swing at 
the output terminal [2]. In case of computing or waiting for 
the full swing voltage level, the memory assumed as 1 or 0. 
Thus increasing its reading speed [3]. Developing trends in 
the scaling technology and increasing the attached cells, the 
capacitance bit line voltage is raised. Hence, the VLSA did 
not maintain their performance characteristics when the value 
of the capacitance is increased [4]. 

There are a lot design methods available for Sense 
amplifiers. The current mode SA was developed by [5] and its 
includes the overcoming procedures for imperfections. 
Theses imperfections are incorporated with the conveyers. 
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R. D. Chandankhede et al 2014 [6] presented a novel Sense 
Amplifier (SA) circuit. This circuit is applicable to l KB 
SRAM. The sense amplifier is developed based on the current 
controlled mechanism as well as decoupled latching 
approach. The available voltage and ground discharging  
voltage are less than the Vdd. It is one of the improvement 
over the current controlled latch SA in terms of power 
consumption and performance. On the other hand, the nMOS 
depended SA is designed by [7]. This approach is used for 
high speed SRAM sensing. Likewise, the pMOS depended 
SA was presented by [8]. They are operating in a pulsed mode 
for single end SRAM with small Vdd supply. 

 
Fig. 1. Basic schematic of one column for small signal 

memory array using 6T cell [1] 
 
The novel design of low power and high speed CSA was 

presented by [9]. In this method, the bit-line differential 
current is maintained by body bias of the transistor. The low 
offset scheme of sense amplifier was introduced by [10]. It 
also has the capability to work on the SRAM applications. 
This offset correction mechanism is further developed by 
[11]. The author presented the new technique for the 
cancelling of capacitive offset in the current mode SA. This 
technique involves the cancellation of capacitive offset and 
replica timing which enhance the operating speed. It is also 
suitable for the smallest Sense Amplifier area. Another 
novelty approach was introduced by [12] and it is known as 
LSTP-C2SA. Without creating any SRAM cell instability, the 
Dual rail SRAM’s supply is decreased. It was activated by 

LSTP-C2SA. 
Fig. 2 illustrates the brief overview of the SRAM column 

architecture with different offset mechanisms. The SRAM 
column elements are generated the offset superposition and 
VOS,tot is formed by combining the offset and SA voltages 
(VOS, SA) . The reading data is sensed by the differential 
signals which are originated from the memory cell. The 
memory cell has the current which is denoted as Icell.  

 
 

Design and Analysis of Low Power 4T Sense 
Amplifier with Capacitive Offset Correction 

M. Dhamodaran, R. Prema 

https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.F4542.049620&domain=www.ijitee.org


 
Design and Analysis of Low Power 4T Sense Amplifier with Capacitive Offset Correction 

 

  1537 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: F4542049620/2020©BEIESP 
DOI: 10.35940/ijitee.F4542.049620 
Journal Website: www.ijitee.org 
 

The unpredictability of the SA enable timing is caused by 
the different factors such as non-uniform capacitive coupling 
to the bit-line signals, distributed capacitive loading of the 
bit-lines and Icell variations. In addition to this, the 
performance ability of the cell current to produce the high 
bit-line voltage is decayed by the changes in the capacitive 
coupling in column wise loading, missed out column cells and 
discharging current. Due to this, a mismatching problem 
occurs in the memory cells. This can be joined with the 
column loading to produce the bit-line variations for a time 
period of tSet. These bit-line variations are transferred to the 
Sense Amplifier input-referred offset and also perform the 
addition of VOS, SA. Fig. 2 shows the easier form of the 
cross-coupled architecture when the bit-line attained the 
Sense Amplifier. This also donates the complete VOS,tot 
[13]. The sense amplifier creates the input referred offset 
which is defined as the superposition of dynamic and static 
offset sources. 

Fig. 2 (a) Offset contributions from the column of the 
single ended Sense Amplifier. Reading failures due to (b) 

static offset mismatch (c) dynamic CL mismatch [13]. 
In the cross-coupled sense amplifier, the mismatching 

condition occurs in the trip points (VTr) of the inverters. 
Because of this mismatching, the static offset can be made in 
the sense amplifier. This can be clearly expressed in the Fig. 2 
(b). The reading failure is made when the trip points 
beginning the earlier changeover of the V02 compared to the 
V01. By increasing the size of the transistor, the trip point 

offsets are decreased. But it produces the huge amount area 
requirements as well as power consumption. It also produces 
one more shortcoming (i.e.) the capacitance value also 
increased for large device utilization. Those limitations have 
significantly reduced the SA latching speed. SA reading 
failure also caused by the dynamic CL mismatching. In this 
limitation, the differential discharge rate is modified by the 
CL. This made the quick discharging of the V01. When the 
value of the CL is too high, then the variations in the 
discharging rates of the voltages V01 and V02 cause the SA 
reading failure. To increase the performance of the better 
matching of the SA design, it must need exact layout design. 
This can be utilized in the additional calibration stages of the 
SA. By achieving the perfect timing of SA, a constant and 
dependable timing generation is very must. But the 
achievement is important for SRAM applications. 

The above issues are generally overcome by introducing 
the two techniques. The primary approach designs the new 
sense amplifier configuration for trip points which is used for 
eliminating the both static and dynamic offset sources. This 
approach is done by a CSA with capacitive offset correction 
[13]. The secondary technique involves the generation of the 
process invariants. This can be done by column wise structure 
of the replica timing [13]. 

In this paper, the capacitive offset correction can be briefly 
analyzed and modification made in the cross-coupled inverter 
of the CSA. Hence, Section 2 represents the background 
methodology of the Sense amplifier timing analysis and its 
sensing schemes, Section 3 represents the proposed 
methodology of the COC, Section  4 represents the 
experimental results and finally Section  5 ends with the 
conclusion and future work. 

II.  BACKGROUND METHODOLOGY 

A.   Timing analysis of Conventional CSA 
The conventional CSA is shown in the Fig. 3 (a) and its 

timing analysis is illustrated in the Fig. 3 (b). The 
conventional CSA is working as, when SAEN is ‘0’, the 

transistor M6 is OFF state and disengages the latch. 
Normally, the transistor M6 is commonly referred as a tail 
current source. The SA output terminals (V01 and V02) 
separated from the path of the SRAM readout (DOUT, 
DOUT’). At the same time, the internal terminal nodes are 

shorted with one another and pre-charged to ‘1’. This internal 

node pre-charging makes the reduction in the dynamic offsets. 
During the pre-charging process, the bit-line BL also 

pre-charged with the help of M1−3 pull up transistors. These 

pull-up transistors are placed in the column circuitry. After 
the pre-charging, the word-line WL is ‘1’, which prompts the 

differential memory cell current (Icell). This Icell brings 
down the bit-line BL to the sense amplifier input. Hence, the 
overdrive voltages of the transistors M2,3 are proportionally 
modulated and is inserted into latch in the enabling time of the 
SA. This can be done by the different Icell. The conventional 
CSA has the differential overdrive voltage at the input 

terminal which is same as the Δ BL and is directly 

proportional to the Δ tSet magnitude. 
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Fig. 3 (a) Conventional CSA diagram (a) schematic of 

simplified cross-coupled latch 

Fig. 3 (b) timing diagram 
B.  Sense amplifier with Capacitive offset correction 

Fig. 4 (a) demonstrates the CSA with Capacitive Offset 
Correction (COC). The CSA-COC is similar to the 
conventional CSA which has the following supplementary 
components: (i) COC, (ii) M1,7,8 are considered as the local 
pre-charging circuitry, (iii) M9-14 are controlling switches 
for the 2 phase operation which is performed prior to the 
assertion of the word-line WL. At the initial phase of the 

capacitive offset correction, trip point storage ( Δ Trs) 

accumulates the difference between the trip points (Δ VTr) of 

the inverter. In the secondary phase, the cross-coupled 
inverter latches are biased to its corresponding VTr. This is 

known as trip point bias (Δ Trb). 

Fig. 4 (a) Schematic diagram for the CSACOC (b) timing 
diagram of CSACOC with different operational phases 

[14]. 
C.  Basic Operation of CSACOC 

The CSA-COC is analyzed in the presence of both dynamic 
(Gm, CL) and static (VTr) offset sources. They are extremely 
based on the inverter’s trip points VTr. The presented 
architecture of the CSACOC reduces these offsets by means 
of productive storage of the difference in the inverter trip 

points ( Δ VTr) which are trailed by the latch output 

re-biasing. These difference trip points (Δ VTr) are stored in 

the COC based cross-coupled inverter latch. 
The dynamic offset of the CSA is significantly reduced by 

the reconfiguration of the COC and it is utilized in inverter 
biasing at corresponding VTr. The 2 phase operation and 
timing model of the CSACOC is clearly shown in the Fig. 4 

(b). Let φ Trs and φ Trb are the two phases occurred in the 

accessing time of the row and it does not contain any RDτ  

timing overhead. 

In the initial set-up phase (φ Trs), the latches presented in 

the inverter are detached from the cross-coupled state. They 
are moving into the diode-connected configuration. The 
CSACOC supply rails are associated with this set-up phase, 
so that the output nodes are considered from the trip points 
(VTr1,VTr2) of the inverters. Therefore, the shoot-through 
path is formed in between the diode connected devices and the 
supply rails. This causes the increased level of the power 
consumption of the CSACOC in the set-up phase. By 
introducing the optimal timing, this power consumption can 
be reduced. The amount of power is also saved when the 
lower bit-line BL discharging time. It also helps to cancel out 
the adding of shoot-through overhead in the CSA-COC. 

The secondary phase of the CSACOC is propagation phase 

(φ Trb). In this phase, the inverters are moved with the short 

period of time. The capacitive offset correction is assumed as 
an equalizing capacitor which is used to bias the inverter latch 
inputs with their respective trip points VTr. In this phase, the 
latch outputs are not constrained because the left floating 
issues are occurring in the sources of the latch transistors. 
This makes the COC to simply locate the latch output nodes 
corresponding to its VTr without any over- constrain.  
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The final computational process of the propagation phase is 
assumed at the beginning of the third phase called sensing 

phase (φ Sen). 

In the final phase (φ Sen), the nodes in the output terminals 

are biased at trip points VTr of the inverter latch. This is 
drastically deduced the offset. The COC is entirely detached 
(i.e.) transistors M9-13 are in OFF state and the latch (T3-4 

are in ON state) is completely occupied in the φ Sen phase. 

Phase’s φ Trs and φ Trb are operated during the memory 

row address time and disengaging of the COC which are used 
to permit the CSACOC to increase the speed of the inverter 
latch. This speeding mechanism of the CSACOC is identical 

to the conventional CSA. In the φ Trb phase, this strong 

offset correction approach gives the process invariant which 
is biased to the all latch inverters. By enabling the local 
pre-charge circuitry in the correction mechanism, the dynamic 
offset is completely eliminated from the SA memory. Hence, 
V01 and V02 internal nodes are pre-charged to a known state 
which are prior to VTr1 and VTr2. But, there is no prior state 
of memory in the CSA-COC architecture. 
D. CSACOC Timing Analysis 

The simple linear model of the CSACOC and its timing 

analysis during the setup phase (φ Trs) are shown in the Fig. 5 

(a) and (b). The circuit analysis is done in the set-up phase is 
identical to the approach which is used for measuring the trip 
points VTr.  The latch inverter is made up of the MOS 
devices. These MOS devices are diode connected to the 

n-type MOS switches. The difference in the trip points (Δ

VTr) is enhanced between the COC capacitors. 

Fig. 5 (a) Simplified circuit and (b) timing analysis of the 

CSACOC in the set-up (φ Trs) phase. 

E.   Sensing Schemes of the Sense Amplifier 
The sense amplifier’s sensing performance is improved by 

introducing the three different schemes. They are AC Coupled 
sensing scheme, domino sensing scheme and switching 
pMOS sense amplifier. These schemes are used to sense the 
data based on the single bit line [15]. 

Domino Sensing Scheme – Fig. 6 shows the representation 
of the domino based sensing scheme. In this scheme, the local 
read bit-line (LBL) is tied to the dynamic p-type MOS 

transistor. If sensing bit φ  is low, the pMOS transistor is 

switched ON and Z is charged. This causes the switch ON the 
next pMOS transistor. This enabling the GBL to the 
pre-charged state. The domino scheme requires a full swing of 

the local read bit-line. Due to this requirement, the dynamic 
power consumption based on the RBL capacitance is 
increased and at the same time it reduces the performance. 

Fig. 6 Domino Sensing Scheme 
 

Pseudo-differential Sensing Scheme – Fig. 7 
demonstrates the pseudo-differential sensing scheme 
structure. The voltage sense amplifier based on the latch type 
with the reference input is utilized for multiple sensing. This 
scheme is mainly employed for the single ended SRAM 
circuits. The main objective of the sense amplifier is to 
amplify the small bit line voltages into higher level. In domino 
logic, this was done by introducing the full swing RBL. But it 
is needed in the pseudo-differential scheme for obtaining the 
better performance. Instead of RBL requirement, it needs an 
additional processing phase for acquiring the static and 
dynamic offset sources. It involves the additional strobe 
signal requirements to accomplish the above offset correction. 
This scheme requires an additional large amount of coupling 
capacitors which limits usage of metal and increases the area 
overhead. These are performed for discarding the potential 
offsets in the output nodes and BL. 

Fig. 7 Pseudo-differential sensing scheme 
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AC-Coupled Sensing Scheme – The AC-Couples sensing 
scheme of the sense amplifier are illustrated in the Fig. 8. The 
scheme employed in the one bank (i.e.) two-sub banks. The 
coupling capacitor of this scheme is denoted as Cin. ACSA 
includes the different processing elements such as CMOS 
inverter INVA which is made from one pmos transistor 
MAMP and two nmos transistor MD, and MEN), output 
charging p-type MOS transistor (M0) and equalizing  p-type 
MOS transistor (MEQ). During the read operation, the 
inverter is activated by the MEN. This is performed for 
minimizing the static power consumption.It is operated in two 

phases such as precharge (φ =1) and evaluation (φ =0) to 

perform the sensing scheme. 

 
Fig. 8 AC coupled Sensing Scheme 

III.  PROPOSED METHODOLOGY 

In memory design, the sense amplifier is the vital circuit to 
amplify the small differential bit lines into logically high 
signals.  This is also applicable to the long interconnection 
signal reception which has the huge amount of CL signals as 
well as RC delay. Therefore, the sense amplifier is merged 
with the differential logic circuits to enhance the complexity 
of the differential logic circuits. This is also used for 
minimizing the delay period of the logic circuits. 

For large SRAMs in CMOS technology, the designing of 
the sensing amplifier is a complex as well as challenging 
issue. This is due to the large SRAMs includes the N number 
of lengthy bit-lines which loads the memory cell based on the 
huge capacitive load CL. This produces the addition signal 
delay in the memory reading path. 

The most important functionality of the sense amplifier is 
to sense and amplify the input data signals. These signals are 
transferred through the cells of the memory to the bit-lines. 
Below the supply voltage, the fast sensing of correct data 
signals is more complex. So, every time the bit-lines are 
loaded into the huge number of memory cells. In other words, 
the loading process of the BL is entirely high. Hence, the 
delay of sensing the correct data is one of the drawbacks in the 
reading access time of the SRAM. The most widely used 
cross-coupled SA is demonstrated in the Fig. 9. The 
complementary structure of cross-coupled inverter is made 
from the two pull-up pmos transistors (MP1 and MP2) and 

two pull-down nmos transistors (MN1 and MN2). The 
cross-coupled SA has the speed and loading characteristics 
which are based on the discharging conductivity and 
cross-coupled capacitance values. The conductivity is 
inversely proportional to the capacity (i.e.) it produces the 
larger conductivity for minimum capacity. 

 

 
Fig. 9 Commonly Cross-Coupled Sense amplifier [16] 
 
In Fig. 9, there are two cross coupled inverter is connected 

to perform the sensing scheme. This cross coupled inverter is 
replaced by two transistors. The proposed cross coupled sense 
amplifier is shown in Fig. 10. 

Fig. 10 Proposed Cross-Coupled Sense amplifier 
The cross-coupled inverter in the Fig. 9 consists the four 

transistors MP1, MP2, MN1 and MN2. These four transistors 
are replaced by two transistors MP1 and MN1 in the proposed 
design. When Wl is asserted, the transistors MN3 and MN4 
are turned ON. It passes the bit-line voltages to output 
terminals D and D’. This proposed approach is also applied to 

the conventional SA and the capacitive offset correction 
based SA. These are illustrated in Fig. 11 and Fig. 12. The 
proposed approach contains less number of transistors 
compared to existing approach [14, 18-23]. 

IV.  EXPERIMENTAL RESULTS 

The overall implementation is held in the linear technology 
spice model. The conventional and existing capacitive offset 
correction sense amplifier is designed and analyzed. The 
parameters of both designs were tabulated in Table 1 and 2 
respectively.  
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The parameter analysis of the proposed method is tabulated 
in the Table 3 and 4. 

 
Fig. 11 Schematic view of the Conventional SA 

modified by Proposed SA 
 

 
Fig. 12 Schematic view of the CSA-COC modified by 

Proposed SA 
 

TABLE 1 
Parameter Mesure of Csa 

 At Vs1 At Vs2 
At 

Dout 
At 

Doutb 

Vrms (V) 
709.46
m 

710.62
m 

643.68
m 

707m 

Vavg (V) 505m 
537.63
m 

415.57
m 

500.68m 

Pavg (W) 464.04n 464.04n 15.471n 656.61p 

Eavg (J) 
4.1764
µ 

4.1764
µ 

139.24n 5.9095n 

M1 (W/L) 0.68/0.12 

M2,3 (W/L) 2.72/0.12 

M4,5 (W/L) 1.36/0.12 

 At Vs1 At Vs2 
At 

Dout 
At 

Doutb 

M6 (W/L) 2.72/0.12 

No. of T 06 

 
TABLE 2 

Parameter Mesure of Csa -coc 

 At Vs1 At Vs2 
At 

Dout 
At 

Doutb 

Vrms (V) 
502.83m 502.3m 444.96

m 
445.27

m 

Vavg (V) 
345.71m 345.24

m 
200.18

m 
201.01

m 

Pavg (W) 
4.3035n 2.4123

n 
16.501

µ 
16.501

µ 

Eavg (J) 
86.07 µ 48.247

n 
330.02

µ 
330.02

µ 

M1-5 (W/L) 2.72/0.12 

M6-14 
(W/L) 

1.36/0.12 

No. of T 14 

 
TABLE 3 

Parameter Mesure of Proposed 4T Based Csa 

 At Vs1 At Vs2 
At 

Dout 
At 

Doutb 

Vrms (V) 
709.46m 327.98

m 
710.22

m 
710.22

m 

Vavg (V) 
505m 197.76

m 
504.85

m 
504.85

m 

Pavg (W) 
137.01n 990.02

n 
736.45

n 
585.75f 

Eavg (J) 
1.3701µ 9.9002

µ 
7.3645

µ 
5.8575

p 

No. of T 04 

 
TABLE 4 

Parameter Mesure of Proposed 4T Based Csa-coc 

 At Vs1 At Vs2 
At 

Dout 
At 

Doutb 

Vrms (V) 
709.46m 142.05

m 
128.7m 710.3m 

Vavg (V) 
505m 74.672

m 
17.801

m 
505.02

m 

Pavg (W) 
686.13n 342.65

p 
661.11

n 
405.37

n 

Eavg (J) 
6.8613µ 3.4265

n 
6.6111

µ 
4.0537

µ 

No. of T 12 

 
Fig. 13 Comparison of Existing and Proposed CSA at 

different nodes interms of power (nW) 
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Fig. 14 Comparison of Existing and Proposed CSA at 
different nodes interms of Energy (µJ) 

 
Fig. 15 Comparison of Existing and Proposed CSA-COC 

at different nodes interms of power (nW) 

 
Fig. 16 Comparison of Existing and Proposed CSA-COC 

at different nodes interms of Energy (µJ) 
 
Fig. 13 and Fig. 14 show the comparison of the existing and 

proposed CSA by measuring the power and energy at 
different output nodes such as Vs1, Vs2, Dout and Doutb. But 
it does not show better results in the conventional approach of 
SA. Fig. 15 and Fig. 16 show the comparison of the existing 
and proposed CSA-COC by measuring the power and energy 
at different output nodes. It shows the reduced level of energy 
when compared to the previous approach. 

V.   CONCLUSION 

In this paper, an efficient low power scheme of sense 
amplifier is designed. The read and write operation of the 
SRAM is performed faster by implementing this sense 
amplifier scheme. The presented approach consists of less 
number of transistors. This causes the reduction power and 
energy in the different output nodes. The proposed SA will be 
developed to 32nm CMOS processor. It consumes less 
amount of parameter utilization when compared to the 
presented design. 

REFERENCES 

1. E. Seevinck, P. van Beers, and H. Ontrop, “Current-mode techniques for 
high-speed vlsi circuits with application to current sense amplifier for 
CMOS SRAM‟s,” IEEE J. Solid-State Circuits, vol. 26, no. 4, 
pp.525–536, Apr. 1991. 

2.    Zikui Wei, Xiaohong Peng, Jinhui Wang, Haibin Yin and Na Gong, 
"Novel CMOS SRAM voltage latched sense amplifiers design based on 

65 nm technology," 2014 12th IEEE International Conference on 
Solid-State and Integrated Circuit Technology (ICSICT), Guilin, 2014, 
pp. 1-3, doi: 10.1109/ICSICT.2014.7021356. 

3.    S. A. Halim, N. H. Basemu, S. L. M. Hassan and A. A. A. Rahim, 
"Comparative study on CMOS SRAM sense amplifiers using 90nm 
technology," 2013 International Conference on Technology, 
Informatics, Management, Engineering and Environment, Bandung, 
2013, pp. 171-175, doi: 10.1109/TIME-E. 2013. 6611986. 

4.    A. V. Gayatri and D. Sujatha, "Analysis of new current mode sense 
amplifier," 2012 International Conference on Computing, 
Communication and Applications, Dindigul, Tamilnadu, 2012, pp. 1-6, 
doi: 10.1109/ICCCA.2012.6179207. 

5.    M. Bashir, S. R. Patri and K. S. R. Krishnaprasad, "High speed self 
biased current sense amplifier for low power CMOS SRAM's," 2015 
19th International Symposium on VLSI Design and Test, Ahmedabad, 
2015, pp. 1-5, doi: 10.1109/ISVDAT.2015.7208057. 

6.   R. D. Chandankhede, D. P. Acharya and P. K. Patra, "Design of high 
speed Sense Amplifier for SRAM," 2014 IEEE International 
Conference on Advanced Communications, Control and Computing 
Technologies, Ramanathapuram, 2014, pp. 340-343, doi: 
10.1109/ICACCCT.2014. 7019459. 

7.   H. Jeong, T. Kim, S. Jung, T. Song and G. Kim, "Pseudo NMOS based 
sense amplifier for high speed single-ended SRAM," 2014 21st IEEE 
International Conference on Electronics, Circuits and Systems 
(ICECS), Marseille, 2014, pp. 331-334, doi: 
10.1109/ICECS.2014.7049989. 

8.    J. Park, H. Jeong and S. Jung, "Pulsed PMOS sense amplifier for high 
speed single-ended SRAM," 2018 International Conference on 
Electronics, Information, and Communication (ICEIC), Honolulu, HI, 
2018, pp. 1-4, doi: 10.23919/ELINFOCOM.2018.8330662. 

9.    T. Shakir and M. Sachdev, "A body-bias based current sense amplifier 
for high-speed low-power embedded SRAMs," 2014 27th IEEE 
International System-on-Chip Conference (SOCC), Las Vegas, NV, 
2014, pp. 444-448, doi: 10.1109/ SOCC. 2014. 6948970. 

10.     Anil Kumar Gundu, W. Singh and S. M. Divi, "A proposed low-offset 
sense amplifier for SRAM applications," 2015 2nd International 
Conference on Signal Processing and Integrated Networks (SPIN), 
Noida, 2015, pp. 964-967, doi: 10.1109/SPIN.2015. 7095420. 

11.   R. Fragasse, B. Dupaix, R. Tantawy, T. James and W. Khalil, "Sense 
amplifier offset cancellation and replica timing calibration for 
high-speed SRAMs," 2018 IEEE 9th Latin American Symposium on 
Circuits & Systems (LASCAS), Puerto Vallarta, 2018, pp. 1-5, doi: 
10.1109/LASCAS.2018.8399941. 

12.   Grover et al., "Low Standby Power Capacitively Coupled Sense 
Amplifier for wide voltage range operation of dual rail SRAMs," 2015 
International Conference on IC Design & Technology (ICICDT), 
Leuven, 2015, pp. 1-4, doi: 10.1109/ICICDT.2015. 7165876. 

13.  R. J. Baker, CMOS: Circuit Design, Layout, Simul.. Hoboken, NJ, USA: 
Wiley, 2010. 

14.    R. Fragasse et al., "Analysis of SRAM Enhancements Through Sense 
Amplifier Capacitive Offset Correction and Replica Self-Timing," in 
IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 66, 
no. 6, pp. 2037-2050, June 2019, doi: 10.1109/TCSI.2019. 2902102. 

15.    Chandras and V. S. K. Bhaaskaran, "Sensing schemes of sense 
amplifier for single-ended SRAM," 2017 International Conference on 
Nextgen Electronic Technologies: Silicon to Software (ICNETS2), 
Chennai, 2017, pp. 379-384, doi: 10.1109/ICNETS2.2017.8067964. 

16.   H. Jeong, T. Kim, T. Song, G. Kim and S. Jung, "Trip-Point Bit-Line 
Precharge Sensing Scheme for Single-Ended SRAM," in IEEE 
Transactions on Very Large Scale Integration (VLSI) Systems, vol. 23, 
no. 7, pp. 1370-1374, July 2015, doi: 10.1109/TVLSI.2014. 2337958. 

17.  Chun-Lung Hsu and Mean-Horn Ho, "High-speed sense amplifier for 
SRAM applications," The 2004 IEEE Asia-Pacific Conference on 
Circuits and Systems, 2004. Proceedings., Tainan, 2004, pp. 577-580 
vol.1., doi: 10.1109/APCCAS.2004.1412828. 

18.   Dhamodaran M, Jegadeesan S, & Murugan A,  Design of a multilayer 
on-chip inductor by computational electromagnetic modelling, Journal 
of  ELECTRICAL ENGINEERING, VOL 70, NO5, pp. 379–385, 2019. 

19.     Dhamodaran M, Jegadeesan S,  Ramasubramanian B & Murugan A,  
‘Modeling and Simulation of the flyback converter using SPICE 
Model’, International Journal of Recent Technology and Engineering, 

2019.   
 
 



 
Design and Analysis of Low Power 4T Sense Amplifier with Capacitive Offset Correction 

 

  1543 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: F4542049620/2020©BEIESP 
DOI: 10.35940/ijitee.F4542.049620 
Journal Website: www.ijitee.org 
 

 

Author-2 
Photo 

 

20. Dhamodaran M, Jegadeesan S,  Azees M & Sri Shanmugapriya S, 
2019, ‘Computationally Efficient Mutual Authentication Protocol for 

Remote Infant Incubator Monitoring System’, Healthcare Technology 

Letters, IET, 2019. 
21.     Dhamodaran M, Jegadeesan S & Praveen Kumar R, ‘Analysis and 

Calculation of the fluid flow and the temperature field by finite element 
modeling’, Measurement Science Review, vol. 18, no. 2,   pp. 59-64, 
2018. 

22. Dhamodaran M, Jegadeesan S & Praveen Kumar R,  ‘Computation of 

the fluid flow and the temperature field by finite element modeling’, 

Cluster Computing, Springer US,    pp. 1-7, 2018. https://doi.org/ 
10.1007/ s10586-018-2330-9  

23.    Dhamodaran M, Jegadeesan S and Praveen Kumar R, ‘On-chip spiral 
inductors and on-chip spiral transistors for accurate numerical 
modeling’, Journal of Magnetics, pp. 50-54, 2018. 

AUTHORS PROFILE 

Dhamodaran Muneeswaran has received the B.E and 
M.E degrees from Madurai Kamaraj University, 
Tamilnadu, India in 1993 and 1999, respectively, and 
the Ph.D Degree from Anna University, India in 2016. 
He is currently working as a Faculty of Electronics and 
Communication Engineering Department at M. 
Kumarasamy College of Engineering, Karur, India, 

which is affiliated with Anna University, Chennai. He has been the 
author/coauthor of over 37 technical papers published in national and 
international Journals/Conference proceedings. His research interests 
include Computational Electromagnetics, Wireless Communication, 
Measurements, VLSI Design and EMI/EMC. He is a life member of ISTE, 
IETE and Society of EMC Engineers. 

 
Prema Rani received the B.E. Degree in electronics and 
communication engineering from Anna University, 
Chennai, India and she currently doing M.E. Degree in 
VLSI Design from Anna University, Chennai, India. His 
main thirst research areas include VLSI Design, IoT, 
Network and information security. 

 
 


