
Abstract : Sense amplifiers are one of the most critical circuits 
in the periphery of the CMOS memories. Their perfomance 
strongly effects both memory access time, overall memory 
power dissipation.  As with other ICs today, CMOS memories 
are required to increase speed, improve capacity and maintain 
low power dissipation. These objective are some what 
conflicting when it comes to memory sense amplifier design. 
With increased memory capacity increases bit line parasitice 
capacitance. This increased bit line capacitance  in turn slows 
down voltage sensing and makes bit line voltage swing energy 
expensive resulting in slower more energy hungry memories. 
In this paper a comparision of different current mode sense 
amplifiers with flip flop structures using 0.35µm technology 
is presented. Simulations results are given regarding sensing 
delay and power dissipation.
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I. Introduction
Sense amplifiers are strongly related to the access time of 
memory, as they are used to retrieve the stored memory data by 
amplifying the small signal variations in the bit-lines. Designing 
fast, low power and robust sense amplifier circuits is a challenge. 
As SRAM [2],[3] chip density increases, the bit lines get longer 
and longer, resulting in increasing bit line capacitances. This 
capacitance creates a problem during reading of the cell data, 
since it will take a long time for the driver transistor of SRAM 
cell to discharge the bit line capacitance and create high power 
consumption as well, since bit lines need to be pre charged to 
VDD. Therefore to speed up the read time, sense amplifiers 
are utilized. Sense amplifiers compare the current or voltage 
of the bit line and its complement and amplify the difference 
between them to achieve faster access times. Current sensing 
scheme seems to be more reliable for realizing high speed and 
large size memories, as no large voltage swing on bit lines is 
needed. Current mode sense amplifiers sense the difference 
in the current on the bit lines and amplify the difference. This 
type of sense amplifier results in fast access time. Flip-flops [4] 
are the key elements in the design of contemporary high speed 
integrated circuits. The design of high performance flip-flops 
with reduced power dissipation is a major concern in modern 
high performance applications.

II. Circuits
Several current sense amplifiers and high speed flip-flop 
structures have been studied. The current sense amplifiers 
include Clamped Bit line [5] current sense amplifier, Latch  type 
[6] and Izumikawa [7],[8] current sense amplifier. Each has its 
respective operation mode, advantages and disadvantages. 
Out of which Latch CSA has been preferred as compared 
to Clamped Bit line and Izumikawa CSA in terms of control 
Circuitry, power, and delay. Use of less control signals leads to 
less complex clocking circuitry. The operation of sense amplifier 
presents two common phases- pre charge and sense signal 
amplification. In pre charge phase the appropriate signals to 
force the sensing nodes to certain potential are applied. At the 

sense operation a comparison is made between currents of 
sensing nodes. The content of selected memory cell is retrieved 
as a result of this comparison. The various flip-flop structures 
include Nikolic [9], [10], Kim [9], [10], Stroll [9], [10], and Rubil 
[11]. These are applied at the output nodes of the latch current 
sense amplifier to have overall low power and high speed. From 
the above flip flop structures, Nikolic F/F structure is preferred 
since in this circuit all critical pull up and pull down networks 
are composed of single device, providing significantly higher 
speed also delay’s independence between BL and BL bar.

III. Simulation and Experimental Results
The simulation results are based on the 5V/0.35µm CMOS 
technology. Comparison tables of different current sense 
amplifiers and flip-flop structures are presented.Comparison 
of different current sense amplifiers is give as under in Tabular 
form that is from Table 1-3.

Table 1: Comparison of different current sense amplifiers

Types 
of C.S.A

Delays (ns) PD 
(mw)

Clocking 
signals

No.
of Tx’s

1. Clamped 3.4 12.0 3 9
2. Latch 4.6 0.22 1 9
3. Izumikawa 4.2 0.45 2 7

Table 2: Comparison of S-R F/Fs

Types of 
S-R FF

Delays
(ns)

PD
(mw)

No.
of Tx’s

1. Nikolic 3.8 3.5 16

2. Kim 3.8 6.7 14

3. Rubil 9.7 2.0 10

4. Strollo 9.3 2.3 12

Table 3: Overall result

C.S.A 
+
S-R FF

Total
PD (mw)

Delays
(ns)

No. of Tx’s

1. Latch 
+Nikolic

3.65 3.8 25

2. Latch +Kim 7.15 3.8 23
3. Latch +Rubil 2.45 9.7 19
4. Latch 

+Strollo
2.75 9.3 21

IV. Conclusion
A comparative study of various current mode sense amplifiers 
has been carried out in 0.35µm CMOS technology. We conclude 
that Nikolic with latch sense amplifier performs better in terms 
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of power dissipation and speed. Simulation results are shown in 
the above tables as well as in form of waveforms as mentioned 
below.  

Fig. 1: latch + Nikolic Flip Flop

 
Fig. 2: latch + Rubil Flip Flop

Fig. 3: latch + Kim Flip Flop

Fig. 4: latch + Strollo Flip Flop
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