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Abstract— Day by day increase in demand high speed and 

low power portable embedded circuit is evolved in many 

variants.  Sense amplifier accepts small voltage difference as 

input and generate full swing output depends on BL/BLB 

data. Technology scaling has enabled us to integrate both 

memory and logic circuits on a single chip. However, the 

performance of embedded memory and its peripheral 

circuits can adversely affect the speed and power of the 

overall system. Sense amplifier is one of the important 

peripheral circuits in the memory as it strongly influences 

the memory access times. It retrieves the stored data from 

the memory array by amplifying the small differential signal 

on the bit lines. Therefore, the total power dissipated within 

the on-chip caches, include both on-time and standby will 

become dominant parts of the total power consumption of 

the chip. In view of the above, there apparent urgency to 

address the power dissipation of chip. Similarly sensing 

speed and Qvalue also considered for fair review. 
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I. INTRODUCTION 

The differential sense amplifiers are one of the most 

essential circuits in the periphery of CMOS memories. Their 

performance strongly affects both memory read access time, 

and overall memory power dissipation. As with other ICs 

today, CMOS memories are required to increase speed, 

improve capacity and maintain low power dissipation[1-3]. 

These objectives are somewhat conflicting when it comes to 

memory sense-amplifier design. With increased memory 

capacity usually the increased bit-line parasitic capacitance. 

This increased bit-line capacitance in turn slows down 

voltage sensing and makes bit-line voltage swings energy 

expensive resulting in slower more energy hungry memories 

Sense amplifiers are mainly used to read the contents of 

RAM and DRAM. They are very sensitive to noise and their 

design implies that they will provide adequate noise margins 

and provide good quality of data that represent the contents 

of a particular memory cell. Fast sense amplifiers are 

important for achieving low latency in many circuits, the 

most common domain being bit-line reading in memories[4-

6]. With the advent of sub micrometer CMOS chips, 

interconnection is becoming a major source of on-chip 

delay, and fast sense amplifiers are also likely to be needed, 

e.g. as repeaters for high-speed signals which must traverse 

large chips. Several operate in current-mode, i.e. they 

present a low impedance to the inputs and respond to the 

differential current rather than to the voltage between the 

inputs , this can reduce interconnect delay in long wires 

there by providing speed improvement. The current mode 

sense amplifier reduces the bit line swing during read 

operation as compared to voltage mode sensing technique. It 

proves that current sensing technique would be faster than 

voltage mode due to the low impedance termination of the 

current mode. It shows that current sensing is relatively 

insensitive to the bit line capacitance. This gives the 

motivation to use current mode sensing in the bit lines in 

SRAM. The speed of the sensing operation depends on the 

ability of the sense amplifier as to how fast it can resolve or 

decide as to which of the two bit lines current is higher in 

magnitude and accordingly provide a logic value of “1” or 

“0” in the output. 

II. LITERATURE OF SENSE AMPLIFIER 

On the basis of operating modes, broadly a sense amplifier 

can be classified into two categories. Voltage Sense 

Amplifier[7] and Current Sense Amplifier [8]. The simplest 

voltage sense amplifier is the differential couple. When a 

cell is being read, a small voltage swing appears on the bit 

line which is further amplified by differential couple and use 

to drive digital logic the bit line voltage swing is becoming 

smaller and is reaching the same magnitude as bit line noise, 

the voltage sense amplifier become unusable. While, the 

fundamental reason for applying current mode sense 

amplifier in sense circuit is their small input impedances. 

Benefits of small input and output impedances are 

reductions in sense circuit delays, voltage swings, cross-

talking, substrate currents and substrate voltage 

modulations.  

The conventional latch-type sense amplifier is 

shown in Fig. 1. Two CMOS inverters (M1, M3 and M2, 

M4) are the main bodies of this amplifier, they connect to 

each other in a cross coupling way including a positive 

feedback, thus the amplifier turns very fast. Bitlines BL and 

BLN are not only inputs but also outputs, so full swing 

output is conducted on the bitlines which leads to increased 

power consumption. SE signal is used to turn on/off the 

transistor M5 to control the state of the sense amplifier. 

Transistors M6-M8 constitute a typical precharge circuit, in 

which M6 and M7 are used to precharge BL and BLN to 

VDD, M8 as a balanced transistor is used to ensure that the 

two bitlines have the same initial voltage which is necessary 

to prevent sense amplifier turning unexpectedly when it 

starts to amplify signal [9]. In the precharge stage, bitlines 

are charged to VDD through pulling down PC signal, at the 

same time, transistor M8 is turned on to eliminate the 

voltage difference between BL and BLN caused by the 

change of device’s threshold[6]. At the end of the precharge 

stage, M6-M8 are turned off, and then a word line is turned 

on to start the read operation. After that, one of the bitlines 

will be pulled down by the selected storage cell, when 

voltage difference of the two bitlines is big enough, SE 

signal turns to VDD from GND, and transistor M5 is turned 

on to enable the sense amplifier, under the effect of positive 

feedback(M1-M4), bitline voltage is amplified to CMOS 

levels quickly[10]. 

The sense amplifier shown in Fig. 1 has a 

characteristic that its input is the same as output, thus the 

full swing voltage conversion is conducted on the bitlines. 

Since massive storage cells are connected to the bitline in 

SRAM, parasitic capacitance of the bitline is also large, 
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therefore the delay time and power consumption needed for 

the amplification process will be severe and this kind of 

amplifier is rare to be used in SRAM. Separating from input 

and output is one of the methods to improve speed and 

reduce power consumption of sense amplifier[11]. An 

improved latch type sense amplifier is shown in Fig. 2. 

Compared to the amplifier shown in Fig. 1, transistors M9 

and M10 are added as switching PMOS to transfer voltage 

difference from bitlines to sense amplifier. Enable signal SE 

turns off M9 and M10 through two inverters INV1 and 

INV2, then the large bitline capacitance is separated from 

sense amplifier, so that in the interior of the amplifier, 

bitline capacitance will have little impact on the speed of the 

circuit and power consumption is reduced outstandingly. 

 
Fig. 1: Conventional latch-based sense amplifier 

 
Fig. 2: Improved version of latch-based sense amplifier 

 
Fig. 3: Schematic of FF based sense amplifier (SAFF) with 

NAND SR slave latch. (a) Master stage of a SAFF. (b) Slave 

stage of a SAFF. 

SAFF design consists of a fast differential sense-

amplifier stage, followed by a slave latch, as shown in Fig. 

3. The sense-amplifier stage is very similar to the sense 

amplifiers used in memory ICs (hence the name). The SAFF 

design can achieve higher operating speed than other 

differential input FF designs, it is easier to integrate with 

conventional logic circuits, and allows reduced voltage 

swings on clock lines[12, 13]. Moreover, SAFF is 

characterized by a near-zero setup time, a very small hold 

time, a low clock load, and true single-phase operation as 

mentioned earlier. Since SAFF is designed to operate at 

reduced input voltage swings, the stage preceding SAFF 

operates at significantly reduced power compared to static 

CMOS design. Also, the SAFF is a true single-phase master 

latch, allowing a reduced swing on clock signal. This clock 

signal also drives a reduced number of transistors (3 

transistors) compared to that for a conventional clocked-

inverter DFF (8 transistors). These factors result in 

significantly reduced operating power requirements at high 

frequencies for SAFF design compared to conventional FF 

designs. The improvement in speed of the SAFF comes 

from the input side where the circuit generating the 

differential signals does not have to swing rail-to-rail. 

Properly designed SAFF will yield a factor of more than two 

improvements in delay. Because of the power and speed 

performance of SAFF design, most designers have migrated 

to using SAFF in their high speed designs. 

III. RESULT ANALYSIS 

Sense-amplifier based FF designs (SAFF) based design 

offers higher speed and lower power dissipation as 

compared to conventional latch based sense amplifier and 

improved latch based sense amplifier. Instead of the SAFF 

offers better Critical Charge. Literature of this paper 

simulated on different technology, therefore we are 

comparing improvement in term of percentage. The 

comparative results are shown in the Table-1 and Fig. 4. 

Design Parameter Power Delay Area 

Conventional[9] 100% 100% 100% 

SAFF[12] 59% 82% 83% 

Table 1: Design Parameters comparison 
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Fig. 4: Critical charge a function of differential input voltage 

in SAFF 

IV. CONCLUSION 

The SSFF is better than with the conventional sense 

amplifier in term of power dissipation, delay and layout 

area. SAFF reduced power consumption upto 59% as 

compared to conventional sense amplifier while offer 

reduced propagation delay and layout area upto 82% and 

83%, respectively as compared with conventional sense 

amplifier. Instead of that novel characterization is added in 

the design related to critical charge to reduce the effect of 

RF interference. 
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