International Journal of Advanced Engineering, Management and Science (IJAEMS)

[Vol-1, Issue-1, April- 2015]

ISSN: 2454-1311

Parametric Reliability of

Low Power Adiabatic

SRAM

Rakesh Kumar, Abhishek Kumar
'M.E. Scholar, ECE Department, Ahmadabad, GujisiDIA
“Assistant Professor, ECE Department, AhmadabadaGuiNDIA

Abstract— This paper presents our attempt to recover
back energy that is stored in the bit lines andhia cell and
reused it by a phenomenal technique of energy esgov
known as adiabatic principles. By the applicatioh tbis
adiabatic driver the loss of energy to the groundting
‘1'to’'0’ transition in SRAM is reduced to a greatdegree.

In this paper the performance of the conventiornalSRAM
circuit is compared with the performance of the akditic

Static memory (SRAM) cells use a latch composectass-
coupled inverters to store data as shown in Fig. 1.

6T SRAM. In the adiabatic SRAM good high degree of

power reduction is reported. By applying the
aforementioned technique same SRAM is investighyed
varying technology. Another parameter such as delag
power delay product (PDP) is also been calculated il
the SRAM. All the circuits are simulated in HSPI&&d
delay is calculated using Cosmo scope.
Keywords- SRAM, Adiabatic logic, Low power, delay, SNM,
WTP, sense amplifier.

l. INTRODUCTION
Today we enjoy great low power consumer devicethés

direct impact of much phenomenal development of the
VLSI technology. As in late 1970s Moore stateda that
in every eighteen month the number of transistahenchip
becomes double. Therefore, to meet the requirewfettie
portable appliances various low power techniques ieen
used [1]. For this designer explore new approatbehe
design of VLSI circuits. Energy recovering (adiabalogic
is a new promising approach, which has been ofigina
developed for low power digital circuits [2-4].
In this paper we concentrated only on the desigftatic
memory using adiabatic logic. As it is known thagmory
consumes maximum power in any device, maximum ffor
have been given to reduce as much as power consumpt
in memory.The structure of the paper is as follo8egtion
1 is the introduction, section 2 contain the ovenwiof
SRAM, section 3 contain the overview of Adiabatigit,
section 4 contain the design of conventional andbadic
SRAM, section 5 shows all the result related to HRauch
as power, delay, PDP. Finally section 6 contains th
summary and conclusion of the paper.

Il. SRAM OVERVIEW

Fig. 1: SRAM cell with two cross coupled inverters.
The schematic for static RAM Cell is shown in Figut.
Essentially, the data is latched at the cross-aalpl
inverters. The bit-lines are complementary andiapet to
the 1/0 of the inverters. Thus, the value is lattkering a
write and maintained as long as power is available.
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Fig. 2: Schematic of 6T SRAM
The working of the SRAM is simple and easy to ustierd.
6T SRAM cell consist of 6 transistor, two pull uprsistor
(MP1, MP2), two pull down transistor (MN1, MN2) and
two pass transistor ( PT1, PT2). The gate of passsistor
is controlled by the word line input. Whenever therd line
is high the BL and BLB are connected to the cefideethe
cell can be read out or write in from the bit lin#ghen the
WL is off there is no reading or writing is perfoechby the
cell, hence the cell will be in the hold state.
For successful writing to be done in the cell thergst be a
write driver which monitor the presence of data afidw
that data to be written into the cell. This writévdr is
simple a AND gate whose input are write enable catd.
When reading is to be done the write enable ofwvihige
driver is switch off so that writing is not perfoeah.
Reading is carried out with the help of sense diepli
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There is a column transistor which is on by thalreaable
input when the reading is carried out by the semsplifier.
Sense amplifier is a differential amplifier whichnses the
difference between the voltages in BL and BLB.islalso
very important to mention here that before readmgo
begin the BL and BLB are to be pre charge to tirae
level of voltage so that both the lines would haamne
voltage. This pre charge is done by the pre cheirgeit.[6]

[l ADIABATIC LOGIC OVERVIEW
Adiabatic is a Greek word which means “impassali¢e”
basically defined in thermodynamic principle of teta
change with no loss or gain of heat. This adialyaticciple
is explained with the help of switching activity rdo in
electrical circuit.
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Fig 3: RC network with switch

Fig. 3 shows the energy dissipation during a switgh
transition in conventional CMOS circuit. The circehows
the transition of the switch from LOW to HIGH whiels a
result the capacitor charges and discharges. When t
switch is open the Vdd supply is not connected he t
capacitor hence the capacitor is not charged. When
switch is closed, voltage Vdd is applied and currssart
flowing through R, this as result charges the cipato
voltage Vdd. The energy taken from the power supply
C.Vdd? but half of that 1/2CVdfdis stored in C and the rest
half is dissipated in R. [5]

Now, consider the circuit and current waveform shaw
Fig. 4. Here notice that, instead of using a fixsuver
supply as in the previous case we use a time vguyawer
supply. By this slow transition of the supply vagéthe
charging and discharging time of the capacitor risatly
increased.

Fig. 4: Adiabatic logic with sinusoidal power suppl

As it is well known that the energy loss during refiag and
discharging is given by the following formula.

R

E=CCVdd? ... (1)

Where,R = Resistance

C = Load Capacitance

T = Charging and Discharging time

Vdd= Supply Voltage

From the equation 1 it is clear that the as thegihg time
of the capacitor is increased the energy losseénctrcuit is
reduced. This is the reason that here a time vgryower
supply is used instead of a fixed power supply.

V. DESIGNING 6T SRAM
In this paper our main focus is in the 6T statiad@m
access memory.
4.1 Conventional 6T SRAM
Fig. 5 shows the conventional 6T SRAM circuit. Tieesic
architecture of 6T SRAM consist of a pre chargeuitr
write driver, SRAM cell, Column transistor and sens
amplifier.
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Fig 5: Conventional 6T SRAM with Precharge and &ens
amplifier

Fig 6: Write Driver circuit for conventional 6T SRA

Pre charge circuit comprises of transistor M1 arifigure
5 shows the RAM cell with the bit-line conditionirgcuit
that charges the bit lines using n-type transistBath bit
lines are charged to VDD-Vth, where Vth is the shad
voltage of the precharging nmos. It is also possibluse p-
type transistors for the precharge transistors,thisdwould
pull up the bit lines to VDD instead of to VDD-Vth.
However, it will take longer to pull down the binés. Thus,
using n-transistors improves the speed of the RAM][

Fig 5 shows the SRAM cell which comprises of tratusi
M3-M8, out of which transistor M3 and M4 are theess
transistor and are operated by the word line, i@ érom
BL and BLB are written into the Q and QB when thé W
ON. Similarly the data from Q and QB are read thotlge
bit lines.

The transistor M9 and M10 are the column transigtoich
allows bit lines data to be read by sense amplifidre
primary objective of a sense amplifier in an SRANag is
to amplify a small bitline differential voltage svg to a
full-swing logic output.This kind of sense amplifis easy
to implement and operates with reasonable speeg@ndr
consumption.
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Fig. 7: Simulation Waveform of conventional 6T SRAM
Fig. 6 shows the write driver circuit which are

implied on both the bit lines. The write drivertypically an
AND gate whose two input are Write Enable (WE) &ada
(DI). The output of the AND gate is applied to thieline.
Whenever the WE is on the data DI is travel tolithidines.
Otherwise the data is disconnected from the béslin
Figure 7 represent the simulation waveform of the
conventional 6T SRAM. Simulation is done in HSPICE
tool. Inputs are represented as DI, WE, WL, RENHa
waveform a, b, ¢ and h respectively. These inpidgaken
in such a way that in 10um time duration the 3 fime
writing, reading and hold operations are performas.a
consequence of the given input the writing outptg a
represented by the BL, BLB, Q and QB in the wavefat,
e, f and g respectively.The reading output is shiowrihe
RDO signal shown in waveform ‘i’.
This can be seen that when the input WE and WLigh h
the data DI is written over Q and QB. Both Q and B
the complimentary to each other. In the case alinggone
can see that when WL and REN are ON and WE are OFF,
reading takes place. For very small interval omlgding is
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carried out. The output of the sense amplifieralsen out
from RDO.

All the transistor width and length are taken adowg to
the normal consideration. For n-type transistor rde of

width and length is taken 1:1, except the precharge

transistor whose ratio is taken as 2:1. For p-typasistor
the width is taken either twice, thrice or four ésnthe
length of the particular transistor. There are ¢hvariant of

6T SRAM are simulated according to the technology
variation (180nm, 130nm, 65nm). The dc voltagesliagp
to SRAM are 2.0v, 1.5v and 1.0v for 180nm, 130nmd an
65nm respectively. The output waveform are seerostm

similar in all the variants, the only changes ociurthe

power and delay parameter. All the results are show

next section.
4.2 Adiabatic 6T SRAM

Normally conventional SRAM consume more power fa t
satisfactory working. To reduce this power requieam
author uses the most promising approach of ad@bati

technique in SRAM circuit. It is seen that wheniaput
logic 1 is written over the cell, the value remaigh until
and unless a low logic is overwritten over thattipatar
cell. Consider that you want to write logic O ithe cell and
previously the data present in the cell is 1. Now\erwrite
the new value one has to pass all the previous(datdogic
1) towards ground so that the new data in theisédigic 0.
This discharge of the high potential towards groism{list
wastage of energy. This wastage can be recoveridthe
help of energy recovery technique.

Basically the concept behind the recovery of enésgihat
the access voltage which has to be grounded toaoiker
new data is not grounded instead of that it isrrethiack to
the power supply. Here it is important to mentibattthe
power supply used over here is not the fixed posugply,
instead of that author uses the time varying posugply.
This time varying power supply is known as powerckl
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Fig. 8: Circuit diagram of adiabatic 6T SRAM

Fig. 9: Write driver circuit for Adiabatic 6T SRAM
Here time varying power supplies are triangularseul
trapezoidal pulse or the sinusoidal pulse. By usihg
triangular power clock differently the power is vegd but
the delay is increased very much. Hence by usirg th
sinusoidal or trapezoidal power clock delay camdziriced.
Author uses the sinusoidal power clock which recetbe
very high power without much increase in delay.
Figure 8 shows the adiabatic SRAM with the sense
amplifier. In this the extra circuit used is theccit made
with help of two diode and two transistors. Whea thput
DIBL is low then the transistor M8 is ON and theusoidal
power clock VPCK is flow through the diode D2 and i
charges the capacitor CBL which is connected toBhe
Similarly when the DIBL is high transistor M7 is Otke
high charged stored in the capacitor flow back ulgio
diode D1 towards power clock VPCK. Other workingttod
sense amplifier is similar to that of the convemdlbSRAM.
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In figure 8 it is seen that the pre charge circuidbsent ir
the adiabatic circuit. The reason behind the alisefiche
pre charge circuit is that, while reading operationhbtite
bit lines are to at the same potential so wheneveitable:
(WE) is OFF then both the output of the write driyee.
DIBL and DIBLB) is 0. Hence the transistor M8 andl®
are and high voltage flofrom diode D2 and D4. Hen
both the bit lines (BL and BLB) are at the highqdtal
The simulation of adiabatic SRAM is done using HSP
in 180nm, 130nm and 65nm technology. Fig. 10 shihs:
simulated waveform of the adiabatic SRAM. All !
paramete is same as that in conventional SRAM circ
The frequency of the power clock is taken 1 v
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Fig. 10: Simulation Waveform Adiabatic 6T SR/

V. SIMULATION RESULTS
In the following section we describe the simulati@sult
based on the above simulatioWe have designed i
adiabatic SRAM using HSPICE simulator with differ
technology model. Based on that the result obtaiaex
shown below

5.1 Power dissipation

Power dissipation is the major factor that we dedth
adiabatic logic. Adiabatic tectque helps us in reducing the
power consumption in any circuit. Table 1 showdkerage
power obtained from the HSPICE simulation of the
SRAM in different technolog

Table :
Average Technology Variation
Power (um) 65nm 130nm 180nm
Conventional 50.212 191.23 495.84
6T SRAM
Adiabatic 6T 0.882 6.302 15.207
SRAM

Figure 11 shows the graphical view of tabl

Average Power (um)

M Conventional SRAM 4 Adiabatic SRAM
495.84

191.23

50.212
15.207 is.aole 0.882
A L

180nm

130nm 65nm

Fig. 11: Average power (um) in different technoldgy
conventional and adiabatic SRA

Table :
Technology Percentage  of  power
reduction in adiabatic
SRAM
65nm 98.24%
130nm 96.70%
180nm 96.93%

Table 2 shows the percentage of power reductic
adiabatic SRAM as compared to the conventional SE

5.2 Delay
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Delay calculation is the prominent section of angitel
circuit. As it well known that while decreasing tpewer
consumption in any circuit by applying any low pa\
technique, the delay in the circuit is increaseklisTdelay
must be not so much highat it would affect the workin
of the normal circuit. Delay calculation is bit gdsy using
the Cosmo scope tool.

Read Delay (ns)

Table 3: Write Delay

2.5
2
1.5 M Conventional
1 SRAM
0.5 L1 Adiabatic SRAM
0
180nm  130nm 65nm

Technology Write Delay (ps) Fig. 13: Readlelay for conventional and adiabatic SR/
Variation Conventional Adiabatic
SRAM SRAM Table 3 and 4 shows the write delay and read delathe
65nm 724.59 4856 conventional and adiabatic SRAM. The Write delaytfee
130nm 659.20 52053 adiabatic SRAM is increased as compared to
180nm 590.45 1190.3 conventional SRAM. The write delay is in the fsecond
range. Figure 12 shows the write delay in graphicaiv.
Figure 13 shows the read delay in graphical \
Write Delay (ps) 5.3 Power Delay Product (PDP
6000 The power delay product (PDP) is the product ofptbever
and the delay of the SRAM. Table 5 shows the paleds
4000 i conventional product of the conventional and adiabatic SR
SRAM Table !
2000 .
H Adiabatic SRAM Write Read
0 PDP(fJ) PDP(fJ)
180nm 130nm  65nm 65nm Conventional 36.4 58.2
Adiabatic 4.28 2.04
Fig. 12: Write Delay for conventional and adiab&RAM. 130nm | Conventional 126.0 105.3
Adiabatic 32.8 7.59
180nm | Conventional 292.0 200.7
Table 4: Read Delay Adiabatic 18.1 21.22
Technology Read Delay (ns
Variation Conventional Adiabatic
SRAM SRAM Write PDP(f))
65nm 1.165 2.322 M Conventional SRAM i Adiabatic SRAM
130nm 0.550 1.2057
180nm 0.405 1.396 292
126
36.4 32.8
4.28 . 348 18-1‘
65nm 130nm 180nm

Fig. 14: Write PDP for conventional and Adiabatic SR
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Read PDP(f))

M Conventional SRAM i Adiabatic SRAM

200.7
105.3
58.2
e i 7.59 1.8
65nm 130nm 180nm

Fig. 15: Read PDP for conventional and Adiabati®\BF
Figure 14 shows the power delay product of the e
operation take place in conventional and adiab@RAM.
Figure 15 represent the power delaroduct of the rea
operation take place in different technology in\amtional
and adiabatic SRAM.

Table 6
Technology Percentage of Energy savir
In Writing In Reading
65nm 88.24% 96.5%
130nm 73.96% 92.8%
180nm 93.8% 89.4%

Table 6 shows thpercentage of energy saving by us
adiabatic technique in 6T SRAM while reading andting
operation at different technoloy

VI CONCLUSION AND SUMMARY
The advantage of adiabatic logic is -energy operation
but the disadvantage is slower operation ttCMOS.
Therefore, the concrete application is a -speed
processor, not a higkpeed processor. In this paper
presented a low power 6T SRAM based on the er
recovery technique.
The conventional SRAM and adiabatic SRAM
simulated using HSPICE in 6B, 130nm and 180n
technology. Different results based on the simoiatiave
been shown in section 5. We found that the avepageer
reduction for whole SRAM circuit in 65nm technology
98%, in 130nm technology is 96% and in 180
technology it is 9%o.If we talk in terms of energy recove
take place in write operation is about 73% to 93¥%
different technology. Similarly in the case of regakratior
about 89% to 96% of the energy is recovered as aosd
to the conventional part.
As it is well known that the adiabatic logic provis delay in
the circuit. This fact is proved in ourcircuit alsthe wrte

delay and read delay of tlagliabatic SRAM is considerak
increased as compared to normal SRAM. This is th&
disadvantage of the adiabatic Ic. But this delay is not so
much high that it would affect the proper workinfytbe
circuit. Focusing on the fact that the reductionpiower
consumption and recovery of such a huge amountefgy
makes this circuit configuration benefici
Here it isalso important to notify that as we decrease
technology from 180nm to 65nm we found that the g
consumption is also decreased. Here we have sigal
only single cell of the SRAM and for that we haveed
single adiabatic circuit in bit lines. Ev for building up
large memory only single adiabatic circuit is used one
column, whether the column consist of hundreds eif.
This fact make the area of the proposed Sk
approximately same as that the conventional SF
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