IJCTA, 9(12),2016, pp. 5719-5725
© International SciencePress

Optimized Low Leakage Design of Stan-
dard Cells and Accumulator Using Gate
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Abstract : As technology is scaling into nanometers, the leakage current, power and area have become
import parametersincircuit designing. Thelogic gates are specific elementsindigital circuits. Gate length
biasing isamethod to optimize the design by varying the gate length so asto decrease power dissipation.
The leakage power isthe main contributor to the power consumption. Power gating and clock gating are
used to minimize the power by switching off the unused trangstorsand clock using deep transistor technique.
Keywords: Standard cell, gate length, power dissipation, sleep transistor, power gating, clock gating,
leakage power.

1. INTRODUCTION

Energy disspationin CMOS designsis mainly of two types.Itseither static or dynamic. [1]. The Techniques
to reducethe power dissipationin CMOS circuits

(a) GatelLength Blasng of Sandard Cell

Power Delay Product is good compromise between speed and delay, whichiswritten as[ 1]
EDP = E.ty, @
The basic gates are the important eements in digitd circuits Inthispaper, atwo input I nverter isoptimized
using gate length biasing by varying gate length from 180 nmto 250 nm.

Submicron Techniqueand Optimized Sleep Transistor

Micronisthemeasurement of length. In Submicron technology, billionsof transistorsonasngledie, working
at GHz frequencies. Submicron conditionis sub threshold condition. This method employs power gating.Power
gating method is used to reduce the leakage power using deep transstor.

In this work, several basic sandard cell inverter issmulated with different gate lengths and delay and
power iscaculated .All Smulation are performed using Spectrein cadence and delay and power are calculated. Also
a RTL-to-GDSII design of a 4 bit accumulator is generated using RTL synthesis NClaunch and SOC
encounter.Then Sub micron technique is used to design a low leakage accumulator. Power gating is
implemented.
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2.GATELENGTH BIASSNGMETHODOLOGY

PRamani, R KavithaSudhaand GPriya

The gate-length biasng (GLB) technology increasesthe channel length of transstors and reducesleaskage
exponentialy in both active and standby modes|[6]. Inthiswork atestcaseis designed in cadence virtuoso 9.1.

Thedesignisof twoinput inverter in 180nm. Spectre smulationis performed.Delay is calculated and leakage
power iscaculated.
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Fig. 2. Testcase of inverter in cadence.



Optimized Low Leakage Design of Standard Cellsand Accumulator Using Gate Length Biasing and Submicron ...

Spectresimulation is performed in cadence. DC and Trangent anaysisare performed.
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Fig. 3. DC and Transient analysis of inverter using spectre simulation
Next Delay and power dissipation is calculated.
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Fig. 4. Delay calculation using virtuoso tool
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Next , valuesof gate length of inverter cell are changed to bating different values of power dissipation and
delay.
Following arethe vaue of delay and power disspation calculated when gate length isvaried from 180, 200,
250nm.
Tablel. Delay and power dissipation valuefor differentgatelength.

Gatelength(nm) Delaycal culation(ps) Powerdissi pated(pw)
180 13.65 61.7
200 15.09 59.7
250 18.89 50.8

Thus the value of Power disspation decreases exponentially onincreasing the gate length of design

Asthe gatelengthisincreased we observe that leakage power decreases. Thisconcept can be used to design
circuitsemploying sandard cdlls .By using gate length biased cellsingead of norma standard cells.Thisishowever
at cost of increased delay. Hence optimized design is obtained.

3. SUBMICRON TECHNIQUE AND OPTIMIZED SLEEPTRANSISTOR

Firstly afour bit ALU isdesigned using RTL synthes's, NClaunch and SOC encounter . Thefull RTL to GDS
flow isperformed to obtainthe design.
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Fig. 5. Flow diagram of complete RTL to GDS [5]
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L eakage power iscalculated iscalculated as 13.757 nW.
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Fig. 6. Leakage power calculation of 4 bit ALU design

Floorplanning and Routing of design are performed in SOC Encounter.
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Fig. 7. Floorplanning of alu.
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ThusALU isdesigned asshowninfigure 8.

Fig. 8. Complete design of ALU in SOC encounter

4.9 EEPMODE POWER GATING

Power-gating technique or degp mode sub microntechnique usesahighVth deeptrangstorinseries
with the pull-up and/or the pull-down of alow Vth logic block to reduce leakage power.
Delay of asingle gate without deep modeisgivenas|[7]
C:L VDD
w = (VDD _VtL)a @
Where, VDD isthe supply voltage, VtL islow level threshold voltages, ais Saturation VVelocity Index and CL
istheload capacitance.
If adeep trangstor of High Vt isintroduced, we get delay as

C:LVDD
sleep = o 2
wd (Voo VX -V, ) @
Allowing 5% overhead in thedelay for thisdesign, we get
td
pEE= = 95% 3
Thecurrent through the eep trangstor isrepresented approximately by
W
lSieen = 1,Cox (_) (Voo =Vi ) (Voo =Vi) 4
L Jsieep

Where, in ismohility of electrons= 150 cm?/V.sat 90°C, C_, isoxide capacitance=19.7 X 10~° F/mfor
45nm([7].
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So thewidth over length ratio of adeep trangstor isgivenby

)

L Jsew — 0.02811,Co (Vo = Vi) (Voo —Vir) ©
| geep iscalculated by smulating theAL U circuit without deep transstor network and finding maximum current

that flowsthrough ground.

5.CONCLUSIONAND FUTURE WORKS

The Gate length biasing is an effective method to reducethe power dissipation. Asgate lengthisincreased
from 180nmto 250 nm, the paw dissipated decreases exponentially and delay increaseslinearly. Thusdesignis
optimized. Also acomplete RTL to GDS flow of aAccumulator is performed in SOC encounter. Power gating
deep mode transistor method reducesthe leakage power consumption of acombinational logic block during
inactive gate. In deep transistor mode, 99% of thetota power consumption is saved. The switching currents/
fluctuations can be further reduced by applying aconstant low leakage vector at the input of the circuit during
deep mode.lnfuture, this power gating method can be applied to other combinational and sequentia blockslike
PLA, ROM, and RAM with higher bytesetc.
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