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Abstractd Dynamic gates have been excellent choice in the A number of design techniques such as PMOS feedback
design of highperformance modules such as full adders, keeper transistor method to prevent the dynamic node
subtractors, ~ multipliers,  registers, ~multiplexers and floating problem, precharging the @rhal nodes to eliminate
comparators in modern microprocessors. However, the main the Charge Sharing prob'em and weak Comp|ementary
drawback of dynamic gates is their relatively low noise margin  n_network is constructed to improve the noise tolerance to the
compared to that of standard static logic gates. Traditionally, level of skewed static CMOS logic gates, have been
this problem hasbeen resolved by employing a PMOS keeper yqa10ned in the past three decades to minimize the effect of
transistor in the pull up network that compensates for the sub noisein dynamic circuits [6]It is also shown that voltage
threshold leakage current of the pultdown NMOS network. In . ) LS oo
scaling aggravates the crosstalk noise in the dynamic circuits

the earlier dynamic technologies, the PMOS keeper transistor d red L L . L h df
could improve the reliability of the dynamic gates with minor and reduces circuit hoise immunity, motivating the need for

performance degradation. However, the shrinking device size NoiSetolerant circuit design [16]12]. To design a high
towards 16 nm along with increasing levels of process Performance domindogic circuit, there are two most
variations have reduced the effectiveness of the traditional important factors to be considered when designing a keeper
PMOS keeper transistor approach.In this paper, a4-bit ripple circuit. The first factor is the additional Ioading caused by the
carry adder circuit is designed using an adaptive keeper keeper and its control circuits and the second factor is the
technique called rate sensing keeper (RSK) that enables faster keeper circuit should be capable ssfitching off very fast
switching and tracks the variation across different process [13]. If the keeper circuit remains ON during evaluation it
corners[14] and its performance is compared with 4it adder  will compete for longer time with the NMOS network during
circuit designed using twin transistor technique and current the pull down process. Designing feedback keeper circuit for
mirror techniques. In this paper the multiple bit domino \yide fanin gates is a challenging task since thekdeg
adders are implemented with L=0.12um technology along with ~,rent largely depends on increase in variability [14].

a supply voltage of 1.2V.

In this paper, a-bit ripple carry adder circuit is designed
using an adaptive keeper technique called rate sensing
keeper (RSK) that enables faster switching and tracks the
variation acrossdifferent process corners[14] and its
performance is compared withbit adder circuit designed

using twin transistor technique and current mirror

Dynamic logic gates and circuits have been excellent ChOif&:hniques. One method to reduce the sub threshold leakage
in the design of higiperformance modu_les such as multipleyrrent in the pull down NMOS network is the udeao

bit ~~adders, subtractors, multipliers, ~comparator§eakage current replica keeper circuit with proper transistor
multiplexers, regiters, etc in modern VLSI microprocessors;izing [15]. This type of domino circuits consists of an analog
[1]. The advancement in fabrication technology along withyrrent mirror to replicate the leakage current of a dynamic
the shrinking devicsize has allowed for pI:':lcement ofnearl)@ate pultdown stack and thus tracks process, voltage, and

two billion transistorson I nt el 6s | aThe sgmpdhtur. dretsisSpager thle éffect of temperature on the

digital logic gates and circuitslesigned using dynamic cjrcyit performance is analyzed in detail by sweeping the
domino technique is considerably faster than the logic 9algperature from 2& to 76C.

and circuits designed with standard static logic style. The
aggressive technology scaling to improve the performance asThe performance of the dynamic circuits can be
well as the integration level makes the noise plapajor role  sjgnificantly improved by precise design and properly sizing
in design parameters like area, power and speed [3etransistors. Usuallyin all the digital circuits the transistor
Therefore the digital integrated circuit noise has become oggte |ength remains uniform. So the size of the transistor in
of themost important issues in the design of deep submicrefyital circuits depends on the width of the transistor. In this
VLSI chips [4} [9]. The robustness and performance of wid@aper the multiple bit domino adders are implemented with
fan-in dynamic circuits §|gn|f|cantly degrade with increasing =0 12um technology along with a supply voltage of 1.2V.
levels of process variations and sub threshold leakage.  The noise sensitivity of the domino circuits depends on the
threshold voltage of the transistors used in the circuit and

Index Terms® Domino logic, high-speed domino circuit,
leakage powernoisetolerance,transistor sizing

1. INTRODUCTION

1261
ISSN: 2278 909X All Rights Reserved © 2014 IJARECE



International Journal of Advanced Research in Electronics and Communication Engineering (IJARECE)
Volume 3, Issue 10, October 2014

since the transistor size is decreasing year by year due
aggressive scaling treadh modern electrons, due to the low I B o
threshold voltage, the circuits should be more sensitive Sl i | e
noise that necessitates the use of noise tolerant circuits des
techniques. The paper is organized as follows. Section
details the circuit implementaticand operation of the-Bit
adder using three different domino techniques. Section
compares the performance of these full adder circuits usi = o e
the simulated results. Section 1V concludes the paper.
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Fig.3 Block diagram of Bit adder using current mirror
1.1 CIRCUIT DESIGN domino logic

The circuit diagram of a full adder cuit implemented
using current mirror domino (LCR) technique is shown it
fig.1 and its layout is shown in fig.Zhe full adder circuit
implemented using leakage current replica (LCR) keep
domino technique uses an analog current mirror to replicg
the leakage current of the ptdown network and it tracks
process, voltage, and temperatlifee block diagram of the
4- bit adder circuit implemented using the LCR technique |
shown in fig.3 and its layout is shown in fig.5. The timin

diagram of the 4it adder using LCR technique is shown in
Fig.4. Fig.4 Timing dlagram of the blt adder using hlgh current
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Fig.1. Full Adder circuit using current mirror domino logic
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adder is shown in fig.6. This eye diagram shows the
precharing and evaluation of the circuit. this full adder
circuit a current mirror is connected to the keepédicty

Fig. 2 Layout of the Full Adder circuit using current mirror compensates for the sub threshold leakage current of the
domino logic pull-downnetwork. This current mirror circuit can be shared
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for all the logic gates in the circuit. In this configuration thelomino
keeper and current mirror circuit minimizes the delay of th
circuit (delay in the order of pico seconds) by minimizing th
effect of charge sharind-his circuit need proper selection of : -
clock signal. If the clock frequency exceeds 500MHz, th e e e e
performance of the-Bit adder circuit degrades. The effectof = * ™= ™ Sk [ Sk [
temperature orthe performance of -Bit adder circuit is o - b ,
shown in Fig.7. In this work the temperature is varied fror  Ex B B % L%
25°C to 70C. From the fig.7 it is clear that as the :
temperature increases the transition delay also increases ..... ) ) ) ) )
to the increase in leakage currenteTircuit is implemented Fig.10. Block diagram of it adder using Twirransistor
using L=0.12um technology withg$=1.2V. The simulation domino
results shows that the circuit performance is superior
terms of speed and power compared to the adder circ
implemented using standard static logic circuit technique
The full adder circuit implemented using twin transisto E
domino technique is shown in figuBeand its layout is
shown in figure9. The twin transistor technique improve the ;
noise immunity of the full adder circuit by increasing the jilif
threshold voltage ofit NMOS transistor which is connected
to the input through a cross coupled transistor called tw
transistor. It has been shown that the full adder circLE
implemented using twin transistor technique is mor.. o B ) . o o
energyefficient than existing noismlerant ful adder F|g.1.1. Layout diagram of-Bit adder usig Twin transistor
circuits designed using other dynamic techniques. Since th@mino
twin transistors increase the node capacitance of the f
adder circuit, the circuit delay will be increased
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Twin-transistors also reduce the chasparing problem that

occurs in dynare logic circuits.The block diagram of it o

adder circuit implemented using twin transistor domin (g ) - | | | ;
technique is shown in figuw&0 and its layout is shown in e

figure-11. Experimental results show that the full add ) - | | I ;
designed using twin transistor techréquprovides a | i

significant improvement in the noise immunity of dynamiqgs )i - | I [ }

circuits with a slight increase in power dissipation and o o e e
loss in throughputThe carry outputs of the-Bit adder Fig.12.Carry outputs of theldit adder usingwin transistor
implemented using twin transistor technique are shown tomino

fig.12.
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Fig.8. Full adder circuit using Twin transistor domino logic
style25°C

F#y.14.The preharge & Evaluation phases of sum bit S3 in
a. 4bit adder
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Fig.9. Layout of theFull adder circuit using Twin transistor
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