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Abstract-- As technology advances in the field of VLSI; the
circuitsare upgraded to less power consuming and of high speed.
In modern digital signal processing (DSP) and graphics
application the shifter is an important module. A Barre
shifter/rotator can be implemented exclusively for shifting and
rotating operationsindividually or both at the same time and can
be implemented by 2:1, 4:1, 8:1 etc. multiplexers units. Barrel
shifter/rotator implemented using multiplexer unit can use it
repeatedly thus reduce the amount of power consumption. In this
paper initially the Barrel shifter/rotator circuit using multiplexer
is implemented using Complementary Metal Oxide
Semiconductor (CMOS) logic then the circuit is implemented by
different low power techniques. Finally various designs are
compared in terms of power and delay. All the designs are
implemented in Cadence Virtuoso Tool at 45nm technology for its
validation.

Index Terms—Barrel shifter, Pass transistor logic, LECTOR
technique, Double gate MOSFET, Diode Free Adiabatic Logic,
Low power.

I. INTRODUCTION

As the technology is scaling down towards the deep

submicron level, the digital circuits become complgo this
indirectly affect the power consumption and theespef the
circuit. A barrel shifter is a combinational logircuit which
shift a data by any given number of bits, in a Ermperation.
Many applications such as in CPU, variable lengitirg,
word packing/unpacking, bit indexing, address getien etc
required Barrel shifter/rotator circuit exclusivefgr the
shifting and rotating operations [1]. Barrel shiftetator
circuit is implemented in both general purpose pssor and
digital signal processor [2]. The circuit is desgnwith
multiplexer unit for its better performance. Varsou
techniques are adopted to implement Barrel shiftttor
circuit. But according to the recent trends theuirneeds to
be implemented with low power techniques which pedihe
overall power consumption without affecting the qessing
speed. Initially the circuit is implemented  with
complementary metal oxide semiconductor (CMOS)d it
in that design the power consumption was seveigly. I$0 in
this paper four different low power design techeisjgsuch as
pass transistor logic technique, LECTOR techniglie[3
Double gate metal oxide semiconductor field eftemtsistor

(MOSFET) technique[4] and Double gate MOSFET with

Diode Free Adiabatic Logic(DFAL) were adopted t

Nirmal Kumar Rout

All the designs are compared with respect to pamerdelay
with different supply voltages and the resultstafmilated in
the concerned section. The proposed Double gate REDS
with DFAL technique is efficiently reduce the power
consumption in the given circuit. The LECTOR tecjud is
effective in delay reduction. The techniques anglared in
detail in the following sections. The paper is oigad with
six sections. The second section includes briefrifgon on
Barrel shifter/rotator circuit and it's working pciple. The
third section describes different low power methdds
implement the Barrel shifter. The fourth sectiotraduced
the proposed low power design of Barrel shifteafot. Fifth
section shows the simulation results of the diffierlow
power methods and compare the results in termewépand
delay. The last section is the conclusion sectidmchv
describes the effective design technique in tefrpewer and
delay.

II. BARREL SHIFTER/ROTATOR CIRCUIT

A. Shifters

Barrel shifter is a combinational circuit which féhidata with
a precise number of bits within a single clock eyclt has
N number of inputs an&f number of outputs and a set of
control inputs. In this paper the Barrel shiftemmplemented
using multiplexer unit. And this design connecttpotiof one
multiplexer block to the input of the next multipér block in
a way that depends on the shift distance. The nurobe
multiplexer units needed for the implementationiobit
Barrel shifter is calculated &&lag2{N7, [5,6] whereN
represents the number of input bits. The shiftipgration is
tabulated below in Table 1.

TABLE I. SHIFTING OPERATION OF 8 BIT BARREL

implement a Barrel shifter/rotator circuit.
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Fig. 1. Schematic of 8- bit Barrel shifter

From the above tabl&"
control line set/a" is the input vector of size 8-bit atyg' is
the output vector of size 8-bit." is the low state antH" is
the high state. In this paper the Barrel shifteccudt is
implemented with multiplexer units. The design odrigl
shifter is shown in Fig. 1. The multiplexer unit® anitially

denotes the select line set or the

to produceS The stage inhibited bk, 2%multiplexors
select betweers for shifting andz* lower bits of data for
rotating.
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designed with CMOS logic and later implemented with v =@— “[?] _L;j ”ﬂjj _@

different low power designs that are describeceittion Ill.
B. Rotator

The 8-bit rotator circuit uses three stages withit42-bit, and
1-bit rotates. In a rotator circuit, as every inpit$ are routed
to the output, hence there is no need for intereontines
carrying zeros. But the interconnect lines are rieske to

enable routing of th2* low order data bits to thz¥ high

order multiplexors in the stage controlled &y The design
of right rotator is shown in Fig.2. The 8-bit rigtdtator as
shown in Fig.2 is divided into three levels. Thestfilevel

provide four bit right rotate and this level is tafled by

control input "b0". The second level provide twa bght

rotate and is controlled by the control input "bThe last
level provide one bit right shift and can be coléab by the
control input "b2".

C. Multiplexer based Right Shifter and Rotator

The logical right shifter can be extended to righifter and
rotator by adding extra multiplexer units. The dass shown
in figure 3. Here also has three levels of openatithe first
level shows four bit right shift/rotate, the secdedel shows
two bit right shift/rotate and the last level showrse bit of
shift/rotate. Initially, a single multiplexor setsdbetween '0'
for logical right shifting anai, _4 for arithmetic right shifting
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lll. LOW POWER TECHNIQUES FOR units are implemented with LECTOR technique exhileity
IMPLEMENTING THE BARREL less delay compare to the other low power techsiqliee
SHIFTER/ROTATOR CIRCUIT calculation results of delay and power is descriinesection

The Barrel shifter/rotator circuit is implementedy b V.
multiplexer units. These multiplexer units are dasd with C. DFAL Technique

the following listed low power techniques. In this Diode free adiabatic logic (DFAL) approdhk circuit

A. Pass Transistor Logic function is separated into two phases such as ati@ituphase
In pass transistor logic the primary inputs arevadid to drive and hold phase [9] according to the supply clognai
not only the gate terminal but also the sourcefdbiminal of phases. In the evaluation phasswings up ani, swings
the MOSFET unlike the complementary MOSFET, in \whic down and during the hold phase the reverse happemsg
the primary inputs are only to drive the gate teah{7]. So evaluation phase when outputisw and pull up network i.e.
the number of transistors used are reduced, harthecing PMOS network turned ON, the load capacitance ©
area as well as delay. The multiplexer using pemsssistor charged which produdeéigh state as output. And when output
logic is shown in Fig. 4. is High and pull down network i.e. NMOS network turned ON
the load capacitor discharges through the NMOSsiséors
which results the output logloow state. Similarly in the hold
phase when the outputlisw and pull down network is turned
ON then no transitions occur at the output and wherstate
of the output iHigh and the PMOS is turned ON thg G
discharging [10]. Due to the switching the dynaswgtching
is reduced thus reducing the energy dissipatior. DRAL
2 logic is shown in Fig. 6. The DFAL technique isyefficient
for the average power reduction of the total cirddere the
multiplexer units are designed with this technigunel then
with these multiplexer unit the Barrel shifter/ratacircuit
are implemented.

Fig. 4. 2:1 Multiplexer using pass transistor D. Double Gate MOSFET
logic Double gate MOSFET structure is emerging as thet mos
. prominent technology for low power circuit desigithe
B. LECTOR Technique double-gate MOSFET has a channel of scaled widthtan
The LECTOR technique is basically concerned wite thmanage that channel, gates are provided to botsides [4].
leakage power reduction in a circuit by introducitie  The two types of gates namely the Front gate ard Bate in
stacking transistors between the supply and thengtd8]. this device can be independently driven for theppse of
This technique includes two Leakage control trdoess reduction in power consumption and improve the
(LCTs) in a CMOS gate between the pull up and dalvn  performance of the device [11]. Double gate MOSFET
networks and the gate terminal of one transistmhitbited by  devices are otherwise known as scalable siliconsiséors
the source terminal of other. With the above areamgnt one because of its tremendous control over the shavogl
of the LCT is operated with its cut-off region. Tteehnique effects in the double-gate structure [12, 13].
is shown in Figure 5. In this paper the multiplexer
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Fig. 5. LECTOR Technique : .
¢ a Fig. 6. DFAL Logic
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1 In this proposed technique the inner circuit be. pull up and
1; pull down network is implemented with double gate

MOSFET. The N-type footer transistor used in theADF
logic is also converted to N-type double gate MOBFE

transistor the source of which is connected toMaeinput.

The schematic of 2:1 multiplexer unit implementethwhis
new technique is shown in Fig.9.

(a) P-type “»

T

(b) N-type

Fig. 7. Types of Double gate MOSFET
Fig. 9. 2:1 Multiplexer using the proposed
Fig. 7 shows the diagram of symmetric tied P-type [d-type technique
double gate MOSFET. The double gate MOSFET can be .
asymmetric type and can be individual (i.e. theegaare A Operation _ _
connected to different voltage supplies). In thipgr the SUPPOSe select line is high. At that time, DFAL érter
multiplexer units are also implemented with thisible gate OUtPut becomes low and select line directly getsneoted

MOSFET technique and thus the Barrel shifter/ratabguit  ©© NMOS, as a result of this PMOS and NMOS transist
t00. gets ON. Input B comes to output. Suppose seleetib

low, at that time DFAL inverter output becomes hayid
IV. PROPOSED TECHNIQUE select line directly connected to PMOS, so both FBvid
NMOS transistor turns on, and A input comes to outphe
V and Vbar inputs are supplied with sine wave d@®lghase
and 100M Hz frequency. The output waveform of the
multiplexer unit is shown in Fig. 10. With this rhet the
average power as well as the delay of the multgriemit
reduces to an appreciable amount. The comparison of
average power and delay of 2:1 multiplexer unithwit

In this paper a new technique is proposed whiclthés
combination of double gate MOSFET and DFAL techeiqu
This new technique found to be efficient in bothagleand
power reduction. The logic of the new techniqushiswn in
Fig.8.

v different power reduction techniques is shown iblé2.
TABLE. Il. COMPARISON OF AVERAGE POWER
oG-Pul AND DELAY OF 2:1 MULTIPLEXER
| up Multiplexer Designs Average Delay (nS)
Power (nW)
CMOS I__og|c . 79.24 30.2
N | ouT Pass Transistor Logi¢ 102.20 30.25
—— LECTOR Technique 39.37 29.64
|| Down DFAL Technique 36.73 20.11
Double gate 34.08 27.19
N—— MOSFET Logic
Proposed Technique 31.73 20.04
Vbar From the above table it is quite clear that theppsed
technique is effective in delay and average poeguction of
the multiplexer circuit. The output waveform of ti2el
] ) multiplexer unit using the proposed technique @ahin Fig.
Fig. 8. Double gate-DFAL Logic 10.
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Fig. 10. Input- Output waveform of 2:1 multiplexer
using the proposed technique

The 2:1 multiplexer units designed with this teclus are
later implemented in the Barrel shifter/rotatorcuait as
shown in Fig.1, Fig.2, Fig.3. The power and delaglbthe
implemented designs are compared in section Vdiifarent
supply voltages. All the designs of shifter/rotatocuits are
implemented in Cadence Virtuoso Tool at 45nm tetdgo

V. SIMULATION RESULTS AND DISCUSSION

The simulation of Barrel shifter/rotator unit haween carried
out at 45nm technology with different supply vokagand
comparison of different techniques have been dssmisn
terms of average power and circuit delay.

A. Simulation of Shifter circuit
The shifter circuit shown in Fig.1 has been implatad by
the multiplexer units. Those multiplexer

described in section Ill. The output waveform dfiBBarrel
shifter is shown in Fig. 11. The average power daldy of
the different Barrel shifter designs are tabulate@able. IlI.

TABLE. lll. POWER AND DELAY OF DIFFERENT
LOW POWER DESIGN IMPLEMENTATION OF

units are
implemented with different low power techniques as

SHIFTER
8 bit Shifter Average Power Delay (nS)
Designs (nW)
CMOS Logic 1926.00 89.87
Pass Transistof 781.20 40.63
Logic
LECTOR 913.20 31.05
Technique
DFAL 1023.56 37.12
Technique
Double gate 564.34 40.12
MOSFET Logic
Proposed 421.9 30.36
Technique

ISSN: 2347-6389, Volume-2 Issue-6, May 2015

Fig. 11. Input-Output waveform of 8 bit Barrel
shifter

From Table. Il it can be well observed that witle proposed
technique the average power of the Barrel shifiecuit
reduced to a large extent as compare to the previou
techniques. Also the circuit delay decreased tagmeciable
limit as compare to the stated techniques. The t@dataslated

in Table.lll are collected by taking the supply tegle of
0.7V. The average power and delay comparison dkart
shown in Fig. 12.
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B. Simulation of Rotator circuit
The 8 bit right rotator circuit as shown in Fig.ashbeen
implemented with the 2:1 multiplexer units with thawv

power techniques which described in section Ill.eTh

multiplexer units are also implemented with the pmeed
technique and compared with the previous techniguits
respect to average power and delay. The outputfomamaenf
the rotator is shown in Fig. 13. and the comparisdite of
average power and circuit delay is shown in TalMeThe
comparison chart of average power and delay acuptdithe
Table. IV is shown in Fig.14.

TABLE. IV. COMPARISON OF POWER AND DELAY
OF 8 BIT ROTATOR CIRCUIT.

8 bit Rotator Average Power Delay (nS)
Designs (nW)
CMOS Logic 3021 129.4
Pass Transistof 1526 95.5
Logic
LECTOR 1506 121.7
Technique
DFAL 1096 57.28
Technique
Double gate 1130 63.51
MOSFET Logic
Proposed 1006 30.28
Technique

According to Table. IV the 8 bit rotator circuitnfemed well
with the proposed design as the average powepdissn and
circuit delay reduces to an appreciably mark.
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Fig. 13. Input-Output waveform of 8 bit Rotator circuit
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Fig. 14. Comparison chart of average power and citgt
delay of 8 bit Rotator circuit

C. Simulation of Shifter/ Rotator Circuit

Figure. 3 shows the 8 bit Barrel shifter and rataiecuit.
The circuit is implemented by 2:1 multiplexer unitish the
power reduction techniques described in sectioaritl also
with the proposed technique at different supplytages
such as 0.8V, 0.7V and 0.6V. The input and output
waveform is shown in Fig. 17 and the average pamer
circuit delay is tabulated in Table. V. The desigire
implemented with Cadence Virtuoso Tool at 45nm
technology. Fig. 18, Fig. 19, Fig. 20 shows the parison
chart of power and delay of shifter/rotator circait0.8V,
0.7V and 0.6V supply voltage.
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Fig. 15. Input-Output waveform of Barrel shifter/rotator

circuit
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TABLE.V COMPARISON OF AVERAGE POWER AND DELAY OF 8 BIT BARREL SHIFTER/ROTATOR CIRCUIT

Shifter/Rotator Supply Voltage (0.8V) Supply Voltage (0.7V) Suppgltage (0.6V)
Design
Power(uw) Delay(nS) Power(uw) Delay(nS) Power(uw) eldy(nS)
CMOS 7.228 129.4 7.390 129.4 7.397 129.3
Pass Transistor 5.984 114.6 3.778 1145 2.547 114,
LECTOR 1.863 109.4 1.911 109.3 1.885 109.2
DFAL 1.273 129.9 1.202 129.4 1.154 129.7
DG-MOSFET 2.135 74.68 2.043 92.52 2.014 104.2
Proposed Design 1.245 50.42 1.201 50.45 1.147 49.47
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Fig. 18. Comparison chart of average power and deyaof
shifter/rotator at 0.6V supply

VI. CONCLUSION

As the technology scales down the sub threshollatsa
current dissipation of the total circuit increasdsich also
affect the circuit performance. So the circuit dasi

implementation need to be upgraded so as to mathege

power and delay issues. In this paper various lowegy
design
shifter/rotator circuits were
techniques. We have presented an efficient
methodology for reducing the power dissipation ibSV
design. The proposed technique of this paper ishnmiare

effective in average power and delay reduction o t

concerned circuit as compared to the previoushrilesd

3rd IEEE International Advance Computing Confere(ig€C), pp.
1589-1594, 2013.

[12] Wong, H.S.P., et.al. 1998. Device design considerafor double
gate, ground-plane, single- gated ultrathin. SOISFET at the 25nm
channel length generation, in IEDM. pp.407-410.
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techniques have been described and Barrel
implemented with thes
design

techniques. The designs were implemented with Gaen

Virtuoso Tool at 45nm technology for its validation
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