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ABSTRACT: This paper proposes a low-power and
area-efficient shifter design using reversible logical
gates. The area and power consumption are reduced
by replacing flip-flops with pulsed latches. This
method solves the timing problem between pulsed
latches through the use of multiple non-overlap
delayed pulsed clock signals instead of the
conventional single pulsed clock signal. The shift
register uses a small number of the pulsed clock
signals by grouping the latches to several sub shifter
registers and using additional temporary storage
latches. Here the reversible gate designs called NSG.
The purpose of NSG is to implement in all logical
Boolean operations. The reversible gates that
perform reversible logic synthesis are Feynman gate,
toffoli gate, fredkin gate, peres gate etc., and some of
other reversible gates. By using these reversible N.S
gate we make a multiplier that gives very efficient
output.

Index Terms—area-cfficient, flip-flop, pulsed clock,
pulsed latch, shift register.

LINTRODUCTION

In VLSI circuit the basic building block is
the shift register. Many applications such as
communication receivers, image processing
ICs and digital filters are used by the shift
registers. Due to the high demand for high
quality image data continues to increase. To
process large 1image data in image
processing ICs the word length of the shift
register must be increases. A 4k-bit shift
register is used by an image extraction and
vector generation VLSI chip. 2K-bit shift
register is used by al0O-bit 208 channel
output LCD column driver IC. 45K-bit shift
register is used by a 16-mega-pixel CMOS
image sensor.

When the word length of shift register
increases, the area and power consumption
of the shift register become important design
considerations.

The architecture of a shift register is very
simple. An N-bit shift register is composed
of N data flip-flops which are connected in
series. The speed of the flip-flop is less
important because there is no circuit
between the flip-flops in the shift register.
To reduce the area and power consumption
in shift register it is suitable to use smallest
flip-flop. Recently, in many applications
flip-flops are replaced by pulsed latches
because a pulsed latch is much smaller than
a flip-flop. Due to the timing problem
between pulsed latches, the pulsed latch
cannot be used in a shift register.

By wusing multiple non-overlap delayed
pulsed clock instead of the conventional
single pulsed clock signal the shift register
solve the timing problem. By grouping the
latches to several sub shift registers the shift
register uses a small number of the pulsed
clock signals and wusing a additional
temporary storage latches.

ILEXISTED SHIFT REGISTER
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Fig. 1.(a) Master-slave flip-flop. (b) Pulsed latch.

Fig. 1(a) shows a master-slave flip-
flop using two latches can be replaced by a
pulsed latch consisting of a latch and a
pulsed clock signal in Fig. 1(b). For the
pulsed clock signal all pulsed latches share
the pulse generation circuit. Then the area
and power consumption of the pulsed latch
become almost half of those of the master-
slave flip-flop. For small area and low
power consumption the pulsed latch is an
attractive solution.

Shift register with latches
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Fig. 2. Shift register with latches and a pulsed
clock signal. (a) Schematic. (b)
Waveforms.

Due to the timing problem the pulsed latch
cannot be used in shift registers as shown in
Fig.2. In Fig. 2(a) the shift register consists
of several latches and a pulsed clock signal
(CLK pulse). In Fig. 2(b) the operation
waveforms shows the timing problem in the
shifter register. Because the input signal of
the first latch (IN) is constant the output
signal of the first latch (Q1) changes
correctly during the clock pulse width
(Tpurse). During the clock pulse width its
input signal (Q1) changes then the second
latch has an uncertain output signal (Q2).

Fig 3. Shows One solution for the timing
problem is to add delay circuits between

latches. The output signal of the latch is
delayed (T pgray ) and reaches the next latch
after the clock pulse. During the clock pulse
width (TpuLsg ), the output signals of the first
and second latches (Q1 and Q2) changes.
But after the clock pulse the input signals of
the second and third latches (D2 and D3)
become the same as the output signals of the
first and second latches (Q1 and Q2). As a
result during the clock pulse, all latches have
constant input signals and no timing
problem occurs between the latches.

Shift register with latches & delay circuits
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Fig. 3. Shift register with latches, delay circuits,
and a pulsed clock signal. (a)
Schematic. (b) Waveforms.
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Fig. 4. Shift register with latches and delayed
pulsed clock signals. (a)
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Schematic. (b) Waveforms.

Fig 4(a). Shows the multiple non-overlap
delayed pulsed clock signals which is the
another solution. When a pulsed clock
signal goes through delay circuits the
delayed pulsed clock signals are generated.
Each latch uses a pulsed clock signal which
is delayed from the pulsed clock signal used
in its next latch. As a result, during its clock
pulse each latch has a constant input and no
timing problem occurs between latches. This
solution also requires many delay circuits.

To reduce the number of delayed pulsed
clock signals the existed shift register is
divided into M sub shifter registers. A 4-bit
sub shifter register consists of five latches. It
performs shift operations with five non-
overlap delayed pulsed clock signals.

HIL.PROPOSED SHIFTER DESIGN
USING REVERSIBLE LOGICAL
GATES
A Reversible logic gate is an n-input and n-
output logic device with one-to-one
mapping. This helps to determine the inputs
which can be uniquely recovered from the
outputs and also the outputs from the inputs.
Also direct fan-Out is not allowed as one-to-
many concept is not reversible in the
synthesis of reversible circuits. However by
using additional gates fan-out in reversible
circuits is achieved. By using minimum
number of reversible logic gates a reversible

circuit should be designed.

Without the use of any sequential logic
a Barrel shifter can shift a data word by a
specified number of  bitsonly in

pure combinatorial logic. One way to
implement it as a sequence
of multiplexers where the output of one
multiplexer is connected to the input of the
next multiplexer in a way that depends on
the shift distance. Typically within a
single clock cycle a barrel shifter is often
used to shift and rotate n-bits in modern
Mmicroprocessors.

A logic component that perform shift or
rotate operations is a Barrel Shifter. For
digital signal processors the Barrel shifters
are  applicable. Depending on the
instantiation parameters the component
design is for a natural size (4,8,16...) barrel
shifters that perform shift right logical,
rotate right, shift left logical, and rotate left
operations. Through inversion of the input
and output vectors the left and right
operation is implemented, so the basic
multiplexing function can perform both
operations. The number of multiplexing

stages is relative to the input vector width.

A combinational logic circuit in which k
select lines controls the bit shift operation
with n-inputs and n-outputs is the Barrel
shifter. Barrel shifter can be unidirectional
which provides data to be rotated or shifted
in both the directions allowing data to be
shifted only to left (or right), or bi-
directional. A barrel shifter which is having
n inputs and k select lines is known as (n,k)
barrel shifter.

Because of its simple design, less area and
the elimination of the decoder circuitry the
logarithmic barrel shifter is most widely
used. A log2(n) stage of the n-bit
Logarithmic Barrel Shifter where the ith
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stage either shifts over 2i bits or leaves the
data unchanged. A logarithmic barrel shifter
of each stage is controlled by a control bit.

Reversible barrel shifter can perform six
operations, they are logical right shift,
arithmetic right shift, right rotate, logical left
shift, arithmetic left shift and left rotate.

Logical Right Shift: A 3-bit logical right
shift operation right shifts the input data by
3 bits and sets the leftmost 3-bits to zero.

Arithmetic Right Shift: A arithmetic right
shift operation right shifts the input data bit
by 3-bits and sets the leftmost 3-bits to the
sign bit.

Right Rotation: A right rotation operation
performs a right shift operation on input data
by 3-bits

Logical Left Shift: A 3-bit logical left shift
operation left shifts the input data by 3-bits
and sets the right most 3-bits to zero.

Arithmetic Left Shift: In the arithmetic left
shift operation the remaining bits are
logically left shifted by 3-bits and the sign
bit of the input data remains intact.

Left Rotation: A left rotation operation
performs a left shift operation on input data
by 3-bits. Further the rightmost 3-bits are set
to the leftmost 3-bits of the original input
data.

The reversible barrel shifters have
considered the number of garbage outputs,
the number of ancilla inputs, and the
quantum cost as the parameters to be

optimized. The functional verification of the
reversible design methodologies for the
barrel shifters are done in Verilog HDL.

‘ (bGed)
(0B b)Bd) +Ka®d)

GATE

(TiN R 1, P sl
" dLang VL lane' Lo n edL(ap'd La'pd
aoa+aod)tlabetabertlacd+aca )

] |

(l
FIG 5. REVERSIBLE NS GATE

Fig 5. Shows the reversible NSG gate. In
this reversible NSG gate the input pattern
analogous to a particular output pattern can
be exclusively determined. The input d, c, b
and a are termed as input terminal 1, 2, 3
and 4 respectively and the output are termed
as output 1, output 2, output3 and output 4
respectively.

The multiplier, adder and
register/accumulator are used in MAC unit.
We used a 8 bit modified Reversible NS
multiplier. From the memory location the
MAC inputs are obtained and given to the
multiplier block. This will be useful in 8 bit
digital signal processor.

Since the bits are huge and also ripple Carry
adder produces all the output values in
parallel, PIPO register is used where the
input bits are taken in parallel and output is
taken in parallel. The output of the
accumulator register is taken out or fed back
as one of the input to the ripple carry adder.
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FIG 6. PROPOSED MULTIPLIER
ARCHITECTURE

IV.RESULTS
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Fig 8. OUTPUT GRAPH
V.CONCLUSION
A low-power and area-efficient shifter
design using reversible logical gates is
proposed. The shift register reduces area and
power consumption by substituting flip-

flops with pulsed latches. The timing

problem between pulsed latches is solved
using multiple non-overlap delayed pulsed
clock signals as an alternative of a single
pulsed clock signal. This paper proposed an
approach to realize the multipurpose binary
reversible gates. Such gates can be used in
regular circuits for realizing Boolean
functions. In the similar way it is possible
for constructing multiple -valued reversible
gates which having the similar properties.
8*8 multiplication is realized with reversible
NSG gate in an appropriate and enhanced
manner. This unique approach multiplier is
applicable for multipurpose applications in
all domains.
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