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Abstract— This paper proposes a low-power
and area-efficient shift register by using pulsed
latches. The area and power consumption are
reduced by replacing SSASPL (Static differential
Sense Amp Shared Pulse Latch) to modified
SSASPL. This method solves the timing problem
between pulsed latches by replacing the usage of
the conventional single pulsed clock signal to
multiple non-overlap delayed pulsed clock
signals. The shift register uses a small number of
the pulsed clock signals by grouping the latches
to N(N=4) sub shifter registers by using
additional temporary storage latches. From the
experiments and the results obtained it is
observed that the proposed shift register is
having less area and low power for an N-bit shift
register. The design is implemented with 130nm
technology in Tanner EDA (Electronic Design
Automation)  Tool. With  vdd =1.8V,
Freq=200MHz.

Index Terms— Flip flop, Pulsed latch, Pulsed
clock, Shift register, SSASPL.

I. INTRODUCTION

Most of the sequential circuits based devices
operate without shift register unlike the digital
filter, communication system, and image
processing ICs. The quality of the image has
increased the process of the image processor to a
large with size shift register which is required.
Sometimes the size of the shift register has
frequently increased the power consumption. The
performance of a flip-flop is based on three
important timings and delays: 1) propagation
delay, 2) setup time and 3) hold time. They reflect
in the Flip-Flops in system level performance [2].

All SoC’s(System On Chip) of digital design the
flip-flop is the main stage element. These
accumulate the power that is applied to the chip.
So the flip-flop is one of the most power
consumption element in the chip. It reduces the
power consumption of the flip-flop by using the
pulse signal [3].

Pulse-triggered FF (P-FF) is the popular
alternative to the traditional master—slave-based
FF in the applications of fast operations [4]-[7].
Besides the speed advantage, circuit simplicity is
also an advantage for lowering the power
consumption of the clock-based system.

Master-slave  flip-flops,  pulsed-triggered
flip-flops, and sense amplifier based flip-flops are
used in several existing microprocessors.
Master-slave flip-flops consist of two stages, one
is master and other is a slave and their character is
classified on the hard edge trigger base [8].

The remainder of this paper is to introduce the
existing system discussed in section Il, problem
statement discussed in section Ill, proposed
system in section IV, simulation result in section
V, and presenting the conclusion in section VI.

Il. EXISTING SYSTEM

A shift register is the basic building block in a
VLSI circuit. Shift registers are commonly used
in many applications, such as digital filters [9],
communication receivers [10], and image
processing I1Cs [11] - [13]. Recently, by the size
of the image data continues to increase due to the
high demand for high-quality image data, the
word length of the shifter register increases to
process large image data in image processing ICs.
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An image extraction and vector generation VVLSI
chip uses a 4K-bit shift register [11].

A 10-bit 208 channel output LCD column
driver IC uses a 2K-bit shift register [12]. A
16-megapixel CMOS image sensor uses a
45K-bit shift register [13]. As the word length of
the shifter register increases, the area and power
consumption of the shift register become
important design considerations.

The architecture of a shift register is quite
simple. The cascaded flip-flops are to form the
shift register which shares the same clock, the
output of each flip-flop data is given to next
flip-flop. Which a master-slave flip-flop also
using two latches shares the same clock signal as
shown in Fig.1 The speed of the flip-flop is less
important than the area and power consumption
because there is no circuit between flip-flops in
the shift register. The smallest flip-flop is suitable
for the shift register to reduce the area and power
consumption. Recently, pulsed latches have
replaced flip-flops in many applications, because
a pulsed latch is much smaller than a flip-flop.
But the pulsed latch cannot be used in a shift
register due to the timing problem between
pulsed latches.

Latch Latch
Data —{D QF—»D Q- Output
CLK CLK
Py N
Clock I

Figure 1: Master-slave flip-flop

I1l. PROBLEM STATEMENT

The main challenges for designing low power
area efficient shift registers using latches is to
optimize power & reduce the area without
affecting the response or timing problem.
Solving Timing Problem: The pulsed latch can
not be used in shift registers due to their timing
problem. The shift register solves the timing
problem using multiple non-overlap delayed
pulsed clock signals instead of the conventional
single pulsed clock signal shown in Fig.4 (a). As

a result, each latch has a constant input during its
clock pulse and no timing problem occurs
between latches.

Reduced Area: Area required for Shift register
using flip-flops is twice that of shift registers
using latches, because a flip-flop consists of two
latches.

Thus area is reduced 50% by replacing flip-flops
with latches.

Reduced Power: Flip-flop consumes about
50% of total power because in the sequential
circuit, flip-flops are replaced with latches in
proposed shift register, the power is saved by
using clock pulsed instead of the clock signal.
Because of all these reasons, static differential
sense amplifier shared pulsed latch is an
attractive choice for the efficient design of shift
register.

IV.PROPOSED SYSTEM

In the proposed system to change the SSASPL
and reduce the power level of the shift registers.
All pulsed latches share the pulse generation
circuit for the pulsed clock signal. As a result, the
area and power consumption of the pulsed latch
become almost half of those of the master-slave
flip-flop. The pulsed latch is an attractive solution
for the small area and low power consumption.
The pulsed latch cannot be used in shift registers
due to the timing problem, as shown in Fig. 2.

o 1 Clutput
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Figure 2: Pulsed latch.
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Figure 3: Shift register with latches and a pulsed
clock signal.(a) Schematic.(b)Waveforms.

The shift registers in Fig. 3(a) consists of
several latches and a pulsed clock signal
(CLK-pulse). The operation waveforms in Fig.
3(b) show the timing problem in the shifter
register. The output signal of the first latch (Q1)
changes correctly because the inputs signal of the
first latch (IN) is constant during the clock pulse
width. But the second latch has an uncertain
output signal (Q2) because its input signal (Q1)
changes during the clock pulse width. One
solution is to use multiple non-overlap delayed
pulsed clock signals, as shown in Fig. 4(a). The
delayed pulsed clock signals are generated when
a pulsed clock signal goes through delay circuits.
Each latch uses a pulsed clock signal which is
delayed from the pulsed clock signal used in its
next latch. Therefore, each latch updates the data
after its next latch updates the data. As a result,
each latch has a constant input during its clock
pulse and no timing problem occurs between
latches. However, this solution also requires
many delay circuits.

Shift register with latches
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Fig. 4. Shift register with latches and delayed
pulsed clock signals. (a)Schematic.
(b) Waveforms.

A.CLOCK PULSE CIRCUIT

Each pulsed clock signal arrives at the sub-shift
registers at different time due to the pulse skew in
the wire. The pulse skew increases proportionally
to the wire distance from the delayed pulsed clock

generator.
J\('lnrk huffer
EN
I L .
e [ So—{ >0

Fig.5. The clock pulse circuit

All pulsed clock signals have almost the same
pulse skews when they arrive at the sub-shift
register. Therefore in the sub-shift register, the
pulse skew differences between the pulsed clock
signals are very small. The clock pulse intervals
larger than the pulse skew differences are which
cancel out the effects of the pulse skew
differences.

Another solution is to insert the clock buffers
and clock trees to send the short clock pulse with
a small wire delay. But, this increases the area
and  power overhead. Moreover, the multiple
clock pulses make the most overhead for
multiple clock buffers and clock trees. The
schematic of clock pulse circuit is shown in Fig.5.

The proposed shift register reduces the number
of delayed pulsed clock signals significantly, but
it increases the number of latches because of the
additional temporary storage latches. As shown
in Fig.6 each pulsed clock signal is generated in a
clock-pulse circuit consisting a delay circuit and
an AND gate.
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In the conventional delayed pulsed clock § IN<-5> XVIN<4> X_IN<1>
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times in all inverters in the delay circuits to = A2
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keep the shape of the pulsed clock. However, in "

the delayed pulsed clock generator in Fig. 6
the clock pulsed width can be shorter than the
summation of the rising and falling times
because each sharp pulsed clock signal is
generated from an AND gate and two delayed
signals. Therefore, the delayed pulsed clock
generator is suitable for short pulsed clock
signals. The numbers of latches and
clock-pulse circuits change according to the
word length of the sub shift register.

B. SHIFT REGISTER WITH PULSED
CLOCK GENERATOR

>

4.bit sub shift register M

—1

4-bit sub shift register £2

CLX

CLK pulse<i>
CLK_pulna<2»
CLE_pulsa<)>
CLK _pulse<d>
CLK_pulse<T>

Pulsed clock
generator

Figure 7: Proposed shift register schematic

Figure 8: Proposed shift register Waveforms.

Fig. 7 shows an example of the proposed shift
register. The proposed shift register is divided
into N sub-shifter registers to reduce the number
of delayed pulsed clock signals. A 4-bit
sub-shifter register consists of five latches and it
performs shift operations with five non-overlap
delayed pulsed clock signals). In the 4-bit
sub-shift )T( and CLK-pulse)1:4 ((CLK-pulse
register #1, four latches store 4-bit data (Q1-Q4)
and the last latch stores 1-bit temporary data (T1)
which will be stored in the first latch (Q5) of the
4-bit sub shift register #2. Fig. 8 shows the
operation waveforms in the proposed shift
register. Five non-overlaps delayed pulsed clock
signals are generated by the delayed pulsed clock
generator in Fig. 6. The sequence of the pulsed
clock signals is in the opposite order of the
YT(five latches. Initially, the pulsed clock signal
CLK-pulse updates the latch data T1 from Q4.
And then, the pulsed clock update the four latch
data from Q4 to)l:4(signals CLK-pulse Q1
sequentially. The latches Q2-Q4 receive data
from their previous latches Q1-Q3 but the first
latch Q1 receives data from the input of the shift
register (IN). The operations of the other sub
-shift registers are the same as that of the sub-shift
register #1 except that the first latch receives data
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from the temporary storage latch in the previous
sub-shift register.

C. SSASPL-LATCH

Figure 10: Schematic of the modified
SSASPL

The maximum clock frequency in the
conventional shift register is limited to only the
delay of flip-flops because there is no delay
between flip-flips. Therefore, the area and power
consumption are more important than the speed
for selecting the flip-flop. The proposed shift
register uses latches instead of flip- flops to
reduce the area and power consumption. In chip
implementation, the SSASPL (static differential
sense amp shared pulse latch) in Fig. 9, which is
the smallest latch, is selected. The original
SSASPL with 9 transistors [14] is modified to the
SSASPL with 7 transistors in Fig.9 by removing
an inverter to generate the complementary data
input (Db) from the data input (D). In the
proposed shift register, the differential data inputs
(D and Db) of the latch come from the differential
data outputs (Q and Qb) of the previous latch. The
SSASPL uses the smallest number of transistors
(7 transistors) and it consumes the lowest clock
power because it has a single transistor driven by
the pulsed clock signal. We are modified the

SSASPL for reduction of power consumption.
The modified architecture is shown in fig .10.

V. SIMULATION RESULT
The architecture of the proposed 256bit pulse
triggered shift register in 130nm CMOS
technology is design and analysis the
performance in the tanner EDA tools.
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Figurell: shift register design
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Figurel2: simulation result
The architecture of the 256bit pulse triggered
shift register shown in figurell.The simulation
result of the 256bit pulse triggered shift register is
shown in figure 12. Finally to comparison the
existing system and proposed system is detailed
in table 1.
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Table 1: comparison

Parameters Existing Proposed
system system

Vdd(V) 1.8 1.8
Area(nm) 180 130
power 1.2mw 0.0173mwW
Type of SSASPL Modified SSASPL
pulsed latch
Word length 256 256
of shift
register
Clock freq 100 200
MHz
Word length 4 4
of sub shift
registers

1.2¢7

1

08y |

0.6 a5 O existing system

0.4 ] @ Propsoed system

0.2y |

0
Power(mWw)

GRAPH1: POWER COMPARISON BETWEEN SSASPL
AND MODIFIED SSASPL

V. CONCLUSION

The proposed a low-power and area-efficient
shift register using pulsed latches. The shift
register reduces 27.7% area and saves 98.5%
power by replacing flip-flops with pulsed latches.
The timing problem between pulsed latches is
solved by using multiple non-overlap delayed
pulsed clock signals instead of a single pulsed
clock signal.

REFERENCES

[1]. Byung-Do Yang “low power and area
efficient shift register using pulsed latches,”

IEEE Transactions on circuits and systems-1
regular papers,vol.62,n0.6, pp.1564-1570,
June 2015.

[2].N. Nedovic, M. Aleksic, and V. G.
Oklobdzija, “Conditional precharge
techniques for power-efficient dual-edge
clocking,” in Proc. Int. Symp.Low-Power
Electron. Design, Monterey, CA, Aug. 12-14,
2002, pp.56-59.

[3].Saranya. L, Prof. S. Arumugam “Optimization
Of Power For Sequential Elements In Pulse-
Triggered Flip-Flop Using Low Power
Topologies” international journal of scientific
& technology research volume 2, issue 3,
march 2013 ISSN 2277-8616.

[4].A. G. M. Strolls, D. De Caro, E. Napoli, and
N. Petra, “A  novel highs-peed
sense-amplifier-based flip-flop,” IEEE Trans.
Very Large Scale Integr. (VLSI) Syst., vol.
13, no. 11, pp. 1266-1274, Nov. 2005.

[5]. S. D. Naffziger, G. Colon-Bonet, T. Fischer,
R. Riedlinger, T. JSullivan, and T.
Grutkowski, “The implementation of the
Itanium 2microprocessor,” IEEE. Solid-State
Circuits, vol. 37, no. 11, pp.1448-1460, Nov.
2002.

[6].J. Tschanz, S. Narendra, Z. Chen, S. Borkar,
M. Sachdev, and V. De,“Comparative delay
and energy of single edge-triggered and dual
edge triggered pulsed flip-flops for
high-performance microprocessors,” inProc.
ISPLED, 2001, pp. 207-212.

[7].L. F. Rahman, M. B. I. Reaz, M. A. M. Ali, et
al., “Implementation of sense amplifier in

0.18-umCMOSprocess”, Elektronika
Irelektro-
Technika  (Electronics and  Electrical

Engineering), no. 4, 2012, pp. 113-116.

[8].L. Rahman, M. B. I. Reaz, C. T. Gyu, and M.
Marufuzzaman, “Design of sense amplifier
for nonvolatile memory,” Revue

[9].Romaine Des Sciences Techniques, vol. 58,
no. 2, 2013, pp. 173-182

[10]. D.E. Schwartz and T. N. Ng,"Comparision
of static and dynamic printed organic shift
registers”, IEEE Electron. Device Lett,vol.34,
2013, p.271-273.

[11]. F.Klass, C. Amir, A. Das, K. Aingaran, C.
Truong, R. Wang, A. Mehta, R. Heald, and G.
Yee, “A new family of semi-dynamic and

Available online: https://edupediapublications.org/journals/index.php/l1JR/

Page |2740



https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

International Journal of Research
Available at https://edupediapublications.org/journals

— =
Yo

p-1SSN: 2348-6848

e-1SSN: 2348-795X

Volume 04 Issue 02
February 2017

dynamic flipflops with embedded logic for
high-performance processors,”IEEEJ.Solid-

State Circuits, vol. 34, no. 5, pp. 712-716,
May 1999.

[12]. P. Zhao, T. Darwish, and M. Bayoumi,
“High-performance  and low  power
conditional discharge flip-flop,” IEEE Trans.
Very Large Scale Integr. (VLSI) Syst., vol.
12, no. 5, pp. 477-484, May 2004.

[13]. P. Reyes, P. Reviriego, J. A. Maestro, and
O. Ruano, “New protection techniques
against SEUs for moving average filters in a
radiation environment,”|[EEE Trans. Nucl.
Sci., vol. 54, no. 4, pp. 957-964, Aug.2007.

[14]. J M. Hatamian et al, “Design
considerations for gigabit ethernet 1000
base-T twisted pair transceivers,” Proc. IEEE
Custom Integr. Circuits Conf., pp. 335-342,
1998.

[15]. H. Yamasaki and T. Shibata, “A real-time
image- feature-extraction and
vector-generation visi employing
arrayed-shift-register architecture,” IEEE J.
Solid-State Circuits, vol. 42, no. 9, pp.
2046-2053, Sep. 2007.

Available online: https://edupediapublications.org/journals/index.php/l1JR/

Page |2741


https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

