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Abstract
This paper focuses on the design of linear feedback shift register (LFSR) using pulsed latches.
The area and power consumption are reduced by replacing flip-flops with pulsed latches. 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. The functionality of the
proposed architectures is verified through SPICE simulations using 0.27 um CMOS technology
parameters. The performance of the proposed architectures is compared on the basis of highest
frequency and power consumption. The proposed shift register saves power compared to the
conventional shift register with flip-flops.
Index Terms— digital, low power, area-efficient, flip-flop, pulsed clock, pulsed latch, shift

register

LINTRODUCTION

A SHIFT register is the basic building block
in a VLSI circuit. Shift registers are
commonly used in many applications, such
as digital filters, communication receivers,
and image processing ICs. Recently, as 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. An image-
extraction and vector generation VLSI chip
uses a 4K-bit shift register. A 10-bit 208
channel output LCD column driver IC uses a
2K-bit shift register. A 16-megapixel CMOS
image sensor uses a 45K-bit shift register.
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. An N-bit shift
register is composed of series connected N
data flip-flops. The speed of the flip-flop is
less important than the area and power
consumption because there is no circuit
between flip-flips 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.This paper
proposes a low-power linear feedback shift
register using pulsed latches. The shift
register solves the timing problem using
multiple non-overlap delayed pulsed clock
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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.This paper is structured as
follows. In section II, the fundamentals of
LFSR are briefly reviewed. The blocks used
for the construction of LFSR are put forward
in section III. Section IV describes the
experimental results. Finally, conclusions
are drawn in Section IV.
II.LLINEAR FEEDBACK SHIFT
REGISTERS

A linear feedback shift register (LFSR) is a
shift register with feedback from some or
the entire individual flip flops. The feedback
network consists of exclusive-OR (XOR) or
exclusive-NOR (XNOR) gates. The block
diagram representation of LFSR. The
outputs of flip flops are fed as input to the
feedback network whose output serve as the
input to the leftmost flip flop. The inputs to
the flip flops are called taps and referred to
as Tapl, Tap2, and so on in the diagram.

4{ Feedback function (XOR/XNOR)

Tapl Tap? Tap3
Q
D D D

D Q Q
P> > —D
Clock ’_ ’_

Block Diagram representation of an n-Bit LFSR

III.LPROPOSED LFSR
ARCHITECTURES
After a brief description to the circuit
realization of the structural components in
LFSR, in this paper proposes a low-power
linear feedback shift register using pulsed
latches. A master-slave flip-flop using two
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latches in Fig. 1(a) can be replaced by a
pulsed latch consisting of a latch and a
pulsed clock signal in Fig. 1(b). 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 small area and low
power consumption.

Latch

Latch Latch Data D Q Output
Data D Q D Q Qutput CLK
CLK CLK
‘ i T
Clock Pulse generation circuit
(a) (b)
Fig. 1. (a) Master-slave flip-flop. (b) Pulsed latch.

The pulsed latch cannot be used in shift
registers due to the timing problem, as
shown in Fig. 2. The shift register in Fig.
2(a) consists of several latches and a pulsed
clock signal (CLK_pulse). The operation
waveforms in Fig. 2(b) show the timing
problem in the shifter register. The output
signal of the first latch (Q1) changes
correctly because the input signal of the first
latch (IN) is constant during the clock pulse
width (Tpyursg). But the second latch has an
uncertain output signal (Q2) because its
input signal (Q1) changes during the clock
pulse width.

H 1 2 3 :
IN —»| Latch 4 Latch L Latch @ sees !

CLK_pulse l l ----- !
(a)

IN IN<0> IN<1> IN<2>

CLK_pulse

Q1 AL ¥ N2>

Q2 ¥ Ty N<2
TPULSE TPULS E

(b)

Fig. 2. Shift register with latches and a pulsed clock signal. (a) Schematic. (b)
Waveforms.
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One solution for the timing problem is to
add delay circuits between latches, as shown
in Fig. 3(a). The output signal of the latch is
delayed (Tpgray) and reaches the next latch
after the clock pulse. As shown in Fig. 3(b)
the output signals of the first and second
latches (Q1 and Q2) change during the clock
pulse width , but 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) after
the clock pulse. As a result, all latches have
constant input signals during the clock pulse
and no timing problem occurs between the
latches. However, the delay circuits cause
large area and power overheads.

Shift register with latches & delay circuits

1 Q D2 Q2 D3 :
IN — Latch delay Latch delay sees
el g ) (to)=> oo

CLK_pulse i
(a)
NWe[TW ] M
CLK_pulse iM m
Q1 IN<0> j IN<1> tf|N<2>
D2 IN<> :[ IN<1> IN<1> A\ IN<2>
Q2 3 IN<0S "y et
D3 3 IN<O> —pf IN€1>
- . »
TDELM' TDELAV

(b)

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

Another solution is to use multiple non-
overlaps 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
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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

IN —»I Latch |i>| Latch Iﬁnl Lateh 22 vone |
CLK_pulse<1>|CLK_pulse<2>|CLK_pulse<3>| eeee
' — seee ;-<—CLK_puIse
Delayed pulsed clocks
(a)

IN IN<0> IN<T> IN<2>
CLK_pulse<1> ':2 r"]
CLK_pulse<2> i

@ T Xme  we YW
CLK_pulse<3> ﬁ

Q3 = ‘(‘: IN<0>

i« ToeLay

Toeray

(b)

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

Fig. 5 shows an example the proposed shift
register. A 5-bit linear feedback shifter
register consists of six latches and it
performs shift operations with six non-
overlap delayed pulsed clock signals
(CLK _pulse<1:5> and CLK_pulse<T>). In
the 5-bit Ifsr, five latches store 5-bit data
(QI-Q5) and the last latch stores 1-bit
temporary data (T1) which will be stored in
the first latch (Q6) of the 5-bit Ifsr. Six 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 six latches. Initially, the pulsed clock
signal CLK_pulse<T> updates the latch data
T1 from Q5. And then, the pulsed clock
signals CLK_pulse<1:5> update the four
latch data from QS5 to Q1 sequentially. The
latches Q2—Q5 receive data from their
previous latches Q1-Q4 but the first latch
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QI 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 from the temporary storage
latch in the previous shift register.
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The conventional delayed pulsed clock
circuits in Fig. 4 can be used to save the
AND gates in the delayed pulsed clock
generator in Fig. 6. In the conventional
delayed pulsed clock circuits, the clock
pulse width must be larger than the
summation of the rising and falling times in
all inverters in the delay circuits to 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.

www.ijiemr.org

CLK_pulse<T> CLK_pulse<4> eesse CLK_pulse<i>

Clock buffer

Clock-pulse

Clock-
pulse
circuit

Clock-
pulse
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Fig. 6. Delayed pulsed clock generator.

The numbers of latches and clock-pulse
circuits change according to the word length
of the shift register (K). K is selected by
considering the area, power consumption,
speed.In a long shift register, a short clock
pulse cannot through a long wire due to
parasitic capacitance and resistance. At the
end of the wire, the clock pulse shape is
degraded because the rising and falling
times of the clock pulse increase due to the
wire delay. A simple solution is to increase
the clock pulse width for keeping the clock
pulse shape. But this decreases the
maximum clock frequency. Another solution
is to insert 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 more overhead for multiple
clock buffers and clock trees.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
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operates up to , but in the measurements, the
clock frequency was 100 MHz due to the
frequency limitation of the experimental
equipment. Below Figures represents a clock
signal of 100 MHz, an input signal. The

shared pulse latch) in Fig. 7, which is the
smallest latch, is selected.

schematic and output wave forms were given
below. The below figures give the complete
experimental results using Tanner v13.0
SPICE tool.

Fig. 8. Schematic of the SSASPL [6]. g} 7 z2 J:i 2.2
f

The original SSASPL with 9 transistors -
is modified to the SSASPL with 7 transistors . ‘1 '
in Fig. 7 by removing an inverter to generate s
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 S > S| /\* A /> e
(Q and Qb) of the previous latch. The Schematic for single clock pulse
SSASPL uses the smallest number of generator
transistors (7 transistors) and it consumes e
the lowest clock power because it has a
single transistor driven by the pulsed clock
signal. The SSASPL updates the data with
three NMOS transistors (M;-M3) and it
holds the data with four transistors in two .
cross-coupled inverters. It requires two :
differential data inputs (D and Db) and a
pulsed clock signal. When the pulsed clock
signal is high, its data is updated. The node
Q or Qb is pulled down to ground according
to the input data (D and Db). The pull-down
current of the NMOS transistors (M;-M3)
must be larger than the pull-up current of the
PMOS transistors in the inverters.
IV.EXPERMENTAL RESULTS

The proposed linear feedback shift register Output waveform for single clock pulse
with was fabricated using a CMOS process. generator
In the simulations, the shift register with

Voltage (V)

(uv)

Voltage

Voltage (V)
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Schematic for 5-tap LFSR
Schematic for 5-tap clock pulse

generator
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Schematic for D-Latch

Output waveform for 5-tap LFSR

V.CONCLUSION

o This paper proposed a low-power and area-
efficient shift register using pulsed latches.

The shift register reduces area and power

consumption by replacing flip-flops with

pulsed latches. The timing problem between

pulsed latches is solved using multiple non-

overlap delayed pulsed clock signals instead

- of a single pulsed clock signal. A small
number of the pulsed clock signals is used

by grouping the latches to several sub shifter

. registers and using additional temporary
Output waveform for D-Latch storage latches. The proposed shift register
saves 37% area and 44% power compared to
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the conventional shift register with flip-
flops. Thus, we see that the pulsed latches
based LFSR architectures satisfy the major
concern for low-power consumption in
VLSI chips.

REFERENCES

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

[2] 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.

[3] H. Yamasaki and T. Shibata, “A real-
time image-feature-extraction and vector-
generation Vvlsi employing arrayed-shift-
register architecture,” IEEE J. Solid-State
Circuits, vol. 42, no. 9, pp. 20462053, Sep.
2007.

[4] H.-S. Kim, J.-H. Yang, S.-H. Park, S.-T.
Ryu, and G.-H. Cho, “A 10-bit column-
driver IC with parasitic-insensitive iterative
charge-sharing  based  capacitor-string
interpolation  for mobile active-matrix
LCDs,” IEEE J. Solid-State Circuits, vol.
49, no. 3, pp. 766782, Mar. 2014.

[5] S.--H. W. Chiang and S. Kleinfelder,
“Scaling and design of a 16-megapixel
CMOS image sensor for electron
microscopy,” in Proc. IEEE Nucl. Sci.
Symp. Conf. Record (NSS/MIC), 2009, pp.
1249-1256.

www.ijiemr.org

[6] S. Heo, R. Krashinsky, and K. Asanovic,
“Activity-sensitive flip-flopand latch
selection for reduced energy,” IEEE Trans.
Very Large Scale Integr. (VLSI) Syst., vol.
15, no. 9, pp. 1060-1064, Sep. 2007.

[7] H. Soeleman, K. Roy and B. C. Paul,
"Robust subthreshold logic for ultra-Iow
power operation," in IEEE Transactions on
Very Large Scale Integration (VLSI)
Systems, vol. 9, no. I, pp. 90-99, Feb. 2001.

[8] H. Hollmann, "Design of test sequences
for VLSI self-testing using LFSR," in IEEE
Transactions on Information Theory, vol.
36, no. 2, pp. 386-392, Mar 1990.

[9] F. Arnault, T. Berger, M. Minier and B.
Pousse, "Revisiting LFSRs for
Cryptographic  Applications," in IEEE
Transactions on Information Teory, vol. 57,
no. 12, pp. 8095-8113, Dec. 2011.

[10] Z. Barzilai, D. Coppersmith, and A.L.
Rosenberg, "Exhaustive Generation of Bit
Patterns with  Applications to VLSI
SelfTesting", in IEEE Transactions on
Computers , vol. C-32 , issue. 2, 1983, pp.
190-194.

[11] J. Rabaey, Digital Integrated Circuits:
A Design Perspective, Prentice Hall, 1996.

[12] H. Hollmann, "Design of test sequences
for VLSI self-testing using LFSR," in IEEE
Transactions on Information Teory, vol. 36,
no. 2, pp. 386-392, Mar 1990.

Vol 06 Issuel2, Dec 2017

ISSN 2456 - 5083 Page 7



International Journal for Innovative

€Engineering and Management Research
A Peer Revieved Open Access International Journal

www.ljiemr.org

Author Details1:

L.LAVANYA
Asistant Professor,
St.Martin's Engineering College
Author Details2:

P.A.LOVINA
Asistant Professor

St.Martin's Engineering College
Author Details3:

PUSHPA.P
Asistant Professor, St.Martin's Engineering
College

Vol 06 Issuel2, Dec 2017 ISSN 2456 - 5083 Page 8



