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Abstract

This paper provides an efficient design and analysis of
Serial In Serial Out (SISO), Serial In Parallel Out
(SIPO), Parallel In Serial Out (P1SO) and Parallel In
Parallel Out (PIPO) shift registers using High
Performance Double Edge Triggered D-Flip flop
(DETFF). Double Edge Triggered Flip Flops stores
data on both the rising edge and falling edge of a clock
signal. Although the clock frequency is determined by
the system specifications, the usage of DET flip-flops
can reduce the clock frequency to half of its original
value for the same data throughput. As a result, power
consumption is reduced, making DET flip-flops
desirable for low power applications. The DETFF
based shift registers are simulated with different clock
frequencies and the performance of the shift registers
are evaluated by observing the average power, delay
and PDP.

Keywords— DETFF, delay, PDP, performance, power
consumption, throughput.

1. Introduction

In the past, the major concerns of the very large
scale integrated (VLSI) engineers were area,
performance, cost and reliability; power considerations
were mostly of only secondary importance. Currently,
several VLSI design implementations are described in
CMOS technology. Power consumption of VLSI chips
is becoming an increasingly critical problem as modern
VLSI circuits continue to grow and technologies
evolve. In portable systems, very low power
consumption is desired in order to increase battery life.

The total clock related power consumption in
synchronous VLSI circuits can be divided into three
major factors: power consumption in the clock
network, power consumption in the clock buffers, and
power consumption in the flip-flops. Therefore, the
improvement of such circuits without weakening the
characteristics is of prime importance to the VLSI
industry. Today’s focus on low power is not only
because of the recent growing demands of mobile

applications. Even before the mobile era, power
consumption has been a fundamental problem. To solve
the power dissipation problem, many researchers have
proposed different ideas from the device level to the
architectural level and above. However, there is no
universal way to avoid tradeoffs between power, delay
and area, and thus designers are required to choose
appropriate techniques that satisfy application and
product needs.

Currently, several designs are described in CMOS
technology. CMOS flip-flops are widely used in
building many systems including portable systems,
personal computers, servers, etc. Flip-flops appear in
several configurations, such as D flip-flops, T flip-flops
and J-K flip-flops where the D flip-flop is the most
common. In order to reduce the complexity of circuit
design, a large proportion of digital circuits are
designed to be synchronous circuits; that is, they
operate based on a clock signal. D-type flip-flop (DFF)
is one of the most fundamental building block in
modern VLSI systems and it contributes a significant
part of the total power dissipation of the system.

The 32 nanometer (32 nm) node is the step
following the 45 nanometer process in CMOS
semiconductor device fabrication. Intel and AMD both
produced commercial microchips using the 32
nanometer process in the early 2010s. IBM and the
Common Platform also developed a 32 nm high-k
metal gate process. Intel began selling its 32 nm
processors as Core i3, Core i5, and the dual-core
mobile Core i7. In this paper, DETFF and shift
registers are designed in 32nm technology.

This paper is organized as follows: Section 2 & 3
explains the basics of DETFF and shift registers. The
nominal simulations along with analysis are discussed
in Section 4. Performance for newly designed shift
registers is compared in terms of average power, delay
and PDP in Section 5. Paper ends in Section 6 with the
conclusion.

www.ijert.org



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 2 Issue 2, February- 2013

2. Double Edge Triggered D-Flip Flop

High performance flip-flops are crucial when
the device dimensions shrunk down to sub-32nm
technology. The common approach for improving
the performance is to increase the clock frequency.
However, use of high clock frequency has a
number of disadvantages. Power consumption of
the clock system dramatically increases and clock
uncertainties take significant part of the clock
cycle. Other problems include degradation of the
clock waveform due to the non-ideal clock
distribution, power supply noise and cross-talk. An
alternative clocking strategy relies on the use of
storage elements capable of capturing data on both
clock edges (rising edge and falling edge). Such
storage elements are referred to as Double-Edge
Triggered clocked Storage Elements (DETSE).

In this case, the same data throughput can be
achieved with half of the clock frequency. In other
words double edge clocking can be used to save
half of the power on the clock distribution network.
Double edge triggered flip-flops are edge sensitive
devices which latch data in each clock period on
rising and falling edge of the clock signal.
Several flip-flops have been proposed in the
literature. The main attention has been in
improving the performance of the circuits.

Though several contributions have been made
to the art of DET flip-flops, a need evidently occurs
for a design that further improves the relative
power consumption of DET flip-flops. One such
high performance DETFF is shown in Fig 1.
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FIGURE 1: HIGH PERFORMANCE DETFF [1]

The high performance DETFF in Fig. 1 is free
from threshold voltage loss problem of pass
transistors. Thus the high performance Double
Edge Triggered Flip-Flop (DETFF) in Fig. 1 is
more efficient in terms of area, power and speed
which claim for better performance than
conventional designs. The high performance
DETFF shown in Fig 1 has less average power and
lowest PDP than conventional designs. Such
DETFF is very well suited for high performance
applications.

3. Shift Registers

In digital circuits, Shift register is a group of
flip-flops used to shift or transfer data from flip-
flop to flip-flop. It’'s a group of D flip-flops
connected in a chain and the clock of the flip-flops
is connected in a synchronous manner. Shift
register has 2 basic functions such as; data storage
and data movement. Shift register has 4
classifications namely; Serial In Serial Out (SISO),
Serial In Parallel Out (SIPO), Parallel In Serial Out
(PISO) and Parallel In Parallel Out (PIPO).

3.1 Serial In Serial Out (SISO) Shift
Register

The Serial In Serial Out (SISO) shift register
accepts data serially (one bit at a time on a single
line). It produces the stored information on its
output also in serial form. And the basic Serial In
Serial Out (SISO) shift register is shown in Fig 2.

i
— 0 QD QD B—
clock

ﬂmt

w W 0 o

Teset

FIGURE 2: SISO SHIFT REGISTER

3.2 Serial In Parallel Out (SIPO) Shift
Register

This configuration allows conversion from
serial to parallel format. Data input is given
serially, as described in the SISO section above.
Once the data are stored, each bit appears on its
respective output line, and all bits are available
simultaneously. And the basic Serial In Parallel Out
(SIPO) shift register is shown in Fig 3.
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FIGURE 3: SIPO SHIFT REGISTER
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3.3 Parallel In Serial Out (PISO) Shift
Register

This configuration has the data input on lines
D1 through D4 in parallel format. To write the data
to the register, the Write/Shift control line must be
held LOW. To shift the data, the W/S control line is
brought HIGH and the registers are clocked. The
arrangement now acts as a PISO shift register, with
D1 as the Data Input. However, as long as the
number of clock cycles is not more than the length
of the data-string, the Data Output, Q, will be the
parallel data read off in order. And the Parallel In
Serial Out is shown in Fig 4.
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FIGURE 4: PISO SHIFT REGISTER

3.4 Parallel In Parallel (PIPO) Shift
Register

For parallel in - parallel out shift registers, all
data bits appear on the parallel outputs immediately
following the simultaneous entry of the data bits.
The following circuit is a four-bit Parallel” In
Parallel Out shift register constructed by D flip-
flops and shown in Fig 5. The D's are the parallel
inputs and the Q's are the parallel outputs. Once the
register is clocked, all the data at the D inputs
appear at the corresponding Q  outputs
simultaneously.
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FIGURE 5: PIPO SHIFT REGISTER

4. Simulation Results

To evaluate the performance, high performance
DETFF and all the shift registers are designed
using 32nm CMOS technology. All simulations are
carried out using HSPICE simulation tool at
nominal conditions with operating frequencies of
1GHz and 2GHz. The simulated waveforms of
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DETFF and shift registers are shown in Fig. 6, 7, 8,
9 & 10. These waveforms show that the DETFF
based shift register is storing the data in both rising
edge and falling edge of the clock signal.
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! ﬂ,i ) TABLE 1: 1GHz CLOCK FREQUENCY
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FIGURE 9: PISO SHIFT REGISTER
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5. Performance Analysis

The performance of the SISO, SIPO, PISO and
PIPO shift registers are evaluated by considering
the average power, delay and power delay product
(PDP). In general, a PDP-based comparison is
appropriate for low power portable systems in
which the battery life is the primary index of
energy efficiency. The following tables TABLE 1
and TABLE 2 furnished the performance
parameters of SISO, SIPO, PISO and PIPO shift
registers.

TABLE 2: 2GHz CLOCK FREQUENCY
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Ly
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6. Conclusion

In this paper, we have designed a high
performance Double Edge Triggered D-Flip Flop
based shift registers in 32nm CMOS technology.
We have made a performance analysis for
exploring the average power, delay and PDP. The
shift registers are simulated with different clock
frequencies.  The  simulation  results and
performance analysis suggest that the designed
shift registers are suitable for high performance
applications.
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