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Abstract
In this paper, analysis of average power, delay and power delay 
product is done by shift register (PIPO) using 50nm technology. 
Low power flip-flops are crucial for the design of low-power 
digital systems. As Metal Oxide Semiconductor Field Effect 
Transistor (MOSFET) devices are scaled down to nanometer 
ranges, Complementary MOS (CMOS) circuit’s total Power 
consumption has a new definition. Due to integration of millions of 
components and shrinking process technology, nowadays leakage 
power tends to play a major role in total power consumption. In 
this paper, the shift registers are designed using 50nm technology 
with 1GHz frequencies and their performance are analyzed. 
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I. Introduction
The development of microelectronics spans a time which is even 
lesser than the average life expectancy of a human, and yet it has 
seen as many as four generations. Early 60’s saw the low density 
fabrication processes classified under Small Scale Integration 
(SSI) in which transistor count Was limited to about 10. This 
rapidly gave way to medium scale integration in the late  60’s 
when around 100 transistors could be placed on a single chip. The 
system on chip (SoC) design will integrate hundreds of millions of 
transistors on one chip, whereas packaging and cooling only have 
a limited ability to remove the excess heat [1]. So large amount 
of heat should not be dissipated. Thus low power design is the 
need of today’s integrated systems. The low power design is also 
needed for the   applications operated by batteries such as pocket 
calculators, wrist watches, mobile phones, laptops etc.
Flip flops are the basic storage elements used extensively in all 
kinds of digital designs. As the feature size of CMOS technology 
process shrinks according to Moore’s Law, designers are able to 
integrate more transistors onto the same die. The more transistors 
there are the more switching and the more power dissipated in the 
form of heat or radiation. More switching implies higher average 
current is flowing and therefore the probability of reliability issues 
occurring rises. The most important prime mover of low power 
research and design is our convergence to a mobile society. We are 
moving from laptops to tablets and smaller computing systems. 
With this profound trend continuing, and without a matching trend 
in battery life expectancy, the more low power issues will have 
to be addressed. The current trends will eventually mandate low 
power design automation on a very large scale to match the trends 
of power consumption of today’s integrated chips.

Fig. 1(a) shows the IP-DCO, it consists of pulse generator and 
semi dynamic latch structure [2]. A state-of-the-art P-FF design, 
named ip-DCO, is given in fig. 1(a) [3]. It contains an AND logic-
based pulse generator and a semi-dynamic structured latch design. 
Inverters I5 and I6 are used to latch data and inverters I7 and I8 
are used to hold the internal node X. The pulse generator takes 
complementary and delay skewed clock signals to generate a 
transparent window equal in size to the delay by inverters I1-I3. 

A. Pulse Trigger Flip Flops

A. IP-DCO: Implicit Pulse Data Close to Output

Fig. 1(a): IP-DCO FF        

Two practical problems exist in this design. First, during the rising 
edge, NMOS transistors N2 and N3 are turned on. If data remains 
high, node X will be discharged on every rising edge of the clock. 
This leads to a large switching power. The other problem is that 
node X controls two larger MOS transistors (P2 and N5). The large 
capacitive load to node X causes speed and power performance 
degradation.

B. SCCER
Single- Ended Conditional Capture ENERGY RECOVERY

Fig. 1(b): SCCER FF

Fig. 1(b) shows a refined low power P-FF design named SCCER 
using a conditional discharged technique [3, 6]. In this design, 
the keeper logic (back-to-back inverters I7 and I8 in Fig. 1.1(a)) 
is replaced by a weak pull up transistor P1 in conjunction with 
an inverter I2 to reduce the load capacitance of node X [6]. The 
discharge path contains NMOS transistors N2 and N1 connected 
in series. In order to eliminate superfluous switching at node X, 
an extra NMOS transistor N3 is employed. Since N3 is controlled 
by Q_fdbk, no discharge occurs if input data remains high. The 
worst case timing of this design occurs when input data is “1” 
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and node X is discharged through four transistors in series, i.e., 
N1 through N4, while combating with the pull up transistor P1. 
A powerful pull-down circuitry is thus needed to ensure node 
X can be properly discharged. This implies wider N1 and N2 
transistors and a longer delay from the delay inverter I1 to widen 
the discharge pulse width.   

C. EPTLFF
Enhanced Pulse Triggered Low-power Flip Flop.
Fig. 1(c) shows design Enhanced Pulse Triggered Low-power 
Flip Flop (EPTLFF), for high-speed operation of data storage 
and a popular alternative to Master slave flip-flop. The enhanced 
pulse triggered low-power flip flop (EPTLFF) with pulse control 
scheme consists of pulse generator for generating Strobe signals 
and a latch for data storage.

Fig. 1(c): EPTL FF

It reduces the number of transistors stacked in the discharging path 
and also reduces the overall switching delay. Refer to fig. 1(c), the 
upper part latch design and lower part enhanced pulse generation. 
This particular clock pulse is used to a two-input pass transistor 
logic, N2, N3 a two-input pass transistor logic based AND gate  
to control the discharge of transistor N1. Since the two inputs to 
the AND logic are mostly complementary, the output node Z is 
kept at zero most of the time. At the rising edges of the clock, 
both transistors N2 and N3 are turned on and collaborate to pass 
a weak logic high to node Z, which then turns on transistor N1 by 
a time span defined by the delay inverter I1.The switching power 
at node Z can be reduced due to a diminished voltage swing. 
Where the discharge control signal is driven by a single transistor, 
parallel conduction of two NMOS transistors(N2& N3) speeds 
up the operations of pulse generation. In this design reduced the 
discharging path X, avoids unnecessary internal node transitions 
to reduce power consumption and delay.

II. Shift Registers
Shift registers are a type of sequential logic circuit, mainly for 
storage of digital data. They are a group of flip-flops connected in 
a chain so that the output from one flip-flop becomes the input of 
the next flip-flop. Most of the registers possess no characteristic 
internal sequence of states. All flip-flop is driven by a common 
clock. There are different kinds of shift registers.

Serial in serial out shift register.• 
Serial in parallel out shift register.• 
Parallel in parallel out shift register.• 
Parallel in serial out shift register.• 

The storage capacity of a register is the
Total number of bits (1 or 0) of digital data it can retain. Each 
stage (flip flop) in a shift register represents one bit of storage 

capacity. Therefore the number of stages in a register determines 
its storage capacity.

Fig. 2(a): Basic Data Movement in Shift Registers

A. Parallel in Parallel out 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. 1(a)(b)(c).

Fig. 2(b): Parallel in Parallel out Shift Register

Fig. 2(c): Schematic of Parallel in Parallel out Shift Register

III. Simulation Results
To evaluate the performance, shift registers discussed in this paper 
are designed using 50-nm CMOS technology. All simulations 
are carried out using MICROWIND simulation tool at nominal 
conditions with 1GHz frequency range. flip-flop based Parallel in 
Parallel out Shift Register  layout design in Soft Ware  Microwind  
tool is shown in fig. 3(a). 4(a) & 5(a).The layout simulation 
window appears with inputs and output as shown in fig. 3(b) 
4(b) & 5(b), the power consumption is also shown on the right 
bottom portion of the window. 
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B. Parallel in Parallel Out Shift Register Using IP-DCO 
Flip Flop

Fig. 3(a): Parallel in Parallel Out Shift Register Using IP- DCO 
Flip-Flop Layout in Soft Ware Microwind Tool

Fig. 3(b): Power consumed by Parallel in Parallel out Shift Register 
Using Ip-DCO Flip Flop

C. Parallel in Parallel out Shift Register using SCCER 
Flip Flop

Fig. 4(a): Parallel in Parallel Out Shift Register Using SCCER 
Flip Flop in Soft Ware Microwind Tool

Fig. 4(b): Power Consumed by Parallel in Parallel Out Shift 
Register Using SCCER Flip Flop

D. Parallel in Parallel out Shift Register using EPTL Flip 
Flop

Fig 5:(a). Parallel in Parallel out Shift Register using EPTL Flip 
Flop in Soft Ware Microwind Tool

Fig. 5(b): Power Consumed by Parallel in Parallel Out Shift 
Register Using EPTL Flip Flop.

Table 1:  Comparison of Various Parallel in Parallel Out Shift 
Register Designs

    
Parameters 

PIPO Shift 
register using 
IP-DCO FF

PIPO Shift  
register using 
SCCER FF

PIPO Shift 
Register using 
EPTL FF

No. of transistors 92 68  68
Area µm2 UMC CMOS-
50nm                 1607.5 1834.3  985.9

Average Power(µW)
using UMC CMOS-50nm 
Technology. (µW).

31.14 13.58  5.51

IV. Conclusion 
This paper concludes that EPTL Flip-Flop designed with 17 
Transistors is having less power consumption. The Flip-Flops  
are simulated  for 50nm technology  using the  MICROWIND 
Tool. The comparisons of 3 Parallel in Parallel out Shift Register  
are shown in Table 1 to verify the designed methods using UMC 
CMOS 50-nm technology. With all these results Parallel in Parallel 
out Shift Register using EPTLFF speed performance and power 
are better than ip-DCO and MHLLF and SCCER and PTL P-FF 
designs.
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