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Abstract — Counters are widely considered as essential
building blocks for a variety of circuit operations such as
programmable frequency dividers, shifters, code generators,
memory select management, and various arithmetic
operations. Since many applications are comprised of these
fundamental operations, much research focuses on efficient
counter architecture design. In this paper we design a
frequency divider counter design using pass transistor logic
circuit technique. The proposed counter is a 4 bit pass
transistor base counter, which sequences through a fixed set
of pre assigned count states, of which each next count state
represents the next counter value in sequence. The counter
frequency is greatly improved by reducing the gate count on
all timing paths to two gates using pass transistor circuit
design techniques. In our work the counter operating
frequency is improved by using a paralld counter
architecture of pass transistor base flipflops. This is
proceeded to eliminate the carry chain delay and reduce
AND gate fan-in and fan-out. The proposed counter isdesign
for low-power and high-speed applications.
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|.INTRODUCTION

Counters are widely considered as essential building
blocks for a variety of circuit operations such as
programmable frequency dividers, shifters, code
generators, memory select management, and various
arithmetic operations. Since many applications are
comprised of these fundamental operations, much research
focuses on efficient counter architecture design. Counter
architecture design methodologies explore tradeoffs
between operating frequency, power consumption, area
requirements, and target application specialization.
Counter circuit consist of flip-flops aong with
combinational elements.

Depending upon the manner in which the flip-flops are
triggerd, counters can be classified into two major
categories:

* Asynchronous counter
* Synchronous counter

In asynchronous counters the flip-flops is clocked by the
external clock pulse and then each successive flip-flop is
clocked by the Q and output of the previous flip-flop. Thus
flip-flops are not clocked simultaneously. Whereas in
synchronous counter, the clock input is applied to all the
flip-flops simultaneously. This results an increase in the
speed of operation.

There are a number of factors to consider when
choosing an appropriate design for a low voltage counter.
By using a high static leakage technology, a large number
of transistors in the design can be a significant source of
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static power dissipation. It can therefore be beneficial to
keep the size of the circuit as small as possible. However,
if in reducing the size of the circuit, the delay is increased,
then this can negatively affect the amount of energy
consumed per cycle.

Il.LAYOUT DESIGN COUNTER BLOCKS

Flip-flops are the basic building blocks of any counter
circuit. In our design counter consist of alayout design of
transmission gate base latch circuit connected in master
slave arrangement to form the edge trigger flipflop
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Fig.1. Transmission gate base D Latch

The circuit consists of a transmission gate based
multiplexer and a series connected inverter. One additional
inverter is used to generate the inverse of the clock input
signal, required to control the transmission-gates (see fig
1). The left-to-right dataflow through the latch when
CLK=1 and the feedback loop when CLK=0. When the
clock input is high, the current value from the data input
(D) will propagate through the transmission gate and
through the two inverters. The latch is transparent, and the
output value Q follows the data input value, while the Qn
output generates the inverse of the data input value. When
the clock signa changes to low (logical 0), the data
transmission-gate is switched-off, while the feedback
transmission-gate is activated and becomes conducting. As
aresult, the output value Q of the flipflop will be fed back
into the input of the first-stage inverter. Therefore, the
latch stores whatever value it hold when the clock signal
changed to low.

Fig.2. Transmission gate base D flipflop

Copyright © 2014 IJECCE, All right reserved
109


mailto:p_amreen88@yahoo.com
mailto:bandewar9@gmail.com
mailto:singh@gmail.com

IJECCE

s
D=Q bec DmP\TFF_

Fig.4. Simulation of Transmission ge base T |iI0p

Here we can use negative edge trigger flipflop. The
negative edge is the edge where the clock signal Changes
from 1 to 0. Thus any change in input can affect the output
on at this negative edge of clock signal. Flipflops consist
of two latches in series as in master dave arrangement
controlled by inverted clock signals. During the high level
of clock signal the master latch will turn on and dave latch
will turn off. The first, called master, changes its state
while Clock = 1. The second, called slave, changes its
state while Clock = 0. The operation of the circuit is such
that when the clock is high, the master tracks the value of
the D input signal and the slave does not change. Thus the
value of masters output follows any changesin D, and the
value of slaves output remains constant. When the clock
signal changes to 0O, the master stage stops following the
changes in the D input. At the same time, the dave stage
responds to the value of the signal masters output and
changes state accordingly. At this clock phase master latch
monitors the input and during the falling edge of clock the
dave latch freezes. Thus while the slave latch copies the
output of the master latch. It never experiences changes
during these half periods as its input, the output of the first
latch is frozen. This way changes only occur at the falling
edge of the control signal, when the master latch freezes
and the slave latch copies its output to the flipflop’s

output.
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Fig.5. Four bit counter block diagram
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Our design counter circuits can be built using T flip-
flops because the toggle feature is naturally suited for the
implementation of the counting operation. We can design
this flipfop by connecting the Qn output to the D input of
Master slave D flipflop shown in above figure. Fig shows
four bit counter capable of counting from 0 to 15. The
clock inputs of the four flip-flops are connected in
cascade. The input of each flip-flop will be toggled at each
negative edge of its clock. We are assuming that the
purpose of this circuit isto count the number of pulses that
occur on the primary input called Clock. Thus the clock
input of the first flip-flop is connected to the Clock line.
The other three flip-flops have their clock inputs driven by
the Q output of the preceding flip-flop. Therefore, they
toggle their state whenever the preceding flip-flop changes
its state from Q = 1 to Q = 0, which results in a positive
edge of the Q signal.
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Fig.7. Simulation of Four bit counter

Il. SSIMULATION RESULTSAND
PERFORMANCE COMPARISONS

A. Performance Verification

Layout simulations of transmission gate base latch,
flipflop, and four bit counter in microwind are conducted
to compare the performances of our design. The power
dissipation of master save flipflop calculate as uW at
1.2V power supply at maximum delay of 0.4ns.
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Fig.8. Power dissipation of Flipflop from vdd supply to Q
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B. Comparison of Result
Transmission gate base Conventional
Latch Flipflop | 4bit Counter Latch Flipflop 4bit Counter

Transistors counts 6 NMOS | 12NMOS | 48NMOS 9 NMOS 16 NMOS 64 NMOS

5PMOS 11PMOS | 44PMOS 9 PMOS 15PMOS 60 PMOS
Power dissipation 2.3uW 7.5uW 19uW 20uwW 0.5mw 1.8mA
Delay 2ns 2ns 2ns 2ns - -
Maximum drain current 0.206mA 0.746mA 0.751mA 0.865mA 1mA 1mA
Clock frequency 0.49GHz 0.49GHz 0.49GHz 1GHz 1.79GHz 2 GHz
Output frequency 0.24GHz 0.24GHz 30.49MHz 0.8GHz 0.45GHz 1.3GHz

V. CONCLUSION

The proposed counter is a 4 bit pass transistor base
counter, which sequences through a fixed set of pre
assigned count states, of which each next count state
represents the next counter value in sequence. The counter
frequency is greatly improved by reducing the gate count
on all timing paths to two gates using pass transistor
circuit design techniques. In our work the counter
operating frequency is improved by using a paralel
counter architecture of pass transistor base flipflops. All
the simulation have been done on Microwind layout
design tool. Simulation are perform at the voltage level of
1.2V with the load capacitance of 1fF. The input clock
frequency fed in the range of 0.49GHz to 2 GHz range
with the output frequency calculates in the range of
30.49MHz to 1.3GHZ. The propagation delay of the
circuitsis 2ns.
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