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I Introduction

In this digital era, there is an enormous increase in the number 
of portable applications which requires low power and high 
performance circuits. Therefore, low-power design has become 
a major design challenge. Addition is a fundamental operation in 
every arithmetic circuit and almost all operations are based on 
addition. These operations are predominantly used in many VLSI 
applications, as the full-adder cell is the basic building block. 
Thus, the performance of a 1-bit full-adder is a major factor in 
all arithmetic circuits. Thus, improving the performance of the 
full adder block leads to the enhanced performance of the entire 
system performance. Therefore, many researchershad put-forth 
various methodologies to implement high-speed and low-power 
1-bit full adder cells with reduced area.
A full adder cell is a multi-input multi-output system with three-
inputs and two-outputs [1]. The functionality of a full adder cell 
is given as in Eq. (1) and Eq.(2)

Sum = A⊕ B⊕ Cin			   (1)
Cout = A.B + A.Cin + B.Cin		  (2)

In this paper, the design of 4 bit ripple carry adder using pseudo 
dynamic buffer logic is performed.

II. Dynamic Logic
Dynamic logic is an alternative logic style to static CMOS 
design, where N+2 transistors are only necessary in contrast 
with the 2N transistors used in the static CMOS design style 
[2]. The special features of dynamic logic circuits include: faster 
switching speeds, no static power consumption, non-ratioed logic, 
full swing voltage levels and less number of transistors [2,3]. 
Thestatic power consumption in dynamic circuits is reduced 
owing to the clock signal which enables either the PDN or the 
pmos pre-charge device only at a particular time. Hence, there is 
no static path exists between VDD and GND and eliminates the 
static power consumption. Thus the dynamic power is the major 
part of the power consumption due to the transitions at the output 
caused because of the precharge and evaluation phases. Since the 
evaluation is performed by the nmos transistors, the dynamic logic 
design offers high speed of operation which is a major advantage. 
Dynamic circuits are very useful in circuit design to attain higher 
speed, smaller area and potentially lower power consumption.

The clock signal dictates the operation of the dynamic logic circuit. 
The domino logic circuit consists of two phases. The first phase, 
when Clock is LOW(0), is called the precharge phase and in the 
second phase, when Clock is HIGH (1), is called the evaluation 
phase. In the initial phase, the output is driven high thoroughly 
(no matter what is the values of the inputs) because the transistor 
at the footer transistor is turned off, hence the output doesn’t 
discharge during this phase. During the evaluation phase, the clock 
is high, and the footer transistor is turned ON [3]. This enables 
the discharging of the output dynamic node if the PDN evaluates 
the logic to be TRUE. However, the dynamic logic circuits when 
cascaded, doesn’t work properly or evaluates falsely. This is due 
to the same clock triggering the successive stages which leads to 
the evaluation of the second stage even before the evaluation of 
the preceding stage. This is overcome by having a static inverter 
at the dynamic node which is referred as domino logic style. This 
facilitates the evaluation of the subsequent stages flawlessly.

III. Domino Logic Circuit Style
The schematic of a conventional clock controlled domino logic 
circuit, consists of a dynamic logic of N-type gate (Pull-down 
network PDN) followed by a static inverter. Fig.1 illustrates the 
structure of domino logic [4]. The gate operates in two phases, 
namely pre-charge and evaluation phases. During the pre-charge 
phase, while the clock signal is LOW turnsON the PMOS pre-
charge transistor and makes the dynamic node to HIGH. During the 
evaluation phase, while the clock signal isHIGH, the footer NMOS 
transistor is turned ON and facilitates discharging depending upon 
the PDN evaluation. If the inputs are LOW, the dynamic node Z is 
retainedHIGH. However, when the inputs are HIGH, the dynamic 
node discharges and make the output LOW.
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   Fig 1: Conventional Domino Logic

Thus for every pre-charge phase, the output node goes HIGHand 
during the evaluation phase it is determined by the logical values 
of the input [5]. Hence, for two successive phases even if the 
inputs are LOW, due to the pre-charge operation, the output goes 
LOW in between the HIGH output during the evaluation phase. 
This makes the dynamic power consumption to be higher than 
that of the static CMOS circuits.

IV. Pseudo Dynamic Buffer based Domino Logic
To get rid of the dynamic power consumption, in the pseudo 
dynamic buffer logic, the previous stage output is retained during 
the pre-charge phase also.In the PDB-based domino logic as shown 
in Fig 2. the source of the nmos device M5 present in the static 
inverter is not grounded. Instead, it is connected to the footer 
transistor node B. Thus the charge at the node Z is prevented 
from discharging during the pre-charge phase as the evaluation 
transistor M2 is turned OFF [6].
In the PDB based domino logic, if the input logic A is LOW, the 
floating node Z is always HIGHwhich makes the output node 
F to beLOW regardless of the operating phase. Whereas if the 
input A is HIGH, the node Z is and  node B goes LOW, and 
results in enabling the PMOS transistor M4, which makes the 
output F to attain HIGH. During the pre-charge phase, the node Z 
attains HIGH, and the node B is also HIGH (due to the previous 
evaluation). Since the NMOS evaluation transistor M2 is disabled, 
the output node Z is retained HIGH. This feature of disabling 
the discharge path due to the CLOCK LOW condition makes 
the PDB structure to retain the output of the previous evaluation 
phase during the precharge phase also. This helps in reducing the 
dynamic power consumption.
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Fig 2: PDB Circuit

V. Design of Ripple Carry Adder
A ripple carry adder is a logic circuit in which the carry-out of each 
full adder is the carry in of the succeeding next most significant 
full adder. It is called a ripple carry adder because each carry bit 
gets rippled into the next stage [7]. 
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Fig 3: 4-Bit Ripple Carry Adder

A two stage cascaded adder cell is realized, where the first stage 
is to generate carry and the second stage is to calculate sum from 
carry of the first stage [6]. The expression of carry remains the 
same as (1) while the expression for sum is given as:
	
	 Sum = Cout

’ (A + B + Cin) +A. B. Cin 	(3)

The general block diagram for the adder implementation is given 
below:

Fig 4: Full Adder Implementation

The SUM (fig.4) and CMOS (Fig. 5) CMOS dynamic logic 
realizations are as below:
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These logics were implemented in the styles mentioned below 
and a comparative study was done.
Domino Logic
Pseudo Dynamic Buffer 

VI. Simulation and Analysis
The design of ripple carry adder using conventional domino 
logic and pseudo dynamic buffer logic is performed using 
Cadence®Virtuoso at 180nm technology node. The circuits 
demonstratepower, propagation delay and leakage power as shown 
in Table 1.

Table 1 : Full Adder using Conventional domino Logic and PDB 
Logic
Figure of Merit Conventional domino 

Logic
PDB logic

Power (W) 28.90e-6 17.50e-6
Delay (s) 46.34e-9 44.92e-9
Leakage Power (W) 611.3e-9 76.88e-12

The power and delay values for ripple carry adder are given as 
below:

Table 2 : Ripple Carry Adder Design
Power (W) 108.2e-6
Propagation Delay (s) 209.6e-6

VII. Conclusion
Power Saving calculated from the experimental results shows that 
by utilizing the pseudo dynamic buffer logic instead of domino 
logic 39.4% power saving is possible. There is no static power 
consumption in dynamic circuits. It only consumes dynamic power 
as there is no static path between VDD and GND. Higher speed is 
the major advantage of the dynamic logic design. Lower number 
of transistors per gate and absence of short circuit current are the 
reasons for faster switching speeds. 
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