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Abstract - This paper describes efficient method to design a
4-bit multiplier having low power, area and high speed using
the Dadda algorithm and the basic building block of
multiplier’s used a 14T Full adder having low power
dissipation. Full and half adder blocks have been designed
using 4T XOR gate to reduce the power dissipation and Dadda
algorithm to reduce the propagation delay. The model has
been designed using DSCH 2 and Micro wind tool.
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1. INTRODUCTION

The electronic world is growing day by day. So the demand
for electronic components is increased. But the electronic
component faces the power dissipation speed, the area is
major problems. The ALU is taking more power in the
electronic components. The major parts of ALU are adder
and multipliers. Multipliers play an important part in digital
signal processing and various other applications. The basic
method of multiplication is added and shift algorithm. In
parallel multipliers number of partial products to be added
is the main parameter that determines the performance of
the multipliers. The product is the result of multiplying the
multiplicand to the multipliers. The multiplication operation
is performed in two main steps. First is the partial product
formation which consists of multiplying each bit of the
multiplier with multiplicand. Each progressive fractional
item has a general move of one-bit position to left side of the
previous partial product. The second step is partial product
accumulation where the partial product is combined to find
the result. The essential requirement of multiplier include
high-speed, low power consumption technique is the best
method for these achievements. Wallace and Dadda
multipliers are the column compression multipliers. Wallace,
Array, and Dadda multipliers have been done and proved
that the Dadda multiplier is better than the other multipliers.
Dadda Multipliers have faster performance. So it used for the
proposed technique and compared with the regular Dadda
multipliers and Wallace tree and array multipliers.

1.1 Parallel Multipliers

Parallel multipliers are used for high-performance
devices because it has high speed and low delay than the

serial multipliers. A parallel multiplier is two types of
Array multipliers and Tree Multipliers.

A Array Multiplier

The Multiplier multiplied two numbers and it produced
partial products and the adder circuit is used to add the
partial products then it produced the final product. The
array multiplier required N(n-1) adder circuits and N2
AND gates. Array Multiplier has a simple circuitry so it is
easy to implement.
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Fig -1: Block diagram of Array Multiplier
B Wallace tree multiplier

In 1961 Australian Computer Scientist Chris Wallace was
suggest that fastest multiplier. Wallace is a coloumn
compression method to reduce the propagation delay.
Wallace tree sums up same weight of three bits and
produces output[2].] The Wallace tree has three steps: 1.
Partial Product Generation 2. . Partial Product Reduction
3. Partial Product Addition 4. In Wallace multiplier,
adders are used height wise or in other words column
wise. In order to proceed to next step, first the unused
bits are written column wise and then the sum of the
adder of that stage followed by the carry of the previous
stage. 5. Step 1: Generation of Partial Products. 6. Step 2:
Reduction of Partial Products generated. In this step, the
height of the partial products is reduced step by step till
it reaches to the height of two. The height of the
intermediate steps is such that uniformity is maintained
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with respect to the previous stage or intermediate
matrix. For reducing heights adders are used. So the
reduced intermediate matrix is given below which has
the height of six. Notice that vacant or unused bits are
placed first followed by the sum of the adder followed by
the carry of the previous step. Here calculation starts
from the LSB side. 7. Step 3: Addition of partial products.
Then the matrix of height two is added by any known
adder like carry select adder or parallel adder etc. The
final sum which will be the result of the multiplication.
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Fig -2: Block diagram of Wallace tree Multiplier
C Dadda tree algorithm

Different algorithms have been proposed to decrease the
propagation delay during the addition of the partial
products generated by AND Gate. One of the most
efficient algorithms is Dadda algorithm. The proposed
4*4 multiplier has a total of 16 partial products, so, the
height of the tree is four as shown Fig. 3. Dadda
Algorithm has been applied for the purpose to reduce the
height of the tree from four to two. If we do not apply
Dadda algorithm, then we must have to wait for the
previous stage to simulate it, because, the next stage uses
the carry of the previous stage which will increase the
propagation delay [8]. For this simple technique, we have
to use the ripple carry adder, it also consumes less
power, but the delay is significantly high. To reduce the
overall propagation delay of the multiplier Dadda
algorithm has been applied. This is the best technique for
reduction in the delay of the overall multiplier design
because, at the start, it does not depend on the previous
stage. Therefore, the first stage will be implemented
without depending on any other stage. First, we have
arranged our partial products to make a tree as shown in
Fig. 4. These partial products are generated by the AND
gate. The height of this tree is 4 as the proposed design is
the 4-bit multiplier.

Stages of dadda algorithm

The objective is to reduce the height of the tree from four
to two. Therefore, building blocks have been used in such
a way to reduce the tree height from four to three after

the completion of first Dadda stage and then from three
to two after the completion of the second Dadda Stage
[11]. Furthermore, the two Dadda stages are used to
reduce this tree. The first and second Dadda stages are
shown in Fig. 4 and Fig.5, respectively. Proposed System
The major part of ALU is multiplier and adder circuit.
These circuits take more area and provide high power
dissipations. This paper included the design of low power
adder circuits and used Dadda algorithm is the method to
reduce the overall propagation delay, area and power
dissipation of the multiplier. The major blocks of a
multiplier are AND GATE, Full adder, and half adder. Area
and power dissipation of these circuits will reduce the
overall power dissipation, area. So this paper is given a
new multiplier design with the reduced area, power, and
delay.
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Fig-3:4x4 Multiplication
Fig-5:Second Dadda Stage
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Fig-4-First Dadda Stage

Fig-6.:Final Stage

2. PROPOSED MULTIPLIER

The major blocks of a multiplier are AND GATE, Full
adder, and half adder. Area and power dissipation of
these circuits will reduce the overall power dissipation,
area. So this paper is given a new multiplier design with
the reduced area, power, and delay.

Design of AND gate

AND gate is produced the partial products of the
multiplicand and multiplier. In this paper used a 4x4
multiplier. So the 16 products are generated by the and
gate. Different technologies are used to design and
gate.CMOS used to design and gate it give the accurate
result but the transistor number is increased which used
the same number of transistors in pull up transistor and
the pull down transistors. Pass transistor logic is reduced
the transistor number but it has a drawback which
produces weak 0 signal and strong 1signal from PMOS
and Weak 1signal and Strong Zero signal is produced
from NMOS transistor. This problem overcome by using
transmission logic. Logic AND is better than these tree
technology. Which have simple design is help to reduce
the complexity of Multiplier design and low-power
dissipation.
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Table -1: Comparison of power for AND gate using
different logics

Type of | No. of | Power Surface Area
Logic transi | Consumption
stors | (microwatt) (micrometer2
used )
CMOS AND 6 7.382 97.7
Pass 2 0OnW 21.9
transistor
Logic
Transmission | 4 1.302 41.2
gate Logic
Logic Circuit | 6 1.965 19.2

Design of Full adder

Full adder is the major element of a multiplier. The
design of full adder is more concentrate and aware.

Table -2: Truth table of Full adder

A single XOR generates simple two bit addition. The XOR
gate conventionally uses 8 MOSFETs for proper working,
however, at present we have different XOR gate
topologies [6] [7]. However, in this project have used to
design a 4T XOR gate to get low power consumption. An
XOR gate or Exclusive OR gate is a digital logic gate with
two or more inputs and one output that performs an
exclusive function. The true output results if one, and
only one of the inputs to the gate is true (logic 1). If both
inputs are false (logic 0) and both are true (logic 1), a
false (logic 0) output results. AB OQutput000011101
11 0 This 4T XOR gate is used to design a 14T full adder
circuit [3] which provide less power dissipation than the
static CMOS full adder, pass transistor logic, transmission
logic.4T XOR gate used 14T adder consists of 14
transistors provide considerably less power in the range
of microwatts and has higher speed. In the 14T full adder,
we used 4T XOR gate and inverted 4T XOR gate. 8
MOSFETs used Conventional XOR gate for proper
working, but present we have different topologies. Here
we have used 4T XOR gate to reduce overall area and
power dissipation. Using this XOR gate, reduction in the
size of a full adder is achieved and overall leakage is also
reduced.4T XoR to increase circuit density [4] [5].

Table -3: Truth table of EXOR gate

A B C SUM CARRY A B Output
0 0 0 0 0 0 0 0
0 0 1 1 0 0 1 1
0 1 0 1 0 1 0 1
0 1 1 0 1 1 1 0
1 0 0 1 0
1 0 1 0 1 Table -4: Comparison of Power for full adder Using
1 1 0 0 1 Different Logics
1 1 1 1 1 Type of Logic | No. of | Power Surface Area
transisto | Consumptio | (micrometer2
Construction rs used n )
S=A XOR B XORC (microwatt)
- Static CMOS | 28 15.231 1061.4
CARRY= AB+(C (A XOR B)) transistor
N 1 PTL | 20 11.52 63.2
=AB+C (A’B+AB’) orma
{sum} 11.740 215.9
=AB+A’BC+AB’C Normal 24
PTL{Carry}
=B (A+A’C) +AB’C
Transmission | 20 14.915 521.1
=BAC+AB’C gate logic
~C (A XNOR B) 14T transistor | 14 3.050 233.1
=C (A XORB)
The main part of full adder design is the XOR gate which
generates basic addition operation in the adder circuits.
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Design of half adder

Expression:-SUM=AB+AB =A XOR B CARRY =AB Half
adder circuit has two input and two output, Sum and
Carry. The result of the SUM is EXOR function. So 4T XOR
gate is used to design the Sum function and logic AND is
used for Carry function.

Table -5: Truth table of half adder

A B Sum Carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 1 1

Table -6: Simulation result of half adder

Type of | No. of | Power Surface Area

Logic transistor consumption( | (Mjcrometer
used Microwatt) 2)

4T 10 2.045 72.7

transistor

Design of proposed multiplier

The multiplier circuit designed for low power, low area,
and low delay requirements. These requirements are
satisfied by the use of 4T XOR based adder circuits and
logic AND gate.

Fig -7: Schematic of 14T full adder circuit
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Fig -8: Simulation of 14T full adder

Fig -9: Schematic of 4T half adder circuit

Fig -10: Schematic of 4T half adder circuit
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Fig -11: Schematic of Dadda algorithm based low power
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Fig-12: V/T Simulation of Proposed Multiplier

Table -7: Simulation results of proposed multiplier

Half 10 11p | 2.5 2.723 72.7
adder S

4T 4 8ps | Onw Onw 58.3
XOR

4T 6 16p | 1.705 1.533 97.7
XNOR S

Multi | 248 | 112 | 363 355 8672.9
plier ps

Fig -13: V/I Simulation of Proposed Multiplier
3. CONCLUSION

The dadda algorithm based multiplier design has shown a
remarkable improvementin area and power. The 4T XOR
gate was designed and is used as the main base element
of the new adder circuit. The reduced number of a
transistor has led to a reduction in the area and power
consumption. The Dadda algorithm has been developed
to reduce the number of the partial product of the
multiplier. The performance of the proposed low power
multiplier has been estimated. The adder circuit in the
system consumes less power. The developed multiplier
circuit also reduced the area and delay. This circuit is
applicable in the DSP, FFT, Neural networks, etc. Micro
wind and DSCH tool are used to do this project

Circu | No.o | Del | Power Power SUFACE s.ucce.ss.fully. Pass transistor logic is advantag.eous forits
. C . C . simplicity. Although due to decreased transistor count
it f ay | dissipatio | dissipation | AREA(M ) .
. . both delay and power consumption will be lesser than
tran n(V/T (V/1 Micro | icromet . s
sist Microwatt | Watt) er2) other techniques. In the future, this kind of low power
or ) and high-speed adder cell will be used in designing the
digital circuits, filter and its applications in various fields.
AND |6 2.653 1.965 19.2 The power dissipation may be increased if the number of
gate 12p bits considered may be increased. Power can be reduced
5 by improving the partial product compression ratio.14T
Full 14 25p | 3.593 3.04 248.2 Full adder circuitis used to design the multiplier circuit it
adder S may be changed to reduce the power
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