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Abstract: This article presents the design of two half-adder with ultra-optima design parameters. In the first
idea, half-adder has low power consumption, low propagation delay and as a result, it has low PDP and EDP.
The second design is based on multiplexer circuit. This half-adder in addition to occupying a low space, it has
a very low PDP and EDP. It is noteworthy that for drawing circuit schema and designing them HSPICE
softwareis used. The designation is done in 0.18µm technology.
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INTRODUCTION instruction units should be optimized in case of speed and

By increasing the demand on having units are applied. In which adder unit can be regarded as
microprocessors with high speed and low-power, the basic and the most frequently used unit [17-21]. The
designers should take these needs into account and start difference between full-adder and half-adder is that in
designing new processors with high speed in processing half-adder there is no input carry. For designing multiplier
and having low-power. Most of the VLSI applications, unit, which frequently is used in processing DSP, adder
such as digital signal processing, image and video unit is used. But in some parts of multiplier unit half-adder
processing  and   microprocessors,   extensively    use can be used instead of full adder, because in comparison
arithmetic operations. Addition, subtraction, to full adder, half adder has lower power consumption,
multiplication and multiply and accumulate (MAC) are higher speed, lower PDP and EDP and fewer number of
examples  of the most common used operations [1]. transistors. In designing digital integrated systems,
Today, there is an increasing number of portable occupied space, i.e. the number of transistors, are of high
applications requiring small-area low-power high importance for designer. The lowest space is occupied by
throughput circuitry. Therefore, circuits with low power units, the best integration process can be done and as a
consumption become the major candidates [2-4] for result systems with higher speed and lower power can be
design  of  microprocessors and system-components. designed. Many techniques are used for implementing
Ever since its inception, the design of full adders which half adder, which some of the most commonly used ones
forms the basic building blocks of all digital VLSI circuits are as follow:
has been undergoing a considerable improvement, being
motivated by three basic design goals, viz. minimizing the Complementary CMOS: The overall schema is as Fig. 1
transistor count, minimizing the power consumption and [11]. PDN Network application is used to create low state
increasing the speed [5-16].In fact half-adder is the most in output and PUN network application is used to create
frequently used unit in processors, for doing operations high state in output.
like add, subtract, multiply and divide. It needs to be
mentioned, that in processors, multiplier unit is one of the TG Logic:  The  overall  schema  is  as  Fig.  2 [2].
units, with the highest level of power consumption and Because  C MOS  with  ratio  logic  in  PMOS  pseudo
lowest speed. Moreover, it can be incisively mentioned state cannot create good zero and in NMOS pseudo state
that if speed and power of this multiplier unit be good one cannot be created, so it has static current
optimized, the whole system can be optimized in speed leakage, but in order to resolve this problems we use TG
and power. For optimizing these parameters, multiplier technique.

power. In the design of digital calculation systems, many
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Fig. 1: Schema of complementary CMOS [11].

Fig. 2: Schema of TG logic [2]. higher than 0.5Vdd and this happens when two or three

Fig. 3: Schema of GDI technique [2]. Conclusion

GDI Technique: The overall schema of GDI is as Fig. 3 [2]. Significant Parameters in this Design: In designing
So as you can see in Fig. 3 transistors are not connected digital systems, many parameters are considered, that the
to V  and ground, so PMOS of transistor source and most important parameters are as follows:dd

NMOS of transistor source are respectively connected to
one input and inverse of this input. It should be noted in Power Consumption in Digital Circuits: The total power
this technique, body of all transistors must be connected dissipated in generic digital CMOS gate is calculated by
to source of the transistor. The problem of this circuit is, Equation (1), Equation (2), Equation (3) and Equation (4).
if B=low and A=0 in output there wouldn’t be good zero
and the reason is that PMOS transistor cannot create P  = P  + P + P (1)
good zero and next problem occurs when in this mode
B=low and A=1, in output there wouldn’t be good one P  = P. C . f. V (2)
state and the reason is that NMOS transistor cannot
create good one state, for solving this problem we used P = I . t . V . f (3)
GDI and TG techniques.

Minority Function: The overall schema is as Fig.  4  [22].
In this technique, output equals to minimum number of In the above equations, P, f, C , V , I , t  and I
inputs, so this is called minority function. It works, as gate are respectively, change state probability of gate,

Fig. 4: Schema of Minority function [22].

voltage of inverter equals to divide voltage between input
capacitors. Output equals to one, if inverter gate is
designed symmetrically and gate voltage is lower than
0.5Vdd and this happens when two or three inputs are in
low state and output equals to zero, if gate voltage is

inputs are in high state. It should be noted that this
circuits could only be used when the number of inputs are
odd.

This Article Is Composed of Five Parts:

Introduction
Significant design parameters 
Proposed circuits
The results of simulations and following that change
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simulation frequency, capacitor of gate, supply voltage,
maximum current during changing the status of gate, short
circuit time and static current. Static power is very
important in low supply voltage.

Propagation Delay in Digital Circuits: Propagation delay
is calculated using Equation (5).

t  is the amount of output delay for changing the statepLH

from low to high and t  is the amount of output delay forpHL

changing the state from high to low.

PDP in Digital Circuits: One of the other important
parameters which can be regarded as one of the most
important parameters is PDP, which can be calculated
using Equation (6).

PDP = P  * t (6)ave p

EDP in Digital Circuits: Is the multiplication of PDP and
propagation delay and it can be incisively mentioned that
it is the most important parameter in designing VLSI
circuits [23-25], which can be calculated using Equation
(7).

EDP=PDP * t (7)p

Proposed Structures: Trust table of a half-adder is visible
in Table 1.

Overall Schema of the First Proposed Circuit: Sum part
and Carry part of this structure are designed by Equation
(8) and Equation (9) respectively. Sum and Carry parts of
the first proposed circuit are respectively visible in Fig. 5
and Fig. 6.

(8)

Carry = IN  AND IN (9)1 2

Overall Schema of the Second Proposed Circuit along
with its Block Diagram: Overall schema of the second
proposed design and its circuit schema are respectively
shown in Fig. 6 and Fig. 7.

Table 1: Trustable of Half-adder 
INPUT OUTPUT
--------------------------- -----------------------------------------
IN IN CARRY SUM1 2

0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

Fig. 5: The first proposed circuit (18T Half Adder).

Fig. 6: Overall schema of the second proposed design.

Fig. 7: Circuit schema of the second proposed design
(MUH Half Adder).
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SIMULATIONS AND RESULTS

The Half-Adder cells simulated using 0.18µm CMOS technology files with 100MHz and at 27°C and the supply
voltage is 1.8 the simulation results is shown in Fig. 8.

Fig. 8: Comparison results of afore-mentioned Half Adders' characterization

CONCLUSION 7. Leblebici, Y. and S.M. Kang, 1999. CMOS Digital

In this article two different designs of half adder are edition, 1999, Ch. 7.
presented, 18T half adder has the lowest power 8. Wang, J., S. Fang and W. Feng, 1994. “NEW efficient
consumption while it has a high delay in comparison to designs for XOR and XNOR functions on the
others; beside MUH half adder has the lowest delay, transistor     level,”  IEEE  J.  Solid-State  Circuits,
power delay product (PDP) and energy delay product 29(7): 780-786.
(EDP). Depending on where is the focus of designer’s 9. Bui,     H.T.,  A.K.  Al-Sheraidah and  Y.  Wang, 2000.
attention, different designs can be used. “New 4-transistor XOR and XNOR designs,” in Proc.
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