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Abstract- A novel CMOS 4-2 compressor using pass logic is
presented in this paper. An XOR-XNOR combination gate is
used to build the circuit while totally eliminating the use of
inverters. The total power dissipation has been cut down to a
minimum while providing the full output voltage swing at all
nodes in the circuit. Furthermore, the complete circuit is
implemented with a bare minimum of 28transistors.

I. INTRODUCTION

Enhancing the performance of floating point operations is
indispensable for current high performance microprocessors.
In this regard high speed multiplication is becoming one of
the key operations in RISCs, real-time image and signal
processing, real-time speech recognition, graphics
accelerators and so on, due to the increasing demand from
multimedia  applications. Because of their high
computationally intensive processing requirements in these
applications, low-power dissipation is becoming a primary
design goal in many portable video, audio and computing
systemg[1]. The majority of power consumption in CMOS
circuits is due to the dynamic power dissipated in charging
and discharging of the transistor parasitic capacitances. This
demands for design solutions with minimum number of
signal changes per operation cycle (switching activity). A
number of studies on high speed and/or low power
multipliers have been reported in the literature [2-6].

A fast array multiplier can be divided into 3 parts: a Booth
encoder, a partial product summation tree and a final adder.
The partial product summation tree is responsible for a
significant portion of the total multiplication delay and it is
well known that a 4-2 compressor can be used to construct
the tournament adder with a regularly structured Wallace
tree, giving low complexity [2].

Il. 4-2 COMPRESSOR DESIGNS

A 4-2 compressor consists of five inputs and three outputs
and can be implemented with two stages of full-adders (FA)
connected in series as shown in Fig. 1. Various approaches
have been proposed in the literature to improve their speed.
In [3], a logic circuit optimization was used to shorten the
critical path as shown in Fig. 2. A direct implementation of
the 4-2 compressor shown in Fig. 2 in pseudo-CMOS logic is
given in [4]. Their design needs seven transistors to
implement each XOR gate. Furthermore, the large number of
inverters used in their design increases the switching activity
and hence the power consumption too. In [5], the full adders
are implemented using MUX and XOR gates in
complementary pass transistor logic (CPL) and connected in
seriesto form the compressor asin Fig. 1.

Proc. 43rd IEEE Midwest Symp. on Circuits and Systems, Lansing MI, Aug 8-11,
0-7803-6475-9/00/$10.00 ©IEEE 2000

A.P. Preethy
School of Computer Engineering
Nanyang Technological University
Nanyang Ave., Singapore 639798

X1 X, Xs X
|
a b (o
Co, FA s G
| | L =
L A

c! s

Fig. 2. 4-2 Compressor.

A multiplier architecture with XORs as building blocks is
presented in [6] which exhibits a 33% performance
improvement over that of a Wallace tree multiplier. They
used a novel design of a4-2 compressor based on a modified
set of equations for the sum and carry outputs of the
COMpressor as:

S=X,AX,AX;AX,AC,

C= (X, AX, AX5AX,)C, + (K AX, AXG AX, X,
Cout :(Xl A X2)X3 +(X1 A X2)Xl




An equivalent gate logic realization using XORs and
MUXs is shown in Fig. 3. Even though their CPL
implementation is very efficient for realizing MUXs and
XORs, they need pullup circuits and invertersto minimize the
reduced-swing switching as well as weak signal transmission.
A similar 4-2 compressor circuit in complementary pass
transistor logic is presented in [7] that uses a minimum of 40
transistors. CPL style design uses small input loads, provides
good output driving capability due to their output inverters,
and has afast differential stage. But thisdifferential stage, on
the otherhand, leads to considerably larger short-circuit
currents. Furthermore, the substantial number of nodesin the
circuit accounts for increased switching activity.

A purely MUX based implementation of a 4-2 compressor
using CMOS pass transistors is given in [8]. Their
implementation needs CMOS inverters for inverting the input
bits and the outputs of some intermediate MUXs. The
inverters at the input have the maximum switching activity
compared to all others nodes in the circuit and hence the
power dissipation of thiscircuit isincreased.

A double pass transistor logic (DPL) implementation of the
gate logic structure shown in Fig. 3 has been shown to exhibit
lower power consumption and higher speed performance
compared to earlier designs due to its reduction of the internal
load capacitancesin the critical path [9]. But the XOR/XNOR
gates used in DPL uses atotal of 8 transistors and also need
input inverters. This increases the overall transistor count to
58 and also increases the power dissipation due to the high
switching activity in the input inverters.

Recently a number of low-power low-voltage 4-2
compressors were presented in [10]. They are mostly based
on BICMOS technology and were implemented using DPL
configuration. All implementations use similar structural
configurations as given in Fig. 2. This increases the overall
delay. Also the large number of inverters used in their design
increases the power dissipation.

From the above, it is obvious that for high speed and low
power, pass logic implementations are the best choice. The
use of inverters in the circuit must aso be minimized while
aiming for low power [11].
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Fig. 3. 4-2 Compressor using XORs and MUXs.

To satisfy the above requirements, a novel 4-2 compressor
based on passlogic is presented in this paper, that completely
eliminates the use of inverters, while using the smallest
number of transistors (only 28) and at the same time
providing fully restored output voltages on all nodes in the
circuit. Thisimplementation uses the recently developed pass
transistor XOR/XNOR gates and full adder circuits[12].

1. PASS LOGIC XOR/XNOR GATES AND FULL
ADDER CELLS

A number of full adder circuits have been developed
recently with the aim of low power and high speed. In this
regard, a structured approach for designing low power adder
cellswere presented in [11]. Thisis done by partitioning the
full adder cell into three independent submodules as shown in
Fig. 4.

The sum and carry expressions are given by: S=HAC,

and C,,=HA+HC,,, where H=AAB. Six independent
designs for Module 1 (XOR, XNOR combination), four for
Module 2 and one for Module 3 were givenin [11]. A total of
25 different choices of adders (including the conventional
CMOS adder) by taking all possible combinations of the
above were simulated and tabulated in the order of their
normalized average power consumption.

A further minimized version of the XOR/XNOR gate
presented in [11] and its associated full adder circuit is given
in [12] and is reproduced here in Fig. 5. This new design
makes use of pass logic design techniques presented in
[13,14]. The pass logic design equations for the sum and
carry outputs of afull adder are given as:

S= H(Cin)+ H(Cin)
C=H(a)+H(c,,)

where H = Z(B)+ A(E)

The XOR-XNOR combination gate in Fig. 5 uses only 6
transistors while providing fully restored outputs at its nodes.

The power consumption of this gate is the lowest reported so
far.

IV. NEW 4-2 COMPRESSOR USING PASS LOGIC

The new 4-2 compressor uses the design equations givenin
[6] and is based on the gate level realization shownin Fig. 3.
These equations are rewritten in pass logic form as:

Cout :|,X1AX2J (>(1)+[x1A xz] (Xs)
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Fig. 4. Building modules of the full adder cell.



Fig. 5. XOR/XNOR gate and the full adder.

S= H_S(Cin) + Cin (H_B) +C—in(H3)
C=Hg(X4)+H3(Cin)
where Hy =X, AX,AX;AX,

Due to the presence of both XOR and XNOR outputs the
carry generation MUXs do not need any extra inverters and
none of the inputs need any inverters. The complete circuit
diagram is shown in Fig. 6. Moreover, there are no inverters
in the circuit and the total number of transistors used in
Figure 6 isonly 28 as against 40 reported so far.
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Fig. 6. New CMOS pass logic 4-2 compressor.

V. CONCLUSIONS

The 4-2 compressor presented in this paper makes use of
the recently developed low power XOR-XNOR combination
gate based full adder circuits. In this new design, invertersare
totally eliminated from the circuit. The total number of
transistors used is only 28 where as the lowest reported in the
literature is 40. Furthermore, it provides full voltage swing at
al nodesin the circuit.
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