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Abstract — 4:2 compressors play a large role in the design
of arithmetic units, especially in the case of multipliers. In
this study we compare different implementations of 4:2
compressors in terms of their power, delay, power delay
product and the number of transistors used. A total of 36
different implementations are compared and simulated
using LTSPICE, and the power consumption was found to
vary from 0.12uw to 0.38uw, and the power-delay product
from 0.12f] to 0.30f] at 0.6V using 45nm BICMOS technology.
The transistor counts vary from 30 to 38 for different
implementations of the 4:2 compressor.

Keyword — 4:2 compressor, XOR gate, multiplexer, power,
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Introduction

Power reduction is one of the major challenges facing
todays VLSI designers. With every new generation, the
circuit complexity and processing speed increases. The
frequency is reaching a top limit and is settling down in
the 4-5GHz range. This is due to the high cost of heat
removal from these chips. Hence, designers are always
looking for ways to minimize power consumption in their
designs.

In this paper we present various designs of a popular
device called 4:2 compressor [1]. The 4:2 compressor
merits significance because of its use in hardware
multipliers and digital signal processing units such as Fast
Fourier = Transform (FFT). Hardware multipliers
predominantly use 4:2 compressors in their partial
product reduction stage because of their structured layout
compared to normal full adder cells. Many designs for 4:2
compressors exist in the literature focusing on power
reduction [2-9]. Our focus here is to design individual
submodules of the 4:2 compressor in many ways and
making different designs by combining these submodules
in various ways. The different designs are then sorted out
in terms of their power, delay and power delay product.

4:2 Compressor

A 4:2 compressor consists of five inputs and three outputs
and can be implemented with two stages of full-adders
(FA) connected one after the other as shown in Figure 1.
Usually the sum output of a full adder is implemented by
cascading two XOR gates. If we use a similar
implementation for the full adders used in Figure 1, then
the total delay for the sum output (S) of the 4:2
compressor will be 4 XOR delays. Various approaches have
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been proposed in literature to improve their speed. A
novel design of a 4:2 compressor based on a modified set
of equations for the sum and carry outputs of the
compressor is shown in Figure 2 [2]. The output equations
are:
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Fig. 1. 4:2 Compressor Composed of Two FAs
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Fig. 2: Architecture of 4:2 Compressor

Their CPL implementation is very efficient for realizing
multiplexers (MUX) and XORs, they need pull-up circuits
and inverters to 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 [3] that use a minimum of 40 transistors.
CPL style design uses small input loads, provides good
output driving capability due to their output inverters, and
has a fast differential stage. But this differential stage, on
the other hand, leads to considerably larger short-circuits
currents. Furthermore, the substantial number of nodes in
the circuit accounts for increased switching activity. A
purely MUX based implementation of a 4:2 compressor
using CMOS pass transistors is given in [4]. Their
Implementation needed 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 other nodes in the circuit and
hence the power dissipation of this circuit is increased.
Modified multiplexer based designs for 4:2 compressors
are presented in [5]. The XOR gates were replaced by
multiplexers to minimize delay in the critical path.
Multiplexers in the internal paths were implemented in
the transmission gate style. The delay, power and area
were reduced due to the combined XOR-XNOR module and
multiplexers.

A number of low power 4:2 compressors are presented in
[6]-[8]. The designs in [8] are driven by input signals
without using any direct path to supply voltages, and
result in lower short circuit power. A number of high
speed, low power 3:2, 4:2 and 5:2 compressors capable of
operating at ultra-low voltages are presented in [9]. 4:2
compressor designs in the cascaded full adder style by
using optimized full adders are presented in [10], [11] and
are shown to have 9% less latency and 16% reduction in
power delay product (PDP) compared to earlier designs.
In [12] the conventional 4:2 compressors were modified
to merge with the partial product generation block of an
nxn-bit multiplier, while eliminating n2? inverters. The
proposed compressors were reported to provide up to
20% energy reduction in 65nm CMOS technology.

A current mode fully differential 4:2 compressor in 65-nm
CMOS technology is presented in [13], [14]. In [13] they
claimed area reduction and speed improvement up to 45%
compared to other high speed conventional compressor
circuits, while maintaining lower PDP of 3.26f] at 1.2V.

New Design of 4:2 Compressor

For convenience, the XORs in Figure 2 are numbered as
XORj, XORz, XOR3 and XOR4. Three different designs for
XOR; and XOR; are shown in Figure 3 [15], [16]. All three
designs generate both XOR (H) and XNOR (Hp) outputs.
The transistor counts in these designs vary from 6 to 10.
Fig. 3(a) uses a six transistor XOR-XNOR design. Figures
3(b) and 3(c) use explicit inverters for generating the
XNOR output. Hence the XNOR output exhibits extra delay
compared to the XOR output. Two designs for XORj;
module are shown in Fig. 4. This module receives the
inputs in both normal and complementary form, and
hence the number their
implementation is less than that used in XOR; and XOR;.
Similarly, two designs of XOR4 module are shown in Fig. 5.
Fig 5(a) uses six transistors and Fig 5(b) uses four
transistors. The design of multiplexer two
transmission gates and is shown in Fig. 6.
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(c) Nine Transistor XOR-XNOR
Fig. 3. XOR: and XOR; Modules

By combining the individual designs for the XOR gates at
the different levels a total of 36 designs are possible for
the 4:2 compressors.
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(b) Six Transistor XOR-XNOR
Fig. 4. Two Implementations of XOR3 Module

The designs (a), (b) and (c) are referred as A, B and C
respectively later in this paper. Each 4:2 compressor is
given a unique four letter label by combining the designs
for the four XOR modules. For example, design ACAB
refers to design A of XOR;, design C of XOR,, design A of
XOR3 and design of B of XORs4. The 2 to 1 multiplexer
design used in the 4:2 compressor is shown in Figure 6.



Simulation Results

LTSPICE was used for simulation using 45nm BSIM4 bulk
CMOS model [17]. Al PMOS transistors were sized at
450nm and NMOS transistors at 225nm. Three different
supply voltages were used: 1.2V, 0.8V and 0.6V.
Simulations were carried out individually for each XOR
gate module. Simulation results are tabulated in Table 1.
The average power for design 3(a) at 0.6V is left blank in
Table 1, since the output waveform for the 6 transistor
XOR-XNOR gate was not showing good logic values. By
comparing the power consumption of XOR modules in
Figure 3(b) and 3(c), it may be noted that 3(b) consumes
more power. This is because the input inverter feeds the
gates of PMOS transistors of the transmission gate.
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(b) Four Transistor XOR
Fig. 5. Two Implantations of XOR4 Module
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Fig. 6. Multiplexer Module

These PMOS transistors are double the size of NMOS
transistors used in the transmission gate, and hence
exhibits larger capacitive load on the inverter. The same is
true for the designs in Figure 4(b) and Figure 5(a). The
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average power, delay and power-delay product for the
different 4:2 compressor designs are tabulated in Table 2.
They are arranged in ascending order of power. They vary
from 0.12uW to 0.38uW, and 0.12f] to 0.30f] at 0.6V. The
designs using the 6 transistor XOR-XNOR gates were not
simulated at 0.6V and they are left blank in Table 2. The
transistor counts used in each design are also shown in
Table 2 (in index).

Table 1. Power Consumption of XOR Modules

. Average Power [pw No. of
Design 45uﬁ Techuul[ul-gl}r] Transistors
1.2V 0.8V 0.6V
3(a) 0.21 0.07 - 6
3(b) 1.24 0.48 0.25 10
3(c) 0.38 0.16 0.09 Q
4(a) 0.28 012 0.07 7]
4(b) 0.79 0.34 0.17 6
5(a) 0.83 0.50 0.21 7]
5(b) 0.14 0.03 0.03 4
Conclusion

A comparative study of 4:2 compressors is done in this
paper. The 4:2 compressor is divided into four modules.
For each module different designs are presented. Based on
the division, 36 different designs are shown. They were all
designed using 45nm BICMOS technology. Simulations
were carried out using LTSPICE at three different supply
voltages of 0.6V, 0.8V and 1.2V. At 0.6V, the six transistor
XOR-XNOR gate designs used in XOR; and XOR; were not
producing good output waveforms and hence the power
consumption using these gates were not calculated. They
are left blank in Table 2. The power and power-delay
product varied from 0.12uW to 0.38uW, and 0.12f] to
0.30f] respectively at 0.6V. The transistor count varies
from 30 to 38 for different implementations.
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Table 2. Average Power, Delay and Power Delay Product Comparisons
Average Power Delay Power Delay Product No. of
No Cell (uw) (ns) )] Transistors
1.2V 0.8V 0.6V 1.2V 0.8V 0.6V 1.2V 0.8V 0.6V
1 CAAB 0.40 0.14 - 0.11 0.25 - 0.04 0.03 - 31
2 CCAB 0.62 0.23 0.12 0.15 0.51 1.36 0.09 0.12 0.16 34
3 ACAB 0.63 0.37 - 0.18 1.52 - 0.11 0.56 - 31
4 CAAA 0.63 0.27 - 0.15 0.35 - 0.09 0.09 - 33
5 AAAB 0.70 0.42 - 0.20 0.43 - 0.14 0.18 - 30
6 CBAB 0.87 0.31 0.18 0.20 0.46 1.22 0.18 0.14 0.22 35
7 CABB 0.88 0.24 - 0.10 0.20 - 0.09 0.05 - 31
8 ABAB 0.96 0.31 - 0.17 0.36 - 0.17 0.11 - 32
9 CCAA 0.96 0.33 0.15 0.20 0.44 1.19 0.20 0.15 0.18 36
10 BCAB 0.98 0.35 0.22 0.16 0.35 0.97 0.15 0.12 0.21 35
11 AAAA 1.00 0.48 - 0.15 0.34 - 0.15 0.16 - 32
12 BAAB 1.01 0.43 - 0.10 0.26 - 0.10 0.11 - 32
13 ACAA 1.05 0.47 - 0.20 0.41 - 0.21 0.19 - 33
14 CCBB 1.07 0.39 0.22 0.23 0.50 1.21 0.25 0.19 0.27 34
15 ACBB 1.15 0.10 - 0.45 3.25 - 0.52 0.32 - 31
16 AABB 1.16 0.56 - 0.12 0.25 - 0.14 0.14 - 30
17 CBAA 1.22 0.43 0.22 0.20 0.44 1.19 0.25 0.19 0.26 37
18 CABA 1.24 0.40 - 0.11 0.22 - 0.13 0.09 - 33
19 BBAB 1.25 0.44 0.24 0.16 0.35 0.97 0.19 0.15 0.23 34
20 CBBB 1.25 0.46 0.28 0.10 0.21 0.52 0.12 0.09 0.15 35
21 ABAA 1.33 0.59 - 0.20 0.41 - 0.26 0.24 - 34
22 ABBB 1.33 0.20 - 0.08 0.16 - 0.10 0.03 - 32
23 BAAA 1.34 0.56 - 0.11 0.30 - 0.15 0.17 - 34
24 BCAA 1.35 0.46 0.25 0.18 0.41 1.12 0.24 0.19 0.28 37
25 BCBB 1.39 0.49 0.25 0.07 0.17 0.46 0.10 0.08 0.12 35
26 BABB 1.46 0.59 - 0.10 0.23 - 0.15 0.13 - 32
27 CCBA 1.47 0.53 0.31 0.11 0.22 0.57 0.16 0.12 0.18 36
28 AABA 1.51 0.65 - 0.13 0.26 - 0.20 0.17 - 32
29 ACBA 1.52 0.24 - 0.08 0.18 - 0.13 0.04 - 33
30 BBBB 1.57 0.56 0.28 0.07 0.17 0.46 0.12 0.09 0.13 36
31 BBAA 1.62 0.55 0.27 0.18 0.41 1.12 0.29 0.22 0.30 38
32 CBBA 1.65 0.60 0.36 0.11 0.22 0.57 0.17 0.13 0.20 37
33 ABBA 1.70 0.32 - 0.08 0.17 - 0.14 0.06 - 34
34 BCBA 1.75 0.63 0.37 0.08 0.18 0.50 0.14 0.12 0.19 37
35 BABA 1.83 0.74 - 0.11 0.25 - 0.20 0.18 - 34
36 BBBA 1.93 0.68 0.38 0.08 0.18 0.50 0.16 0.13 0.19 38




