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Design Low Power Carry Save

Adder Based On 4*4 Multiplier

Abstract: Our objective in this paper is to select
algorithm to minimize the power consumption and
area we also discuss way to configure multiplier
4*4 to sum vector in a carry save adder(csa) tree. we
evaluate not,nand,xor and nor gate and using Hspice
implementation using 0.35um cmos technology, the
result of this algorithm advantageously applied to
low power device. We reduce the number of transi-
tions csa trees that are common in large multiplier.
In transistor level circuit simulations indicate
20-30% power reduction with no increase in delay.

Keywords: Carry Save Adder, Low Power Multi-
plier, Critical Path,VIsl Design .

1. Introduction

Addition and multiply are the fundamental arith-
metic operations in the VLSI systems such as mi-
croprocessors and digital signal processing (DSP)
systems. In mobile systems and portable com-
puters, there is only limited amount of battery
power. So we must pay more attention to the low
power circuit design to increase the battery life.
Most of all, the low-voltage, low power design is
our particular concern because the power consump-
tion is proportional to the square of supply voltage.
The csa propagate the carries to the least significant
bits in advance to decrease the number of input bits
of the final adder, in other hand critical path is 1 csa,
regardless of the number of bits N that is shown in
figure [1]. In this paper, we design and simulate a
4*4 multiplier and compare its power consumption
with another algorithm then we explain the method
of using the propose algorithm to reduce transistor
for area and reduce power. The rest of this paper
is organized as follow in section 2 we discuss the
power consumption and timing in cmos circuits,
in section 3 we discuss other algorithm and result
of them, in section 4 we discuss implementation of
propose circuits, in section 5 express conclusion of
this paper.

2. Power Consumption and Timing
In mobile systems and portable computers, there is

only limited amount of battery power. So we must
pay more attention to the low power circuit design to
increase the battery life. Most of all, the low-volt-
age, low power design is our particular concern
because the power consumption is proportional
to the square of supply voltage In CMOS VLSI
systems, dynamic power is the dominant one which
accounts for about 85-90% of the total power dis-
sipation, and short-circuit power accounts for about
10-15% of the total power dissipation in a proper
sizing arrangement while static power is determined
by fabrication technology and usually is negligible
in CMOS circuits. Power in cmos circuit express in
3 part: 1- dynamic power: when signal transition and
load capacitance charging or discharching. 2- short
circuit power: when we have direct path from power
supply to ground. 3- power static: is consumedly by
the leakage current static[1].

We shown power consumption as the equation (1):

Ptotal=pdynamic-+pshort circuit+pstatic
Ptotal=Fck*[lai*cLi*Vswing+Isc *Vdd+IL *Vdd

(1

Where Vdd is the power supply voltage, CLi is the
load capacitance at node 1, Vswing is signal voltage
swing at node 1, Isc is the short circuit current and
IL is the leakage current,Fck is the clock frequency.
A way to organize the CSAs,and reduce the opera-
tion time,is in the form of a tree commonly called
Wallace tree. In this tree the number of operand is
reduce by a factor of 2/3 at each level. Let A(l) be
the maximal number of operands that can be added
by an L-level Csa tree. A(1)=3 Each csa has 3 in-
put and 2 output,hence the number of output in the
times(3/2) will be the number of input,that is,the
number of output in the upper level. If the number
of output is not a multiple of 2then it mod indicates
the number of extra outputs in the upper level,hence
M1) can be defined recursively as in equation (2) :
AMD=[M1-1)2]*3+mod2  (2)

The carry save adder one of major speed enhance-
ment techniques used in modern digital circuits is
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Fig. 1: critical path in carry save adder
the ability to add number with minimal carry propa-

gation.

3. Review Past Algorithm Of Adder

In this section discuss another algorithm. In[2]
Zhuang and Wu simplified the conventional trans-
mission gate full adder by using the transmission

4 o 4
A - e e
a T -
B— —1#-{: — lq.fir«rﬂz a4 ‘|T,- e g
4 '
g S

put

Fig. 2: Transmission full adder

function theory and then proposed a new cell, which
is called the transmission full adder, as shown in
Figure [2].

One of our design isshown in figure [3] that
Has 28 transistor and reduce power a little
but area of it is big.the power consumption
decrease to 12.9mw but number of transistor is 1952
and don’t proper for big multiplier.

In [3], the conventional 20-transistor transmission-
gate full adder has been proposed as shown in Fig-
ure 1, which is called the pesudo full adder in this
paper. In [4] design pipelining full adder cell that
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is have 32 transistor and power consumption high

and area also is big. The rolls of Cllc and not Cllk
are interchanged from one pipeline stage to another.
A transmission-gate adder was considered butnot
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Fig. o: pipelining full adder

adopted because its input C-switches would corrupt
the data stored at the dynamic-latch output nodes of
the previous pipeline stage.

In [5] paper, proposed High-Speed and Low-Power
Serial Accumulator for Serial/Parallel Multiplie ,
in this design increase speed and reduce power
consupmption to 5.10(mw) , and decrease time of
multiplication to 66(ns) for 31 operand. The height
of the partial product matrix is reduced from N to
[Jlog 2 N 1].its shown in Figure[6].
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In[6] proposed a ROM-based 16*16 multiplier for
low-power applications and reduce power consump-
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Fig. 7: ROM-based design of a 4-bit carry-select adder block.

tion

and timing of multiplier.in figure 7 shown of this de-
sign.

4. Implementation Of Propose

Simulation result are performed by Hspice based on
0.35um cmos process with supply voltage 3.3v and
implementation with keydance 3.055.In simulation

all transistor size in full adder as L=0.35u and w is
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Fig. 8: propose full adder baseﬁ on multiplier

between 1-3u.and we design this full adder based on
the 4*4 multiplier. In figure [8] we shown propose
modified full adder that has 24 transistors.

In this design we use nand ,nor gate instead of and,or
gate because reduce the area and timing of multi-
plier reduced, in order to reduce power consump-

T
g8 8 @
HA f—{ FA L— FA |— HA

CE

FA — FA |— FA — HA

eI

FA — FA |— FA .— HA
I_ ' 4 I +
Z, I, Z z, z
Fig. 9: prototype full adder

tion and proper for big multiplier based on dsp and
fir filter. In figure [9] shown structure of prototype
multiplier.

In new design use of full adder instead of half adder
because power dissipation in conventional cmos cir-
cuits primarily occurs during device switching,and
high speed multiplier often contain a Wallace tree
of carry save adder to sum the partial products. In
figure [10] shown cosequnet of prototype multiplier
and in figure [ 11] shown consequent of propose mul-
riplier .

In figure [12] we shown layout of propose full adder
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and we shown in figure [13] compare of prototype of
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multiplier that adder of it shown in figure [3]. power
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Fig. 12: layout of propose full adder
consumption in new design multiplier reduce 30%

but a little increase timing of multiplication.

In figure [12] we shown layout of propose full adder
and we shown in figure [13] compare of prototype of
multiplier that adder of it shown in figure [3]. power
consumption in new design multiplier reduce 30%
but a little increase timing of multiplication.

In figure [14] we shown compare of prototype de-
sign and propose design for area and reduction pow-

35
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<30 Protonpe design 10%
% NO.Transistor 1800 §
P 4 IR
§ 3 =
& 20 035umcMOS 3 Nt
o 15 b g
4 3 g Z
2 10 " 1000
o 30%
S 5
0

125 150 180
Frequency (MHz)

Fig. 14 Compare area of prototype and proposed design

er consumption .we shown also reducd area of mul-
tiplier with proposed algorithm.



TABLE I: Implementation CSA

Yuan 333, TAIWAN, REPUBLIC OF CHINA.
[2] N. Zhuang and H. Wu, “’A New Design of
the CMOS Full Adder”, IEEE J. Solid-State Cir-

cuits, 1992, pp. 840-844.
[3] J. P. Uyemura, Fundamentals of MOS Digi-
tal Integrated Circuits, Addison-Wesley, 1988.

[4] N. Weste and K. Eshraghian, CMOS VLSI

Design. Reading, MA:
Addison-Wesley , 1988.

[5] Meher, M. R., Jong, C. C., & Chang, C. H.
(2008). High speed and low-power serial accu-

mulator for serial/parallel multiplier. IEEE Asia
Pacific Conference on Circuits andSystems,
pp.176-179, Macau, China.

[6] Bipul C. Paul, Senior Member, IEEE,
Shinobu Fujita, Member, IEEE, and Masaki

Okajima,ROM-Based Logic (RBL) Design:” A
Low-Power 16 Bit Multiplier”, IEEE JOUR-

Implementa- | Delay(ns) | No.transistor [ Power | L(um)
tion (mw)
Meher[5] L 8.85 [0.18
Bipul C. 0.7 |- 112 ]0.18
Paul[6]

Prototype 5.5 1952 129 10.35
design

Bong-I1 1660 7877 14.6 (0.8
park[7]

Shun-Wen 525 |- 116 -—--
Cheng[8]

Kuo-Hsing [1.85 |- 353 10.25
Cheng|[9]

Proposed 8.8 1796 3.7 0.35
design

NAL OF SOLID-STATE CIRCUITS, VOL. 44,
NO. 11, NOVEMBER 2009.

4. Comparisio

In this section shown consequent of all algorithm
and compare them with proposed algorithm.so we
shown consequent in Table 1.

5. Conclusion

In this paper focus in low power coms csa based on
multiplier is proposed.simulation result perform by
Hspice in 0.35um that is low power and low area
proportional other adder. Power reducting in csa
trees by selecting this algorithm with minimizing the
transistor in high-capacitance node. The proposed
transistor implementation does not add delay to the
critical path. This paper reduce the power consump-
tion almost 20-30% to 3.7mw and decrase area
almost 10% proportional other multiplier and this
design proper in fundamental arithmetic operations
in the VLSI systems such as microprocessors and
digital signal processing (DSP) systems .
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