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ABSTRACT

In this paper focuses on carry -look ahead adders have done research on the design of high-speed, low-area, or
low-power adders. Addition is the fundamental operation for any VLSI processors or digital signal processing.
The main objective of this paper is to reduce the propagation delay and gate count of the Carry look-Ahead
Adder (CLA).Which will also reflect in the reduction of area and power of the adder module. Experimental
results reveal that the proposed adders achieve delay, power and area reductions for Multi bit addition. We
know that in adder circuits propagation delay is the main drawback. To overcome this drawback the
independent carry technique is introduced. Here in this paper 4, 8, 16-bit adders are been designed and the gate

count, power and delay are measured using CADENCE EDA, and then compared with the conventional adder.
Index Terms: Carry look-ahead (CLA) adder, VLSI, CADENCE EDA.

I. INTRODUCTION

Addition is the most commonly used arithmetic operation and also the speed-limiting element to make faster
VLSI processors. As the demand for higher performance processors grows, there is a continuing need to
improve the performanceof arithmetic units and to increase their functionality. High-speed adder architectures
include the carry look-ahead (CLA) adders, carry-skip adders, carry-select adders, Conditional sum adders and
combinations of these High-speed adders based on the CLA principle remain dominant, since the carry delay

can be improved by calculating each stage in parallel.

The CLA algorithm was first introduced in 1958, and several variants have been developed. The Manchester
carry chain (MCC) is the most common dynamic (domino) CLA adder architecture with a regular, fast, and
simple structure adequate for implementation in VVLSI. The recursive properties of the carries in MCC have
enabled the development of multioutput domino gates, which have shown area—speed improvements with
respect to single-output gates.

In this brief, the carry will be generated independently without the use of previous carries. In previous work of
this paper the carry chain has been split into even and odd carry chains. The even and odd carries of this adder

are computed in parallel by two independent 4-bit carry chains. And in this paper the delay for 4 and 8-bit will
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be higher when compared to the conventional adder but for 16-bit and more than that delay will be reduced

drastically.

This paper is organized as follows. In Section I, preliminary concepts of the double carry chain MCC adders
are given. In Section |1, the proposed independent carry adder is presented. In Section IV, comparisons among
the proposed design and conventional MCC topologies in the open literature are given. Finally, in Section V, the

conclusions are drawn.

I.LPRELIMINARY CONCEPTS OF DOUBLE CARRY CHAIN MCC ADDERS

MCC adders can efficiently be designed in CMOS logic. As mentioned previously, due to technological
constraints, the length of their carry chains is limited to 4 bits. However, these4-bit adder blocks are used
extensively in the literature [2] and 12] in the design of wider adders.

In the following, we propose the design of an 8-bit adder module which is composed of two independent carry
chains. These chains have the same length (measured as the maximum number of series-connected transistors)
as the 4-bit MCCadders. According to our simulation results, the use of the proposed 8-bit adder as the basic
block, instead of the 4-bitMCC adder, can lead to high-speed adder implementations.

The derived here carry equations are similar to those for the Ling carries proposed in [4]. The derived carry
equationsallow the even carries to be computed separately of the oddones. This separation allows the
implementation of the carriesby two independent 4-bit carry chains; one chain computes theeven carries, while
the other chain computes the odd carries. Inthe following, the design of the proposed 8-bit MCC adder

isanalytically presented.
2.1. Even Carry Computation

For i =0 and z0 = t0, from relation (1), we get that cO = g0 + t0 - c—1. Since the relation gi= gi - tiholds, we get
that cO =t0 - (g0 + c—1) =t0 - hO, where hO = g0 + c—1 is the new carry. From relation (2), for i = 2 and zi=
pi, we get that

c2 =92 + p2gl + p2plg0 + p2plp0Oc—1.

Since gi+ pi - gi—1 =gi+ti - gi—1 and pi = pi - ti, we have

c2 =t2(g2 + g1 + p2p1g0 + p2plpOc—1)  =t2 (g2 + gl + p2plt0(g0 + c-1)) =t2 - h2

where

h2 = g2 + g1 + p2p1t0(g0 + c—1) is the new carry.

In the same way, the new carries for i = 4, 6 are computed as

h4 =g4 + g3 + p4p3t2 (g2 + g1 + p2p1t0(g0 + c-1))

h6é =g6 + g5 + p6p5t4 x (g4 + g3 + p4p3t2 (g2 + gl + p2p1t0(g0 + c-1))) .

Then, the following equations are derived for the new

carries for even values of i:

h2 =G2 + P2G0

h4 =G4 + PAG2 + P4P2G0
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h6 =G6 + P6G4 + P6P4G2 + P6P4P2G0

2.2. Odd Carry Computation

The new carries for the odd values of i are computed according to the aforementioned methodology proposed
for the even carries as follows:

hl =gl + g0 + p1lpOc—-1

h3 =g3 + g2 + p3p2tl (g1 + g0 + plpOc-1)

h5 =g5+g4+p5p4t3 (g3 + g2 + p3p2tl (gl + g0+plpOc—1))

h7 =g7 + g6 + p7p6t4

x (g5 + g4 + p5p4t3

x(g3 + g2 + p3p2tl(gl + g0 + plpOc-1))) .

While for odd values of i, the equations for the new carries are rewritten as follows:
hl=G1 + Plc-1

h3 =G3 + P3G1 + P3P1c-1

h5 =G5 + P5G3 + P5P3G1 + P5P3P1c-1

h7 =G7 + P7G5 + P7P5G3 + P7P5P3G1 + P7P5P3P1c—1.

From the aforementioned equations, it is evident that the groups of even and odd new carries can be computed
in parallel by different carry chains in multioutput domino CMQOS logic. The new generate and propagate
signals Giand Pi can be easily proven to be mutually exclusive, avoiding false node discharges. Between the
new and the conventional carries, ci—1 = ti—1 - hi—1 holds; therefore, the sum bits are computed as si= pi &
(ti—1 - hi—1). According to [4], the computation of the sum bits can be performed as follows:

si=hi—1 -pi+hi-1 - (pi Gti-1)

fori>0, while sO = p0 @c—1.

The above Relation can be implemented using a 2 — 1 multiplexer that selects either pi or pi &ti—1 according
to the value of hi—1. Taking into account that an XOR gate introduces equal delay with a 2 — 1 multiplexer and
both terms pi and pi &ti—1 are computed faster than hi, then no extra delay is introduced by the use of the
proposed carries for the computation of the sum

bits according to above equation.

For the implementation of the sum signals, the domino chain is terminated, and static CMOS technology is used
for the pi @ti—1 gate and the final 2 — 1 multiplexer. An efficient static CMOS implementation of the 2—1

multiplexer is used for Sum bit implementation.

2.3. MCC Design Issues

To evaluate the speed performance of the proposed (PROP) design over the conventional (CONV) one, 8-, 16-,
32-, and 64-bit adders have been designed according to the even and odd carry chain principle respectively, and
simulated using SPECTRE in a standard 90-nm CMOS technology (VDD = 1 V). The conventional 8-, 16-, 32-,
and 64-bit MCC adders are designed by cascading two, four, eight, and sixteen 4-bit MCC adder modules,
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respectively. The proposed 16-, 32-, and 64-bit MCC adders are designed by cascading two, four, and eight of
the proposed 8-bit MCC adder modules, respectively.

I11. PROPOSED WORK

In this work i have proposed the new independent carry technique which will not require the previous carry bit
to generate the current carry. While it will generate all the carry bits parallel. The proposed Carry Equations for
4-bit are

+ C(0) =¢(0) AND p(0);

e C(1) = (e(1) AND p(1) ORp(1) AND g(0) or k(1);

* C(2) =(e(2) AND p(2)OR p(2) AND g(1)) or k(2);

*  C(3) =(e(3) AND p(3) ORp(3) AND g(2) or k(3);

INTERMEDIATE TERMS

« e(i) = a(i) XNOR b(i);
* k()=p@)and........ p(0);

PROPAGATE AND GENERATE TERMS

* p()=a(i) OR b(i);
*g(i) = a(i) AND b(i);

SUM BIT IMPLEMENTATION

« S(i)= a(i) xor b(i) xor c(i-1);

IV. RESULTS AND COMPARISION.

TABLE |
CLA PARAMETRIC COMPARISION
Proposed Conventional

bit Delay Power Area Delay Power Area

n-bi
(ps) (nW) (m?) (ps) (nW) (m?)
4-bit | 128.25 | 540.47 32 97.3 663.41 38
8-bit | 128.25 | 11254 64 120.21 1533.2 77
16-bit | 128.25 2635.1 144 168.57 3765.5 175
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TABLE I

Percentage Comparison of Proposed and Conventional Adder Parameters

n-bit Delay(%bo) Power(%b) Area(%)
4-bit -32.8 18.5 15.78
8-bit -6.68 26.59 16.88
16-bit 23.91 30.01 17.71
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FIGURE 2. Percentage Improvement of Proposed Technique Over Conventional
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V. CONCLUSION

The Independent Carry technique is an efficient approach to construct Fast CLA adders. In this work, | have

presented a new independent carry technique, which does not need to wait for the previous carry to be

calculated. In this way the delay has been reduced for the higher bit addition. Here the small drawback is the

delay reduction will be efficient for 16-bit and larger than 16-bit additionand for some combinations of input

carry will not propagate properly. And the proposed work will also reduce area and power of the adder.
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