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Abstract

The adder units play a vital role in the design of ALU
(Arithmetic Logic Unit). The performance metric of the
adder structures exhibits the performance of the ALU de-
sign. In this paper, various adder structures such as Rip-
ple Carry Adder (RCA), Carry Look ahead Adder (CLA),
Manchester Carry Chain (MCC), Carry Select Adder (CSA)
and Kogge-Stone Adder (KSA) are compared in terms of de-
lay, power consumption and area. The semicustom design
of these adder structures are compiled using Cadence RTL
Compiler at 180nm technology node library. The simulation
results demonstrate that the KSA exhibit 64% increased
speed performance in comparison with RCA. Furthermore,
the RCA is found to occupy less chip area of 1118 nm2.

Keywords :Ripple Carry, Carry Look ahead Adder (CLA)
Adders, Manchester Carry Chain (MCC), Carry Select Adder
(CSA), Kogge-Stone Adder (KSA), High Speed Design.

1 INTRODUCTION

In any processor, ALU is the core unit where adder designs are the
prime units. The speed performance of the adder structure plays
a major role in speeding up the calculations of a processor. Intel
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8086 is one of the first 16-bit microprocessor, which used adder to
generate physical addresses for address resolution. This requires
low delay adders to make the processor faster. Adder also plays
vital role in processor functions like table indices, increment and
decrement operations etc

Instruction sets for Digital Signal Processors, other general-
purpose registers include at least one type of adder. Various adder
architectures are available in literature to reduce delay and power
consumption. Few adders are fast and various others exhibit less
area and power consumption [1]. CLA architecture persist the basic
level of high-speed design. In this paper, Section 2 elaborates on the
architecture, Section 3 about the simulation results and comparison
and Section 4 concludes.

2 ADDER ARCHITECTURES

The designs of adder structures are oriented towards fast perfor-
mance, less power consumption and less area occupancy. The posi-
tioning of full adder units, computation of partial outputs and then
accumulating are some of the principles followed in the various de-
sign structures.

A. Ripple Carry Adder
The ripple carry adder is one of the basic adders for the addition

of two binary numbers and it is designed using the full adder blocks.
For a design of N bit RCA, N distinct blocks of full adders are
required. Fig. 1 depicts the design of 4-bit RCA with four full
adder blocks. The two N bit numbers that are to be added are
given as bitwise inputs to the N full adder blocks. The inputs to
the full adder block are {Ai, Bi, Ci}and the corresponding outputs
from the full adder block are sum and carry bits {Si, Ci}. The
full adder block of the LSB bit takes three inputs {A0, B0, Cin}.
Generally, the Cin bit is given as 0. The RCA design functions on
the mechanism of rippling the carry bit. The carry out generated in
each full adder block starting from LSB is propagated towards left.
The carry from the (i − 1)th full adder block is given as the input
to the ith full adder block. The final full adder block generates the
carry out. The major disadvantage of RCA implementation is that
the delay is more as the carry is being propagated throughout the

2

International Journal of Pure and Applied Mathematics Special Issue



entire length of the bit pattern. Hence, the MSB full adder block
cannot compute the value until the arrival of its carry bit. However,
the speed performance is very less. As the input length increases,
the latency is much more.

Fig. 1 Ripple Carry Adder

Carry Look ahead Adder In CLA, the carry bit is calculated using
two intermediate generate and propagate bits [2]. In the addition
of two N bit numbers, generate and propagate bits are calculated
using the following Equations

1. Generate and propagate are calculated first from the inputs.

Gi = Ai&Bi (1)

Pi = Ai ∧Bi (2)

2. Carry calculation using generate and propagate bits.

Ci+1 = Gi + (Pi × Ci) (3)

3. Sum calculation using propagate and carry.

Si = Pi + Ci (4)

Fig.2 shows the structure of the CLA adder. The carry bits Ci
are calculated as shown Eq. (3). The pre-computation of carry bits
using thePi andGibits reduces the delay [2-4].

However, the Piand Gi computation increases the area overhead
and the power consumption. The complexity of the circuit design
also increases due to the speeding up of calculations. On increase
of the number of input bits, the complexity of the circuit and the
area also increases. The speed of carry look ahead adder is good as
compared to the ripple carry adder [5].
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Fig. 2 Carry Look ahead Adder

C.Manchester Carry Chain Adder
The Manchester Carry Chain adder is a modification of carry

look ahead adder. Manchester Carry Chain adder has delay pro-
portional to its chain length [6]. For the carry calculation, generate
and propagate bits are calculated similar to CLA. The algorithm
behind the addition operation in a MCC adder is

1. Generate and propagate bits are calculated from the inputs.

Gi = Ai&Bi (5)

Pi = Ai ∧Bi (6)

2. Carry is calculated using generate and propagate bits.

Ci+1 = Gi + (Pi × Ci−1) (7)

3. Sum is calculated using propagate and carry.

Si = Pi + Ci−1 (8)

Here the carry of ith bit {Ci} is dependent on its respective ith
generate bit, ith propagate bit {Gi, Pi} and on previous carry bit
{Ci−1} as shown in Fig. 3. Whereas for CLA the carry out of the
ith bit is dependent on the previous bits of generate, propagate and
carry.

Fig. 3 Manchester Carry Chain Adder
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D.Carry Select Adder
It is based on ripple carry adder where two 4-bit ripple carry

adders and a multiplexer forms the basic building block. To create
a 16-bit adder the first 4 bits are added using ripple carry adder
and the carry out propagates to three basic building blocks in series
[7].

For first four bits, 4-bit ripple carry adder with Cin calculates
the sum and carry out.

Si = Ai ∧Bi ∧ Ci−1 (9)

Ci = (Ai&Bi)|(Ai ∧Bi)&Ci−1 (10)

For the next 4-bit blocks, the sum is calculated by considering
two ripple carry adders with possibilities as carry 0 and 1. Then the
previous block carry is used to judge the final 4-bit output using
multiplexer and carry out is propagated to next block.

Fig. 4 Carry Select Adder

Fig. 4 shows the implementation of 16-bit CSA where the first
block uses one 4-bit ripple carry adder with carry input Cin and
following three blocks uses two 4-bit ripple carry adders to calculate
the sum bits and multiplexer with carry input from previous block
to select the appropriate sum and carry bits.

E. Kogge-Stone Adder
It is a type of parallel prefix adder, which uses prefix tree stages

to calculate carry. Kogge-Stone Adder is an enhancement over carry
look ahead adder where partial group generates and partial group
propagates are calculated to compute group generate until individ-
ual bits which is the carry for the sum bits. The following expres-
sions are used to calculate the sum [8].
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1. Individual bit Generates and propagates are calculated from
the inputs.

Gi = Ai&Bi (11)

Pi = Ai ∧Bi (12)

2. Partial group generates and partial group propagates are cal-
culated from individual generate and propagate.

Pi:j = Pi:k × Pk−1:j (13)

Gi:j = Gi:k + (Gk−1:j × Pi:k) (14)

3. Final group generate (carry) is calculated from partial group
generates and partial group propagates.

Ci = GG(i : j) = G(i : k) + (G(k − 1 : j)P(i : k)) (15)

(15)

4. Sum is calculated using individual propagate and carry.

Si = Pi + Ci−1 (16)

Fig. 5 Kogge Stone Adder

Fig. 5 shows the architecture of KSA, which illustrates the pre-
fix tree for calculation of 16-bit sum. Kogge Stone Adder occupies
more area due to more number of cells but it faster than other
adders.
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3 SIMULATION & COMPARISON

The designs of adder structures namely Ripple Carry Adder, Carry
Look ahead adder, Manchester Carry Chain Adder, Carry Select
Adder and Kogge-Stone Adder are designed using Verilog HDL
and simulated in Cadence NC Launcher platform [5]. Fig. 6,
7, 8 depicts the simulation waveform obtained for the inputs A
[1010111100101100], B [1110110010101101] using MCC, CLA, RCA
structures. This yields a sum [1001101111011001]. Carry Select
Adder and Kogge-Stone Adder produces output sum [0111011100010100]
for the inputs A [1010101010111111] and B [1100110001010101] as
shown in Fig. 9, 10.

Fig. 6 Simulation of Ripple Carry Adder

Fig. 7 Simulation of Carry Look Ahead Adder

Fig. 8 Simulation of Manchester Carry Chain Adder

Fig. 9 Simulation of Carry Select Adder

Fig. 10 Simulation of Kogge-Stone Adder

The design of adders are performed using Cadence. The simulation
is performed using Cadence RTL compiler. The simulation results
(power, area, delay and Look Up Tables (LUTs)) of the above de-
signed 16 bit adders in 180nm design are compared and tabulated
in tables I, II, III.
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TABLE I. LUTs and AREA Comparison of Adder Structures

Fig. 11 Comparison of No of LUTs of Adder Structures

Fig. 12 Comparison of Area of Adder Structures

Comparison of LUTs and Area of adders are shown in Table I.
The RTL synthesis in Xilinx yields the number of required LUTs
for the design. Fig. 11 depicts the number of LUTs used in the
design of adder structures and increase in number of LUTs used
can be visualized. Fig. 12 shows the increase in usage of area by
kogge-stone adder when compared to ripple carry adder.

TABLE II. POWER Comparison of Adder Structures
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Fig. 13 Comparison of Power of Adder Structures

Comparison of power consumption of adders is shown in Table
II. From Fig. 13 it observed that there is decrease in usage of
power by carry look ahead adder, Manchester carry chain Adder
when compared to other adders.

TABLE III. DELAY Comparison of Adder Structures
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Fig. 14 Comparison of Delay of Adder Structures

Comparison of adders delay is shown in Table III. From Fig.
14 it observed that kogge-stone adder has minimum delay when
compared to other adders, which shows high performance of KSA.

4 CONCLUSIONS

Fast adders require optimal algorithms or architectures to offer
high-speed performance, less area and lower power consumption.
Among the discussed adder architecture, the Kogge-Stone Adder
offers a high-speed performance with delay of 792ps and the Manch-
ester Carry Chain consumes lowest power of 114.729W. The various
other methods like clock gating, dual threshold etc in custom design
could be implemented to improve the performance.
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