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Abstract—The Carry Select Adder (CSLA) is a fast adder which
improves the speed of addition. From the structure of the CSLA, it is
clear that there is opportunity for reducing the area. The logic
operations involved in conventional CSLA and binary to excess-1
converter (BEC) based CSLA are analyzed to make a study on the
data dependence and to identify redundant logic operations. In the
existing adder design, the carry select (CS) operation is scheduled
before the final-sum, which is different from the conventional CSLA
design. In the presented scheme, Kogge stone parallel adder approach
is used instead of existing adder design it will generate fast carry for
intermediate stages and also improves the speed of addition. When
compared to existing adder design the delay is less in the proposed
adder design.

Keywords—Binary to excess-1 converter, delay, carry select
adder, Kogge stone adder, speed.

[. INTRODUCTION

EDUCED area and high speed data path logic systems are

the main areas of research in VLSI system design. High-
speed addition and multiplication has always been a
fundamental requirement of high-performance processors and
systems. In digital adders, the speed of addition is limited by
the time required to propagate a carry through the adder. The
sum for each bit position in an elementary adder is generated
sequentially only after the previous bit position has been
summed and a carry propagated into the next position [1].

The CLSA is used in many computational systems to
alleviate the problem of carry propagation delay (CPD) by
independently generating multiple carries and then selecting a
carry to generate the sum. However, the CSLA is not area
efficient because it uses multiple pairs of Ripple Carry Adders
(RCA) to generate partial sum and carry by considering carry
input and then the final sum and carry are selected by the
Multiplexers (mux) [2].

A conventional CSLA design is not attractive since it uses a
dual RCA. Few attempts have been made to avoid dual use of
RCA in CSLA design. In [3], one RCA and one add-one
circuit is used instead of two RCAs, where the add-one circuit
is implemented using a MUX. In [4] is proposed a square-root
(SQRT)-CSLA to implement large bit-width adders with less
delay. In a SQRT CSLA, CSLAs with increasing size are
connected in a cascading structure. The main objective of
SQRT-CSLA design is to provide a parallel path for carry
propagation that helps to reduce the overall adder delay. A
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BEC based CSLA involves less logic resources than the
conventional CSLA, but it has marginally higher delay [5]. A
CSLA based on common Boolean logic (CBL) is also
proposed [6].

The CBL-based CSLA [7] involves significantly less logic
resource than the conventional CSLA but it has longer CPD,
which is almost equal to that of the RCA. To overcome this
problem, a SQRT-CSLA based on CBL was proposed [7].
However, the CBL-based SQRT-CSLA design of [7] requires
more logic resource and delay than the BEC-based SQRT-
CSLA [5]. In the existing adder design, logic optimization
largely depends on availability of redundant operations in the
formulation, whereas adder delay mainly depends on data
dependence. An analysis was made on logic operations of
conventional and BEC-based CSLAs to study the data
dependence and to identify redundant logic operations.

In the presented adder design, SQRT CSLA architectures
are designed using Kogge stone adder in order to reduce the
area and delay of adder [8]-[10].

II. EXISTING ADDER DESIGN

A Logic Operation for Conventional CSLA

The CSLA has two units, as sum and carry generator unit
(SCQ), sum and carry selection unit. The SCG unit consumes
most of the logic resources of CSLA and significantly
contributes to the critical path. Different logic designs have
been suggested for efficient implementation of the SCG unit.
A study is made on the logic designs suggested for the SCG
unit of conventional and BEC-based CSLAs by suitable logic
expressions. The main objective of this is to identify
redundant logic operations and data dependence. Accordingly,
all redundant logic operations and sequence logic operations
based on their data dependence is identified and removed [11]-
[13].

Logic operations of RCA 1 and RCA 2 of SCG unit for n
bit CSLA are given as:

8% (1) =A (i) @ B (i), C% (i) = A (i) * B (i) (1)
S% (1) =8%@[H) B Ch(-1) (2)
C (i) =C% (i) + S% (i) * C° (i— 1), Cout=C* (n—1)  (3)
S'o (i) =A (i) @ B (i), C'o (i) = A (i) * B (i) “)
S =8h@HSCH(i-1 (%)
C'1 (i) =C'o (i) + S'o()) * C, (i— 1), Clout=C", (n— 1) (6)
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where C01(-1)=0, Cl11(-1)=1,and 0 <i<n — 1. As shown
in (1)-(3) and (4)-(6), the logic operation of {S00(i), C00(i)} is
identical to that of {S10(i), C10(i)}. These redundant logic
operations can be removed to have an optimized design for
RCA 2, in which the half sum generation (HSG) and half carry
generation (HCG) of RCA-1 is shared to construct RCA 2. In
HSG unit, the sum of two n bit is used as an input. HCG unit
will give the carry of two n bit numbers. The full sum
generation unit is based on the CS unit. In CS unit, it selects
the final carry which give input to the final sum generation
unit and finally final sum is found [13].
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Fig. 1 Conventional CSLA

B Logic Operation for BEC Based CSLA

To reduce the area and power consumption of the regular
CSLA, RCA with Cin =1 is replaced with BEC as shown in
Fig. 2. An n-bit RCA can be replaced with an n+1-bit BEC.
The advantage of the BEC logic in SQRT CSLA is that, as the
number of input bits is increased the requirement of area is
progressively decreased. The basic work is to use BEC in the
regular CSLA to get lower area and improved speed of
operation. This logic is replaced in RCA with Ci,=1. The
major advantage of this BEC logic comes from the fact that it
uses lesser number of logic gates than the n-bit Full Adder
(FA) structure [14].

The logic expressions of the BEC unit of the n bit BEC-
based CSLA are given as

$'1(0) = 8"(0), C'1(0) =S (0) (6)
S =S (HSCi-1) (7
Chi(@=8"(@*Ch-1 (®)
Clout=C% (n-1) @ C'\ (n— 1) ©9)
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Fig. 2 BEC based SQRT CSLA.

’ cin

Sum

In the case of BEC based CSLA ((1)-(3) and (4)-(6)), C11
depends on SO01, which otherwise has no dependence on SO1
in the case of the conventional CSLA. The BEC method
therefore increases data dependence in the CSLA. It is
interesting to note from (1)-(3) and (4)-(6) that logic
expressions of SO1 and S11 are identical except the terms CO1
and Cl11 since (S00 = S10 = S0). In addition, COl and C11
depend on {S0, CO, Cin}, where CO= C00 = C10. Since CO1
and C11 have no dependence on SOl and S11, the logic
operation of COl and C11 can be scheduled before SO1 and
S11, and the select unit can select one from the set (SO1, S11)
for the final-sum of the CSLA [14], [18]-[20].

A significant amount of logic resource is spent for
calculating {SO1, S11}, and it is not an efficient approach to
reject one sum-word after the calculation. Instead, one can
select the required carry word from the anticipated carry
words {CO and C1} to calculate the final-sum. The selected
carry word is added with the half-sum (S0O) to generate the
final-sum (S). Using this method, calculation of SOl is
avoided in the SCG unit, the n - bit select unit is required
instead of the (n + 1) bit and small output - carry delay. All
these features result in an area delay and energy-efficient
design for the CSLA. All the redundant logic operations from
(1)-(3) and (4)-(5) are removed and rearranged based on their
dependence [14].

C Logic Operation for Existing Adder Design

The CSLA structure has sum and carry selection unit. The
main objective of this study is to identify redundant logic
operations and data dependence [15].

The logic formulation for the CSLA is given as:

So (i) =A (i) ® B (i), Co (i) = A (i) * B (i) (10)
C% (i) = C% (i — 1) * So (i) + Co (i), for _ C% (0)=0 (11)
Cli()=CY (i— 1) * So (i) + Co (i), for _ C'; (0) =1 (12)
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C (i) =C" (i) if (Cin=1), Cow=C (n— 1)

S (0)=So(0) ® Cin, S())=So() B C(G—1)
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Fig. 3 Existing SQRT CSLA Adder design
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e Carry generation network,
e  Post processing.

There are some parallel prefix adder types such as Kogge
Stone adder, Brent Kung adder, Han Carlson adder, Ladner
Fischer adder etc. The Kogge Stone (KS) adder is a parallel
prefix which is a form of CLA adder. KS prefix adder is a fast
adder design. KS adder has best performance in VLSI
implementations. KS adder has large area with minimum fan-
out. The KS is widely known as a parallel prefix adder that
performs fast logical addition. KS adder is used for wide
adders; because it shows the less delay among other
architectures. Each vertical stage will produce Propagate and
Generate bits. Generated bits are produced in the last stage and
these bits are XORed with the initial propagate after the input
sum of bits [16], [17]. The 32- bit KS adder is shown in Fig. 4.

The carry equation for proposed SQRT CSLA using KS
adder is,

Go=ao&by (16)
Po=a xor by (17)
Ci=gotpocin (18)
Co= (21+pigo) + pipocin (19)
Cs= (g2tp2go) + papici (20)
Ca= (g3+p3g2) + pap2 (€1+Pigo) + p3papipocin (21)

IV. RESULT AND DISCUSSION

We have coded the SQRT CSLA using KS adder design in
existing adder design in VERILOG for bit-widths 16. All
designs are synthesized in the Xilinx and Modelsim software.
As shown in Table I, the SQRT CSLA using KS adder
involves significantly less area and less delay than the existing
SQRT CSLA designs. Figs. 5-8 show the simulation result of
existing and proposed adder design. Figs. 9-11 show the
comparison result of area, delay and ADP for existing and
presented adder design.

TABLEI
PARAMETER COMPARISON ON SQRT CSLA AND KS ADDER

Area Delay

III. PROPOSED SQRT CSLA USING KOGGE STONE ADDER Design (um*2) (ns) ADP
The parallel prefix adders are more flexible and are used to SQRT CSLA Based on dual RCA 22 28.058  617.276
speed up the binary additions. Parallel prefix adders are SQRT CSLA based on BEC 20 26981 539.62
obtained from Carry Look Ahead (CLA) structure. This uses Existing SQRT CSLA design 18 25.742 463356
Proposed SQRT CSLA using KS adder 18 23.496 422.928

tree structure form to increase the speed of arithmetic

operation. Parallel prefix adders are fastest adders and these
are used for high performance arithmetic circuits in industries.
The construction of parallel prefix adder involves three stages,
e  Pre-processing stage,
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Fig. 6 Simulation output of BEC based CSLA CSLA
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Fig. 8 Simulation output of proposed SQRT CSLA using KS Adder design

V.CONCLUSION

Digital adder suffers with the problem of CPD. BEC is one
of the digital adders in which the delay gets reduced by simple
gate level modification but the design is not attractive. To
make a design better, an approach is presented in this paper
with reduced the delay. The replacement of KS adder in place
of RCA offers great advantage in the reduction of delay. Due
to the small carry output delay, the presented KS adder design

International Scholarly and Scientific Research & Innovation 10(3) 2016

is a good candidate for the SQRT adder. The compared result
shows that the existing SQRT-CSLA design involves 11%
more ADP and consumes 2% delay than the proposed KS
adder, for 16 bit-width. The future work is focused towards
the multipliers which can be used in the structure of CSLA
design.
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