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Abstract: In the design of Integrated circuit area occupancy plays
a vital role because of increasing the necessity of portable
systems. Carry Select Adder (CSLA) isafast adder used in data
processing processors for performing fast arithmetic functions.
From the structure of the CSLA, the scope isreducing the area of
CSLA based on the efficient gate-level modification. In this paper
16 bit, 32 hit, 64 bit and 128 bit Regular Linear CSLA, Modified
Linear CSLA, Regular Square-root CSLA (SQRT CSLA) and
Modified SQRT CSLA architectures have been developed and
compared. However, the Regular CSLA is till area-consuming
due to the dual Ripple-Carry Adder (RCA) structure. For
reducing area, the CSLA can be implemented by using a single
RCA and an add-one circuit instead of using dual RCA.
Comparing the Regular Linear CSLA with Regular SQRT
CSLA, the Regular SQRT CSLA has reduced area as well as
comparing the Modified Linear CSLA with Modified SQRT
CSLA; the Modified SQRT CSLA hasreduced area. The results
and analysis show that the Modified Linear CSLA and M odified
SQRT CSLA provide better outcomes than the Regular Linear
CSLA and Regular SQRT CSLA respectively. This project was
aimed for implementing high performance optimized FPGA
architecture. Modelsim 10.0c is used for simulating the CSLA
and synthesized using Xilinx PlanAhead13.4. Then the
implementation isdonein Virtex5 FPGA Kit.

Keywords: Field Programmable Gate Array (FPGA), efficient,
Carry Select Adder (CSLA), Square-root CSLA (SQRTCSLA).
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used. Applications where these are used are malgplDSP

to execute various algorithms like FFT, FIR and .lIR
Wherever concept of multiplication comes adders edamto

the picture. As we know millions of instructionsrpgecond
are performed in microprocessors. So, speed ofatiparis
the most important constraint to be consideredenddsigning
multipliers. Due to device portability miniaturizat of device
should be high and power consumption should be low.
Devices like Mobile, Laptops etc. require more éatt
backup.

So, a VLSI designer has to optimize these three
parameters in a design. These constraints arediffigult to
achieve so depending on demand or application some
compromise between constraints has to be madeleRiapry
adders exhibits the most compact design but theresibin
speed. Whereas carry look ahead is the fastest bane
consumes more area. Carry select adders act an@anise
between the two adders. In 2002, a new conceptybfidh
adders is presented to speed up addition proces¥dng et
al. that gives hybrid carry look-ahead/carry seladders
design. In 2008, low power multipliers based on resrid
full adders is presented.

DESIGN of area- and power-efficient high-speed
data path logic systems are one of the most suimtareas of
research in VLSI system design. In digital addérs,speed of

As the scale of integration keeps growing, more@ddition is limited by the time required to propaga carry

and more sophisticated signal processing systemsaing

through the adder. The sum for each bit positionam

implemented on a VLS| chip. These signal processin@leme”tary adder is generated sequentially onlgr aftie

applications not only demand great computation ciapdut

previous bit position has been summed and a caopyagated

also consume considerable amount of energy. WhilEto the next position.

performance and Area remain to be the two majoigdeslis,
power consumption has become a critical conceriodiay’s
VLSI system design. The need for low-power VLSIteys
arises from two main forces. First, with the stegdgwth of
operating frequency and processing capacity pgu, darge
currents have to be delivered and the heat duert¢® I[power
consumption must be removed by proper cooling techas.
Second, battery life in portable electronic devieedimited.
Low power design directly leads to prolonged operatime
in these portable devices.

Addition usually impacts widely
performance of digital systems and a crucial arétin
function. In electronic applications adders are moglely
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the overall

The CSLA is used in many computational systems to
alleviate the problem of carry propagation delay by
independently generating multiple carries and tkelect a
carry to generate the sum.

Need for Low Power Design: The design of portable devices
requires consideration for peak power consumptioertsure
reliability and proper operation. However, the tiaeeraged
power is often more critical as it is linearly rteld to the
battery life. There are four sources of power @gaon in
digital CMOS circuits: switching power, short-cifcpower,
leakage power and static power. The following eguat
describes these four components of power:
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Pswitching is the switching power. Farproperly

that have a constant source of current betweenptweer
supplies such as bias circuitries, pseudo-NMO Iéghilies.
For CMOS logic family, power is dissipated only whthe
circuits switch, with no static power consumption.

Energy is independent of the clock fieamy.

designed CMOS circuit, this power component usuallyReducing the frequency will lower the power constiorpbut

dominates, and may account for more than 90% oftdted

power. “* denotes the transition activity factor, whics
defined as the average number of power consumamgitions
that is made at a node in one clock period. VHiésvoltage

swing, where in most cases it is the same as tipplhsu

voltage, Vdd. CL is the node capacitance. It canblmken
into three components, the gate capacitance, tffasidin
capacitance, and the interconnect capacitance.
interconnect capacitance is in general a functidnthe
placement and routing. fck is the frequency of klo€he
switching power for static CMOS is derived as folfo

During the low to high output transitjiahe path from
Vdd to the output node is con-ducting to charge Bence,
the energy provided by the supply source is

i

E= / Vil (t)dt (2.3)
Jo
4y — Ya . —t/RCL
where f“-" — R"
supply. Here, R is the resistance of the path betwhe Vdd
and the output node. Therefore, the energy caewstten as

E=CLVuVe (24)

During the high to low transition, no energy is gligd by the
source. Hence, the average power consumed durimglonk
cycle is

(2.5)

Eq. (2.4) and Eq. (2.5) estimate the energy angdtiveer of a

single gate only. From a system point of vie™  used to
account for the actual number of gates switching point in
time.

Pshortcircuit is the short-circuit powéris a type of
dynamic power and is typically much smaller thawiRghing.
Isc is known as the direct-path short circuit cotrét refers to
the conducting current from power supply directtyground
when both the NMOS and PMOS
simultaneously active during switching. Pleakage tle
leakage power. lleakage refers to the leakage murie is
primarily determined by fabrication technology ciolesations
and originates from two sources. The first is theerse
leakage current of the parasitic drain-/source-satesdiodes.
This current is in the order of a few femtoampgyes diode,
which translates into a few microwatts of power dgomillion
transistors. The second source is the sub threshoteént of
MOSFETSs, which is in the order of a few nanoampefes a
million transistors, the total subthreshold leakagarent
results in a few milliwatts of power. Pstatic i® thtatic power
and Istatic is static current. This current arifesn circuits

F; nereyele T -
P = % = CrVaaVifor
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will not change the energy required to perform aeni
operation, as depicted by Eq. (2.4) and Eq. (2Ib)is
important to note that the battery life is deteradirby energy
consumption, whereas the heat dissipation congidesaare
related to the power consumption.

There are four factors that influencee tipower
dissipation of CMOS circuits. They are technologircuit
design style, architecture, and algorithm. The lehgke of

Tnﬁeeting the contradicting goals of high performaand low

power system operation has motivated the developofdaw
power process technologies and the scaling of def@ature
sizes.

Design considerations for low power should be edrout in
all steps in the design hierarchy, namely 1) Furetgai, 2)
material, 3) device, 4) circuit, and 5) system.

Low Voltage: Power consumption is linearly proportional to
voltage swing (Vs) and supply voltage (Vdd) as dadigd in

is the current drawn from the EQ. (2.5). For most CMOS logic families, the swiigy

typically rail-to-rail. Hence, power consumptionalso said to
be proportional to the square of the supply voltagdd.

Therefore, lowering the Vdd is an efficient apptode reduce
both energy and power, presuming that the signi#lage
swing can be freely chosen. This is, however, atekpense
of the delay of circuits. The delay, td, can bevahdo be

proportional to Ve /(Vaa — V)™ The exponel? s
between 1 and 2. It tends to be closer to 1 for M@8&sistors
that are in deep sub-micrometer region, where exawelocity

saturation may occt ! increases toward 2 for longer
channel transistors.

The current technology trends are tacedeature size
and lower supply voltage. Lowering Vdd leads toréased
circuit delays and therefore lower functional thybput.
Smaller feature size, however, reduces gate delayit is
inversely proportional to the square of the effectchannel
length of the devices. In addition, thinner gatédex impose

transistors are/oltage limitation for reliability reasons. Hencihe supply

voltage must be lowered for smaller geometries. figteeffect
is that circuit performance improves as CMOS tetdgies
scale down, despite of the Vdd reduction. Thereftve new
technology has made it possible to fulfill the eadicting
requirements of low-power and high throughput.

The various techniques that are curyamsled to scale
the supply voltage include optimizing the techngloand
device reliability, trading off area for low powemn
architecture driven approach, and exploiting thacoorency
possibility in algorithmic transformations. Hendbe voltage
scaling is limited by the threshold voltage Vth.

In applications such as digital procegsiwhere the
throughput is of more concern than the speed, taatore can
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be designed to reduce the supply voltage at tlpense of
speed without throughput degradation. Hence,
performance of the system can be maintai

2. ADDERS
2.1. RIPPLE CARRY ADDERS (RCA)

Concatenating the N full adders forms N bit Ripgkry

adder. In this carry out of previous full adcbecomes the
input carry for the next full adder. It calculasmsm and carr

according to the following equations. As carry tggpfrom

one full adder to the other, it traverses longesital path anc

exhibits worstease delay. Si = Ai xor Bi xor

Ci+1 = Ai Bi + (Ai + Bi) Ci; wherei=0, 1. n-1

RCA is the slowest in all adders (O (n) time) hiutsi very
compact in size (O (n) area). If the ripple cargder is
implemented by concatenating N full adders, thaylef suct
an adder is 2N gate delaffdm Cin to Cout. The delay «
adder increases linearly with increase in numbéaitsf Block
diagram of RCA is shown in figure 1.
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Figure.1. Blocldiagram of RC:
2.2. CARRY SKIP ADDER (CSKA)

A carry skip divides the words to be added in tougs of
equal size of k-bits. Carry Propagatiesignals may be use
within a group of bits to accelerate the carry @gation. If all
the pi signals within the group are pi=1, carry &sges th
entire group as shown in figure 2.

P = pi * pi+1 * pi+2 *... pi+k

In this way delay is reduced as compared to rippley adder
The worstease carry propagation delay in -bit carry skip
adder with fixed block widthh, assuming that one stage
ripple has thesame delay as one skip, can be der

TCSKA = (b -1)+0.5+(N/b-2)+(b}) = 2b + N/t— 3.5 Stages

Block width tremendously affects the latency of ed
Latency is directly proportional to block width. Monumbel
of blocks means block width is less, hence morayderhe
idea behind Variable Block Adder (VBA) is to miniei the
critical path delay inthe carry chain of a carry skip add
while allowing the groups to take different sizés.case o
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carry skip adder, such condition will result in merumber o
skips between stages.

cp
alz|1 lop—T

Skip loge {2 gafies)
Figure.2. Blockdiagram o CSKA

Such adder design is callvariable block design, which is
tremendously used to fasten the speed of addénelwariable
block carry skip adder design we divided «bit adder in to 4
blocks or groups. The bit widths of groups are taés; Firsi
block is of 4 bits, second is 6 bits, third is 18 bit wide and
the last group consist of most significant 4

Table 1 shows that the logic utilization of carkipsand
variable carry skip 3bit adder. The power and delay, wh
are obtained also given in the tablel. From tat can be
observed that variable block design consumes m@a as
gate count and number of LUT’s consumed by varisiidek
design is more than conventional carry skip at

2.3. CARRY SELECT ADDER (CSA)

The carry select adder comes in the catecof
conditional sum adder. Conditional sum adder warksome
condition. Sum and carry are calculated by assunmipgt
carry as 1 and O prior the input carry comes. Whetual
carry input arrives, the actual calculated valuésum anc
carry are selecteusing a multiplexer. The conventional cg
select adder consists of k/2 bit adder for the lokadf of the
bits i.e. least significant bits and for the uppetf i.e. mos
significant bits (MSB’s) two k/ bit adders. In MSRiders on
adder assumes cgrinput as one for performing addition a
another assumes carry input as zero. The carrgaatilatec
from the last stage i.e. least significant bit stag used t
select the actual calculated values of output camg sum
The selection is done sing a multiplexer. This technique
dividing adder in to stages increases the are&attibn but
addition operation fastens. The block diagram afvemtional
k bit adder is shown in figure
Basics:

In electronics, &arry-select adder is a particular
way to implement an addewhich is a logic element th

computes théﬂ + 1) bit sum of tw(Tt-bit numbers. The
carryselect adder is simple but rather fast, havingta gavel

depth ofO( ’*/?__'5) .

The carryselect adder generally consists
two ripple carry adders andmultiplexer. Adding two n-bit
numbers with a carrgelect adder is done with two add
(therefore two ripple carry adders) in order tofpen the
calculation twice, one time with the assumptiontioé carry
being zero and the other assumone. After the two results
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are calculated, the correct sum, as well as theecbcarry, is
then selected with the multiplexer once the corcanty idl.
known.

The number of bits in each carry select block ce2.
uniform, or variable. In the uniform cgsthe optimal dela

occurs for a block size sz‘/?_lJ When variable, the bloc
size should have a delay, from addition inputs 4 Bnto the
carry out, equal to that of the multiplexer chaading into it

so that the carry out is calculated just in timke O( \/E)
delay is derived from uniform sizing, where theatdeumbel
of full-adder elements per block is equal to the squareafc
the number of bits being added, since that willdyien equa
number of MUX delays.

2.4, CARRY-LOOKAHEAD ADDER (CLA)

A carry-look ahead adder (CLA) is a type ofadder
used in digital logic. A carryeok ahead adder improves spt
by reducing the amount of time required to deteemiarry
bits. It can be contrasted with the simpler, butally slower,
ripple carry adderfor which the carry bit is calculate
alongside the sum bit, and each bit must wait utité
previous carry has been calculated to begin caloglés own
result and carry bits (see addir detail on ripple carr
adders). The carry-look ahead addelcalates one or moi
carry bits before the sum, which reduces the wiaie tto
calculate the result of the larger value bits. 'Kogge-Stone
adder and Brent-Kung addere examples of this type
adder.

A ripplecarry adder works in the same way
pencil-andpaper methods of addition. Starting at
rightmost (least significant) digit position, thewa
corresponding digits are added and a result oltaihés alsc
possible that there may be a carry out of thist ¢ligsition (for
example, in pencil-angaper methods, "9+5=4, carry 1
Accordingly all digit positions other than the rtgiost need ti
take into account the possibility of having to aadextra 1
from a carry that has come in from the next positio the
right.

This means that no digposition can have a
absolutely final value until it has been establisméhether o
not a carry is coming in from the right. Moreovérthe sum
without a carry is 9 (in pencil-anghper methods) or 1 (
binary arithmetic), it is not even possibletédl whether or no
a given digit position is going to pass on a caorthe positior
on its left. At worst, when a whole sequence of swames t(
...99999999... (in decimal) or ..11111111... (imaby),
nothing can be deduced at all until the valf the carry
coming in from the right is known, and that carsythen
propagated to the left, one step at a time, as éiggthposition
evaluated "9+1=0, carry 1" or "1+1=0, carry 1".idt the
"rippling" of the carry from right to left that gis a ripge-
carry adder its name, and its slowness. When adgi-bit
integers, for instance, allowance has to be madethe
possibility that a carry could have to ripple thghuevery one
of the 32 one-bit adders.
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Carry look ahead depends on two thil
Calculaing, for each digit position, whether that positigr
going to propagate a carry if one comes in fromritpiet.

Combining these calculated values to be able toudk
quickly whether, for each group of digits, that gpas going
to propagate a carry theomes in from the rigt

a0 B & B & B &c Be
L ) ¥ l ¥ l LI |
1-bit 1-bit 1-bit l-bit | -,
Full = Full = Full = Full  |=-
Adder Adder Adder Adder
l T T T
5 5 5. S
T T b L S T
- P20 G P20z ;G MmOt G Pede
3 4-bit Carry Look Ahead G GG

o

Figure.3 Block diagram cCLA

For each bit in a binary sequence to be added
Carry Look Ahead Logic will determine whether thuwit pair
will generate a carry or propagate a carry. Thiswa the
circuit to "preprocess" the two numbers being addec
determine the carry ahead of time. Then, when tteab
addition is performed, there is no delay from vmjtifor the
ripple carry effect (or time it takes for the cafrgm the first
Full Adder to be passeddn to the last Full Adder). Below
a simple 4bit generalized Carry Look Ahead circuit ti
combines with the #4it Ripple Carry Adder we used abc
with some slight adjustments:

For the example provided, the logic for the gere
(g) and propagate Ypvalues are given below. Note that
numeric value determines the signal from the ciraiove,
starting from 0 on the far left to 3 on the farhti

1"=Go+ Fp-Cy
Co=0G+ F-C
C3=Go+ Py - (5
Cy=Ga+ P3-C;
Substituting [(—le into CE, then IUzinto ['—/Ta, then [:/Ta into

l(—/':iyields the expanded equatic

Cl - G‘D —|— .Pq} . Cq}
GEZTGIj‘GD'J?1+CD'F:D'P1

=Gyt by Bt &y £ Bt G Foo B
U=yt Gy Pyt Gy By B+ Gy By By B4 Gy By By - By By
To determine whether a bit pair will generate a cathg
following logic works:

Gt' = :11' . -l’jz'

To determine whether a bit pair will propagate eeeither
of the following logic statements wo

P,=A; ¢ B;
P = A;+ B,
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2.5. CARRY SAVE ADDER

A carry-save adder is a type ofligital adde, used in
computer microarchitecture to compute the sum of three
more n-bit humbers in binarylt differs from other digita
adders in that it outputs two numbers of the sameuisions
as the inputs, one which is a sequence of paudial Isits anc
another which is a sequence of carry btsnsider the sur
12345678+87654322=100000000.

Using basic arithmetic, we calculate right to |
"8+2=0, carry 1", "7+2+1=0, carry 1", "6+3+1=0, oarl",
and so on to the end of the sum. Although we knosviat
digit of the result at once, we cannot know thetfiigit until
we have gone through every digit in the calculatipassing
the carry from each digit to the one on its lefhu$ adding
two n-digit numbers has to take a time proportionen, even
if the machinery we are using would otherwise be dapat
performing many calculations simultaneou

In electronic terms, using bits (binary digits),st
means that even if we haveonebit adders at our disposi
we still have to allow a time proportional n to allow a
possible carry to propagate from one end of thebmurrto the
other. Until we have done this,

We do not know the result of the addition.

We do not know whether thesult of the addition is larger
smaller than a given number (for instance, we dbkmow
whether it is positive or negative).

A carry look-ahead addearan reduce the delay.
principle the delay can be reduced so that it @pprtional to
logn, butfor large numbers this is no longer the case, b
even when carry lookhead is implemented, the distances
signals have to travel on the chip increase in qriyn ton,
and propagation delays increase at the same rate ®e ge
to the 512-hit to 2048it number sizes that are required
public-key cryptography, carry loakhead is not of much he

Montgomery multiplication which depends on tt
rightmost digit of the result, is one solution; tgh rather like
carry-save addition itselft carries a fixed overhead , so the
sequence of Montgomery multiplications saves tinu &
single one does not. Fortunately exponentiationjchvhs
effectively a sequence of multiplications, is thestncommor
operation in public-key cryptography.

The carry-save unit consists ofull adder:, each of
which computes a single sum and carry bit baseglysoh the
corresponding bits of the three input numbers. Gie three
n - bit numbers, b, andc, it produces a partial sups and a
shift-carrysc:
psi=a; Bb o
50 — (EIT' M bt') \ (EIHE' M Ct') v (bt' M Ct'}

The entire sum can then be computed by:
1. Shifting the carry sequenee left by one plact
2. Appending a 0 to the frontmst significant b) of the
partial sum sequengss.
3. Using a ripple carry add¢o add these two together a
produce the resulting + 1-bit value.
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3. METHODOLOGY
3.1 CARRY SELECT ADDER

DESIGN of area-and powe-efficient high-speed
data path logic systems are one of the most sufatareas o
research in VLSI system design. In digital add#rs,speed ¢
addition is limited by the time required to proptga carry
through the adderThe sum for each bit position in .
elementary adder is generated sequentially onlgr atthe
previous bit position has been summed and a caoyagatec
in to the next position .The CSLA is used in mi
computational systems to alleviate the problem arry
propagation delay by independently generating iplel
carries and then select a carry to generate the Somever
,the CSLA is not area efficient because it usestipiealpairs
of Ripple Carry Adders (RCA) to generate partiamsand
carry by considring carry input cin=0 and cin=1, then 1
final sum and carry are selected by the multipleXerux).The
basic idea of this work is to use Binary to Ex-1
Converter(BEC) instead of RCA with cin=1 in theguéar
CSLA to achieve lower area and powemsumption The
main advantage of this BEC logic comes from thesde
number of logic gates than th-bitFull Adder (FA) structure.

The carry select adder comes in the categor
conditional sum adder. Conditional sum adder wanrksome
condition. Sumand carry are calculated by assuming ir
carry as 1 and 0 prior the input carry comes. Whetual
carry input arrives, the actual calculated valuésum anc
carry are selected using a multiplexer. The coriweat carry
select adder consists of k/& hdder for the lower half of tt
bits i.e. least significant bits and for the uppetf i.e. mos
significant bits (MSB’s) two k/ bit adders. In MSRiders on
adder assumes carry input as one for performingiaddind
another assumes carry input iero. The carry out calculated
from the last stage i.e. least significant bit stag used t
select the actual calculated values of output camg sum
The selection is done by using a multiplexer. Tachnique o
dividing adder in to stages incree the area utilization but
addition operation fastens.

Aisl) o Bsly Alo7) B{I0T) A6y B64) A3 P2 ALY L)

5 5 4 4 ] i 2 2

] ISIIRCA =0 107RCA 0 64RCA [0 JIRCA =0 LORCA M= (in

M IEIRCA 07RCA =1 64RCA F—1 JIRCA =1

10 1 8 2 6 1 4 )

Y Mux Y Mux / \CY Mux / \(‘ Mux /
126 clorle] 109 / [l ¥4 / a) 63 /el
/& 5 l/ 4 J" 3 H

Cour Sumf1s:11] sumf107] Sunfs4] Sun[32] Sum[1:0)

Fig.4.Regular 1-b SQRT CSLA.
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3.2. MULTIPLEXER

In electronics, a multiplexer (or MUX) is a devi
that selects one of several analog or digital irgighals anc
forwards the selected inpurito a single line.[1] A multiplexe
of 2n inputs has n select lines, which are usesktect whict
input line to send to the output.[2] Multiplexerse amainly
used to increase the amount of data that can Heosen the
network within a certain amounf time and bandwidth.[1] /
multiplexer is also called a data selector. They ased ir
CCTV, and almost every business that has CCTV/dfitteill
own one of these.

An electronic multiplexer makes it possible for sl signals
to share one device or msce, for example one A/
converter or one communication line, instead ofifgwone
device per input signaDn the other hand, a demultiplexer
demux) is a device taking a single input signal aabbcting
one of many data-outplines, which is corected to the
single input. A multiplexer is often used with
complementary demuftlexer on the receiving endAn
electronic multiplexer can be considered as a ple-input,
singleoutput switch, and a demultiplexer as a si-input,
multiple-output swuich.[3] The schematic symbol for
multiplexer is an isosceles trapezoid with the kEmparallel
side containing the input pins and the short palradide
containing the output pin.[4] The schematic onrigat shows
a 2-to-1 multiplexer on the left dran equivalent switch on tl
right. The wire connects the desired input to thpot

In digital circuitdesign, the selector wires are
digital value. In the case of a 2-tomultiplexer, a logic valu
of 0 would connecit to the output while a log value of 1
would connect1to the output. In larger multiplexers, t

number of selector pins is equal|—l‘i‘55?"r~""‘:'-| wheren. is the
number of inputs.

For example, 9 to 16 inputs would require no fe
than 4 selector pins and 17 to 32 inputs would ireqoo
fewer than 5 selector pins. The binary value exqmésor
these selector pins determines the selected irpi

A 2-to-1 multiplexer has Boolean
equation wherel ani are the two input 5 is the selector
input, andZ is the output:

Z=(A-8)+(B-5)

This truth table shows that wh&=0 thenZ=4 but
when5=1 thenZ=E. A straightforward realization of this-
to-1 multiplexer would need 2 AND gates, an OR gatel a
NOT gate.

Larger multiplexers are also common and, as s

above, requirgﬂE?{“ﬂ selector pins fc¥t inputs. Other
common sizes are 4-to-1, 8-to-1, andto-1. Since digital
logic uses binary values, powers of 2 are used(4.6) to
maximally control a number of inputs for the givammber ol
selector inputs.

The boolean equation for a 4-tomultiplexer is

P=(4-§8)+(B-5:5)+(C-8-§) +(D-5-§)
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3.3. MODIFIED REGULAR CSLA USING BEC

The main idea of this work is to use BEC instea
the RCA with Cin=1in order to reduce the area aonwver
consumption of the regular CSLA. To replace thatrRICA,
an n+1 bit BEC is required. A structure and thnction table
of a 4 bit BEC are show in Fig and Table Il respedty.

B3 B2 Bl BO

L1l

X3 X2 X1 X0

Figure.5.4-bit BEC
IABLE 11
FuNcTION TABLE OF THE 4-b BEC

B[3:0] X[3:0]

Looo 0001
0001 0010

l '
] '

'
1l
0000

'
11
111

Fig. above illustrates how the basic funct
of the CSLA is obtained by usin¢-bit BEC together with the
mux. One input of the 8:4 mux gets as it input(, B2, B1,
and BO) and another input of the mux is the BE@outThis
produces the two possible partial results in parahd the
mux is used to select either the BEC output ordihect inputs
according to the control signal Cin. The importamfethe
BEC logic stems from the large silicon area redurctivhen
the CSLA with large number of bits are designede
Boolean expressions of theb#t BEC is listed as (note the
functional symbols NOT, & XOF

N = ~B0O

N1 = B0 Bl

N2 = B2 (B0 & Bl

NI =DB3(Bu&Bl&DB2).

DSBS AlOT) BI07) A4l Bed] A2 BB AL B{10]

5 5 4 4 3 K 2 2

ISIRCA  M—0 10:7RCA G4RCA H—0 J2RCA =0 = Cin

6-bit BEC Shit BEC 4-bit BEC 3-bit BEC

2 10 2 8

CY

Mux
126

1

Sum[15:11]

clof19

b

Sum[10.7) Sum[1:0]

Sum[6:4]

Sum[3:2]

Cout

Figure.6.Modified SQRT Carry Select Adder The parallel RCAhCin=1 is
replaced with BE:
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3.4. DELAY AND AREA EVALUATION OF MODIFIED1)
CSLA

The area count of group2 is determined as follows:

3) Similarly, the estimated maximum delay and apédhe

The structure of the proposed 16-b SQRT CSLAother groups of the modified SQRT CSLA are eatdd and

using BEC for RCA with Cin=1 to optimize the areada
power is shown in above fig. We again split theicre into
five groups. The delay and area estimation of egohp are
shown in Fig below. The steps leading to the evelnaare
given here.

'
1 Sebit BEC
'

o o ;
&3 Mux[3] =1[ 7]

swmd sum2
1=

| 4-bil BEC

CE)
13y

(a)

I Sebit BEC

191:5 hus[X]
¥ ¥ * + ¥
sum 10 sum®  sumB  sum 7
= =1 a1 1191

cl0
[

| bt BEC

Coul sl 5 semald
aa v

= | v I
122] zz1 2z F

221
(d)

Figure.7. Delay and area evaluation of modified SQRT CSLAg@up2, (b)
group3, (c) group4, and (d) group5. H is a Half &dd

The group2 has one 2-b RCA which has 1 FA and 1
HA for Cin=0 Instead of another 2-b RCA with CinaB3-b
BEC is used which adds one to the output from ZZAR
Based on the consideration of delay values of Thhle
arrival time of selection input C1 [t=7] of 6:3 misearlier
than the s3 [t=9] and C3[t=10] and later than tHe&R. Thus,
the sum3 and finalC3 (output from mux) are depemndim S3
and mux and partial C3 (input to mux) and mux, eesipely.
The sum2 depends on C1 and mux.

Gate count — 43 (FA 4+ HA 4+ Muax — BEC)
FA = 13(1=x 13)

HA = G{1 = &G}

AND = 1
NEPTT — 1
ST — 1
Mlax = 1213 =

2 x5

4 ).
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listed in Table IV.

TABLE IV
DELAY AND AREA COUNT OF MODIFIED SQRT CSLA

Group Delay Area
Group2 13 43
Group3 16 61
Group4 19 84
Groups 22 107

3.5.ARCHITECTURE OF MODIFIED 64-BIT SQRT
CSLA

This architecture is similar to regular 64-bit SDR
CSLA, the only change is that, we replace RCA v@ih=1
among the two available RCAs in a group with a BE®is
BEC has a feature that it can perform the simifzgration as
that of the replaced RCA with Cin=1. Fig 4 show® th
Modified block diagram of 64-bit SQRT CSLA. The nien
of bits required for BEC logic is 1 bit more thdametRCA bits.
The modified block diagram is also divided into ivas
groups of variable sizes of bits with each groupiing the
ripple carry adders, BEC and corresponding mux si@wn
in the Fig.below, Group 0 contain one RCA only whis
having input of lower significant bit and carry bit and
produces result of sum[1:0] and carry out whicladting as
mux selection line for the next group, similarlyetprocedure
continues for higher groups but they includes BEQid
instead of RCA with Cin=1.Based on the consideratid
delay values, the arrival time of selection inpdt & 8:3 mux
is earlier than the sum of RCA and BEC. For renmgni
groups the selection input arrival is later thas BRCA and
BEC. Thus, the suml and cl(output from mux) areeddimg
on mux and results computed by RCA and BEC resggti

sl B8 LU LU I T WM N WY N g
T:: l’ il 1‘ i ll i II li I.' i
l o 4
i BISIREA = L i ll—-w iy b JIEA = (g
| [ ] s T
Y=ol R  GBEEC ‘E'EE'EC 4BITBEC)
CY ™
kS
le gmi3s) G5 i Saii) S Sl Sl

Figure.8. Architecture of Modified 64-bit SQRT CSLA
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The sum2 depends on cl and mux. For the remaininGarry select adder 64 b|t

parts the arrival time of mux selection input isvays greater
than the arrival time of data inputs from the BEQ'hus, the
delay of the remaining MUX depends on the arrivaet of

mux

6. CONCLUSION

The implemented design in this work has been
simulated using Verilog-HDL (Modelsim). The adddaf
various size 16, 32, 64) are designed and simulasidg
Modelsim. All the Regular and Modified are also glated in
Modelsim and corresponding results are comparederAf
simulation the different size codes are synthesimsihg
Xilinx ISE 9.1i. The simulated files are importedta the
synthesized tool and corresponding values of delay area

are noted. The synthesized reports contain area dataly [1].

values for different sized adders. The similar gediow is

followed for both the regular and modified SQRT @Sbf (2

different sizes.

The comparative values of areas shows that thd3].
[4].

number of LUT will be more for modified method ftive 16,
32 and 64. This value decreases gradually for 18 Bor

256 bits the value almost equal to regular methbadtkvwill [5].

reduces more for still higher order bits. Thus thedified

method decreases the delay and also area to aegteat. [6].
7.SIMULATION RESULT [71.

Carry select adder proposed system with 16 bit

0110104011 100101

0001101111100111

Cursor 1

[T v
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