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Abstract––In performing fast arithmetic functions, Carry select adder (CSLA) is one of used in many data processing
processors to perform fast arithmetic functions. CSLA (SQRT CSLA) architecture have been developed and compared
with the regular SQRT CSLA architecture. The proposed design has reduced area and power as compared with the
regular SQRT CSLA with only a slight increase in the delay. This work evaluates the performance of the proposed
designs in terms of delay, area, power. The result analysis shows that the proposed CSLA structure is better than the
regular SQRT CSLA.
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I.

INTRODUCTION

In VLSI system design the design of area and power efficient high speed logic systems are most essential. 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.
The CSLA is used in many systems to overcome the problem of carry propagation delay by independently
generating multiple carries and then select a carry to generate the sum. But 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 cin = 0 and cin=1,
then the multiplexers are used to get final sum and carry are used.
The Binary to Excess-1 converter (BEC) is used instead of RCA with Cin = 1 in the regular CSLA to achieve
lower area and power consumption. The main advantage of this BEC logic comes from the lesser number of logic gates than
Full Adder (FA) structure.

II.

CALCUATION OF DELAY AND AREA OF THE BASIC ADDER BLOCKS

The AND, OR and INVERTER (AOI) implementation of XOR gate is shown in fig.1. The operations of gates
between the dotted lines are performing the operations in parallel and the numeric representation of each gate indicates the
delay

Fig1 delay and area evaluation of XOR gate
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Fig 2 4 bit BEC
contributed by that gate. The delay and area evaluation methodology considers all gates to be made up of AND, OR, and
INVERTER, each having delay equal to 1 unit and area equal to 1 unit. We then add up the number of gates in the longest
path of a logic block that contributes to the maximum delay. The area evaluation is done by counting the total number of
AOI gates required for each logic block. Based on this approach, the CSLA adder blocks of 2:1 mux, Half Adder (HA), and
FA are evaluated and listed in Table I.

III.

BINARY EXCESS-1 CONVERTER

To reduce the area and power consumption Binary Excess-1 converter instead of RCA with Cin = 1. This is the
main concept of the paper,so as to reduce dealy compared to regular SQRT CSLA. To replace the n-bit RCA, an n+1 bit
BEC is required. A structured and the function table of a 4-b BEC are shown in fig 2 and table II, respectively.
Fig3 illustrates how the basic function of the CSLA is obtained by using the 4-bit BEC together with the mux. One
input of the 8:4 mux gets as it input (B3,B2,B1,and B0) and another input of the mux is the BEC output. This produces the
two possible partial results in parallel and the mux is used to select either the BEC output or the direct inputs according to
the control signal cin. The Boolean expressions of the 4-bit BEC is listed as
X0 = ~B0
X1 = B0 ^ B1
X2 = B2 ^ (B0 & B1)
X3 = B3 ^ (B0 & B1 & B2)
Table1 delay and area count of the basic blocks of CSLA

IV.

DELAY AND AREA EVALUATION METHODOLOGY OF REGULAR 16-B SQRT
CSLA

The structure of the 16-b regular SQRT CSLA is shown in fig 4. It has five groups of different size RCA. The delay and
area evaluation of each group are shown in fig 6, in which the numerical specify the delay values , e.g., sum2 requires 10
gate delays. The steps leading to the evaluation are as follows.
1) The group2 [in fig 6(a)] has two sets of 2- b RCA.based on
the consideration of delay values of table I. the
arrival time of selection input c1 [time(t) = 7] of 6:3 mux is earlier than s3[t = 8] and later than s2[t = 6]. Thus,
sum3[t = 11] is summation S3 and mux[t = 3] and sum2[t = 10] is summation of c1 and mux.
2) Other than group2, the arrival time of mux selection input is always greater than the RCA’s. thus the delay of
group3 to group5 is determined , respectively as follows:arrival time of data outputs from the
{c6, sum[6 : 4]} = c3[t = 10] + mux
{c10, sum[10:7]} = c6[t= 13] + mux
{cout,sum[15:11]} = c10[t =16] + mux
3) The one set of 2-b RCA in group2 has 2 FA for C in and the other set has 1 FA and 1HA for Cin = 0.Based on the
area count of table I, total number of gate counts in group2 of table I,the total number of gate counts in group2 is
determined as follows:
Gate count = 57 (FA + HA + MUX)
FA = 39(3*13)
HA = 6(1*6)
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Mux = 12(3*4)
Similarly, the estimated maximum delay and area of the other groups in the regular SQRT CSLA are evaluated and
listd in table

Fig.3: 4 bit BEC with 8:4 mux
Table 2 function table of 4 b BEC

Fig 4 regular 16 b SQRT CSLA

Fig 5 Modified 16 b SQRT CSLA

V.

METHOD PROPOSED BASED ON THE BEC

shown in fig 5. We again split the structures into five groups. Tdelay and area evaluation of each group are shown
in fig 7.
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1)

2)

3)

the group2[infig 7(a) has one 2-b RCA which has 1FA and 1HA for cin = 0. Instead of another 2-b RCA with cin =
1 a 3-b BEC is used which adds one to the output from 2-b RCA. Based on the consideration of delay values of
table I,the arrival time of selection input c1[time(t) = 7] of 6:3 mux is ealier than the s3[t = 9] and c3[t = 10] and
later than the s2[t = 4]. Thus , the sum3 and final c3[t = 10] and later than the s2[t = 4]. Thus, the sum3 and final
c3(output from mux)are depending on s3 and mux and partial c3(input to mux) and mux,respectively. The sum2
depends on c1 and mux.
FA = 13(1 * 13) inputs from the BEC’s. thus , the delay of the remaining groups depends on the arrival time of
mux selection input and the mux delay.
For the remaining groups the arrival time of mux selection input is always greater than the arrival time of data
the area count of group2 is determined as follows:
Gate cont = 43(FA+ HA + Mux + BEC)
FA = 13(1 * 13)
HA = 6(1 * 6)
AND = 1
XOR = 10(2 * 5)
Mux = 12(3*4)
NOT = 1
Similarly, the estimated maximum delay and area of the other groups of the modified SQRT CSLA are evaluated
and listed in table IV.comparing tables III and IV , it is clear t Comparing tables III and IV , it is clear that the
proposed system is better in delay and area,simulataneously in power.

Fig 6 Delay and area evaluation of regular SQRT CSLA:
(a)group2, (b)group3, (c)group4 and (d)group5
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Fig 7 Delay and area evaluation of modified SQRT CSLA in group 2,group3,group4,group5

Fig 8(a)percentage reduction in the cell area, total power, power product,and area delay product(b) percentage of delay
overhead
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Table V. comparision of regular and modified SQRT CSLA

VI.

SIMULATION RESULTS

Fig 9 simulation result for regular 16 b SQRT CSLA

Fig 10 simulation result for modified 16 b SQRT CSLA
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VII.

CONCLUSION

When the comparision between the SQRT CSLA and modified SQRT CSLA is considered, there is the difference
in simple approach is proposed in this paper to reduce the area and power of SQRT CSLA architecture. The reduced
number of gates of this work offers the great advantage in the reduction of area and also the total power. The compared
results show that the modified SQRT CSLA has delay, area and power of the 16-b modified SQRT CSLA are significantly
reduced.
Area and delay values of SRT CSLA and MODIFIED SQRT CSLA are given below,which are evaluated based on
the xilinix program of SQRT and MODIFIED SQRT CSLA.

1)Area of SQRT CSLA
Number of Slices
: 23 out of 4656 0%
Number of 4 input LUTs
: 40 out of 9312 0%
Number of IOs
: 50
Number of bonded IOBs
: 50 out of 232 21%
Delay of SQRT CSLA is 19.936ns
Area of MODIFIED SQRT CSLA
Number of Slices
: 25 out of 4656 0%
Number of 4 input LUTs
: 45 out of 9312 0%
Number of IOs
: 50
Number of bonded IOBs
: 50 out of 232 21%
Delay of MODIFIED SQRT CSLA is 18.962ns
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