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Abstract— Carry select adder (CSLA) is known to be the fastest adder among the conventional adder 
structures. Due to the rapidly growing mobile industry not only the faster arithmetic unit but also less area 
and low power arithmetic units are needed. The modified CSLA architecture has developed using Binary to 
Excess-1 converter (BEC). The efficient CSLA architecture has developed using D latch. In this paper an 
analysis has been made between Regular and Conventional CSLA adders like modified, Efficient CSLA. 
Designs were developed using structural VHDL and synthesized in Altera Quartus II with reference to FPGA 
device EP2C35F672C6. Experimental results are compared in-terms of area, power, delay and PDP. Results 
shows that modified carry select adders are better in area and power consumption.    
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I. INTRODUCTION 
 Design of area- and power-efficient high-speed data path logic systems are one of the most substantial 

areas of research in VLSI system design. 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. 
Area and power have major role in the designing of integrated circuit because of the increase in popularity of 
portable systems as well as the rapid growth of power density in VLSI circuits. Addition usually influence 
strongly on the overall performance of digital systems and a crucial arithmetic function. Adders are most widely 
used in electronic applications. For example, in microprocessors, millions of instructions per second are 
performed. Due to the increase in the devices like, mobile, laptop etc. Require more battery backup. Low power 
and area efficient addition and multiplication have always been a fundamental requirement of high performance 
processors and systems. Designing efficient adder is the most difficult problem for researchers in VLSI design. 

 
 The carry-select adder (CSLA) provides a compromise between small area but longer delay ripple 

carry adder(RCA) and larger area with shorter delay carry look-ahead adder [1]-[7]. CSLA uses multiple pairs 
of ripple carry adder(RCA) to generate partial sum and carry by considering carry input Cin=0 and Cin=1, then 
the final sum and carry are selected by multiplexer(mux). The modified CSLA using BEC has reduced area and 
power consumption with slight increase delay. The basic idea of the proposed architecture is that which replaces 
the BEC by D latch with enable signal. 
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This paper organised as follows; section II presents the detailed structure of regular CSLA. Section III 
and Section IV explains the modified, efficient CSLA respectively. Section V shows Results analysis, Section 
VI concludes our analysis. 

 

II. REGULAR 16-BIT ARCHITECTURE USING RCA [1] 
 In 16-bit regular carry select adder comes in the category of conditional sum adder. Conditional sum 
adder works on some condition. Sum and carry are calculated by assuming input carry as 1 and 0 priority the 
input carry comes.  When actual carry input arrives,  the  actual calculated   values   of   sum   and   carry   are   
selected   using   a multiplexer.  The  conventional  carry select  adder  consists  of  k/2 bit  adder  for  the  lower  
half  of  the  bits  i.e.  Least significant bits and  for  the upper  half  i.e.  Most significant bits (MSB's)  two k/ 
bit adders. In MSB adders one adder assumes carry input as one for performing addition and another assumes 
carry input as zero. The carry out calculated from the last  stage  i.e.  least  significant bit  stage  is  used  to  
select  the  actual  calculated  values  of output carry and sum. The selection is done by using a multiplexer.  
 This technique   of   dividing   adder   in      stages   increases   the   area utilization but  
addition  operation  fastens. The carry select adder comes in the category of conditional sum adder. Conditional 
sum adder works on some condition. Sum and carry are calculated by assuming input carry as 1 and 0 priority 
the input carry comes. When actual carry input arrives. The actual calculated values of sum and carry are 
selected using a multiplexer.  

The structure of the 16-b regular CSLA is shown in Fig.1. It has five groups of different size RCA.  
 

 
Fig: 1. Regular 16-bit SQRT CSLA 

 

III. MODIFIED 16-BIT CARRY SELECT ADDER USING BEC [11] 
 The  Binary  to  excess  one  Converter  (BEC)  replaces  the  ripple  carry  adder  with  Cin=1,  in order 
to reduce the area and power consumption of the regular CSLA. The modified16-bit CSLA using BEC is shown 
in Fig.2. The structure is again divided into five groups with different bit size RCA and BEC. As stated above the 
main idea of this work is to use BEC instead of the RCA with cin=1 in order to reduce the area and power consumption of 
the regular CSLA. To replace the n-bit RCA, an n+1 bit BEC is required. A structure and the function table of a 4-b BEC 
are shown in Fig. 3.By manually counting the number of gates used for group 2 is 43 (full adder, half adder, 
multiplexer, BEC).  
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Fig: 2 Modified 16-bit CSLA using BEC 

          The carry chain was further optimized by tapering down each chain stage in order to reduce the load 
caused by the remainder of the chain. The chain was pre-discharged at the beginning of the operation and three 
signals were used:The multiple-radix carry determines: 
 1) Whether a carry-out will be generated internally with in a section or group2. 
 2) whether a carry-out will be produced by a section or group2 as a result of carry being sent into the  
section or group2. 
           The modified 16-bit carry select adder circuit has Binary to excess one counter. Instead of using 2 RCA’s 
using one RCA and one BEC are used to reducing the circuit critical path delay. The  carry propagation delay of 
the circuit is reduced. Because the  i+1 adder didn’t depend  i th  carry to addition of n bits in RCA. If the mux is 
used  selecting the either RCA or BEC depending upon previous carry value.  
The  area count  of group 2 is determined as follows: 
   Gate count = 43(FA + HA + Mux  + BEC) 
   FA = 13(1*13) 
   HA = 6(1*6) 
   AND = 1 
   NOT = 1 
   XOR = 10(2*5) 
   Mux = 12(3*4). 
similarly, the estimated maximum delay and area of the other group of the modified CSLA are evaluated and 
listed in table ,comparing table  and , it is clear that the modified CSLA saves 113 gate areas than the regular 
CSLA. With only 11 increase in gate delays. To further evaluate the performance we have resorted to ASIC 
implementation and simulation. Fig. 4 shows the simulation output of 16 bit modified CSLA  added. 
 
 

 
 
 

Fig:3 4 bit BEC                  Fig: 4 Output waveform of Modified 16-bit CSLA using BEC 
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Fig: 5 D-Latch                                         Fig: 6 Input and output waveforms 
 
 

IV. EFFICIENT CSLA ARCHITECTURE [10] 
 This method  replaces  the  BEC  add  one  circuit  by  D-latch  with  enable  signal.  Latches are used to 
store one bit information. Their outputs are constantly affected by their inputs as long as the enable signal is asserted.  
In other words, when they are enabled, their content changes immediately according to their inputs. D-latch and it's 
waveforms are shown in Fig. 5 and Fig.6. respectively [10]. 
 The architecture of efficient 16-b CSLA is shown in Fig.7. It has different five groups of different bit size 
RCA and D- Latch. Instead of using two separate adders in the regular CSLA, in this method only one adder is used 
to reduce the area, power consumption and delay. Each of the two additions is performed in one clock cycle. 
 

 
Fig: 7 Architecture of efficient 16-bit CSLA using D-latch 
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Table 1: Comparison of Area, Power, Delay and PDP. 
 

 
Carry out from the previous stage i.e, least significant bit adder is used as control signal for multiplexer to select 
final output carry and sum of the 16-bit adder. If the actual carry input is one, then computed sum and carry 
latch is accessed and for carry input zero MSB adder is accessed. Cout is the output carry. 
 
 The Fig.7 shows the internal structure of group 2 of the efficient 16-bit CSLA. The group 2 performed 
the two bit additions which are a2 with b2 and a3 with b3. This is done by two full adder (FA) named FA2 and 
FA3 respectively. The third input to the full adder FA2 is the clock instead of the carry and the third input to the 
full adder FA3 is the carry output from FA2. The group 2 structure has three D-Latches in which two are used 
for store the sum2 and sum3 from FA2 and FA3 respectively and the last one is used to store carry. Multiplexer 
is used for selecting the actual sum and carry according to the carry is coming from the previous stage. The 6:3 
multiplexer is the combination of 2:1 multiplexer. 
 
 When the clock is low a2 and b2 are added with carry is equal to zero. Because of low clock, the D-
Latch is not enabled. When the clock is high, the addition is performed with carry is equal to one. All the D-
Latches are enabled and store the sum and carry for carry is equal to one. According to the value of c1 whether 
it is 0 or 1, the multiplexer selected the actual sum and carry. 
 

V. RESULTS AND DISCUSSIONS 
  The design were analyzed in this paper has been developed using VHDL and synthesized in Altera 
Quartus II with reference to FPGA device EP2C35F672C6 [7]. Area, power, Delay and PDP were the 
parameters is chosen for analysis. The Results shows that modified carry select adders are better in area and 
power consumption than [1] and [10]. Efficient CSLA provides better area than [1].  Table 1 shows the 
comparison between all the adders.   
 

VI. CONCULSION 
  As our analysis revels that, a regular CSLA uses two copies of the carry evaluation blocks, one with 
block carry input is zero and other one with block carry input is one. Regular CSLA suffers from the 
disadvantage of occupying more chip area. The modified CSLA reduces the area and power when compared to 
regular CSLA with increase in delay by the use of Binary to Excess-1 converter. Hence modified CSLA is 
considered as low power area efficient adder. 
 
 
 

Parameters CSLA[1] Efficient CSLA 
architecture[10] 

MODIFIED  CSLA[11] 

Number of logic elements 47 46 43 

Delay(ns) 16.12 17.13 16.20 

Total thermal power 
dissipation(p)(mw) 120.20 122.69 115.05 

Core dynamic thermal power 
dissipation(mw) 0.01 0.82 0.01 

Core  static thermal power 
dissipation(mw) 79.94 80.05 79.94 

I/O thermal power 
dissipation(mw) 36.25 40.82 36.28 

Power *delay (p*d) PDP (pj) 1937 2101 1863 
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