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Abstract 

Adder has been designed with uniquely designed XNOR and carry cells for every4bits. InLook ahead 

structure, generate and propagate are designed in inverting methodology unlike the conventional 

ones. This will give a more parallel structure to reduce the delay, as partial products were partitioned. 

Proposed adder has reported better results when compared to the many existing designs in the recent 

literature with respect to power, delay and power delay product. Delay analysis for every block is 

done by estimating the critical paths for the events in the output by determining the strongly charged 

and discharged paths. Power analysis has been done by activating the possible power-consuming 

transitions for every block in the circuit. Tanner EDAtool has been used with 250 nm technology. 
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Introduction 

Adder is an important module in any processing 

unit. Various adder structures were proposed by 

many researchers in the literature. Adders can be 

designed using CMOS logic style (Weste and 

Eshraghian, 1985). CMOS style has the advantage 

of low static power and low power delay product 

(PDP). In recent days, hybrid logic structures became 

popular, which uses fewer transistors than CMOS 

logic style (Hamed and Somayeh, 2018). 

Based on the output voltage level, digital 

circuits can be classified in to full-swing and non-

full-swing categories. Adder has low power but not 

able to compute quickly when compared to few 

designs which can effect the Energy Delay Product  

(Bhattacharya et al., 2015). Hybrid Full adder has  

 

 

 
 

less average power consumption but by needing 24 

transistors (Vesterbacka, 1999). Adder has less 

Power Delay Product with using the multiplexer as 

the key cell for the design (Aguirre-Hernandez and 

Linares-Aranda, 2011). 

Power efficient design was proposed by 

minimizing the power-consuming transitions 

(Hassoune et al., 2010). Number of levels are 

minimized and also the hardware is optimized to 

achieve less delay (Chang et al., 2005). Design was 

proposed to achieve high speed with low voltage 

which compensates the trade-off with hybrid 

structure (Kumar and Sharma, 2016). Design was 

proposed which minimizes the trade-off between the 

supply voltage and it’s speed (Wairya et al., 2011). 
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Design is proposed with minimal area but with 

effected noise margins (Chowdhury et al., 2008). 

Hybrid Adder for ripple carry structure is proposed 

by using XNOR/XOR cell (Kandpal et al., 2020). 

High speed hybrid logic adder for ripple carry 

structure is proposed by using AND/OR cell (Hasan 

et al., 2020). Adder for carry select structure 

proposed with high speed and low power (Mohanty 

and Patel, 2014). 

Review of Full Adders 

This section reviews one of the hybrid full adder 

structures, where it has shown the best performance 

of all the hybrid structures. Design of the full adder 

is also analyzed for the delay and power 

consumption. 

 

Hybrid Full Adder (Hamed and Somayeh, 2018) 

Hybrid logic is a mix of logic styles where it is 

intended to achieve some constraints of VLSI by 

sacrificing other constraints. The design problem is 

to minimize the dis-advantages and to maximize the 

advantages. Full swing may be a problem in a few 

cases or noise may be a problem in other cases,-;  

as a designer, those things should be addressed 

properly.  

XNOR/XOR blocks have been designed to 

feed the logic requirements of both the sum and 

carry output and the rest of the hardware required is 

the same for both sum and carry output. 

XNOR/XOR blocks has been designed with  

12 number of transistors where the critical path  

has taken two transistors individually for both 

XNOR as well as XOR. All the other paths have 

taken a single transistor,and it will be a total of six 

transistors,and one not gate in common feeds the 

logical requirement of XNOR/XOR cell 

 

Delay For Adder 

To compute the delay for 1-bit adder sum 

output, it requires XNOR/XOR cell in the first level 

and transmission gate in the second level and not 

gate in the third level. The delay is just the sum of 

all the hardware blocks delays. To compute 1-bit 

adder carry output (C0), the critical path is also the 

same as the sum output. To compute the delay for  

2-bit adder sum output, the delay is the sum of the 

delay of the C0 and not gate, transmission gate and 

again a not gate. To compute the delay for 2-bit 

adder carry outpu t(C1), the critical path is also the 

same as the Sum output. To Compute the delay for 

N-bit adder, it is thedelay of XNOR/XOR cell,  

N* transmission gates and (3*N)-1 not gates for 

both sum and carry output. 

 

Power For Adder 

To compute Power for adder, a total number of 

blocks needs to be considered and for every 

individual block all possible power consuming 

transitions needs to be activated and then average 

power consumption will be measured. To compute 

the average power consumption of the entire circuit 

consider the number of copies for every individual 

block and then do the necessary multiplication and 

addition to find out the power consumption.  

Three different cells/blocks have been used 

and they are XNOR/XOR cell, transmission gate 

(TG), and not gate. Four XNOR/XOR cells have 

been used, eight TG have been used and twelve not 

gates have been used, and all those need to be 

considered while computing the power consumption 

Design of Full Adder 

XNOR Cell 

XNOR cell generates two outputs, they are half 

sum and half carry in complemented version. There 

are six paths possible in the XNOR cell, where only 

four are active paths. Since output will be known 

only when both the inputs are known. The propagate 

(XNOR) and generate (NAND) logic equations are 

shown belowin equations 1 and 2. Values of i can be 

substituted from 0-3 for 4-bit and 0-(N-1) for  

N-bit.They are in the complemented form of 

standard generate and propagate equations, where 

XOR and AND logic are used. The basic principle 

of carry look ahead structure is shown in (Miao and 

Li, 2017). This is what given us the flexibility in 

modifying the standard equations of look- ahead 

carry adder. Partial products are also being 

partitioned to reduce the size of the fan-in to 

increase the speed.The logic circuit is shown in 

Figure 1. 
 

Pi = AiXNOR Bi (1) 

Gi = AiNAND Bi (2) 
 

Nand gate is used to generate the logic required 

for xnor output in Figure 1 and the Boolean equation 

required is 

 
 

Figure 1. Schematic of XNOR 
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Xnor = (nand.(A+B))’ (3) 

 

Nor Gate 

To generate the carry outputs we require both 

propagate and generate outputs and the generalized 

equations are shown below  

 

Ci+1 = Gi’+Pi’.Ci’ (4) 

Si = Pi XNOR Ci (5) 

 

Since and gate with complemented inputs that 

is Pi’.Ci’ result in a nor gate, we need to design nor 

gate and it’s circuit is shown in Figure 2. The logic 

of nor gate is when both the inputs are low then the 

output generated is high and rest of the cases it is 

low. 

Carry1 Cell 

Figure 3 shows the schematic of carry1 cell to 

generate carry outputof the least significant bit stage 

of the adder. Boolean expression for carry1 generation 

is shown in Equation 6. Logic requirement is  

a NAND gate and one NOT gate.If X0 is high or  

G0 is low then C1 is high and rest of the cases C1 is 

low. 

 

C1 = G0’+P0’.C0’= G0’+X0 (6) 

Carry2 Cell 

Figure 4 shows the schematic of carry2 cell to 

generate carry outputof the (LSB+1) stage of the 

adder. Boolean expression for carry2 generation is 

shown in Equation 7, where Fan-in is four in the 

second product term. To reduce the fan-in in 

Equation 7, the expression is modified as in 

Equation 8 to reduce the fan-in. Logic requirement 

is a AOI21 and a NAND gate. 

 

C2 = P1’.G0’+P1’.P0’.P0’.C0+G1’ (7) 

     = X1+X2.X0+G1’ (8) 

 

when X2 and X0 are high or X1 is high or G1 is low 

then C2 is high and rest of the input possibilities C2 

is low. 

Carry3 Cell 

Figure 5 shows the schematic of the carry3 cell 

to generate the carry outputof the (LSB+2) stage of 

the adder. Boolean expression for carry3 generation 

is shown in Equation 9,where Fan–in is four in the 

second product term. To reduce the fan-in in 

Equation 9, expression is modified as in Equation 10 

to reduce the fan-in. The logic requirement is  

an 8- transistor cell and a NAND gate. 

 

C3 = P2’.G1’+P2’.P1’(P1’.G0’+P0’.C0)+G2’ (9) 

     = X3+X4(X1+X0)+G2’ (10) 

 

when X3 is high or G2 is low or X4 and X1 are high 

or X4 and X0 are high then C3 is high and other than 

these possibilities of input combinations C3 is low. 

Carry4 Cell 

Figure 6 shows the schematic of carry4 cell to 

generate carry outputof the (LSB+3) stage that is for 

the most significant bit stage of the adder. Boolean 

expression for carry4 generation is shown in 

Equation 11, where Fan-in is six in the second 

product term. To reduce the fan-in in Equation 11, 

expression is modified as in Equation 12 to reduce 

 
 

Figure 2. Schematic of nor cell 

 
 

Figure 3. Schematic of carry1 cell 

 
 

Figure 4. Schematic of carry2 cell 

 
 

Figure 5. Schematic of carry3 cell 
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the fan-in. The logic requirement is an 12 transistor 

cell and a NAND gate. 

 

C4 = P3’.G2’+P3’.P2’(P2’.G1’+P1’.G0’+P1’P0’.P0’.C0) 

        +G3’ (11) 

 

     = X5+X6(X3+X1+X2X0)+G3’ (12) 

 

when X5 is high or G3 is low or X6 and X3 are high 

or X6 and X1 are high or X6 and X2 and X0 are high 

then C4 is high and other than these possibilities of 

input combinations C4 is low. 

4-BitFull Adder 

As shown in Figure 7, Level1 has four 

XN(XNOR) cells to produce X (XNOR) and 

N(NAND) outputs. Level 2 has seven NO(NOR) 

gates to produce partial products which are required 

to design the carry outputs. This level 2 NOR gates 

has the fan-in in two such thatcarry outputs can be 

generated faster. Level 3 has four blocks named C1, 

C2, C3, C4, and they are carry blocks which are 

designedby utilizing the cells/gates from level1 and 

level 2. Level 4 has XNOR cells to produce full sum 

outputs S0, S1, S2, S3 by utilizing the carry blocks 

from level 3 and also XNOR cells from level 1.  

In total, four levels are needed to generate the sum 

output and three levels to generate the carry outputs. 

Above waveform from Figure 8 has been 

generated based on the test pattern applied in the 

below Table 1. It shows that as per the input’s 

applied, correct functionality can be observed in it. 

Table 1 shows sample data inputs applied with 

rise and fall time equal to 1 ns. Random 8-bit data is 

applied for 80 ns with a pulse width of 10 ns. 

Performance Analysis 

Proposed Design 

Xnor Cell 

Table 2 shows the output for four possibilities 

of output and their critical path delays. In the first 

row “00-01” indicates when the previous input is 

“00”, then the output is ‘1’, and now present input 

applied is “01”, output should become ‘0’, now we 

will measure the delay. In the second row “01-11” 

indicates when the previous input is “01”, then the 

output is ‘0’, and now the present input applied is 

“11” output should become ‘1’, now we will 

measure the delay. 

In the third row, “11-10” indicates when the 

previous input is “11”, then the output is ‘1’, and 

now present input applied is “10” output should 

become ‘0’, now we will measure the delay. In the 

fourth row “10-00” indicates when the previous 

 
 

Figure 6. Schematic of carry4 cell 

 

 

 
 

Figure 7. Schematic of 4-bit proposed adder  
 

Figure 8. Waveform of 4-bit adder 
 

Table 1. Test vector 
 

Input Data stream 
Rise/Fall time 

(ns) 

Pulse width 

(ns) 

A3 00000110 1 10 

A2 00010101 1 10 
A1 00011001 1 10 

A0 00101001 1 10 

B3 11000100 1 10 
B2 11011100 1 10 

B1 11011001 1 10 

B0 11100001 1 10 

Cin 01011001 1 10 

 

Table 2. Delay for xnor cell 
 

AB Output 
Criticalpath delay  

(ns) 

Delay 

(ns) 

00-01 0 0.01 0.17 
01-11 1 0.17 

11-10 0 0.13 

10-00 1 0.13 
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input is “10”, then the output is ‘0’ and now the 

present input applied is “00”, the output should 

become ‘1’, now we will measure the delay. When 

input appliedis from “01-11” the delay is maximum 

because to get the output for ‘11’ three transistors 

are there in the path, but for “10-00” the delay is less 

in comparison due to only two transistors are there 

in the path. 

Nor Cell 

Table 3 shows the output for four possibilities 

of output and their critical path delays. In the first 

row “11-00” indicates when the previous input is 

‘11’ then the output is ‘0’ and now present input 

applied is ‘00’ output should become ‘1’, now we 

will measure the delay because when the input is 

‘11’ it means that nor gate is strongly discharged.  

In the second row “00-01” indicates when the 

previous input is ‘00’ then the output is ‘1’ and now 

present input applied is ‘01’ output should become 

‘0’, now we will measure the delay because ‘00’ is 

the one and only possible charging path. 

In the third row, “01-00” indicates when the 

previous input is ‘01’, then the output is ‘0’ and now 

thepresent input applied is ‘00’ output should 

become ‘1’, now we will measure the delay. In the 

fourth row, “00-10” indicates when the previous 

input is ‘00’ then the output is ‘1’ and now present 

input applied is ‘10’ output should become ‘0’, now 

we will measure the delay because ‘00’ is the one 

and only possible charging path. When input applied 

is from “11-00” the delay is maximum because the 

previous input has strongly discharged the 

output.When input applied is from “01-00” the 

delay is minimal because previous input has not 

strongly discharged the output. 

 

Carry1 Cell 

Table 4 shows the output for two possibilities 

of output and their critical path delays. In the first 

row “10-01” indicates when the previous input is 

‘10’, then the output is ‘1’ and now present input 

applied is ‘01’, output should become ‘0’, now we 

will measure the delay because when the input is 

‘10’, it means that nor gate is strongly charged and 

also ‘01’ is the one and only critical path for the 

output of ‘0’. 

In the second row, “01-11” indicates when the 

previous input is ‘01’, then the output is ‘0’, and 

now present input applied is ‘11’, output should 

become ‘1’, now we will measure the delay because 

‘01’ is the one and only possible discharging path 

and also ‘11’ is the critical path for the output of ‘1’. 

 

Carry2 Cell 

Table 5 shows the output for four possibilities 

of output and their critical path delays. In the first 

row “0111-1001” indicates when the previous input 

is ‘0111’, then the output is ‘1’ and now present 

input applied is ‘1001’, output should become ‘0’, 

now we will measure the delay because when the 

input is ‘0111’ it means that carry2 cell is strongly 

charged and also ‘1001’ is one of thecritical path for 

the output of ‘0’. 

In the second row, “1001-1101” indicates 

when the previous input is ‘1001’, then the output is 

‘0’ and now present input applied is ‘1101’, output 

should become ‘1’, now we will measure the delay 

because ‘1001’ is the one of the possible strong 

discharging path and also ‘1101’ is the critical path 

for the output of ‘1’. 

In the third row, “0111-1100” indicates when 

the previous input is ‘0111’, then the output is ‘1’, 

and now present input applied is ‘1100’, output 

should become ‘0’, now we will measure the delay 

because when the input is ‘0111’ it means that 

carry2 cell is strongly charged and also ‘1100’ is one 

more critical path for the output of ‘0’. 

In the fourth row, “1100-1101” indicates when 

the previous input is “1100”, then the output is ‘0’ 

and now present input applied is “1101”, output 

should become ‘1’, now we will measurethe delay 

because ‘1101’ is one more possible strong 

discharging path and also ‘1101’ is the critical path 

for the output of ‘1’. 

 

Carry3 Cell 

Table 6 shows the output for three possibilities 

of output and their critical path delays. In the first 

row “01111-11000” indicates when the previous 

input is ‘01111’, then the output is ‘1’ and now 

Table 3. Delay for NOR Cell 
 

AB Output 
Critical path delay 

(ns) 

Delay 

(ns) 

11-00 1 0.25 0.25 

00-01 0 0.001 

01-00 1 0.12 

00-10 0 0.001 

 

 

Table 4. Delay for carry1 Cell 
 

X0G0 C1 
Critical path delay 

(ns) 

Delay 

(ns) 

10-01 0 0.12 0.12 

01-11 1 0.09 

 

 

Table 5. Delay for carry2 Cell 
 

G1X2X1X0 C2 
Critical path delay 

(ns) 

Delay 

(ns) 

0111-1001 0 0.17 0.17 

1001-1101 1 0.001 

0111-1100 0 0.16 
1100-1101 1 0.13  
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present input applied is ‘11000’, output should 

become ‘0’, now we will measure the delay because 

when the input is ‘01111’ it means that carry3 cell 

is strongly charged and also ‘11000’ is one and only 

critical path for the output of ‘0’. 

In the second row, “10000-11010” indicates 

when the previous input is ‘10000’ then the output 

is ‘0’ and now present input applied is ‘11010’ 

output should become ‘1’, now we will measure the 

delay because ‘10000’ is the one and only possible 

strong discharging path and also ‘11010’ is one of 

the critical path for the output of ‘1’. 

In the third row, “10000-11001” indicates 

when the previous input is ‘10000’, then the output 

is ‘0’ and now present input applied is ‘11001’, 

output should become ‘1’, now we will measure the 

delay because when the input is ‘10000’ it means 

that carry3 cell is strongly charged and also ‘11001’ 

is one more critical path for the output of ‘1’. 

 

Carry4 Cell 

Table 7 shows the output for three possibilities 

of output and their critical path delays. In the first 

row, “1000000-1100101” indicates when the 

previous input is ‘1000000’, then the output is ‘0’ 

and now present input applied is ‘1100101’, output 

should become ‘1’, now we will measure the delay 

because when the input is ‘1000000’ it means that 

carry4 cell is strongly discharged and also’1100101’ 

is one and only critical path for the output of ‘1’. 

In the second row, “0111111-1100100” 

indicates when the previous input is ‘0111111’, then 

the output is ‘1’, and now present input applied is 

‘1100100’, output should become ‘0’, now we will 

measure the delay because ‘0111111’ is the one and 

only possible strong charging path and also 

‘1100100’ is one of the critical paths for the output 

of ‘0’. 

In the third row, “0111111-1100001” indicates 

when the previous input is ‘0111111’, then the 

output is ‘1’, and now present input applied is 

‘1100001’, output should become ‘0’, now we will 

measure the delay because when the input is 

‘0111111’ it means that carry4 cell is strongly 

charged and also ‘1100001’ is one more critical path 

for the output of ‘0’. 

Table 8 shows the number of levels required 

and the hardware required in those levels for 

obtaining the outputs of the 4-bit adder. For 

obtaining the output for S0, we require only two 

levels and the hardware needed is XNOR in both the 

levels and delay will be twice the delay needed for 

XNOR and it is 0.34 ns. 

For obtaining the output for S1, we require 

four levels and the hardware needed is XNOR,NOR 

and CARRY1 cell and again XNOR to compute the 

final carry and delays in all the levels are added to 

get the delay for S1 and it is 0.71 ns. 

For obtaining the output for S2, we require 

four levels and the hardware needed is XNOR,NOR 

and CARRY2 cell and again XNOR to compute the 

final carry and delays in all the levels are added to 

get the delay for S2 and it is 0.76 ns. 

For obtaining the output for S3, we require 

four levels and the hardware needed is XNOR,NOR 

and CARRY3 cell and again XNOR to compute the 

final carry and delays in all the levels are added to 

get the delay for S3 and it is 0.84 ns. For obtaining 

the output for C4, we require three levels and the 

hardware needed is XNOR,NOR and CARRY4 cell 

and delays in all the levels are added to get the delay 

for C4 and it is 1.04 ns. 

Table 6. Delay for carry3 Cell 
 

G2X4X3X1X0 C3 
Critical path delay 

(ns) 

Delay 

(ns) 

01111-11000 0 0.25 0.25 

10000-11010 1 0.17 

10000-11001 1 0.23 

 
Table 7. Delay for carry4 Cell 
 

G3X6X5X3X2X1X0 C4 
Criticalpath delay 

(ns) 

Delay 

(ns) 

1000000-1100101 1 0.31 0.62 

0111111-1100100 0 0.62 
0111111-1100001 0 0.58 

 
Table 8. Delay for 4-bit adder (ns) 

 

Out Level 1 Level 2 Level 3 Level 4 Delay 

S0 Xnor 

(0.17) 

Xnor 

(0.17) 

- - 0.34 

S1 Xnor 
(0.17) 

Nor 
(0.25) 

Carry1 
(0.12) 

Xnor 
(0.17) 

0.71 

S2 Xnor 

(0.17) 

Nor 

(0.25) 

Carry2 

(0.17) 

Xnor 

(0.17) 

0.76 

S3 Xnor 

(0.17) 

Nor 

(0.25) 

Carry3 

(0.25 

Xnor 

(0.17) 

0.84 

C4 Xnor 
(0.17) 

Nor 
(0.25) 

Carry4 
(0.62) 

- 1.04 

 

 
 

Figure 9. Waveform showing the delay for proposed 
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The above waveform from Figure 9 has been 

generated based on the input test patterns for A is 

“0000” and B is “1111” and Cin is ‘1’ for the first 

pulse and now for the second pulse the input test 

patterns for A is “0000” and B is “1111” and Cinis 

‘0. As we can observe C4 output has reached to 50% 

of the output voltage that is 2.5 V much faster than 

S3 and S4. 

The test pattern is chosen to activate the critical 

path of the 4-bit full adder because when every bit 

of A and B are unequal, output depends on the initial 

carry input. Delay is 0.34ns for the carry output  

C4. 

 

Existing Design (Hamed and Somayeh, 2018) 

Xnor/Xor Cell 

Table 9 indicates that the maximum delay for 

XNOR cell is 0.21 ns, when the applied input is 

from “10-00”and for the XOR cell is 0.11 ns when 

the applied input is from “01-11” and the delay for 

the XNOR/XOR cell is 0.21 ns. 

 

TG Cell 

Table 10 indicates that maximum delay for TG 

cell is 0.13 ns when the applied input is from  

“10-01”and the minimum delay is 0.05 ns when the 

applied input is from “01-10” and the delay for the 

TG cell is 0.13 ns 

 

Not Gate 

Table 11 indicates that maximum delay for not 

gate is 0.125 ns when the applied input is from  

“1-0”and the minimum delay is 0.123 ns when the 

applied input is from “0-1” and the delay for the not 

gate is 0.125 ns. 

Table 12 shows the number of levels required 

and the hardware required in those levels for 

obtaining the outputs of the 4-bit adder. For 

obtaining the output for S0, we require three levels 

and the hardware needed is XNOR/XOR in the first 

level, TG cell in the level 2 and not gate in the level 

3 and delays in all the levels are added to get the 

delay for S0, and it is 0.465 ns. 

For obtaining the output for S1, we require 

four levels and the hardware needed is identical like 

S0 in the first level because C1 also requires the 

same hardware in the level1, not gate in the level 2, 

TG cell in the level 3 and NOT gate in the level 4 

and delays in all the levels are added to get the delay 

for S1, and it is 0.845 ns. 

For obtaining the output for S2, we require 

four levels, and the hardware needed is identical like 

S1 in the first level because C2 also requires the 

same hardware in the level 1, not gate in the level 2, 

TG cell in the level 3 and NOT gate in the level 4 

and delays in all the levels are added to get the delay 

for S2, and it is 1.225 ns. 

For obtaining the output for S3, we require 

four levels and the hardware needed is identical like 

S2 in the first level because C2 also requires the 

same hardware in the level 1, not gate in the level 2, 

TG cell in the level 3 and NOT gate in the level4 and 

delays in all the levels are added to get the delay for 

S3, and it is 1.605 ns. 

For obtaining the delay for C4 it is equivalent 

to the S3, since they both have the same critical path 

and it is also 1.605 ns. 

The above waveform from Figure 10 has been 

generated based on the input test patterns for A is 

“0000” and B is “1111” and Cin is ‘0’ for the first 

pulse and now for the second pulse the input test 

patterns for A is “0000” and B is “1111” and Cin is 

‘1’. As we can observe C4 output has reached to 

50% of the output voltage that is 2.5 V, much slower 

than S2 and S3. 

The test pattern is chosen such that it will 

activate the critical path of the 4-bit adder, because 

when every bit of A and B are unequal then output 

depends on the initial carry input. Delay is almost 

0.9ns for carry output C4. 

Table 9. Delay for XNOR/XOR Cell 
 

AB XNOR/XOR 
Criticalpath delay 

(ns) 

Delay 

(ns) 

00-01 0/1 0.03/0.01 0.21 
01-11 1/0 0.01/0.11 

11-10 0/1 0.01/0.03 

10-00 1/0 0.21/0.008 

 

 

Table 10. Delay for TG Cell 
 

Inin1 Out 
Critical path delay 

(ns) 

Dela 

(ns) 

10-01 1 0.13 0.13 

01-10 0 0.05 

 

 

Table 11. Delay for Not gate 
 

In Out 
Critical path delay 

(ns) 

Delay 

(ns) 

1-0 0 0.125 0.125 
0-1 1 0.123 

 

 

Table 12. Delay for 4-bit adder 
 

Output Level 1 Level 2 Level 3 Level 4 Delay 

S0 Xnor/Xor 

(0.21) 

TG 

(0.13) 

Not 

(0.125) 

- 0.465 

S1 C1 
(0.465) 

Not 
(0.125) 

TG 
(0.13) 

Not 
(0.125) 

0.845 

S2 C2 

(0.845) 

Not 

(0.125) 

TG 

(0.13) 

Not 

(0.125) 

1.225 

S3 C3 

(1.225) 

Not 

(0.125) 

TG 

(0.13) 

Not 

(0.125) 

1.605 

C4 C4 
(1.605) 

- - - 1.605 
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Power Analysis 

Proposed Design 

Xnor Cell 

A two-input XNOR cell has the following 

possible power-consuming transitions which are 

shown in the below Table 13, and the test vectors 

are applied to measure the average power 

consumption of the XNOR cell. 

Table 13 shows four power consuming 

transitions, when input’s go from “01” to “00”, “10” 

to “00”, “01” to “11” and “10” to “11”. 

 

Nor Gate 

A two-input NOR gate has the following 

possible power-consuming transitions which are 

shown in the below Table 14 and the test vectors are 

applied to measure the average power consumption 

of the Nor gate. 

Table 14 shows three power-consuming 

transitions, when input’s go from “01” to “00”, “10” 

to “00”and “11” to “00”. 

 

Not Gate 

A not gate has the following possible power-

consuming transitions which are shown in the below 

Table 15, and the test vectors are applied to measure 

the average power consumption of the not gate. 

Table 15 shows one power-consuming 

Transition, when input’s go from “1” to “0”. 

 

Carry1 Cell 

Carry1 cell has the following power- 

consuming transitions which are shown in the below 

Table 16, and the test vectors are applied to measure 

the average power consumption of the carry1 cell. 

Table 16 shows three power-consuming 

transitions, when input’s go from “01” to “00”, “01” 

to “10” and “01” to “11”. 

Carry2 Cell 

Carry2 cell has the following power- 

consuming transitions which are shown in the below 

Table 17, and the test vectors are applied to measure 

the average power consumption of the carry2 cell. 

Table 17 shows six power consuming 

Transitions similar to the methodology applied in 

the previous Tables 13, 14, 15, 16. 

 

 
 

Figure 10. Waveform showing the delay for (Hamed 

 and Somayeh, 2018) 

Table 13. Power consuming transitions 
 

S. No A B Output 

1 0 1 0 

2 0 0 1 

3 1 0 0 
4 0 0 1 

5 0 1 0 

6 1 1 1 
7 1 0 0 

8 1 1 1 

 

 

Table 14. Power consuming transitions 
 

S. No A B Output 

1 0 1 0 

2 0 0 1 
3 1 0 0 

4 0 0 1 

5 1 1 0 
6 0 0 1 

 

 

Table 15. Power consuming transitions 
 

S. No In Output 

1 1 0 

2 0 1 

 

 

Table 16. Power consuming transitions 
 

S. No X0 G0 C1 

1 0 1 0 

2 0 0 1 
3 0 1 0 

4 1 0 1 
5 0 1 0 

6 1 1 1 

 

 

Table 17. Power consuming transitions 
 

X1 X0 X2 G1 C2 

0 0 1 1 0 

0 0 0 0 1 
0 0 1 1 0 

1 0 0 1 1 

0 0 1 1 0 
0 1 1 1 1 

0 1 0 1 0 

0 0 0 0 1 
0 1 0 1 0 

1 0 0 1 1 

0 1 0 1 0 
0 1 1 1 1 
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Carry3 Cell 

Carry3 cell has the following possible power-

consuming transitions which are shown in the below 

Table 18 and the test vectors are applied to measure 

the average power consumption of the Carry3 cell. 

Table 18 shows eight power consuming 

Transitions similar to the methodology applied in 

the previous Tables 13, 14, 15, 16. 

Carry4 Cell 

Carry4 cell has the following possible power 

consuming transitions which are shown in the below 

Table 19, and the test vectors are applied to measure 

the average power consumption of the Carry4 cell. 

Table 19 shows fifteen power consuming 

Transitions similar to the methodology applied in 

the previous Tables 13, 14, 15, 16. 

 

4-Bit Adder Cell 

To design the 4-bit adder, we require the above 

mentioned cells/gates and the below Table 20 shows 

how to calculate the average power consumption. 

Table 20 shows 8 XNOR’s, 7 NOR’s, 1 NOT, 

1 carry1, 1 carry2, 1 carry3, 1 carry4 cells/gates 

respectively. Average power consumption per 

cell/gate is given. For example, the average power 

consumption of XNOR is 2.136049 e-004w and 

there are 8 such cells which leads to 17.088 e-004w. 

Total power is the average overall power of the 

cells. 

 

Existing Design (Hamed and Somayeh, 2018) 

Xnor/Xor Cell 

A two-input XNOR/XOR cell has the 

following possible power consuming transitions 

which are shown in the below Table 21, and the test 

vectors are applied to measure the average power 

consumption of the XNOR/XOR cell 

Table 21 shows four power-consuming 

transitions, when the input goes from “01” to “00”, 

“10” to “00”, “01” to “11”, and “10” to “11”. 

Not Gate 

A not gate has the following possible power 

consuming transitions which are shown in the below 

Table 22, and the test vectors are applied to measure 

the average power consumption of the Not gate. 

Table 22 shows one power consuming 

Transition, when the input goes from ‘1’ to ‘0’. 

Table 18. Power consuming transitions 
 

X3 X4 X1 X0 G2 C3 

0 0 1 1 1 0 

0 0 0 0 0 1 

0 0 1 1 1 0 
1 0 0 0 1 1 

0 0 1 1 1 0 

0 1 0 1 1 1 
0 0 1 1 1 0 

0 1 1 0 1 1 

0 1 0 0 1 0 
0 0 0 0 0 1 

0 1 0 0 1 0 
1 0 0 0 1 1 

0 1 0 0 1 0 

0 1 0 1 1 1 
0 1 0 0 1 0 

0 1 1 0 1 1 

 

 

Table 19. Power consuming transitions 
 

X5 X6 X1 X3 X0 X2 G3 C4 

0 0 1 1 1 1 1 0 

0 0 0 0 0 0 0 1 

0 0 1 1 1 1 1 0 
1 0 0 0 0 0 1 1 

0 0 1 1 1 1 1 0 

0 1 0 1 0 0 1 1 
0 0 1 1 1 1 1 0 

0 1 1 0 0 0 1 1 

0 0 1 1 1 1 1 0 
0 1 0 0 1 1 1 1 

0 1 0 0 0 1 1 0 

0 0 0 0 0 0 0 1 
0 1 0 0 0 1 1 0 

1 0 0 0 0 0 1 1 

0 1 0 0 0 1 1 0 
0 1 0 1 0 0 1 1 

0 1 0 0 0 1 1 0 

0 1 1 0 0 0 1 1 
0 1 0 0 0 1 1 0 

0 1 0 0 1 1 1 1 

0 1 0 0 1 0 1 0 
0 0 0 0 0 0 0 1 

0 1 0 0 1 0 1 0 

1 0 0 0 0 0 1 1 
0 1 0 0 1 0 1 0 

0 1 0 1 0 0 1 1 

0 1 0 0 1 0 1 0 
0 1 1 0 0 0 1 1 

0 1 0 0 1 0 1 0 

0 1 0 0 1 1 1 1 

 

 

Table 20. Power consumption of 4-bit adder 
 

Cell/Gate No 

Average 

power/Cell 

(e-004w) 

Overall power 

of the Cells 

(e-004w) 

Total 

power 

(mw) 

Xnor 8 2.136049 17.088 3.925 
Nor 7 1.511389 10.579 

Not 1 1.182231 1.182231 

Carry1 1 2.493040 2.493040 
Carry2 1 2.561809 2.561809 

Carry3 1 2.442800 2.442800 

Carry4 1 2.904415 2.904415 

 

 

Table 21. Power consuming transitions 
 

S. No A B Xnor 

1 0 1 0 
2 0 0 1 

3 1 0 0 

4 0 0 1 
5 0 1 0 

6 1 1 1 

7 1 0 0 
8 1 1 1 
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TG Cell 

A TG (Transmission gate) cell has the 

following possible power consuming transitions 

shown in the below Table 23. 

Table 23 shows two power consuming 

Transitions, when the input’s go from “0011” 

to“1100” and “0101” to “1010”. 

4-Bit Adder Cell 

To design the adder, we require the above-

mentioned cells and the below Table 24 shows how 

to calculate the average power consumption. 

Table 24 shows 4 XNOR/XOR’s, 12 NOT 

gates, 8 TG’s respectively. Average power consumption 

per cell/gate is given, for example average power 

consumption of NOT is 1.182231 e-004w and there 

are 12 such cells which leads to 14.186 e-004w. 

Results 

To estimate the power consumption of the adder, 

test pattern with 56 input vector to vector transitions 

proposed in (Parameshwara and Srinivasaiah, 2017). 

This test pattern is applied for adders in this section. 

To find out the delay, carry input of the LSB is given 

as “010” andprimary inputs ofA (LSB, LSB+ 

2….LSB +14) and inputs of B(LSB+1,LSB+3,…. 

MSB) are given as “010”. Coming to the other 

inputs of B(LSB,LSB+2…LSB+14) and inputs of 

A(LSB+1,LSB+3,…MSB) are given as “101” to 

estimate the final carry output delay. This test 

pattern will measure propagation delay from low to 

high and vice-versa. 

Table 25 shows proposed design for 4-bit 

adder has less power consumption, low delay and 

low power delay product when compared to two 

existing designs. Power consumption, delay, power 

delay product is less in (Kandpal et al., 2020) when 

compared to all the existing designs in the Table 25. 

All the results were obtained by considering  

the pulse width of 1ns and with rise and fall time  

as 100 ps. 

Table 26 shows proposed design for 8-bit 

adder has less power consumption, low delay and 

low power delay product when compared to two 

existing designs. Delay, power delay product is less 

in (Kandpal et al., 2020) when compared to all the 

existing designs in the Table 26. Power 

consumption is less in (Hasan et al., 2020) in 

comparison with existing designs. All the delay 

results were taken with pulse width of 2 ns and  

100 ps as rise and fall time. Power results were 

obtained with 10 ns pulse width and 1 ns as rise and 

fall time. 

Table 27 shows proposed design for 16-bit 

adder has less power consumption, low delay and 

low power delay product when compared to three 

Table 22. Power consuming transitions 
 

S. No A Output 

1 1 0 

2 0 1 
 

 

Table 23. Power consuming transitions 
 

S. No A B C D Output 

1 0 0 1 1 0 

2 1 1 0 0 1 

3 0 1 0 1 0 
4 1 0 1 0 1 

 

 

Table 24. Average power consumption of the 4-bit 

 adder(e-004) 
 

Cell/Gate No 
Average 

power/cell 

Overall 

power/cell 

Total 

power 

(mw) 

Xnor/Xor 4 3.018458 12.073 2.75 
not 12 1.182231 14.186 

TG 8 0.1542363 1.233 

 

 

Table 25. Performance comparison for various 4-bit  

 adders in terms of power, delay and power 

 delay product 
 

Design 

Performance 

Power 

(mw) 

Delay 

(ps) 

Power delay 

product(fj) 

Proposed 13.070 395 5,162.65 

Mohanty and Patel (2014) 26.760 290 7,760.40 
Kandpal et al. (2020) 7.482 206 1,541.29 

Hasan et al. (2020) 8.455 585 4,946.17 
Hamed and Somayeh (2018) 13.800 768 10,598.40 

 

 

Table 26. Performance comparison for various 8-bit 

 adders in terms of power, delay and 

 powerdelay product 
 

Design 

Performance 

Power 

(mw) 

Delay 

(ps) 

Power delay 

product 

(fj) 

Proposed 5.269 830 4,373.27 

Mohanty and Patel (2014) 8.775 620 5,440.50 
Kandpal et al. (2020) 3.610 590 2,129.90 

Hasan et al. (2020) 3.546 890 3,155.94 

Hamed and Somayeh (2018) 6.640 1,675 1,1122 

 

 

Table 27. Performance comparison for various  

 16-bit adders in terms of power, delay and 

 power delay product 
 

Design 

Performance 

Power 

(mw) 

Delay 

(ps) 

Power delay 

product 

(fj) 

Proposed 10.440 1,860 19,418 

Mohanty and Patel (2014) 17.560 1,305 22,915 

Kandpal et al. (2020) 10.460 2,050 21,443 
Hasan et al. (2020) 7.105 2,580 18,330 

Hamed and Somayeh (2018) 13.300 3,450 45,885 
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existing designs. Delay is less in (Mohanty and 

Patel, 2014) when compared to all the existing 

designs in the Table 27. Power consumption and 

power delay product is less in (Hasan et al., 2020) 

in comparison with existing designs. All the delay 

results were taken with pulse width of 4 ns and  

100 ps as rise and fall time. Power results were 

obtained with 10 ns pulse width and 1ns as rise and 

fall time. 

Table 28 shows theproposed design for 32-bit 

adder has less power consumption, low delay and 

low power delay product when compared to three 

existing designs. Delay is less in (Mohanty and 

Patel, 2014) when compared to all the existing 

designs in Table 28. Power consumption and power 

delay product are less in (Hasan et al., 2020) in 

comparison with existing designs.All the results 

were taken with pulse width of 32 ns and 1,000 ps 

as rise and fall time. 

Conclusions 

In this paper, partial products of adder were 

partitioned to have a reduced fan-in at 4-bit stage. 

This 4-bit adder is used as a basic building block for 

implementing 8, 16, 32-bit adders. Adder has been 

analyzed for performance and delay. Proposed 

adder is highly optimized with respect to delay and 

for about 26% to 42% reduction in the delay has 

been achieved when compared with the three of the 

conventional adders for 32 bit in the recent 

literature. One of the Conventional adder has better 

power consumption and one more existing adder has 

better delay. The proposed adder has employed look 

ahead structure, where the conventional ones are 

with ripple carry and carry select structure. 
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