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Abstract— Full adders constructed using 11T, 10T, 9T and 8T 

were studied and two novel full adders using 8T are being 

analyzed and proposed. They are being constructed by 

concentrating on reducing the area, increasing the speed and 

also on getting a strong signal at the output using – 1) two 3T 

XOR gates, one NMOS and one PMOS transistors 2)  two 3T 

XNOR gates, one NMOS and one PMOS transistors. The 

behavior is analyzed using 180nm CMOS technology at a 

supply voltage of 1.8V. Power, area and delay are also 

calculated and compared with the already available full 

adders. The proposed circuits do not have direct connection to 

power and ground, thereby making the short circuit power 

dissipation as negligible. Like all other new full adders, these 

novel full adders also have a maximum of one threshold 

voltage (Vt) loss at the output. All the simulations and 

comparisons are done using Cadence Virtuoso tool. 

Keywords- XOR gate, full adder, threshold voltage, and 

transistor count minimization and improvement in strength of 

the output. 

I.  INTRODUCTION  

Design of Digital VLSI circuits is being challenged by 
three major requirements – low power, reduced area and 
high speed [1-2]. Circuit performance in terms of all the 
above three factors, namely power, area and speed, can be 
improved by minimizing the transistor count. Hence more 
emphasis is given on reducing the transistor count thereby 
enhancing the circuit performance. 

Full adders form the basic building component of any 
adder, multiplier, processor etc. Literature survey on full 
adder implementation gives a wide variety of full adders 
constructed starting with the conventional 28T [3] coming 
down till 8T [6]. When the goal was focused on reducing the 
transistor count, the output suffered voltage degradation in 
terms of multiples of threshold voltage [4]. The new adders 
with less transistor count suffer a maximum of one threshold 
voltage loss at the output [4] but achieve a significant 
improvement in speed and reduction in area. The new full 
adders were realized using 4T and 3T XOR gates. In this 
paper, for the first proposed full adder, a 3T XOR gate is 
used. Sum output is obtained by cascading two XOR gates. 
Carry output is obtained by using a PMOS and an NMOS 
transistor in conjunction with the 3T XOR gate. For the 
second proposed full adder, 3T XNOR gate [7] is used. Sum 
output is obtained by cascading two XNOR gates. Carry 

output is obtained by using a PMOS and an NMOS transistor 
in conjunction with the 3T XNOR gate. 

II.  PREVIOUS FULL ADDERS 

The conventional full adder uses 28 transistors when 

designed using static CMOS circuit style [3]. To meet the 

increasing demands of portable systems, there was the need 

to reduce the number of transistors. Lesser the transistor 

count, lesser shall be the area and power consumed. 

Subsequently, a new design of CMOS full adder with 14 

transistors was proposed in [10]. In order to reduce power 

consumption further, full adder implementation called 

static-energy recovery full adder (SERF) was proposed with 

only 10 transistors [3]. Pass transistors were used in SERF 

adder leading to a significant reduction in power 

consumption according to [3]. The main difference between 

complementary CMOS and Pass Transistor logic style is 

that the source terminal of transistors (PMOS or NMOS) is 

connected to one of the input signals instead of the power 

line. The advantage here is that one pass-transistor network 

(either NMOS or PMOS) is sufficient to perform the logic 

operation, which results in a smaller number of transistors 

[3]. The major drawback of those adders is that they all 

suffer from 2Vt loss at output voltage levels for certain 

combination of inputs fed to the full adder.  
11-T full adders with minimum degradation of its output 

voltage level were proposed in [4]. These designs used 4T 
XOR, 3T inverter with stack transistor and two multiplexers 
(each multiplexer consisting of one PMOS and one NMOS 
transistors) as in Figure 1 or 4T XNOR, 3T inverter with 
stack transistor and two multiplexers as in Figure 2. Sum and 
carry outputs of the full adder were calculated as follows: 

Sum = A ⊕ B( )C + A ⊕ B( )C  

( ) ( )ABA+C BA =Carry ⊕⊕  

When A=B=0, the output of the XOR gate is Vt instead of a 
strong 0, due to which the NMOS of the 2T inverter does not 
get turned off completely resulting in leakage current. Due to 
this reason, 3T inverter was constructed by adding a 
transistor in series in order to reduce the leakage current. The 
sizing of each of the transistors used is given in the figure 
besides each transistor.  

10T full adder [5] was constructed using the 3T XOR 
gate, 3T inverter (with stack transistor) and two multiplexers  



 

Figure 1.  11T full adder using 4T XOR gate. 

 
Figure 2.  11T full adder using 4T XNOR gate. 

 

Figure 3.  10T full adder using 3T XOR gate. 

each consisting of 1 PMOS and 1 NMOS transistors as 

shown in Figure 3.The voltage drop due to the pass 

transistor in XOR gate can be minimized by increasing the  

 

Figure 4.  8T full adder using 3T XOR gate. 

aspect ratio of that pass transistor. The merits of this circuit 

are faster response for carry output and low power 

consumption. 
8T full adders were constructed using two 3T XOR gates 

and two NMOS transistors as shown in Figure 4 for high-
speed operations. The voltage drop due to the NMOS 
transistors in the carry path can be minimized by increasing 
the aspect ratio of those transistors. The sizing of each of the 
transistors used is given in the figure besides each transistor.  

III. PROPOSED FULL ADDERS 

A. 8T Full adder using 3T XOR gate 

In the already available 8T full adder, carry output was 
calculated by realizing the following expression as can be 
seen in Figure 4. 

Carry = A ⊕ B( )C+AB 

Two NMOS transistors were used to realize the expression 
for carry using wired OR logic. ( )BA ⊕  was given to the 

gate of one NMOS transistor and A was given as the gate 
signal for the second NMOS transistor. When A=1, B=0 and 
C=1, both NMOS were ON, but one NMOS tried to drive the 
value of C=1 at the output, whereas the second NMOS tried 
to drive the value of B = 0 at the output. The wired OR logic 
resulted in a very weak 1. To improve the strength of carry 
output signal, width of the 1st transistor had to be increased 
so much that the total area of the full adder grew double that 
of a 10T full adder. 

The proposed 8T full adder is constructed using two 3T 
XOR gates and 1 PMOS and 1 NMOS transistors as shown 
in Figure 5. The sum and carry outputs are calculated as 
follows: 

Sum = A ⊕ B( ) ⊕ C  

Carry = A ⊕ B( )C + A ⊕ B( )A  

Instead of using two pass transistors to get carry output, we 
use a multiplexer constructed using 1 PMOS and 1 NMOS 
transistors. The gate of both the transistors is connected to 
the output of the XOR gate. So for any given input 
combination, only one of the transistors is ON and a strong 
signal is obtained at the output. 



 

Figure 5.  Proposed 8T full adder using 3T XOR gate. 

 

 
Figure 6.  Proposed 8T full adder using 3T XNOR gate. 

 

B. 8T Full adder using 3T XNOR gate 

The proposed 8T full adder shown in Figure 6 is based on 
a 3T XNOR gate. The 3T XNOR gate consists of a CMOS 
inverter and an NMOS pass transistor. When the input B is at  
logic low, the circuit behaves like a normal CMOS inverter 
and hence the output is the complement of input A. When 
the input B is at logic high, inverter output is at high 
impedance and the NMOS is turned ON. Hence the output is 
same as input A. Thus the functionality of an XNOR gate is 
realized. 

This full adder is constructed using two 3T XNOR gates 
and 1 PMOS and 1 NMOS transistors. The sum and carry 
outputs are calculated as follows: 

Sum = A ⊕ B( ) ⊕ C  

Carry = A ⊕ B( )C + A ⊕ B( )A  

In this full adder we use a multiplexer constructed using 1 
NMOS and 1 PMOS transistor. The gates of both the 

transistors are connected to the output of the XNOR gate. So 
for any given input combination, only one of the transistors 
is ON and a strong signal is obtained at the output. The 
widths of PMOS and NMOS transistors used in realizing 
carry output are maintained at a minimum of 400nm. Hence 
the area of the full adder is being reduced. 

IV. COMPARATIVE STUDIES AND RESULTS 

The performance of the two proposed full adders are 
analyzed and compared against the already available full 
adders starting with 11T. All the circuits are simulated using 
180nm CMOS technology, 1.8V supply voltage and the 
maximum frequency of input signals is 50MHz. 

From the simulation results shown in Table I, it has been 
observed that the full adders using XOR or XNOR gate 
along with inverter configuration have consumed less power 
than those constructed using two stages of XOR or XNOR 
gate. While the delays are more in the full adders using XOR 
or XNOR gate along with inverter configuration than those 
constructed using two stages of XOR or XNOR gate. It has 
also been observed that the existing 8T full adder occupies 
more area than any other full adder starting with 11T. When 
the proposed full adders are compared with the existing 8T 
full adder, our full adders consume around the same power, 
but the area is being reduced to half and a high speed is also 
achieved. 

V. CONCLUSION 

Design of two novel 8T full adders has been proposed in 
this paper.  Based on our extensive simulations, these full 
adders are found to give better performance in terms of 
power, delay and silicon area when compared to the previous 
8T full adders. Also the strength of the carry output signal is 
being improved.  

 

TABLE I.  COMPARISON OF AREA, POWER, DELAY OF  FULL ADDERS 

Full adder Description 
Area 

(µm
2
) 

Power (W) 

Sum 

delay 

(ps) 

Carry 

delay 

(ps) 

11T adder using 4T XOR, 3T 

inverter, 2 muxes each of 2T 
  3.312 8.69 x 10

-7
 850 970 

11T adder using 4T XNOR, 3T 
inverter, 2 muxes each of 2T 3.312 8.69 x 10

-7
 850 870 

10T adder using 4T XOR, 2T 
inverter, 2 muxes each of 2T 

2.52 2.3 x 10
-7

 770 880 

10T adder using 4T XNOR, 2T 

inverter, 2 muxes each of 2T 
2.52 7.6 x 10

-7
 750 860 

10T adder using 3T XOR, 3T 

inverter, 2 muxes each of 2T 
2.7 2.1 x 10

-6
 660 2085 

9T adder using 3T XOR, 2T 

inverter, 2 muxes each of 2T 
2.448 8.69 x 10

-7
 455 464 

8T adder using two 3T XOR, 2 

NMOS T 
5.544 3.7 x 10

-4
 220 300 

8T adder using two 3T XOR, 1 
mux (proposed FA1) 

2.016 3.69 x 10
-4

 150 70 

8T adder using two 3T XNOR, 1 
mux (proposed FA2) 

2.016 8.36 x 10
-4

 36 90 
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