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Abstract: 
In this paper, a full adder circuit is designed by using new hybrid logic. 

Complementary metal oxide semiconductor logic and transmission gate logic is combined 
to produce a hybrid logic. This proposed full adder design contains 3 modules. Module 1 
and module 2 generates the sum output of the adder circuit. Module 3 generates the carry 
output of the circuit. Simulation process is done in tanner tool at 180nm technology. 
Proposed adder design is compared to the previous hybrid adder circuit (5.74*10^-2), then 
the power of the proposed full adder design is (2.60*10^-2) less. 
Index Terms: Carry Propagation Adder, High Speed & Hybrid Design and Low Power. 
Introduction:   

Historically, the earliest and the most pressing demands for low power came 
from portable devices such as pocket calculators and laptops. These products have 
always put a large emphasis on minimizing power in order to maximize battery life .The 
prolific growth of portable battery energized electronics with high throughput such as 
laptops, personal digital assistants (PDA’s), cellular phones and pagers has placed 
power as pivotal design constraint possibly out placing speed and area in some cases 
.However as predicted by Moore’s law, the number of transistors per chip has been 
increasing by about 1.5 times per year. 

The full adder circuit is an important building block of digital arithmetic circuits. 
Its purpose is to form the arithmetic sum of two binary numbers. Microprocessors and 
digital signal processors rely on the efficient implementation of generic arithmetic units 
to execute complicated algorithms like filtering, FFT. In these applications, multipliers 
are an important dissipation source. The basic element in multiplier is adder circuit so 
Therefore, power-efficient multipliers require power efficient implementation of adder 
circuit. 

SUM=A CIN 
COUT=A.B+B.CIN+A.CIN 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Schematic diagram of the basic full adder circuit using logic gates 
A and B are the bits to be added, CIN is the carry bit generated by the previous bit 
position, SUM is the sum bit for the current bit position, and COUT is the carry 
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generated in the current bit position. A device for summing three bits in this manner is 
called a full adder. 

In this paper different logic styles are compared to minimize the power 
consumption in full adder circuit.  Complementary metal oxide semiconductor logic, 
complementary pass-transistor logic (CPL), Transmission gate full adder (TGA) and 
hybrid logic style are the most important logic design styles in the conventional domain. 
The other adder designs use more than one logic style, known as hybrid-logic design 
style, for their implementation. These designs exploit the features of different logic 
styles to improve the overall performance of the full adder. Pass transistor logic is one 
of the well-known MOS logic style used to implement different functions. General 
method for deriving pass transistor logic diagram for a function is choosing control 
variable and pass variable based on the functional description. The advantages of pass 
transistor logic are it operates full swing and area is reduced due to less moss 
transistors, disadvantage is more delay in long chain of operation. Transmission gate 
approach is another widely used CMOS design style to implement digital function. 
Transmission gate based implementation is similar to pass transistor with the 
difference that transmission gate logic uses nMOS and pMOS transistors. Its advantage 
is conduct both strong 0 and strong 1, disadvantage is chip area is increased .The 
advantages of standard complementary (CMOS) style-based adders (with 28 
transistors) are its robustness against voltage scaling and transistor sizing; while the 
disadvantages are high input capacitance and requirement of buffers. 
Design of the Existing Full Adders: 
A. CMOS Logic Full Adder: 

CMOS circuits use a combination of p-type and n-type metal–oxide–
semiconductor field-effect transistor (MOSFETs) to implement logic gatesand other 
digital circuits. In this implementation 28 transistors are used to design the circuit 

 
 
 
 
 
 
 
 
 

Figure 2: Circuit diagram for CMOS logic full adder 
B. Pass Transistor Logic: 

It reduces the count of transistors used to make different logic gates, by 
eliminating redundant transistors. Transistors are used as switches to pass logic levels 
between nodes of a circuit, instead of as switches connected directly to supply 
voltages.[1] This reduces the number of active devices, but has the disadvantage that the 
difference of the voltage between high and low logic levels decreases at each stage. Each 
transistor in series is less saturated at its output than at its input. If several devices are 
chained in series in a logic path, a conventionally constructed gate may be required to 
restore the signal voltage to the full value. By contrast, conventional CMOS logic 
switches transistors so the output connects to one of the power supply rails, so logic 
voltage levels in a sequential chain do not decrease. Simulation of circuits may be 
required to ensure adequate performance. 
 

https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/Logic_gate
https://en.wikipedia.org/wiki/Logic_gate
https://en.wikipedia.org/wiki/CMOS_logic
https://en.wikipedia.org/wiki/CMOS_logic
https://en.wikipedia.org/wiki/CMOS_logic
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Figure 3 circuit diagram of a full adder using pass transistor logic C. Transmission Gate 
Logic In principle, a transmission gate made up of two field effect transistors, in which - 
in contrast to traditional discrete field effect transistors - the substrate terminal (Bulk) 
is not connected internally to the source terminal. The two transistors, an n-channel 
MOSFET and a p-channel MOSFET are connected in parallel with this, however, only the 
drain and source terminals of the two transistors are connected together. 
 
 
 
 
 
 
 
 
 
Figure 4 circuit diagram of a full adder using transmission gate logic D. Hybrid logic 
In hybrid logic two or more logics are combined to design a circuit. In this circuit 
complementary pass transistor logic and transmission gate logic is combined to design 
the full adder .totally 16 transistors are used to design the full adder .The advantage of 
this method is power consumption is reduced, disadvantage is more delay is occurred 
when the one bit adder is connected in cascaded form to extend 16 bit adder. 

 
Figure 5: Circuit diagram of the hybrid full adder 

Simulation Results: 
Simulation is done by using tanner software tool at 180 nm technology. Input 

supply voltage is 5v. In this tool the total power consumption of the circuit is analysed 
and the output waveforms are obtained. The simulation result of full adder using four 
different logics is given below. Each logic design have its own advantages and 
disadvantages. 
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Figure 6: Schematic diagram for full adder using CMOS logic 

 
Figure 7: Schematic diagram of full adder using pass transistor logic 

Figure 8: Schematic diagram of full adder using transmission gate logic 

 
Figure 9: Schematic diagram of full adder using hybrid logic 
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Output Waveforms: 
Output waveform for hybrid logic 

Proposed Method: 
Existing Full Adder Design Based on Hybrid Logic: 

In this existing method, a low-power full adder design using complementary 
metal oxide transistor logic and transmission gate logic was presented. In full adder 
designing there are 3 modules are used to produce the output.Module1 and module2 
are the xnor modules it generate the sum of the adder circuit. Module 3 generates the 
carry output of this circuit. Each module are designed individually and connected to 
produce the sum and carry output of the full adder circuit. 
 
 
 
 
 
 
 
 
 
 

Fig 10: Basic full adder circuit 
Module 1: 

The first module is able to produce both XOR and XNOR gate outputs. Five 
different styles are used to design the xnor and xor circuit. XNOR function is obtained 
by using inverter at the output of the XOR function. Another option is generating both 
functions simultaneously but it requires more transistors. So the first method is more 
compact compared to second method .fig a-c follows the first method then fig d and e 
follows the second method. Figure 4.2 five different designs of XNOR module 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 11: Different design styles of XNOR and XOR module 
Fig (a) is composed two transmission gates and three inverters. Fig (b) is composed 
eight transistors and based on transmission function theory. Fig (c) is composed by 14 
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transistors. Fig (d) is composed by eight transistors it uses the same xor function. Fig 
(e) is composed by using 10 transistors. 
Module 2: 

Module 2 is combined to module 1 to produce the sum output of the full adder 
circuit. 
Module 3: 

It generates the carry output of the full adder circuit.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12: Carry Generation Module 

The input carry signal propagates to the first transmission gate it reducing the 
overall carry propagating path. 
Proposed Full Adder: 

In proposed full adder the number of transistor count is reduced by replacing 
module 1in the existing full adder circuit. in existing module there is eight transistors 
are used in the 1 module (XNOR and XOR) this module is replaced by new XNOR 
module.  In this proposed approach the dynamic power dissipation is more 
concentrated because dynamic power is primary source of the power dissipation. 
Switching activity is one of the sources in dynamic power dissipation. Switching activity 
is the probability that the transistor changes from OFF to ON because that is the only 
time the circuit consumes power. When the transistor count is reduced switching 
activity of the circuit is also reduced. This strategy is followed by the proposed full 
adder design. 

=α  C  

Where, α=activity factor                                                                                               
C = Physical Capacitance                                                                                                                    

= Switching Frequency                                                                                                   
 = Supply Voltage 

Simulation Results: 
Simulation is done by using tanner software tool at 180 nm technology. Input 

supply voltage is 5v. In this tool the total power consumption of the circuit is analysed 
and the output waveforms are obtained. The simulation result of full adder using hybrid 
logic style is given below. 
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Figure 13: Schematic diagram of the proposed full adder 
Comparison Table: 

 
Conclusion: 

In this project, thus the Hybrid full adder design was presented by employing 
both CMOS and a transmission gate logic. The power consumption of the circuit is 
compared against four previous designs. The compared results show that the 
performance of the proposed design is superior to other reference designs .The key idea 
was to reduce the number of transistors in the discharging path to enhance both power 
and area. The design was achieved by hybrid logic. Proposed adder design is compared 
to the previous hybrid adder circuit (5.74*10^-2), then the power of the proposed full 
adder design is (2.60*10^-2) less. 
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