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ABSTRACT 
In this work, a novel design for a 1-bit full adder featuring Gate Diffusion Input design technique (GDI) is presented. GDI 
technique is a power efficient technique for designing digital circuit as compared to most commonly used CMOS techniques. 
The new full adder is based on a novel Gate Diffusion Input- Multiplexer that generates full voltage swing output. Many of 
the previously reported full adders suffered from the problems of low swing and high noise when operated at low supply 
voltages.  
The proposed GDI–MUX based 14 T full adder (GDI-MBA) operates at low voltage with excellent power consumption, 
signal integrity, driving capability, high speed and also provide full voltage swing. To evaluate the performance of the new 
GDI-MUX full adder, the design has been embedded in 16-bit ripple carry adder. The studied circuits are optimized for 
energy efficiency at     0.18 µm PD SOI CMOS process technology. The comparison between the new full adders with 
standard full adder cell shows an excessive improvement in terms of power, delay and power-delay-product. 
KEYWORDS— Gate Diffusion Input Technique; GDI-MUX; Digital Signal Processing  

I. INTRODUCTION  
With the popularity of portable systems as well as 
fast growth of power density in integrated circuits, 
power dissipation becomes main design objectives 
equal to high performance of the system. Also the 
speed and power delay product has become an 
important design consideration with increasingly 
huge data sets and fabrication technology. The adder 
is one of the most critical component of a processor, 
as it is used in the arithmetic logic unit (ALU), 
floating-point unit, and for address generation in case 
of cache or memory access [3]. Based on addition 
some of the well known operations such as 
subtraction, multiplication, division are also mostly 
used in VLSI circuits.  
For VLSI designers, designing power efficient adders 
for digital system has become main goal. At the 
circuit level, an optimized design is desired to avoid 
any degradation in the output voltage, power 
consumption, delay in critical path, and be reliable 
even at low supply voltages when scaled towards 
deep sub micron technology. Good driving capability 
under different load conditions and balanced output 
to avoid glitches is also an important virtue. Since the 
full adder cells are duplicated in large numbers, 
layout regularity and interconnect complexity are 
also important [2]. 
A variety of full adder cells using different logic style 
have been used in the past such as CMOS, CPL and 
dynamic CMOS. Classical design of CMOS full 
adder is based on regular CMOS structure with 
conventional pull-up and pull-down transistor thus it 
provide full swing output and also obtain good 
driving capabilities. The demerits of CMOS circuit 
are its low mobility due to PMOS block as compared 
to NMOS block. To get the desired performance, 
PMOS should be sized up so that input capacitance is 
increased. Thus the speed of CMOS circuit is 
degraded [2]. Additionally the three major sources of 
power dissipation in a digital CMOS circuit are logic 
transition, short circuit and leakage current [5]. 
The complementary pass-transistor logic (CPL) style 
[1],[2] provides high speed, full-swing operation and 
good driving capability due to the presence of static 
inverters and cross-coupled PMOS transistor. The 
main drawback of CPL is the presence of lot of 

internal nodes and large power dissipation. The 
dynamic logic style is constructed with high mobility 
NMOS transistor only that increases the speed of the 
operation. The main problem exist in this logic style 
is charge sharing, lower noise immunity and it 
consumes a large portion of the power in driving the 
clock lines. The remaining design uses more than one 
logic style for their implementation. 
Based on the characteristics of digital VLSI design, 
some novel concepts and design techniques have 
been proposed in literature. These designs exploit the 
feature of GDI technique to improve the performance 
of the full adder cells. Generally, the main focus of 
this logic style is to reduce the number of transistors 
in the adder cell and also to reduce the power 
consumption. Gate Diffusion Input technique is a 
new technique for low power combinational circuits. 
Also this technique overcomes the drawback of 
remaining logic style. These techniques reduce power 
consumption, delay and the area of digital circuit 
while maintaining low complexity of logic design 
[3]. A library of full-adder cells is developed and 
presented to the circuit designers to pick the full-
adder cell that satisfies their specific applications. 
Performance comparison with conventional standard 
full adder is presented. To reduce the number of 
transistor, GDI-MUX based cell is used to implement 
the 1-bit full adder. The goal of this work is to 
enhance the performance of 1-bit full adder. 
Generally Ripple Carry Adders are used among all 
types of adders because of its compact design. 
In this work, it is demonstrated that how this GDI can 
be used to facilitate the adder design issues. Section 
II is a comparative analysis of different types of full 
adder circuit. Section III is the brief description of 
Gate Diffusion Input Circuits. The proposed full 
adder cell provides low power delay product, full 
voltage swing and excellent driving capabilities. 
Section IV, presents the simulation environment 
setup and results. Section V concludes the paper. 
II. REVIEW OF FULL ADDER CIRCUITS 
 Full adder is an essential component for the design 
and development of all types of processors viz. 
digital signal processors, microprocessors etc. Full 
adders are present on every microchip or any 
machine to perform addition, subtraction, division 
and multiplication. The full-adder circuit adds three 
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one-bit binary numbers, Augends (A), Addend (B) 
and carry in (Cin). The circuit produces a two one-bit 
binary output, a sum (S) and a carryout (Cout). The 
truth table of full adder with three inputs (A, B and 
Cin) and two outputs     (Sum, Cout)  is shown in the 
table 1. 

Table 1Truth Table of Full Adder 
Input Output 

A B Cin Sum Cout 
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

A Full adder can be implemented in two levels they 
are transistor level and gate level. In gate level a full 
adder can be constructed from two half adders by 
connecting A and B to the input of one half adder, 
connecting the sum from that to an input of the 
second adder, connecting Cin to the other input and 
finally OR the two carry outputs. The architecture of 
gate level half adder based full adder is shown in the 
Fig: 1. Depending on the type and number of used for 
implementation, the performance of half and full 
adders change accordingly. If more number of gates 
is used, then the circuit noise level, delay and area 
requirement is increased. Similarly, if less numbers 
of gates are used then the noise, delay and area 
requirement will be reduced. 
In the gate level full adder design sum and carry out 
output are obtained by the equation (1) and (2) 
Sum=ABCin+A’B’Cin+A’BCin’+AB’Cin’           (1) 

Cout=AB+ACin+BCin                            (2) 

 
Fig:1 Architecture of Basic Full Adder 

The transistor level design at present is towards the 
implementation of CMOS, CPL, dynamic CMOS, 
Transmission Gate Full adder (TGA) or Transmission 
Function Full adder (TFA), 20T, 14T, 12T full adder 
circuits. Hence efforts are made in this work to 
design a novel GDI low-power multiplexer based 1-
bit full adder, named GDI-MBA-14T. In this six 
identical GDI-Multiplexer with 12 transistors and one 
GDI-Inverter with 2 transistors, totally 14 transistors 
are used. Next topic discusses the comparisons of 
proposed full adder with standard existing full adder 
such as 14T, TGA and GDI-MUX full adder. 
2.1. 14T FULL ADDER 
The hybrid-CMOS logic design style full adder is 
14T full adder. This adder contains a 4T Pass 
Transistor Logic, XOR gate, an inverter and two 
transmission gates based multiplexer designs for sum 
and Cout signals[11]. The power consumption of 14T 
is reduced by decreasing the transistors count, about 
50% compared with conventional 28T CMOS full 
adder. The circuit diagram of 14T full adder is shown 
in the Fig: 2. The circuit has 4 transistors XOR, 
which in the next stage is inverted to produce XNOR. 
These XOR and XNOR are used simultaneously to 
generate sum and Cout output. 

 
Fig: 2 14T Full Adder 

The sum output is formed by multiplexer controlled 
by (A ⊗ B) and its complement, input for this 
multiplexer is Cin and Cin’. Similarly the Cout can 
be calculated by multiplexing A and Cin controlled 
by (A B). The circuit is simpler than the 
conventional adder. The number of transistors and 
number of power dissipating nodes has been reduced. 
The power dissipation in this circuit is more than the 
standard CMOS adders.  
2.2. 20 T TRANSMISSION GATE FULL ADDER 
The Transmission gate logic style based on the 
transmission -function theory and transmission gates. 
Also the transmission gate logic circuit is a special 
kind of pass-transistor logic circuit.  It produces 
buffered proper polarity output for both sum and 
carry, with the disadvantage of high power 
consumption. The circuit diagram is shown in Fig: 3. 
Transmission gate consists of a PMOS transistor and 
an NMOS transistor that are connected in parallel, 
which is a particular type of pass-transistor logic 
circuit. Both PMOS and NMOS provide the path to 
the input logic “1” or “0” respectively when they 
turned on simultaneously. Thus, there is no voltage 
drop at output node, but it requires twice the number 
of transistors to design similar function. In this full 
adder circuit 2 inverters are followed by two 
transmission gates which act as 8-T XOR. 
Subsequently 8-T XNOR module follows.  

 
Fig: 3 20T Transmission Gate Full Adder 

To generate sum; Cin and Cin’ are multiplexed which 
can controlled either by (A  B) or (A ⊗ B) and the 
Cout output can be calculated by multiplexing A and 
Cin which is controlled by (A  B). It is the fastest 
adder. The circuit is simpler than the conventional 
adder. The power dissipation in this circuit is more 
than the 28T adder. The main disadvantage of these 
logic styles is lack in driving capability. This is 
attributed to the fact that the inputs are coupled to the 
outputs. When TGA or TFA are cascaded, their 
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performance degrades significantly [IEEE 2006]. In 
the case of transmission gate circuit, cascading n full 
adders leads to an overall propagation delay roughly 
proportional to n2, which becomes excessive for long 
chains of full adders [6]. 
2.3. GDI-MUX FULL ADDER 
This full adder design approach eliminates the need 
for XOR-XNOR gates. The circuit diagram of GDI-
MUX full adder is shown in the figure 5. GDI is 
suitable for designing fast, Low-Power circuits, using 
a reduced number of transistors while improving 
logic level swing and static power characteristics. 
Without Xor-Xnor a new full adder is introduced. 
From the truth table of full adder (table 1) it is seen 
that Cout =AB when Cin=0 and Cout=A+B when 
Cin=1. Thus a multiplexer, OR and AND gates can 
be used to obtained the Cout output. The SUM= 
A+B+Cin when Cout=0 and Sum=AB Cin when 
Cout=1. Here Cout can be used to determine the 
required sum output. 

 
Fig: 4 GDI-MUX Full Adder 

 
Fig: 5 The input and Output Waveform of  

GDI-MUX full adder 
Six modules are used in this design. Module 1 and 
module 4 will perform the OR operation. Module 2 
and module 5 will perform the AND operation. 
Finally the implementation of multiplexer is achieved 
through module 3 and module 6. The main drawback 
of this circuit is its leakage current and also lack in 
driving capability which is necessary in a cascaded 
situation. The input and output waveforms of GDI-
MUX full adder is shown in the Fig. 5. Full swing 
output is not obtained by this GDI-MUX full adder. 
To eliminate this fluctuation ultra low power diode 

has to be included in this design. Thus the number of 
transistor required for this design is increased. 
III. GATE-DIFFUSION-INPUT CIRCUITS 
The GDI method [3][7][8] is based on the use of a 
simple cell as shown in Fig: 6. Each GDI cell was 
implemented using two transistors. The basic GDI-
cell resembles the standard CMOS inverter, but there 
are some important differences: GDI cell contains 
three inputs – G (the common gate input of the 
NMOS and PMOS transistors), P (input to the outer 
diffusion node of the PMOS transistor) and N (input 
to the outer diffusion node of the NMOS transistor). 
The Out node (the common diffusion of both 
transistors) may be used as input or output port, 
depending on the circuit structure. 

 
Fig. 6 GDI basic cell 

Table 1 shows how a simple change of the input 
configuration of the simple GDI cell corresponds to 
very different Boolean functions. Most of these 
functions require a complex (6-12 transistors) gate in 
CMOS (as well as in standard PTL implementations), 
but are very simple (only two transistors per 
function) in the GDI design methodology. GDI 
enables simpler gates, lower transistor count, and 
lower power dissipation. Multiple-input gates can be 
implemented by combining several GDI cells. 
The buffering constrains, due to possible VT drop are 
described in detail in [8], as well as the technological 
compatibility with CMOS. The bulk of both NMOS 
and PMOS are linked to N or P, so it can be 
arbitrarily being biased at contrast to a CMOS 
inverter.  

Table 2  Truth Table of the basic GDI cell. 
N P G OUT Function 
0 B A A’B F1 
B 1 A A’+B F2 
1 B A A+B OR 
B 0 A AB AND 
C B A A’B+AC MUX 
0 1 A A’ NOT 

The fact that no GDI cell contains  full VDD- GND 
supply so it consume power only through input, as 
GDI cells are fed only by the previous circuits.  
3.1 THE PROPOSED GDI-MUX FULL ADDER 
GDI is suitable for designing fast, Low-Power 
circuits, using a reduced number of transistors while 
improving logic level swing and static power 
characteristics.[1] In this section a new approach for 
designing full adder cell eliminating the need for 
complicated XOR-XNOR gates. In the second step 
the implementation of this ultra low power circuit 
using GDI technique is discussed. 

 
Fig. 7 The proposed MUX logic block for SUM output 
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SUM Output: By considering the full adder truth 
table 1, it can be seen that Sum is equal to Cin’ when 
A’B+AB’=1 similarly Sum is equal to Cin when 
A’B+AB’=0. So two GDI multiplexer is used to 
obtain sum output. Sum output obtained by two 2:1 
mux logic block is shown in the Fig: 7. The control 
input for first 2:1 mux is A and two input is B and B’. 
So the output of first mux is F shown in the equation 
(3). Then F is the control input for second mux and 
two inputs is C and C’. So the final SUM output is 
shown in the equation (4) 
F=A’B+AB’                                                          (3) 

Sum = ((A’B+AB’))’C + (A’B+AB’)C’                (4) 
After simplification above equation become 
Sum = ABC+A’B’C+A’BC’+AB’C’                   (5) 
Sum = ∑m(1,2,4,7)                                              (6)     
Thus the final Sum output in term of sum of product 
is expressed in the equation (6). The complemented 
value of B and C is given as input to 2 GDI-MUX 
that value is obtained from GDI-Inverter. 
Carry Output: By considering the full adder truth 
table 1 Cout is equal to A when Cin=A=0, Cout is 
equal to B when Cin=1 & A=0, Cout is equal to Cin 
when B=0 & A=1 and Cout is equal to A when 
B=A=1. Thus three GDI multiplexer is used to obtain 
Carry output. The Cout obtained by three 2:1 mux 
logic block is shown in the Fig: 8. The control input 
for first 2:1 mux is C and two input is A and B. So 
the output of first mux is F1 shown in the equation 
(7). The control input for second 2:1 mux is B and 
two input is C and A. So the output of the second 
mux is shown in the equation (8). The control input 
for third 2:1 mux is A and two input is F1 and F2. So 
the Carry output is shown in the equation (9). 

F1=C’A+CB                                                      (7) 
F2=B’C+BA                                                      (8) 
Cout = A’(C’A+CB)+A(B’C+BA)                     (9) 

After the simplification the final carry output become 
Cout=A’BCin+AB’Cin+ABCin’+ABCin           (10)     
Thus the final Cout output in terms of sum of product 
is expressed in the equation (10).          

 

 
Fig. 8 The proposed GDI-MUX logic block for 

Carry output 
The circuit diagram of proposed GDI-MUX full 
adder is sown in the Fig: 9. The full swing output 
voltage is obtained by this proposed GDI-MUX full 
adder, without any additional ultra low power diode 
as it required for previously reported full adder [1]. 
Thus the number of transistor required for design is 
considerably reduced. The input output waveform of 
proposed GDI-MUX full adder is shown in the Fig. 
10. 
IV. SIMULATION RESULTS AND ANALYSIS 
The adder cell is anatomized into smaller modules. 
The modules are studied and evaluated extensively. 
Several designs of each of them are developed, 
prototyped, simulated and analyzed. Each of these 

full adder exhibits different power consumption, 
speed, area, and driving capability. Four realistic 
circuit structures that include adder cells are used for 
simulation. The four circuits 14T, 20T, GDI-MUX 
and proposed GDI-MUX are prototyped and 
simulated using the TSMC 0.18 µm CMOS process. 

 
Fig.9 Proposed GDI-MUX Full adder 

 
 

Fig.10 The input and output Waveform of 
 Proposed GDI-MUX Full Adder 

For each simulation circuit simulator will generate 
average power consumptions. The circuits simulated 
at supply voltages range from 0.8V to 5V. The 
operating frequency is set at     100 MHZ. The power 
consumption at supply voltage range from 0.8V to 
5V of 14T, TGFA, GDI-MUX, Proposed GDI-MBA 
is listed in table 3. In this paper the power dissipation 
and propagation delay are measured for different full 
adders. The product of the power and delay values 
gives the power delay product, which shows the 
resistance value it, is having. 
   Pd=(Id*Vdd)+(CL*F*Vdd2)                            (11) 

Among the remaining previously reported full 
adders, the least delay obtained by proposed full 
adder because of GDI-MUX is used to produce 
internal signals. For each transition, the delay is 
measured from 50% of the input voltage swing to 
50% of the output voltage swing. The Propagation 
delay at supply voltage range from 0.8V to 5V of 
14T, TGFA, GDI-MUX, Proposed GDI-MBA are 
listed in table 4 
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Table 3: Power Dissipation (µW) for full adder circuits 

in 0.18µm with different supply voltage 

Table 4 : Propagation Delay (ns) for full adder circuits 
in 0.18µm with different supply voltage 

Logic Style 
Propagation Delay  (ns) 

0.8 1.2 2.5 5 
14 T 24.995 24.995 24.995 24.995 
TGA 24.98 24.98 24.98 24.98 
GDI-MUX 11.818 11.515 24.98 7.57 
Proposed GDI-
MBA 0.237 0.518 6.7 - 
     

The proposed full adder obtained minimal power 
delay product. For each transition, the power delay is 
measured from product of power consumption and 
propagation delay. The Power delay product at 
supply voltage range from 0.8V to 5V for 14T, 
TGFA, GDI-MUX, Proposed GDI-MBA is listed in 
table 5. The Power consumption, delay and Power 
Delay Product for full adder circuits in 0.18µm with 
2.5 V are listed in the table 6. 

Table 5:  Power Delay Product *10-15 J for full adder 
circuits in 0.18µm with different supply voltage 

Logic Style 

Power Delay Product *10-15  J 

0.8 1.2 2.5 5 

14 T 4.991502 10.89782 44.91602 38.87702 

TGA 0.259792 16.4868 3.54716 40.9672 

GDI-MUX 2.480598 7.94535 309.2524 151.4 
Proposed 
GDI-MBA 0.001825 0.003937 0.1742 0 

In order to have a practical application for the 
proposed circuit, the suggested structure for 
simulation, which is made of 16 cascaded full adder 
cells, is shown in fig. This structure simulates the 
circuits like regular multipliers and binary adders that 
use full adder cells as the building block. The inputs 
are fed from the buffers to give proper loading 
condition. An input transition may or may not result 
in change at the output node. Some internal node may 
be switching which results in power consumption. 

Table 6:  Power consumption, delay and Power Delay 
Product for full adder circuits in 0.18µm with 2.5 V 

Logic Style 

Power 
Consum

ption 
(µW) 

Delay      
(ns) 

Power 
Delay 

Product 
(10-15 J) 

Transis
tor 

Count 

14 T 1.797 24.995 44.92 14 

TGA 0.142 24.98 3.55 20 

GDI-MUX 12.38 24.98 309.25 28 

Proposed 
GDI-MBA 

0.026 6.7 0.17 14 

For an accurate result, all the required input pattern-
to-pattern transitions are included in the test patterns. 
It is possible to create a logical circuit using multiple 
full adders to add N-bit numbers. Each full adder 
inputs a Cin, which is the Cout of the previous adder. 
The layout of a ripple-carry adder is simple, which 
allows for fast design time. The power consumption 
and delay are measured for the whole 16 bit adder. 
Comparisons of 16-bit ripple carry adder using 
different full adder cells is shown in the table 7 with 
supply voltage 2.5V. 

Table 7:   Simulation Result for 16-bit RCA using 
different full adders in 0.18µm with supply voltage as 

2.5V 

 
V  CONCLUSION 
In this paper, the concept of Proposed GDI-MBA 
14T full adder is introduced in VLSI design. This 
new full adder design successfully operates at low 
voltages with tremendous signal integrity and good 
driving capability. Among all the design techniques, 
proposed GDI-MBA full adder proves to have the 
minimal number of transistor, power and Power 
delay product. The GDI adder cell has been divided 
into two constituting modules one is to give sum 
output and another module give carry output. Adder 
cells are implemented and simulated using 0.18 µm 
CMOS process. The performance of this proposed 
GDI-MBA presents 57%, 86% and 90% of power 
reduction when compared to other logic families. 
More work is required in the automation of a logic 
design methodology based on GDI cells. 
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