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Abstract 
 

The purpose of this paper is to explain the design and implementation of Gate Diffusion Input (GDI), Modified GDI 

Technique and to provide their comparative performance analysis in terms of Area, Power, and Delay of 6x6-bit Truncated 

Multiplier. Multipliers have a significant impact in the performance of DSP, Image Processing and ALU in Microprocessor. 

Truncated Multiplier can be used in FIR and DCT. GDI Technique has an advantage of minimum area and propagation 

delay and less complexity for designing any Digital Circuit. But this basic GDI logic style suffers from some practical 

limitations like swing dreadful conditions, fabrication difficulty in standard CMOS process and bulk connections. These 

limitations overcome by MOD-GDI. A simulation result illustrates the superiority of designed MOD-GDI truncated 

Multiplier over GDI and against conventional CMOS, TG, CPL, PT and DPT logic Techniques. 
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1.  Introduction 
 
With express growth of portable digital applications, the demand for increasing speed, squashed 

implementation, and low power dissipation triggers numerous research efforts. To improve the performance of 

logic circuits, once based on conventional CMOS technology, resulted in the improvement of numerous logic 

design techniques during the most recent 2 decades, one type of logic that is trendy in low-power digital circuits 

is pass transistor logic (PTL). Several PTL circuit implementations have been proposed in literature. Some of 

main compensation of PTL in excess of standard CMOS design includes high speed which due to small node 

capacitances, low power dissipation when a end result of the condensed number of transistors and lower 

interconnection special effects due to small area. However, most of PTL implementations have 2 basic 

problems. Initially the threshold drop across the single-channel pass transistors grades in condensed current 

drive and hence slower operation at compact supply voltages; this is predominantly central for low power design 

since it is popular to operate at lowest achievable voltage level. The PMOS device in inverter is not completely 

turned off, and hence direct-path static power dissipation could be noteworthy. There are many sorts of PTL 

techniques that propose to solve the problems mentioned above. 1) Transmission gate CMOS (TG) uses 

transmission gate logic to realize complex logic functions using a little number of complementary transistors. It 

solves the complexity of low logic level swing by using PMOS as fine as NMOS. 2) Complementary pass-

transistor logic (CPL) features complementary inputs/outputs using NMOS pass-transistor logic through CMOS 

output inverters. CPL’s most significant feature is the small stack height and the internal node low swing, which 

put in to lowering the power consumption. The CPL suffers as of static power consumption owing to the low 

swing at the gates of the output inverters. To lower the power consumption of CPL circuits, LCPL and SRPL 

circuit styles are used. Those styles contain PMOS restoration transistors or cross coupled inverters respectively. 

3) Double pass- transistor logic (DPL) uses complementary transistors to keep full move to and fro operation 

and reduce the dc power consumption. This eliminates the need for restoration circuitry. One disadvantage of 

DPL is large area used due to the happening of PMOS transistors. An additional problem of existing PTL is top-

down logic design complexity, which prevents the pass transistors form capturing a major role in real logic 

LSIs. One of the main reasons for this is that no simple and universal cell library is available for PTL-based 
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design. After that a gate diffusion input (GDI) technique was presented which solves the most of the problems 

discussed above. The GDI approach allows implementation of wide range of complex logic functions using only 

2 transistors. This method is appropriate for design of quick, low power circuits, using reduced number of 

transistors (as compared to CMOS and existing PTL techniques), whereas improving logic level swing in 

addition to static power characteristics and allowing simple top-down design by using small cell library. After 

Modified Gate Diffusion input (MOD-GDI) technique introduced. It is much more competent than GDI and 

complementary CMOS logic design. However, DC and Transient analysis performed on more efficient modified 

Gate Diffusion Input logic (Mod-GDI) circuit realizations and a wider variety of different logic cells, at the 

same time the use of practical circuit activities reveal Mod-GDI to be superior to GDI and CMOS in the 

majority cases with respect to speed, area, power dissipation, and power-delay products. This article is well 

thought-out as follows: GDI logic and their circuit principles in Section II. In section III some preliminaries and 

full adder based on GDI-XOR and GDI-XNOR gates are described. In section IV Modified GDI logic and its 

important features are described. In section V some preliminaries and Modified GDI Full Adder is designed. In 

section VI multiplication algorithm truncated multiplier its characteristic of multipliers are discussed and in 

section VII simulation results are compared. 

 

2. GDI Logic Style 
 

1) The GDI method is based on the use of simple cell as shown in Fig. 1. At first fleeting look, the basic 

cell reminds one of the standard CMOS inverter, however there are a few important differences. The 

GDI cell contains three inputs: (common gate input of NMOS and PMOS), P (input to the source/drain 

of PMOS), and N (input to the source/drain of NMOS). 

2) Bulks of both NMOS and PMOS are connected to N or P (respectively), so it can be arbitrarily biased 

at contrast with a CMOS inverter. 

 
 

Figure 1: GDI Basic Cell 
 

It must be remarked that not all of the functions are possible in standard p-well CMOS process but can be 

successfully implemented in twin-well CMOS or silicon on insulator (SOI) technologies. Table1 shows how a 

simple change of the input configuration of the simple GDI cell corresponds to very different Boolean functions. 

Most of these functions are complex (6-12 transistors) in CMOS, at the same time in criterion PTL 

implementations, but very simple (only 2 transistors per function) in the GDI design process. In this paper, most 

of designed circuits were based on the F1 and F2 functions. The reasons for this are as follows. 1) Both F1 and 

F2 are complete logic families (allows understanding of any possible two input logic function). 2) F1 is the only 

GDI function that can be realized in a standard p-well CMOS process, because the bulk of any NMOS is 

constantly and equally biased. 3) When N input is driven at high logic level and P input is at low logic level, the 

diodes stuck between NMOS and PMOS bulks to out are directly polarized and there is a short between N and 

P, resulting in static power dissipation. 

 

Table1. Various Logic Functions of Cell for Different Input Configurations 
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3. Preliminaries of GDI 

 
3.1 Logic Equations for the Proposed Full Adder 
 

The full adder function equations presented below can be stated as follows: given the three 1-bit inputs A, B and 

C in which calculate two 1 bit outputs sum, for sum and C out for carry out. 

 

 
 

3.2 XOR and XNOR gates based on GDI Cell 
 

The XOR and XNOR gates based on GDI cells are applications of the GDI technique. As can be seen in Fig. 2, 

each of them requires only 4 transistors. Apparently, the proposed GDI XOR and XNOR gates use less 

transistors compared with the conventional CMOS counterparts. 

 

 
 

Figure.2 (a) GDI XOR gate (b) GDI XNOR gate 

 

3.3 Full Adders Based on Gate-Diffusion-Input XOR and XNOR gates 

 
According to the logic equations mentioned above and the GDI XOR and XNOR gates in Fig. 2, full adders can 

be designed in two patterns: GDI XOR full adder and GDI XNOR full adder. Each of the two full adders 

includes 10 transistors. 

 

3.3.1 GDI XOR full adder 

 

The transistor level implementation of GDI XOR full adder is shown in Fig. 3. This full adder consists of three 

modules—two GDI XOR gates and a multiplexer. The Sum and C out can be calculated using (1) and (4). In the 

most awful case, Sum has 4-T delay while C out has 3-T delay. However, due to the compensation of GDI cell, 

this circuit still can achieve its benefit of low power consumption. 
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Figure.3 GDI XOR full adder 

 

 

 

3.3.2 GDI XNOR full adder 

 
Fig. 4 is the GDI XNOR full adder which is another basic structural design of the application of GDI cells. This 

scheme also includes three modules. It contains two GDI XNOR gates and a multiplexer. In the worst route, 

Sum has 4-T delay and C out can be calculated from (2) and (4) respectively. 

 

 
 

Figure.4 GDI XNOR full adder 

 

 

4. Modified GDI logic 

 
Power dissipation becomes most important limitation in high performance applications. Optimizations for basic 

logic gates are essential in order to get better the performance of a variety of low power and high performance 

devices. These limitations can be overcome by modified gate diffusion input (Mod-GDI) logic style. This 

technique allows reducing power consumption, delay and area of digital circuits. Fig 5 shows basic Mod-GDI 

logic style. In compare with the basic GDI cell, Modified-GDI [Mod-GDI] cell contains a low-voltage terminal 

SP configured to be connected to a high constant voltage (i.e. supply voltage) and a high-voltage terminal SN 

configured to be connected to a low constant voltage (i.e. Ground). Including terminals these ensures that the 

Mod-GDI cell can be implemented with all current CMOS technologies. 

 

 
 

Figure.5 Basic MOD-GDI Cell 
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In the Mod-GDI cell, the bulk node of PMOS transistor is connected to the high constant voltage referred to as 

supply voltage or VDD and the bulk of NMOS transistor is connected to low constant voltage referred to as 

GND. By doing this the proposed Mod-GDI cell is completely compatible for implementation in a standard 

CMOS process of fabrication, where bulks of all PMOS transistors are connected to VDD and bulks of all 

NMOS transistors are connected to GND. In favour of improving logic level swings and static power 

characteristics and allowing simple top-down design methodology a tiny cell library, Mod-GDI is used as shown 

in Fig 5. The Mod-GDI cell uses standard four-terminal NMOS and PMOS transistors and can be effortlessly 

implemented in all type of standard CMOS technology. The Mod-GDI cell can be accomplished as well as 

implemented in all kinds of non-standard technologies, like twin-well CMOS technology, Silicon on Insulator 

(SOI) technology and Silicon on Sapphire (SOS) technology. 
 

 

 

 

Table 2 Various logic Functions implemented with of MOD-GDI cell 
 

 
 

This straightforward arrangement as shown in Fig 5 has made the fabrication of GDI cells compatible with the 

standard nano-scale CMOS fabrication procedure. Whereas a lot of leakage components can be recognized in 

sophisticated sub-micron technologies, the most important leakage currents are given below: 

1. Sub-Threshold Leakage 

2. Gate Leakage (caused by electron tunnelling) 

This exceptional arrangement of Mod-GDI cell provides substantial reduction of both sub-threshold and gate 

leakage compared to static CMOS gate. These methodologies may be used as a basis for efficient synthesizer 

implementation, to achieve area efficient designs such as; Reduction of Short-Circuit Current, Repeaters etc. 

Table 2 presents the various logic functions which can be implemented with the help of MOD-GDI cell for 

different input configurations. 

 

Important Features Of M-GDI Technique In Brief: 

 

a. The Mod-GDI logic style provides a low-power and area efficient substitute to existing logic styles, which is 

implementable in all current CMOS transistor fabrication technologies. Mod-GDI is suitable for design of high-

speed, little power circuits, using compact number of transistors, even as improving swing dreadful conditions 

and static power characteristics, and allowing easy top-down design by using a tiny cell library. Mod-GDI is 

suitable for implementation of a broad range of logic circuits, using a diversity of transistor technologies. Mod-

GDI logic style performance is testable; so that Mod-GDI logic style and logic circuit design methods is 

therefore a promising new advance to logic circuit design. 

b. Realization of logic functions in Silicon-on-Insulator (SOI) or Silicon-on-Sapphire (SOS) fabrication 

technologies presents considerable reduction of wires used for interconnect, during these methods, the floating 

bulk transistors are frequently used for logical circuit’s implementations for GDI logic style and for other 

existing logic styles. Floating bulk transistors not requires connections of the VDD and GND wires to the 

transistors bulks. Consequently, when a logic function is implemented with Mod-GDI cells with SOI or SOS 

transistors, VDD and GND interconnect wires are not required because the Mod-GDI cell requires VDD and 

GND only to supply the bulks. This is in contrast to the majority previous design methodologies which would 

still need VDD and GND to supply the circuits. 

 

5. Preliminaries of MOD-GDI  

 
The basic archaic of GDI cell consists of NMOS and PMOS containing four terminals G (common gate input of 

NMOS and PMOS transistors), P (the outer diffusion node of PMOS transistor), N (the outer diffusion node of 

MOS transistor), and D (common diffusion node of both transistors). In this work a modified primitive GDI 

logic gates have been implemented in 180nm technology and it is compared with existing GDI and CMOS 

logic. Fig 6 shows the construction of modified GDI basic AND gate. As an example the operation of AND gate 
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is elucidated. For AND gate the drain of PMOS is connected with input ‘A’ and the source of NMOS is 

connected with input ‘B’. The gate terminal G is connected with ‘A’. When both the inputs are zero then PMOS 

will activate in linear where as NMOS is cut-off. While A=’1’ and B=’0’ then PMOS in cut-off and NMOS in 

linear. Similarly for A=’0’ and B=’1’ then PMOS in linear and NMOS in cut-off. Therefore for A=’1’ and 

B=’1’ PMOS in linear and NMOS in linear thereby producing the output as 1. The logical level for different 

input arrangement will be:  

For A=0 and B=0: PMOS in Linear:  Vin-Vtp < Vout < VDD 

 
 

 
 

 

Figure.6 2-Input AND Gate 

 

In CMOS the number of transistor used to realize a function is twice that of MOD-GDI. The transistors used to 

design XOR and XNOR has only three transistors in MOD-GDI whereas it is 8 in CMOS logic. The power 

consumed by CMOS is slightly higher than MOD-GDI. 

 

5.1 Design of MOD-GDI Full Adder 

 
A full adder is a combinational circuit that performs the arithmetic sum of 3 bits: A, B and a carry in, C, 

commencing a previous addition produces the corresponding SUM, S, and a carry out, CARRY. The various 

equations for SUM and CARRY are given below. 

 

 
 
 

 
 

Figure.7 8T MOD-GDI Full Adder 

 
The design of MOD-GDI Full Adder is shown in the Fig 7. As of the equation 5 & 6 8T MOD-GDI full adder 

has been realized using 3-input XOR for sum expression and for carry expression 2-to-1 MUX have been used. 
 

6. Multiplication Approach 
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At the most basic level, digital multiplication can be seen as a series of bit shifts and bit additions, where two 

numbers, the multiplier and the multiplicand are combined into the final result. There are numerous multiplier 

implementations are existing some of them are good in terms of power dissipation and some have better 

performance in terms of delay. In this section 4-bit truncated multiplier algorithm is discussed. 
 

6.1 Truncated Multiplier 
 
Taking into consideration the multiplication of two n-bit inputs X and Y, a standard multiplier performs the 

following operations to obtain the 2n bit product P 

 
 

Where xi, yi and Pi represents the ith bit of X, Y and P respectively. Fig. 8 shows the standard architecture of 

6×6-bit parallel multiplier, where Half Adder and Full Adder considered in that order. Equation (7) can be 

expressed by the sum of two segments: the most-significant part MP and the least significant part LP. 

 
 

The standard 6×6-bit parallel multiplier can also be divided into three subsets: the most-significant part MP, 

input rectification IC and the least-significant part LP. Equation (8) can be rewritten as follows: 

 
 

 
 

Figure.8 Block diagram of standard 6x6-bit Parallel Multiplier 

 

The fixed width multiplier can be obtained directly by removing the LP region and introducing the IC region to 

attain MP region, which is truncated multiplier as shown in Fig. 9 and given by equation (10). 
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Figure.9 Block diagram of Truncated 6x6-bit Parallel Multiplier 
 

Characteristics of Multiplier: 

There are three main apparatus of power consumption in digital CMOS VLSI circuits. 

1) Switching Power: Consumed in charging and discharging of the circuit capacitances during transistor 

switching. 

2) Short-Circuit Power: Consumed due to short-circuit current flowing from power supply to ground for 

the duration of transistor switching. This power additional dominates in Deep Sub Micron (DSM) 

technology. 

3) Static Power: Consumed due to static and leakage currents flowing while the circuit is in a stable state. 

The first 2 apparatus are referred to as dynamic power, from the time when power is consumed 

dynamically while the circuit is charging states. Dynamic power accounts for the majority of the total 

power consumption in digital CMOS VLSI circuits at micron technology. 

P avg = P Switching + P Short-Circuit + P Leakage  

= (α0__1 x CL x Vdd2 x fclk) + (Isc x Vdd) + (Ileakage x Vdd) 

 

 

7. Simulation Results 
 

Simulation Environment: Truncated multiplier based on MOD-GDI adder, GDI XOR and GDI XNOR adder 

cells are simulated in EDA Tanner (Evaluation version). All the results are obtained in 180nm CMOS process 

technology.  
 

Comparison: 6x6-bit truncated multiplier is compared based on the parameters like dynamic power 

consumption, delay and number of transistors. Comparative analysis of 6x6-bit truncated multiplier using 

MOD-GDI and GDI based adder cells working at 400 MHz is done with 6-bit CMOS multiplier as shown in 

table 3. 

 

Table 3 Comparative analysis of 6-bit multiplier 

 

Multiplier Dynamic Power Delay Number of transistors 

MOD-GDI FA Based truncated 3.14x W 2.97 ns 296 

GDI XOR Based Truncated 3.64x W 3.27 ns 384 

GDI XNOR Based Truncated 11.580x W 3.31 ns 332 

CMOS Based 3.18x W 1.62 ns 480 

 

 

8. Conclusion 
 

From the comparison table 3, it is clear that GDI-MOD Full Adder based truncated multiplier has least power 

consumption at 400MHz and also it is most effective in terms of number of transistors required. 
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