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 

ABSTRACT: This paper presents comparisons of logic style based on different logic functions in which Modified Gate 

Diffusion Input logic (Mod-GDI) is power-efficient than Gate Diffusion Input logic (GDI) and Complementary Metal 

Oxide Semiconductor CMOS logic design. When CMOS logic is used number of transistors increases and hence area 

increases. By using GDI logic area and power dissipation decreases but it suffers from the problem of bulk connections 

and high swing degradation. Mod-GDI is used to reduce the swing degradation problem which consists of only two 

transistors, by changing its input configuration number of boolean function are obtained. The practical circuit 

arrangements reveal Mod-GDI to be more superior to GDI and CMOS logic with respect to speed, area, power 

dissipation and power. Simulation results shows up to 50% reduction in area and power dissipation in Mod-GDI. This 

logic is used for designing fast, low power circuits with reduced number of transistor as compared to CMOS techniques, 

while improving power characteristics. 
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I. INTRODUCTION 

 

Binary addition is the single most important operation that a processor performs. Most of the adders have been designed 

for synchronous circuits even though there is a strong interest in clockless/asynchronous processors/circuits [1]. 

Asynchronous circuits do not assume any quantization of time. Therefore, they hold great potential for logic design as 

they are free from several problems of clocked (synchronous) circuits. In principle, logic flow in asynchronous circuits 

is controlled by a request-acknowledgment handshaking protocol to establish a pipeline in the absence of clocks. 

Explicit handshaking blocks for small elements, such as bit adders, are expensive. Therefore, it is implicitly and 

efficiently managed using dual-rail carry propagation in adders. A valid dual-rail carry output also provides 

acknowledgment from a single-bit adder block. Thus, asynchronous adders are either based on full dual-rail encoding of 

all signals or pipelined operation using single-rail data encoding and dual-rail carry representation for 

acknowledgments. While these constructs add robustness to circuit designs, they also introduce significant overhead to 

the average case performance benefits of asynchronous adders. The design of PASTA is regular and uses half-adders 

(HAs) along with multiplexers requiring minimal interconnections. Thus, it is suitable for VLSI implementation. The 

design works in a parallel manner for independent carry chain blocks. The implementation in this brief is unique as it 

employs feedback through XOR logic gates to constitute a single-rail cyclic asynchronous sequential adder. Cyclic 

circuits can be more resource efficient than their acyclic counterparts.  The proposed circuit manages automatic single-

rail pipelining of the carry inputs separated by propagation and inertial delays of the gates in the circuit path. Thus, it is 

effectively a single rail wave-pipelined approach and quite different from conventional pipelined adders using dual-rail 

encoding to implicitly represent the pipelining of carry signals. 
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II. NEED FOR ASYNCHRONOUS CIRCUIT 

 

Most digital circuits designed and fabricated today are synchronous. In essence, they are based on two fundamental 

assumptions that greatly simplify their design[2]. They are all signals are binary, and all components share a common 

and discrete notion of time, as defined by a clock signal distributed throughout the circuit. Asynchronous circuits are 

fundamentally different; they also assume binary signals, but there is no common and discrete time. Instead the circuits 

use handshaking between their components in order to perform the necessary synchronization, communication, and 

sequencing of operations. Expressed in synchronous terms which  results in a behaviour that is similar to systematic 

fine-grain clock gating and local clocks that are not in phase and whose period is determined by actual circuit delays – 

registers are only clocked where and when needed. This difference gives asynchronous circuits inherent properties that 

can be exploited to advantage in the areas are low power consumption due to fine-grain clock gating and zero standby 

power consumption, high operating speed which is determined by actual local latencies rather than global worst-case 

latency, robustness towards variations in supply voltage, temperature, and fabrication process parameters, better 

composability and modularity  because of the simple handshake interfaces and the local timing, no clock distribution 

and clock skew problems, since there is no global signal that needs to be distributed with minimal phase skew across the 

circuit. When synchronous circuits are used there is problem of global clock distribution and clock skew and hence to 

avoid this problem asynchronous circuits are used. 

 

III. PASTA 

 

Parallel single-rail self-timed adder is based on a recursive formulation for performing multibit binary addition. The 

operation is parallel for those bits that do not need any carry chain propagation. Thus, the design attains logarithmic 

performance over random operand conditions without any special speedup circuitry or look-ahead schema. A practical 

implementation is provided along with a completion detection unit. The implementation is regular and does not have 

any practical limitations of high fanouts.  A high fan-in gate is required though but this is unavoidable for asynchronous 

logic and is managed by connecting the transistors in parallel. The adder first accepts two input operands to perform 

half additions for each bit.  The general architecture of the adder is shown in Fig.1. The selection input for two-input 

multiplexers corresponds to the Req handshake signal and will be a single 0 to 1 transition denoted by SEL. It will 

initially select the actual operands during SEL = 0 and will switch to feedback/carry paths for subsequent iterations 

using SEL = 1. The feedback path from the HAs enables the multiple iterations to continue until the completion when 

all carry signals will assume zero values. 

 

 

 

 
 

Fig.1 BLOCK DIAGRAM OF PARALLEL SELF TIMED ADDER 
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          A.   MODIFIED AND GATE 

 
        When input G = A, N = B, P = 0, SP = VDD [1 or High], and SN = 0, then output D = A.B which is AND 

function.  Fig.2      shows input configuration for Mod-GDI AND Function, where; at Node „1‟ input G = A is given, at 

Node „2‟ input N = B is given,  at Node „3‟output D = A.B is taken,  at Node „4‟ input P = 0 is given. 

 

 
               Fig.2 Schematic for Modified GDI AND gate                    Fig.3 Simulation for Modified GDI AND gate 

 

          B. MODIFIED XOR GATE 

 

When input G = B, N = ABAR, P = A, SP = VDD [1 or High], and SN = 0, which is a XOR function. Fig 4 shows input 

configuration for Mod-GDI XOR Function. 

 

        
         Fig.4 Schematic for Modified GDI XOR gate                Fig.5 Simulation for Modified GDI XOR gate 

 

        C.   MODIFIED MULTIPLEXER 

 

When input G = A, N = C, P = B, SP = VDD [1 or High], and SN = 0, then output D = ᾹB+ AC which is MUX   

function. Fig 11 shows input configuration for Mod-GDI MUX Fn, where at Node „1‟ input G = A is given,  at Node „2‟ 

input P = B is given, at Node „3‟output N = C is given, at Node „4‟ input SP = VDD is given. At Node „5‟ output D = 

ᾹB+ AC is taken. 
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  Fig.6 Schematic for Modified GDI Multiplexer                          Fig.7  Simulation for Modified GDI Multiplexer 

 

IV. PASTA USING MODIFIED GDI 

 

     Parallel self Timed Adder is designed for three bit using Modified GDI logic. When the adder is designed using this 

logic 29 transistors are required. For the design of same adder using CMOS and GDI logic only 129 and  45 transistors 

are required and the results are tabulated. 

 

 
                                     

Fig.8  Schematic for PASTA using Modified GDI logic 
 

TABLE I 

 
 

PARAMETERS CMOS LOGIC GDI LOGIC 
MODIFIED GDI 

LOGIC 

AREA 129 transistors 35 transistors 29 transistors 

POWER 

DISSIPATION 

31.065 micro watts. 2.660 micro watts 1.3883 nano watts 
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V.  SIMULATION RESULT 

 

 
 

Fig.9  Simulation for PASTA using MODIFIED GDI logic

VI. LAYOUT 

 
Design Rule Check (DRC) is the area of  Electronic Design Automation that determines whether the physical layout of a 

particular chip layout satisfies a series of recommended parameters called Design Rules. Design rule checking is a 

major step during Physical verification signoff on the design, which also involves LVS (Layout versus schematic) 

Check. The Layout Versus Schematic (LVS) is the class of electronic design automation (EDA) verification software 

that determines whether a particular integrated circuit layout corresponds to the original schematic or circuit diagram of 

the design.  LVS check recognizes the drawn shapes of the layout that represent the electrical components of the circuit, 

as well as the connections between them. 

 

 
Fig.10 Layout for Modified GDI Multiplexer 
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Fig.11 Layout for Modified GDI XOR gate 

 

                                                                                                                      

    
Fig.12 Layout for Modified GDI Half Adder                      Fig.13 Layout for PASTA using Modified GDI

 

VII. CONCLUSION 

 
CMOS logic, GDI logic and Modified GDI logic for Parallel asynchronous self-timed adder is presented.  Hence, 

Modified GDI logic provides full swing and also  solves the problem of bulk connections. Thus, Modified GDI logic 

provides low power and less area when compared with CMOS and GDI logic.  
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