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                                            ABSTRACT   
 

 In state-of-the-art VLSI circuits, completely precise results are not always essential. As a result, 

engineers have begun to develop error-tolerant circuits that provide satisfactory performance for 

computing tasks. Building on this concept, the Error Tolerant Adder (ETA) emerges as a 

promising solution, offering a method for achieving excellent power and speed performance. This 

paper presents a 32-bit ETA designed using the Gate Diffusion Input (GDI) technique, a modern 

and efficient logic design style. The proposed design features an 11transistor (11T) GDI full 

adder, which significantly reduces the area in terms of transistor count while also enhancing delay 

and power performance. According to simulation data, the proposed design surpasses the existing 

designs in terms of the Power and Delay. The adoption of the GDI technique allows for minimized 

power consumption and improved processing speed, making it a highly efficient choice for 

contemporary VLSI circuit design. This approach demonstrates how error-tolerant computing 

can be effectively implemented to meet the demanding requirements of modern electronic 

systems, where performance and energy efficiency are paramount.  
  

         The need for low power portable devices has increased due to the expanding market for 

multimedia applications. High speed performance is also preferred at the same time. Designers 

have begun to compromise on accuracy in order to concurrently accomplish both of these 

objectives. Speed and power consumption have improved by implementing this novel idea. The 

traditional CMOS logic style has been used to construct the ETA design. The hardware 

implementation of our suggested architecture uses the gate diffusion input (GDI) approach. A 

brand-new type of logic design known as GDI reduces the transistor count significantly. By 

adopting this technique, simple logic operations that call for four, six, or even twelve transistors 

in typical CMOS logic style can be created with just two transistors.  

 

        The tools used in the project are S-Edit, T-Spice and W-Edit, which are  popular simulation 

tools used for simulating electronic circuits. The GDI technique is used to reduce power 

consumption and increase speed. The proposed adder is compared with existing adders in terms 

of power consumption, speed, and error tolerance. The results show that the proposed adder 

achieves high-speed performance, low power consumption, and error tolerance. The proposed 

adder is suitable for various applications, including digital signal processing, arithmetic logic 

units, and low-power electronics. The hardware implementation of our suggested architecture 

uses the gate diffusion input (GDI) approach. A brand-new type of logic design known as GDI 

reduces the transistor count significantly. By adopting this technique. 
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                                            CHAPTER 1   
 

                                        INTRODUCTION   
  

The increasing demand for high-performance and low-power digital circuits has led to the 

development of innovative design techniques. One such technique is the Gate Diffusion Input 

(GDI) method, which has been widely used to design high-speed and low-power digital circuits. 

In this context, this project focuses on designing a high-speed, low-power, and error-tolerant 

adder using the GDI technique.  

 

      In digital VLSI circuits, perfectly accurate outputs are not always needed. So designers have 

started to design error tolerance circuits which provide good enough output for computation. 

On the basis of this fact, error tolerant adder (ETA) is designed which provides a way to achieve 

good power and speed performance. In this paper, an emerging logic style of circuit design, gate 

diffusion input (GDI) technique is adopted to design a 32-bit ETA.   
  

    The proposed design reduces area in terms of area the transistor count to a great extent as 

well as improves the delay and power performance. Simulation results have shown that 

proposed design achieves 38% improvement in the Power-Delay-Product when compared to 

the existing design.  
  

      Adders are fundamental components in digital circuits, and their performance has a 

significant impact on the overall system. Adders are used to perform arithmetic operations, such 

as addition and subtraction, in digital systems. In this report, we will provide a detailed 

description of adders, including their types, design considerations, applications, and design 

techniques.   

 

Types of Adders  
 

1. Half Adder: A half adder is a basic digital circuit that adds two binary digits (bits). It 

consists of two inputs, A and B, and two outputs, SUM and CARRY. The SUM output is 

the result of the addition of A and B, while the CARRY output is the carry generated by the 

addition. 

  

   



   2   

   

2. Full Adder: A full adder is a digital circuit that adds three binary digits (bits). It consists 

of three inputs, A, B, and CIN (carry-in), and two outputs, SUM and COUT (carry-out). 

The SUM output is the result of the addition of A, B, and CIN, while the COUT output is 

the carry generated by the addition.  

3. Ripple Carry Adder: A ripple carry adder is a digital circuit that adds multiple binary 

digits (bits) using a series of full adders. Each full adder adds two bits and generates a carry 

output, which is propagated to the next full adder.  

4. Carry Look-Ahead Adder: A carry look-ahead adder is a digital circuit that adds 

multiple binary digits (bits) using a carry look-ahead logic. This type of adder is faster than 

ripple carry adders because it generates the carry output in parallel.  

 

Adder Design Considerations  

  

1. Speed: The speed of an adder is measured in terms of propagation delay or clock   

frequency. Faster adders are required for high-speed digital systems. 
  

2. Power Consumption: The power consumption of an adder is measured in terms of 

average power consumption or energy efficiency. Low-power adders are required for 

battery-powered devices.  

 

3. Area Efficiency: The area efficiency of an adder is measured in terms of the number of 

transistors or logic gates required. Adders with fewer transistors or logic gates are 

more areaefficient.  

 

4. Error Tolerance: The error tolerance of an adder is measured in terms of error 

detection and correction capabilities. Adders with error detection and correction 

capabilities are required for critical applications.  

  

In the realm of modern digital electronics, speed, accuracy, power efficiency, and silicon area 

are critical parameters that govern the design and performance of arithmetic circuits. Among 

these circuits, adders serve as the foundational component of a wide range of applications 

including digital signal processors, microprocessors, and application-specific integrated 

circuits (ASICs). The importance of designing high-speed adders has been magnified with the 

growing demand for real-time computing in mobile devices, multimedia systems, and artificial 

intelligence. However, this demand introduces the challenge of optimizing multiple conflicting 

design metrics such as speed, power consumption, area, and fault tolerance. Traditional adder 

designs have often focused on maximizing speed or minimizing power, but rarely both 

simultaneously, and even less frequently have they considered error tolerance as a central 

concern. In environments where a small margin of computational error is tolerable, such as in 
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image and video processing or neural network accelerators, the concept of error-tolerant 

computing offers a promising direction.   

             This has led to a new paradigm in arithmetic unit design, emphasizing not only 

performance and efficiency but also the graceful handling of errors when perfect accuracy is 

not essential. The Gate Diffusion Input (GDI) technique emerges as a novel and powerful 

design methodology in this context. GDI-based logic gates significantly reduce the number of 

transistors required to implement fundamental logic operations compared to conventional 

CMOS logic. This reduction translates directly into improvements in area efficiency, reduced 

power dissipation, and faster switching speeds. In a typical CMOS implementation, each logic 

gate requires a substantial number of transistors, each contributing to parasitic capacitance that 

slows down the circuit and increases energy consumption. By contrast, GDI gates utilize a 

different approach to control the logic levels at the output, using a minimal set of transistors 

and a more flexible configuration of inputs to achieve the desired logic function. This advantage 

becomes increasingly important in large-scale integrated circuits, where every transistor counts.  

Applying the GDI technique to the design of adders opens up significant opportunities for 

performance optimization. In conventional full adder designs, the sum and carry outputs are 

generated using a combination of XOR, AND, and OR gates, each adding delay and power 

overhead. By implementing these gates using GDI logic, the total transistor count is drastically 

reduced, which results in a smaller critical path and, consequently, faster computation. 

Moreover, the reduced number of transistors not only improves switching speed but also 

minimizes dynamic and leakage power, both of which are crucial for battery-powered and 

thermally constrained systems.  

 

               Another crucial consideration in modern adder design is error tolerance. In many 

practical scenarios, especially those involving approximate computing, perfect accuracy is not 

strictly required. This is particularly true for applications like image processing, audio analysis, 

and machine learning, where slight deviations in numerical results do not perceptibly affect the 

output quality. In such applications, the goal is not to eliminate all errors, but to manage and 

contain them within acceptable limits, thereby enabling significant gains in energy efficiency 

and processing speed. Error-tolerant adders are designed with this trade-off in mind, allowing 

for a controlled degree of inaccuracy in exchange for improved overall performance. When 

paired with a technology like GDI, which inherently optimizes for speed and power, the 

resulting adder architecture can be remarkably efficient and suitable for next-generation 

computing systems.  
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         Designing a high-speed error-tolerant adder using the GDI technique involves careful 

selection of logic styles and circuit topology. A popular strategy is to use hybrid adder 

architectures, where error-tolerant components are employed in the least significant bit 

positions—where errors have the least impact—while exact computation is preserved in the most 

significant bits to ensure numerical integrity. This hybrid structure enables a balance between 

accuracy and performance. GDI logic fits naturally into this framework because of its modularity 

and low-complexity implementation. For instance, a GDI-based full adder can be designed using 

fewer than ten transistors, compared to more than twenty in traditional CMOS, and this saving 

can be exploited to replicate approximate adder cells across the lower-order bits of the adder 

chain.  

 

                      Furthermore, the compactness of GDI-based designs allows more logic to be packed into 

a smaller silicon footprint, which is particularly beneficial in dense integrated circuits. This 

reduction in area not only improves cost efficiency during fabrication but also contributes to 

faster interconnects, further enhancing the speed of the adder. Another benefit of GDI technology 

is its potential for voltage scaling. Since fewer transistors are switching during each computation, 

the circuit can operate at lower supply voltages without significantly compromising its 

performance, which directly supports ultra-low power operation—an essential characteristic for 

Internet of Things (IoT) devices and wearable electronics.  
 

1.1 Overview of the project   
 

 

The requirement for low power versatile gadgets has expanded because of the growing business 

sector for mixed media applications. Rapid execution is additionally liked simultaneously. 

Originators have started to think twice about exactness to simultaneously achieve both of these 

targets since seldom important to give discoveries are completely exact and calculations might 

be performed with OK an adequate number of results.  Designing a high-speed error-tolerant 

adder using the GDI technique involves careful selection of logic styles and circuit topology. A 

popular strategy is to use hybrid adder architectures, where error-tolerant components are 

employed in the least significant bit positions—where errors have the least impact—while exact 

computation is preserved in the most significant bits to ensure numerical integrity.   
 

                This hybrid structure enables a balance between accuracy and performance. GDI logic fits 

naturally into this framework because of its modularity and low-complexity implementation. For 

instance, a GDI-based full adder can be designed using fewer than ten transistors, compared to 
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more than twenty in traditional CMOS, and this saving can be exploited to replicate approximate 

adder cells across the lower-order bits of the adder chain.  

 

           Furthermore, the compactness of GDI-based designs allows more logic to be packed into 

a smaller silicon footprint, which is particularly beneficial in dense integrated circuits. This 

reduction in area not only improves cost efficiency during fabrication but also contributes to 

faster interconnects, further enhancing the speed of the adder. Another benefit of GDI technology 

is its potential for voltage scaling. Since fewer transistors are switching during each computation, 

the circuit can operate at lower supply voltages without significantly compromising its 

performance.  

 

1.2 Objective of the project    
  

This reality incited the improvement of the Slip-up Merciful Snake, a thought of bungle 

versatility used essentially in adders (assessed season of appearance). As a result of the time 

expected for convey causing beginning with one stage then onto the following, which achieves 

the languid working speed of customary adders, assessed season of appearance was made to 

dispose of the necessity for convey spread similarly movement. Speed and power use have 

improved by executing this unique idea.   

 

         However, implementing GDI-based error-tolerant adders is not without challenges. The 

unique biasing requirements of GDI gates may complicate integration with standard CMOS 

logic, particularly in mixed-signal environments. Moreover, ensuring signal integrity and 

avoiding logic level degradation require careful circuit-level design and simulation. 

Nevertheless, these challenges are increasingly being addressed through refined GDI cell 

libraries and improved electronic design automation (EDA) tools that support mixed-logic design 

flows. Additionally, with the increasing acceptance of approximate and inexact computing 

principles in mainstream applications, the slight compromises inherent in errortolerant adders 

are becoming more acceptable, even in high-performance systems.  

 

         In summary, the combination of the GDI technique with the principles of error-tolerant 

design represents a highly promising approach for constructing high-speed adders tailored to 

modern computational needs. By reducing the transistor count and optimizing signal propagation 

paths, GDI-based logic significantly enhances the speed and energy efficiency of adder circuits. 

When these benefits are coupled with an architecture that tolerates minor computational errors, 

the result is an arithmetic unit that meets the stringent demands of contemporary and future 
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digital systems. This synergy of design philosophies not only enables efficient hardware 

implementations but also opens up new avenues in energy-aware and approximate computing.  

        As the industry continues to push toward higher performance with lower power budgets 

and greater computational complexity, innovations like high-speed error-tolerant adders using 

GDI logic are likely to become central to the evolution of digital circuit design.  

 

1.3 Organisation of the project   

  

 By taking on this novel thought, improvement in speed and power usage has been achieved. In 

the past works, either the major plan of assessed season of appearance is changed or the reasoning 

style for gear execution is changed. But these designs have better deferral and power execution, 

there is at this point a creating interest keeping watch for low power, speedier adders. 

Subsequently, one more assessed season of appearance configuration is at this point expected to 

manage these solicitations.   

 

      We will look at a smart reasoning style-based plan in this work that is more effective than the 

continuous designs. This proposed assessed season of appearance is arranged using GDI 

reasoning style which altogether diminishes district to the extent that the semiconductor count.   

  

   

   

   

 

 

 

 

 

 

  

   



   7   

   

CHAPTER 2 
 

LITERATURE SURVEY  

  
2.1 Deep-Sub micro meter Design Using Hybrid-CMOS Logic Style   

We present a new design for a 1-b full adder featuring hybrid-CMOS design style. The quest to 

achieve a good-drivability, noise-robustness, and low-energy operations for deep submicrometer 

guided our research to explore hybrid-CMOS style design. Hybrid-CMOS design style utilizes 

various CMOS logic style circuits to build new full adders with desired performance. This 

provides the designer a higher degree of design freedom to target a wide range of applications, 

thus significantly reducing design efforts. We also classify hybridCMOS full adders into three 

broad categories based upon their structure. Using this categorization, many full-adder designs 

can be conceived. We will present a new full-adder design belonging to one of the proposed 

categories.   

        The new full adder is based on a novel XOR–XNOR circuit that generates XOR and XNOR 

full-swing outputs simultaneously. This circuit outperforms its counterparts showing 5%–37% 

improvement in the power-delay product (PDP). A novel hybridCMOS output stage that exploits 

the simultaneous XOR–XNOR signals is also proposed. This output stage provides good driving 

capability enabling cascading of adders without the need of buffer insertion between cascaded 

stages. There is approximately a 40% reduction in PDP when compared to its best counterpart. 

During our experimentations, we found out that many of the previously reported adders suffered 

from the problems of low swing and high noise when operated at low supply voltages. The 

proposed full adder is energy efficient and outperforms several standard full adders without 

trading off driving capability and reliability. The new full-adder circuit successfully operates at 

low voltages with excellent signal integrity and driving capability. To evaluate the performance 

of the new full adder in a real circuit, we embedded it in a 4- and 8b, 4-operand carry-save array 

adder with final carry-propagate adder. The new adder displayed better performance as compared 

to the standard full adders.   

 

2.2 A review of 0.18-μm full adder performances for tree structured arithmetic circuits   
 

The general objective of our work is to investigate the area and power-delay performances of 

low-voltage full adder cells in different CMOS logic styles for the predominating tree structured 

arithmetic circuits. A new hybrid style full adder circuit is also presented. The sum and carry 

generation circuits of the proposed full adder are designed with hybrid logic styles.   
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         To operate at ultra-low supply voltage, the pass logic circuit that cogenerates the 

intermediate XOR and XNOR outputs has been improved to overcome the switching delay 

problem. As full adders are frequently employed in a tree structured configuration for high-

performance arithmetic circuits, a cascaded simulation structure is introduced to evaluate the full 

adders in a realistic application environment. A systematic and elegant procedure to scale the 

transistor for minimal power-delay product is proposed. The circuits being studied are optimized 

for energy efficiency at 0.18m CMOS process technology. 

 

      With the proposed simulation environment, it is shown that some survival cells in stand alone 

operation at low voltage may fail when cascaded in a larger circuit, either due to the lack of 

drivability or unsatisfactory speed of operation. The proposed hybrid full adder exhibits not only 

the full swing logic and balanced outputs but also strong output drivability. The increase in the 

transistor count of its complementary CMOS output stage is compensated by its area efficient 

layout. Therefore, it remains one of the best contenders for designing large tree structured 

arithmetic circuits with reduced energy consumption while keeping the increase in area to a 

minimum.   

 

2.3 A new design of the CMOS full adder   
 

By using the transmission function theory, two CMOS full adders are designed, both of which 

have simpler circuits than the conventional full adder. Computer simulations with SPICEZGS 

show that they can realize the expected logic functions and they have desirable transfer 

characteristics.   

2.4 CMOS full-adders for energy-efficient arithmetic application   

A low-power, high-speed full adder (FA), abbreviated as LPHS-FA, is presented as an elegant 

way to reduce circuit complexity and improve the performance thereof. Employing as few as 15 

MOSFETs in total, an LPHS-FA requires 60–73% fewer transistors than other existing FAs with 

drivability. For validation purpose, HSPICE simulations are conducted on all the proposed and 

referenced FAs based on the TSMC 0.18-μm CMOS process technology. The LPHS-FA is found 

to provide a 20.4–21.2% power saving, a 12.3–67.0% delay time reduction and a 35– 102% 

reduction in power delay product compared with the referenced FAs. Low-power high-speed full 

adder for  portable electronic applications. In short, an LPHSFA is presented in a concise form 

as a high-performance FA in practical applications.   
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2.5 Hybrid 1-bit full adder circuit   

In this paper, a hybrid 1-bit full adder design employing both complementary metal– oxide–

semiconductor (CMOS) logic and transmission gate logic is reported. The design was first 

implemented for 1 bit and then extended for 32 bit also. The circuit was implemented using 

Cadence Virtuoso tools in 180- and 90-nm technology. Performance parameters such as power, 

delay, and layout area were compared with the existing designs such as complementary pass-

transistor logic, transmission gate adder, transmission function adder, hybrid pass-logic with 

static CMOS output drive full adder, and so on. For 1.8-V supply at 180-nm technology, the 

average power consumption (4.1563 µW) was found to be extremely low with moderately low 

delay (224 ps) resulting from the deliberate incorporation of very weak CMOS inverters coupled 

with strong transmission gates. Corresponding values of the same were 1.17664 µW and 91.3 ps 

at 90-nm technology operating at 1.2-V supply voltage. The design was further extended for 

implementing 32bit full adder also, and was found to be working efficiently with only 5.578-ns 

(2.45-ns) delay and 112.79-µW (53.36-µW) power at 180-nm (90-nm) technology for 1.8-V (1.2-

V) supply voltage. In comparison with the existing full adder designs, the present implementation 

was found to offer significant improvement in terms of power and speed.   

 

2.6 Low-voltage low-power CMOS full adder                                         

 Low-power design of VLSI circuits has been identified as a critical technological need in recent 

years due to the high demand for portable consumer electronics products. In this regard many 

innovative designs for basic logic functions using pass transistors and transmission gates have 

appeared in the literature recently. These designs relied on the intuition and cleverness of the 

designers, without involving formal design procedures. Hence, a formal design procedure for 

realising a minimal transistor CMOS pass network XOR–XNOR cell, that is fully compensated 

for threshold voltage drop in MOS transistors, is presented. This new cell can reliably operate 

within certain bounds when the power supply voltage is scaled down, as long as due 

consideration is given to the sizing of the MOS transistors during the initial design step. A low 

transistor count full adder cell using the new XOR–XNOR cell is also presented.   
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     CHAPTER 3  
 

   EXISTING SYSTEM 
 

3.1 Existing System 

The hybrid technology is a combination of two or more different logic styles combined together, 

it may consist of CMOS technology , TG  logic , pass transistor logic etc.. The design eliminates 

the need for XOR/XNOR gates, reducing the number of transistors required. The design aims to 

minimize area usage while maintaining performance. This design uses GDI technique to reduce 

power consumption and increase speed. The proposed design is area-efficient and suitable for 

low-power applications. he existing system for low-power, high-speed, error-tolerant adder using 

Gate Diffusion Input technique consists of various modules that work together to achieve high 

performance and low power consumption. The modules include the 32-bit ETA, MFA, HSETA, 

GDI technique, error detection and correction, power optimization, area optimization, and 

speed optimization. 

   
 

                                  FIG 3.1 : Block diagram for existing system 
 

In the Existing System FA is designed by combining all the three modules : XOR – XNOR circuit 

as module I , sum circuit as module II and carry circuit as module III as discussed in introduction. 

with the knowledge of proposed 10T XOR-XNOR  circuit (module I) , module II (sum 

circuit),module III ( carry circuit ) four designs of hybrid logic style-based FAs are presented as 

shown in figure .  In the accurate part the addition is performed in a conventional way from right 

to left starting from the demarcation line because the higher order bits play a greater role in the 
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accuracy.  In the inaccurate part, the addition is performed from left to right starting fdemarcation 

line. When two 0s are there or a 0 and a 1 is there, the addition proceeds conventionally. 

3.2 Proposed system 

Adders are fundamental components in digital circuits, and their performance has a significant 

impact on the overall system. Traditional adder designs often compromise between speed, power 

consumption, and error tolerance. The GDI technique offers a promising solution to achieve a 

balance between these competing factors. 

 

   

                          FIG 3.2: Circuit diagram of proposed system   

 3.3 Error Tolerant Adder (ETA) 
 

There is a huge improvement in the power and speed when we use an ETA. For increasing the 

speed and decreasing the power dissipation, we use the logic that in an adder circuit the delay 

appears mainly because of the carry propagation and also there is a lot of power dissipation. So 

we try to eliminate this carry propagation by dividing the addition of two binary numbers into 

two parts namely accurate part and inaccurate part as shown below. The 4 MSB bits of both the 

numbers are the accurate part and the 4 LSB bits are the inaccurate part. In the accurate part the 

addition is performed in a conventional way from right to left starting from the demarcation line 

because the higher order bits play a greater role in the accuracy.  In the inaccurate part, the 

addition is performed from left to right starting from the demarcation line. When two 0s are there 
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or a 0 and a 1 is there, the addition proceeds conventionally.  As soon as two 1s in the input bits 

are seen, the checking stops and from this point onwards all the bits are set to 1 as shown below. 

This method is adopted in order to eliminate the time required for carry propagation and also to 

reduce the power consumption.   

   

   

         FIG 3.3:Accurate part and Inaccurate part bits 
 

3.4 Basic operation of ETA 
   

In the basic structure of ETA, the operands are divided into two parts: accurate and inaccurate 

one. The length of each part can be equal or unequal depending on the requirement of accuracy 

and speed. We are considering 12 bits in accurate part and remaining 20 bits in inaccurate part. 

The addition process starts from the joining point of two parts and goes towards the two opposite 

directions simultaneously. Basic block diagram elaborating the concept of ETA addition 

arithmetic is shown in Fig.1.   
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The control block checks all the bits fed to the inaccurate part and monitors when both incoming 

bits go high 

   

FIG.3.3. Basic Block Diagram of ETA   

The accurate part can be designed by using any one of the available traditional adders like ripple 

carry adder, carry look ahead adder, carry bypass adder and etc. The inaccurate part is designed 

such as to eliminate the propagation of carry from one bit to next one. This part consists of two 

blocks: control block and carry free addition block.. The control block output at that position and 

that to the right of that position are then made high.    

            A number of control logic generating cells (CL) are connected to form this  control block. 

In, the structure of control block is modified. The modified structure is shown in Fig.2. In this, 

the array of CLs which forms the control block is partitioned into smaller blocks of equal size. 

The bits in a particular sub-block are bypassed by OR gates whenever a particular bit of control 

logic goes high, thus reducing overall delay of sum computation. The carry free addition block 

consists of a chain of modified EXOR (MXOR) gates as shown in Fig.3, which generates a sum 

bit based on a control signal “CTL” which is obtained from aforesaid control block. When the 

value of this CTL signal is zero, the normal EXOR operation is performed over input bits. A logic 

high value of CTL signal sets the output to logic “1” irrespective of the value of input bits.   
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                                                 FIG.3.4. Control Block Structure   

   

                                              FIG.3.5. Carry Free Addition Block   

                        

                                                   FIG: 3.6. Modified EXOR   

     

3.5 GDI method    

The original GDI method was based on the use of a simple cell, as shown in Figure 1(a). At first 

glance, the basic cell reminds the standard CMOS inverter, but there are some important 
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differences. First, the GDI cell contains three inputs: G (common gate input of both the nMOS 

and the pMOS), P (input to the source/drain of the pMOS), and N (input to the source/drain of 

the nMOS). Second, the bulks of the nMOS and pMOS are connected to N and P, respectively, 

so they can be arbitrarily biased, unlike those of a Static CMOS inverter. Table I shows how a 

simple change to the input configuration of the simple GDI cell corresponds to a large variety of 

Boolean functions. Most of these functions are complex (6–11 transistors ) in Static CMOS, as 

well as in standard PTL implementations, but very simple (only two transistors per function) in 

the GDI design method.   

   

  TABLE.3.1: Boolean function synthesis through input configuration of a simple GDI cell 
 

The traditional CMOS logic style has been used to construct the ETA design. The hardware 

implementation of our suggested architecture uses the gate diffusion input (GDI) approach. A 

brand-new type of logic design known as GDI reduces the transistor count significantly. By 

adopting this technique, simple logic operations that call for four, six, or even twelve transistors 

in typical CMOS logic style can be created with just two transistors.   

 

               A simple GDI cell is shown in figure. It is a three input cell where the three inputs are: 

G (common gate input to both PMOS and NMOS ), P(input to source/drain of PMOS ) and N 

(input to source /drain of NMOS). The GDI cell consists of two transistors, one PMOS and one 

NMOS, connected in a complementary configuration. The input signal is applied to the gates 

of both transistors, while the output is taken from the drains of the transistors.  

             The GDI cell operates by using the input signal to control the flow of current through 

the transistors. When the input signal is high, the PMOS transistor is turned off, and the NMOS 

transistor is turned on, allowing current to flow through the output. 
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 When the input signal is low, the PMOS transistor is turned on, and the NMOS transistor is 

turned off, reducing current flow through the output. 

   

FIG 3.7.GDI Circuit Diagram 
 

 In our proposed architecture, gate diffusion input (GDI) method, is used for hardware 

implementation. GDI logic style has emerged as a new logic design style in which the transistor 

Count decreases. By using this method the basic logic functions can be designed using only two 

transistors which require four, six or even twelve transistor in conventional CMOS logic style. 

   

         The accurate and inaccurate parts of ETA are implemented using the GDI cell .In proposed 

architecture of the adder cells for accurate part. A single adder cell requires 11 transistors  when 

implemented using GDI logic style. It is worth to note here that the delay in ETA is only due the 

carry propagation in accurate part because no carry propagation occurs in inaccurate part, it will 

improve the overall delay of ETA.  
 

          The traditional CMOS logic style has been used to construct the ETA design. The hardware 

implementation of our suggested architecture uses the gate diffusion input (GDI) approach. A 

brand-new type of logic design known as GDI reduces the transistor count significantly. By 

adopting this technique, simple logic operations that call for four, six, or even twelve transistors 

in typical CMOS logic style can be created with just two transistors.   
 

           The modified structure is shown in Fig.2. In this, the array of CLs which forms the control 

block is partitioned into smaller blocks of equal size. The bits in a particular sub-block are 

bypassed by OR gates whenever a particular bit of control logic goes high, thus reducing overall 

delay of sum computation. The schematic diagram of the proposed adder design is a crucial 
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aspect of the project, providing a visual representation of the circuit's components and their 

interconnections.  

The schematic diagram is used to design, simulate, and verify the adder circuit, ensuring that it 

meets the required specifications. The diagram typically includes components such as transistors, 

diodes, resistors, and capacitors, which are connected to form the adder circuit. The schematic 

diagram is also used to identify potential issues and optimize the circuit design for better 

performance and reduced power consumption. By analyzing the schematic diagram, designers 

can gain a deeper understanding of the circuit's operation and make necessary adjustments to 

achieve the desired outcome. 

  

  

     Fig.3.8: Schematic diagram of adder cell using GDI logic style   

Advantages   

 Less Transistors used.   

 Reducing power consumption.   

 Propagation delay and area.   
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                                             CHAPTER 4  
  

                                       SOFTWARE REQUIREMENT   

4.1 TANNER TOOL 
   

Launching S-Edit   
 

To launch S-Edit, double-click on the S-Edit icon.   

   

   
 

FIG.4.1.S-Edit icon 
 

The user interface consists of the elements shown below. Unless you explicitly retrieve a setup 

file, the position, docking status and other display characteristics are saved with a design and 

will be restored when the design is loaded.   

 

                                     FIG.4.2.Elements in the S-Edit Tool 
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Parts of the User Interface Title Bar   

The title bar shows the name of the current cell and the view type (symbol, schematic, etc.).   

Menu Bar   

The menu bar contains the S-Edit menu titles. The menu displayed may vary depending on the 

view type that is active. See “Shortcuts for Cell and View Commands” on page  70 for the various 

methods S-Edit provides for executing commands.   

   

   

                                          FIG.4.3.Menu bar for executing commands 

Menu List Filtering   

Most S-Edit menus and dialogs allow for filtering to speed the process of selecting from a 

dropdown list. So, when you enter a character, S-Edit will jump to the first list item that begins 

with that character. For example, typing g highlights the first list item beginning with that letter 

and filters the display to show only items that begin with g. Typing a u after the g highlights the 

first list item beginning with gu, and filters the display to show only items that begin with gu, 

and so on. The search procedure is caseinsensitive.   
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Toolbars   

You can display or hide individual toolbars using the View > Toolbars command, or by 

rightclicking in the toolbar region. Toolbars can be relocated and docked as you like. For added 

convenience, S-Edit displays a tool tip when the cursor hovers over an icon.   

Standard Toolbar   

The Standard toolbar provides buttons for commonly used file and editing commands, as well as 

operations specific to S-Edit such as “View Symbol.”   

   

   

Draw Toolbar   

The Draw toolbar provides tools used to create non-electrical objects, such as rectangles, circles, 

and lines, for illustrating and documenting a design.   

   

Segment Toolbar   

The Segment toolbar provides tools with which you limit the degree of angular freedom allowed 

when you are drawing wires.   

   

Electrical Toolbar   

The Electrical toolbar provides the tools used to create wires, nets, and ports, and to add 

properties.   

   

SPICE Simulation Toolbar   

The SPICE Simulation toolbar lets you extract connectivity, select and probe nets, launch TSpice 

and select evaluated properties.   
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Locator Toolbar   

The Locator toolbar displays the coordinates of the mouse cursor and allows you to quickly 

change the units of measurement application-wide.   

   

Mouse Buttons Toolbar   

The Mouse Buttons toolbar shows the current functions of the mouse buttons.    

   
Mouse buttons vary in function according to the tool that is active. The Shift, Ctrl and Alt keys 

can further change the function. For two-button mice, the middle-button function is accessed by 

clicking the left and right buttons at the same time, or by pressing  

Alt while clicking the left mouse button.   

Customizing Toolbars   

You can add buttons for existing commands to existing S-Edit toolbars, add entirely new toolbars, 

and add new buttons for entirely new commands to either new or existing toolbars. To customize 

toolbars, right-click anywhere in the toolbar area and click on Customize in the Context-

sensitive menu.   

   
This opens the Customize dialog, to the Toolbars tab. Note that in this dialog the checkmarks 

control only whether or not a toolbar is displayed. The buttons apply only to the toolbar that is 
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highlighted, and will be applied even if a toolbar is not currently displayed.  All toolbars are 

checked, so all are displayed. Only Menu Bar is highlighted, so any of the button actions 

(ex.Reset) will act only on the Menu Bar.   

   

FIG 4.4:Customize Dialogue box 

Reset returns an existing toolbar to the default display settings for aspects such as icon size, 

tooltips, etc.– and its original button contents.   

The New, Rename and Delete functions apply only to custom toolbars     

Adding a Command to a Toolbar   

Use the Commands tab to add a button for an existing command to any toolbar.   
 

             

FIG 4.5:Command Toolbar 
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[1] Right-click in the toolbar area, select Customize and then the Commands tab.   

[2] Pick the desired command from the Categories list (or use All Commands for a complete list 

of available commands), then simply click-and-drag the command from the right column to 

the desired toolbar.   

[3] S-Edit will insert a button displaying the command text, or an icon if one is already defined. 

Adding a New Menu   

[1] You can also use the Commands tab to add a new menu category to the menu bar.   

[2] In the Commands tab, scroll down to New Menu at the end of the Categories list.   

[3] Click-and-drag New Menu from the right column to the Menu bar in the interface.   

   

[4] Right-click on the New Menu button you have just placed to open the control menu, where 

you can rename it, then check Begin a Group to populate the menu with pulldown 

commands.   

   

   

[5] Select the new menu button in the interface to open the pull-down group, then clickanddrag 

from the Commands tab to add the desired command(s). Make sure to drop the commands 

within the group area.   
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4.2 Schematic design of Inverter   

What is schematic Design: There are many phases or progressions of a design. A common term 

you will hear when working with a Designer is “Schematic Design”. This phase is early in the 

design process. Schematic Design establishes the general scope, conceptual ideas, the scale and 

relationship of the various program elements. The primary objective of schematic design is to 

arrive at a clearly defined feasible concept based on the most promising design solutions.   

Opening S-edit platform:   

First of all double click on the icon of s-edit on the desktop   

or   

Go to the start menu >>All Programs >>Tanner EDA >>Tanner Tool v 13.0 >> 

S-Edit v 13.0   

   

                                              FIG.4.6:Opening S-Edit platform 
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A new window will open   

   

                   FIG.4.7:Running program after opening S-Edit 

Go to >>file >> New >> New Design   

Select New Design   

   

                         FIG.4.8:Opening new file and new design 
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One dialog box will appear   

Design Name : Give the name your design as you wish   

Create a Folder : Give the path where you want to save the S-Edit Files.   

Then Click on ‘OK’   

   

                               FIG.4.9:Providing Design name and Creating a folder  

   

Now to add libraries in your work click on Add , left on the library window.   

Give the path where Libraries are stored .  

As for example   

C:\Documents and Settings\Bhowmik.IIIT-3AC288AD0A\My Documents\Tanner  EDA\Tanner   

Tools v13.0\Libraries\All\All.tanner   

Required Tanner Tools v13.0 is a version of the Tanner EDA software. It provides a 

comprehensive platform for designing, simulating, and verifying electronic circuits. Tanner EDA 

is a software tool used for designing and simulating electronic circuits. It provides a 

comprehensive platform for designing, simulating, and verifying electronic circuits. 
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                          FIG.4.10:Adding Library  

Now to create new cell   

Go to cell menu >> New view --   

Select ‘New view’   

   

           FIG.4.11:Creating a new cell 



   28   

   

The new cell will appear like below:   

Design = your design name   

Cell = cell no. ( cell no you can change but your design name inv will be same for different cell.   

Design name should be changed only when you are going to design another circuit)   

View type = schematic   

Interface name = “by default”   

View  name  =  “by  

default”  Then  press “OK”.   

   

FIG.4.12:Providing names for interface and design 

Then a cell will be appeared where we can draw the schematic of any circuit.  In the black 

window you have seen some white bubble arranged in specific order. This is called grid. You can 

change grid distance by clicking on black screen and then scroll the mouse. If you want your 

screen big enough for design space , then you can close the Find & command window. You can 

again bring these window from view menu bar.   
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                                                 FIG.4.13Schematic view 
 

To make any circuit schematic .   

for example inverter   

a) Go to >>libraries & click on device then all device will be open.   

  

                 FIG.4.14:Finding device in Libraries 

b) Select any device   
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e.g. :- NMOS Device, then click on , instance   

(then the dailog box instance cell will appear.)   

  

   

FIG.4.15:Instance Cell 

4.3 Instance cell   

  You can change the values of various device parameters according to your requirements.   

  Go to properties >> change the parameter values as your requirement.   

  Now before clicking DONE you have to DRAG the selected device into the cell and 

drop it where you want it to FIX .   

Then click DONE or press ESC.   
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                    FIG.4.16:Properties to place a device 

Now connect two device with wire.   

Go to tool bar and select wire.   

   

                             FIG.4.17:Selecting wire to connect two devices 
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Similarly to give input & output port in the circuit , select input port that shown by red ellipse.   

   

FIG.4.18:Giving input & output port in the circuit 

Now you can give Port name as you wish in the dailog 

box. Then click OK   

   

                                FIG.4.19:Giving port name in dialog box 
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Similarly give Output Port name.   

NOTE : you can rotate the port (short cut key “R”).   

Now, after completed these steps, you should give the supply (VDD) & ground (GND).   

For that Go to liberaries >> MISC >>Select VDD or GND   

   

                                      FIG.4.20:  Supply by selecting VDD and GND 

Now you have to create a source of VDD. For that go to libraries >>spice_element >> and then 

select voltage source of type DC . you can give any value in vdd .lets take vdd =5v.   

   
                                           FIG.4.21:Valueing the selected elements 
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By doing all the above steps you have completed schematic of 

Inverter  Pre layout simulation   

After schematic design you have to check whether your design match with the specification 

required or not . That’s why you need to simulate the design which is called Pre layout    

simulation.   

For simulation go to>> tools>> T-spice>> ‘ok’   

   

                  FIG.4.22:For simulation open T-Spice 

A T-spice window will open.   

Then click on the bar shown by red ellipse   

   

                FIG.4.23:Open T-Spice command tool 
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A “T-spice command Tool “ dialog box will open as shown below.   

   

                        FIG.4.24:Click on Analysis 

On the T-spice command you can see in the left hand side  Analysis, Current source Files  

Initialization,  Output  Settings  Table  Voltage source  Optimization   

Lets start doing transient analysis of Inverter.   

Step 1 : 

             You have to include TSMC 0.25 μm Technology file .   

For that   

Go to >> T-spice command tool >> Files >> Include >> browse TSMC .25μm 

files >> Insert command.   

C:\Documents and Settings\Bhowmik.IIIT-3AC288AD0A\Desktop\TSMC  

0.25um\MODEL_0.25.md   
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                   FIG.4.25:Click on insert command 

File is included shown by highlight.   

   

FIG.4.26:Run the program 

Step2 : Then to give Input   

T-spice command tool >> Voltage source >> select type of input you want to give(lets take bit) 

>> Insert command   
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Step 3: Analysis   

T-spice command tool >> Analysis >> select type of analysis you want to give(lets take 

transient) >> Insert command step 4: Output   

T-spice command tool >> Output >> which output you want to see >> Insert   

Command   

The total spice netlist will come like this.   

   

                                        FIG.4.27:Netlist and Transient Simulation 

Now save it .   

Then Run by clicking red ellipse shown on left above corner.Output of Pre layout 

simulation of Inverter     

4.4 Simulation tool    

The tool used for simulation purpose for the entire research work is Tanner EDA 

tool version   

13.0. The features and functionality of this tool has been described below:  

   

SIMULATION TOOL    

The design cycle for the development of electronic circuits includes an important prefabrication 

verification phase. Because of the expense and time pressures associated with the fabrication 

step, accurate verification is crucial to efficient design. The role of EDA tool is to help design 

and verify a circuit’s operation by numerically solving the differential equations describing the 
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circuit. These simulation results allow circuit designers to verify and fine-tune designs before 

submitting them for fabrication. Tanner EDA tool is a complete circuit design and analysis system 

that includes:     

• Schematic Editor (S-Edit): Schematic editor is a powerful design capture and  analysis 

package that can generate netlist directly usable in T-Spice simulations.     

• T-Spice Circuit Simulator: T-Spice performs fast and accurate simulation of analog and mixed 

analog/digital circuits. The simulator includes the latest and best device models available, as 

well as coupled line models and support for userdefined device models via tables or C 

functions. T-Spice uses an extended version of the SPICE input language that is compatible 

with all industry standard SPICE simulation programs. All of SPICE’s device models are 

incorporated, as well as resistors, capacitors, inductors, mutual inductors, single and coupled 

transmission lines, current sources, voltage sources, controlled sources, and a full complement 

of the latest advanced semiconductor device models from Berkeley and Philips Labs.   

• Waveform Editor (W-Edit): W-Edit displays T-Spice simulation output waveforms as they are 

being generated during simulation. Visualizing the complex numerical data resulting from 

VLSI circuit simulation is critical to testing, understanding, and improving those circuits. W-

Edit is a waveform viewer that provides ease of use, power, and speed in a flexible 

environment designed for graphical data presentation.     

• Layout Editor (L-Edit): Tanner EDA tool includes L-Edit for layout editing 

• Interactive DRC for real-time design rule checking during editing, Standard DRC for 

hierarchical DRC, Standard Extract for netlist extraction, Standard LVS for layout versus 

schematic, Node Highlighting for highlighting all geometry associated with a node and SPR 

for standard cell place & route.    

4.5 T-SPICE     

To transform your ideas into designs, you must be able to simulate large circuits quickly and with 

a high degree of accuracy. That means you need a simulation tool that offers fast run times, 

integrates with your other design tools, and is compatible with industry standards. Tanner T-Spice 

Circuit Simulator puts you in control of simulation jobs with an easy-to-use graphical interface 

and a faster, more intuitive design environment. With key features such as multi-threading 

support, device state plotting, real-time waveform viewing and analysis, and a command wizard 

for simpler SPICE syntax creation, TSpice saves you time and money during the simulation phase 
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of your design flow.  T-Spice enables more accurate simulations by supporting the latest transistor 

models— including BSIM4 and the Penn State Philips (PSP) model. Given that T-Spice is 

compatible with a wide range of design solutions and runs on Windows and Linux platforms, it 

fits easily and cost effectively into your current tool flow.   T-Spice incorporates numerous 

innovations and improvements not found in other SPICE and SPICE-compatible simulators:    

• Speed: T-Spice provides highly optimized code for evaluating device models  

formulating the systems of linear equations, and solving those systems. In addition to the 

standard direct model evaluation, T-Spice also provides the option of table-base transistor 

model evaluation, in which the results of device model evaluations are stored in tables 

and reused. Because evaluation of device models can be computationally expensive, this 

technique can yield dramatic simulation speed increases.     

• Convergence:  T-Spice  uses  advanced  mathematical  methods  to achieve  superior 

 numerical stability. Large circuits and feedback circuits, impossible to analyze with other 

SPICE products, can be simulated in T-Spice.     

• Accuracy: T-Spice uses very accurate numerical methods and charge conservation to 

achieve superior simulation accuracy.     

• Macro modeling: T-Spice simulates circuits containing “black box” macro devices. A 

macro device can directly use experimental data as its device model. Macro devices can 

also represent complex devices, such as logic gates, for which only the overall transfer 

characteristics, are of interest.     

• Input language extensions: The T-Spice input language is an enriched version of the   

standard SPICE language. It contains many enhancements, including parameters, 

algebraic expressions, and a powerful bit and bus input wave specification syntax.     

• External model interface: You can develop custom device models using C or C++.     

• Runtime waveform viewing: The W-Edit waveform viewer displays graphical results 

during simulation. T-Spice analysis results for voltages, currents, charges, and power 

can be written to single or multiple filesT-Spice also supports foundry extensions, 

including HSPICE foundry extensions to models.    

• Supports PSP, BSIM3.3, BSIM4.6, BSIM SOI 4.0, EKV 2.6, MOS 9, 11, 20, 30, 31, 40,      

PSP, RPI a-Si & Poly-Si TFT, VBIC, Modella, and MEXTRAM models.    

• Includes two stress effect models, from the Berkeley BSIM4 model and from TSMC 

processes, in the BSIM3 model to provide more accuracy in smaller geometry processes.    
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• Supports gate and body resistance networks in RF modeling.    

• Performs non-quasi-static (NQS) modeling.   

• Supports comprehensive geometry-based parasitic models for multi-finger devices.    

• Models partially depleted, fully depleted, and unified FD-PD SOI devices.    

• Models self-heating and RF resistor networks.    

• Performs table-based modeling for using measured device data to model a device.  

Includes enhanced diode and temperature equations to improve compatibility with many 

foundry model libraries.   

Work in a faster, easier design environment    

T-Spice helps integrate your design flow from schematic capture through simulation and 

waveform viewing. An easy-to-use point-and-click environment gives you complete control 

over the simulation process for greater efficiency and productivity.    

• Enables easy creation of syntax-correct SPICE through a command wizard.    

• Highlights SPICE Syntax through a text editor.    

• Provides Fast, Accurate, and Precise options to enable optimal balance of accuracy and 

performance.    

• Enables you to link from syntax errors to the SPICE deck by double clicking.    

• Supports Verilog-A for analog behavioral modeling, allowing designers to prove system 

level designs before doing full device level design.    

• Provides “.alter” command for easy what-if simulations with netlist changes.    

Perform sophisticated analysis    

T-Spice uses superior numerical techniques to achieve convergence for circuits that are often 

impossible to simulate with other SPICE programs. The types of circuit analysis it performs 

include:    

• DC and AC analysis.    

• Transient analysis with Gear or trapezoidal integration.    

• Enhanced noise analysis.    

• Monte Carlo analysis over unlimited variables and trials with device and lot variations.   
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• Virtual measurements with functions for timing, error, and statistical analysis including 

common measurements such as delay, rise time, frequency, period, pulse width, settling 

time, and slew rate.    

• Parameter sweeping using linear, log, discrete value, or external file data sweeps.    

• 64-bit engine for increased capacity and higher performance.   

With T-Spice, you can    

• Optimize designs with variables and multiple constraints by applying a 

LevenbergMarquardt non-linear optimizer.    

• Perform Safe Operating Area (SOA) checks to create robust designs.    

• Use bit and bus logic waveform inputs.    

Benefit from flexible licensing    

When you purchase a new design tool, licensing options can greatly affect your total cost of 

ownership. T-Spice is available in node-locked and networked configurations offering you the 

most flexible licensing possible. With a single solution, T-Spice will work whenever and 

wherever meeting the design needs of your main workgroup and remote workers. If you 

offshore design projects, T-Spice does not have geographic restriction on its licenses, thus, 

lowering your total cost of ownership.   

SCHEMATIC EDITOR    

 Schematic Editor (S-Edit) is an easy-to-use PC-based design environment for schematic 

capture. It gives you the power you need to handle your most complex full custom IC design 

capture. S-Edit is tightly integrated with Tanner EDA’s T-Spice simulation, L-Edit layout, and 

HiPer verification tools. S-Edit helps you meet the demands of today’s fast-paced market by 

optimizing your productivity and speeding your concepts to silicon. Its efficient design capture 

process integrates easily with thirdparty tools. S-Edit enables you to explore design choices and 

provides an easy-touse view into the consequences of those choices. A faster design cycle gives 

you more flexibility in moving to an optimal solution—freeing up more time and resources for 

process corner validation. The results are less risk downstream, higher yield, and quicker time 

to market.   

Schematic capture for the most complex full custom IC design    

• Bus support speeds the creation of mixed signal designs.    
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• Advanced array support enables easy creation and editing of memory, imaging, or circuits 

with repetitive blocks.   •  Rubber band connectivity editing enables faster design 

modifications.    

• S-Edit displays evaluated parameters in real time over the course of the design process. 

Parameters with formulas based on other circuit parameters can be displayed or evaluated.    

• Auto symbol generation enables you to easily create symbols from schematics, and 

synchronize any changes.    

• All actions are fully scriptable through the TCL/ Tk command language.    

• Recordable scripts enable you to automate tasks or expand the tool for applicationspecific 

needs.    

• Replay-able logs permit recovery if there is an unexpected network or hardware failure. • S-

Edit performs net highlighting and keeps the net highlighted as you move through the 

hierarchy.    

• Cross probe from SPICE net lists and LVS to highlighting nets or devices.    

• Schematic ERC enables you to check your design for common errors such as undriven nets, 

unconnected pins and multiple output pins connected together. The design checks are fully 

configurable, including custom validation scripts.   

Tight integration with simulation    

• S-Edit is tightly integrated with simulation. You can drive the simulator from within the 

schematic capture environment, viewing operating point results directly on the schematic 

and performing waveform cross-probing to view node voltages and device terminal 

currents or charges.    

• S-Edit creates an efficient flow for the iterative loop of design, simulation, analysis, and 

tweaking of circuit parameters. The IC designer can focus on the design and not on data 

processing—thereby speeding up the design process.   

Easy interoperability with third party tools and legacy data    

• S-Edit imports schematics via EDIF from third party tools, including Cadence®, Mentor, 

Laker and View Draw with automatic conversion of schematics and properties for 

seamless integration of legacy data.    
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Net lists can be exported in flexible, user-configurable formats, including SPICE and CDL 

variants, EDIF, structural Verilog, and structural VHDL.    

• Library support in S-Edit maximizes the reuse of IP developed in previous projects, or 

imported from third- party vendors.    

Powerful and easy-to-use interface    

• S-Edit brings to front-end design capture the ease-of-use and design productivity for 

which Tanner Tools are known.    

• A fully user-programmable design environment allows you to remap hotkeys, create new 

toolbars, and customize the view to your preference—all in a streamlined GUI.    

• The complete user interface is available in multiple languages. S-Edit currently supports 

English, Japanese, Simplified and Traditional Chinese.    

• S-Edit provides Unicode support. All user data can be entered in international character 

sets.    

Cost-effective    

• S-Edit provides an ideal performance to-cost ratio, allowing you to maximize the number 

of designers on a project.    

• Since S-Edit is Windows-based, designers can work on cost-effective workstations or 

laptops. This means you can take your work with you anywhere—even home—and 

continue working to meet time-to-market pressures.    

• Available in two configurations—full schematic editor, and schematic viewer.   

Easy to manage    

• Human-readable technology files and design databases are revisioncontrol 

systemcompatible.    

• CAD managers can control distribution and access rights to the technology or design. The 

format allows revision control systems to manage revisions over the course of the design 

process.    

Benefit from flexible licensing    

When you purchase a new design tool, licensing options can greatly affect your total cost of 

ownership. S-Edit is available in node-locked and networked configurations offering you the 
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most flexible licensing possible. With a single solution, S-Edit will work whenever and wherever 

meeting the design needs of your main workgroup and remote workers. If you offshore design 

projects, SEdit does not have geographic restriction on its licenses, thus, lowering your total cost 

of ownership.   
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                                            CHAPTER 5   

                                               INTRODUCTION TO VLSI    

Digital systems are highly complex at their most detailed level. They may consist of millions 

of elements i.e., transistors or logic gates. For many decades, logic schematics served as then 

Gur Franca of logic design, but not anymore. Today, hardware complexity has grown to such a 

degree that a schematic with logic gates is almost useless as it shows only a web of connectivity 

and not functionality of design. Since the 1970s, computer engineers, electrical engineers and 

electronics engineers have moved toward Hardware description language (HDLs).    

         Digital circuit has rapidly evolved over the last twenty five years. The earliest  digital 

circuits were designed with vacuum tubes and transistors. Integrated circuits were then invented 

where logic gates were placed on a single chip. The first IC chip was small scale integration 

(SSI) chips where the gate count is small. When technology became sophisticated, designers 

were able to place circuits with hundreds of gates on a chip. These chips were called MSI chips 

with advent of LSI; designers could put thousands of gates on a single chip. At this point, design 

process is getting complicated and designers felt the need to automate these processes. With the 

advent of VLSI technology, designers could design single chip with more than hundred 

thousand gates. Because of the complexity of these circuits computer aided techniques became 

critical for verification and for designing these digital circuits.    

          One way to lead with increasing complexity of electronic systems and the increasing time 

to market is to design at high levels of abstraction. Traditional paper and pencil and capture and 

simulate methods have largely given way to the described UN synthesized approach.    

For these reasons, hardware description languages have played an important role  in describe 

and synthesis design methodology. They are used for specification, simulation and synthesis of 

an electronic system. This helps to reduce the complexity in designing and products are made 

to be available in market quickly.  The components of a digital system can be classified as being 

specific to an  application or as being standard circuits. Standard components are taken from a 

set that has been used in other systems. 

          MSI components are standard circuits and their use results in a significant reduction in 

the total cost as compared to the cost of using SSI Circuits. In contrasts, specific components 

are particular to the system being implemented and are not commonly found among the standard 

components.  The implementation of specific circuits with LSI chips can be done by means of 

IC that can be programmed to provide the required logic.    
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5.1 VLSI Design flow    

             

  
   

                                                FIG.5.1: VLSI Design Flow    

  Typical design flow for designing VLSI circuits is shown in the tool flow diagram. This design 

flow is typically used by designers who use HDLs. In any design, specification is first. 

Specification describes the functionality, interface and overall architecture of the digital circuit 

to be designed. At this point, architects need not think about how they will implement their 

circuit. A behavioral description is then created to analyze the design in terms of functionality, 

performances and other high level issues. The behavioral description is manually converted to 

an RTL (Register Transfer Level) description in an HDL. The designer has to describe the data 

flow that will implement the desired digital circuit. From this point onward the design process is 

done with assistance of CAD tools.    

          Logic synthesis tools convert the RTL description to a gate level net list. A gate level net 

list is a description of the circuit in terms of gates and connections between them. The gate level 

net list is input to an automatic place and route tool, which creates a layout. The layout is verified 

and then fabricated on a chip. Thus most digital design activity is concentrated on manually 

optimizing the RTL description of the circuit. After the RTL description is frozen, CAD tools are 

available to assist the designer in further process.Designing at RTL level has shrunk design cycle 

times from years to a few months.   
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5.2 Emergence of hardware description language    

As designs got larger and complex, logic simulation assumed an important role in design 

process. For a long time, programming languages such as fortran, pascal & c were been used to 

describe the computer programs that were been used to describe the computer programs that 

were sequential in nature.    

        Similarly in digital design field, designers felt the need for a standard language to describe 

digital circuits. Thus HDL is came in to existence. HDLs allowed the designers to model the 

concurrency of processes found in hardware elements. HDLs such as VERILOG HDL & VHDL 

(Very high speed integrated circuit hardware description language).    

5.3 History of VERILOG    

Verilog was started in the year 1984 by Gateway Design Automation Inc as a proprietary 

hardware modeling language. It is rumored that the original language was designed by taking 

features from the most popular HDL language of the time, called HiLo, as well as from 

traditional computer languages such as C. At that time, Verilog was not standardized and the 

language modified itself in almost all the revisions that came out within 1984 to 1990.    

         Verilog simulator first used in 1985 and extended substantially through 1987.The  

implementation of Verilog simulator sold by Gateway. The first major extension of Verilog is 

Verilog-XL, which added a few features and implemented the infamous "XL algorithm" which 

is a very efficient method for doing gate-level simulation. Later 1990, Cadence Design System, 

whose primary product at that time included thin film process simulator, decided to acquire 

Gateway Automation System, along with other Gateway products., Cadence now become the 

owner of the Verilog language, and continued to market Verilog as both a language and a 

simulator. At the same time, Synopsys was marketing the top-down design methodology, using 

Verilog. This was a powerful combination.    

          In 1990, Cadence organized the Open Verilog International (OVI), and in 1991 gave it 

the documentation for the Verilog Hardware Description Language. This was the event which 

"opened" the language.    

5.4 Basic concepts    

Hardware Description Language     

Two things distinguish an HDL from a linear language like “C”:     

Concurrency:    
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• The ability to do several things simultaneously i.e. different code-blocks can run 

concurrently.    

Timing:    

• Ability to represent the passing of time and sequence events accordingly    

5.5 VERILOG Introduction    

• Verilog HDL is a Hardware Description Language (HDL).    

• A Hardware Description Language is a language used to describe a digital system; one 

may describe a digital system at several levels.    

• An HDL might describe the layout of the wires, resistors and transistors on an Integrated 

Circuit (IC) chip, i.e., the switch level.    

• It might describe the logical gates and flip flops in a digital system, i.e., the gate level.  

•  An even higher level describes the registers and the transfers of vectors of information 

between registers. This is called the Register Transfer Level (RTL).    

• Verilog supports all of these levels.    

• A powerful feature of the Verilog HDL is that you can use the same language for 

describing, testing and debugging your system.   VERILOG Features:    

• Strong Background: Supported by open verilog international and Institute of Electrical 

and Electronics Engineering standardized.    

• Industrial support: Simulation is very fast and synthesis is very efficient.    

• Universal: Entire process is allowed in one design environment.    

• Extensibility: It also allows Verilog PLI for extension of Verilog capabilities       

5.6 Design flow       

      5.6.1 Design Specification    

• The project Specifications and requirements are written first    

• The digital circuit functionality is explained for the architecture to be designed.   

•  Specification: It uses wave former, test bencher or word for drawing waveform.    

5.6.2 RTL Description    

      CAD Tools are used for coding format for the Conversation of Specification.    

      5.6.3 Coding Styles:    

• Gate Level Modeling    

• Data Flow Modeling    

• Behavioral Modeling    
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      5.6.4 Functional Verification &Testing    

• The method of coding with respective inputs and outputs are going to be tested.    

• Check the RTL Description once again if testing fails.    

• Simulation: Using Xilinx , Verilog-XL ,Model Sim   

      5.6.5 Logic Synthesis    

• RTL description into Gate level -Net list form conservation.    

• The circuit is described as a function of gates and connections.    

• Synthesis: Synthesis is done by Altera and Xilinx, Simplify Pro, Leonardo Spectrum 

Design Compiler, FPGA Compiler.   

      5.6.6 Logical Verification and Testing    

• Simulation and synthesis are used for functional Checking of HDL coding.  

  Check the RTL description if fails.    

      5.6.7 Floor Planning Automatic Place and Route    

• Layout is created with the respective gate level Net list.    

• the blocks of the net list are arranged on the chip.    

• Place & Route: Implement FPGA vendors P&R tool for FPGA. Very costly P&R tools         

like Apollo required for ASIC tools.    

      5.6.8 Physical Layout    

•  The process of describing a circuit description into the physical layout is called the   

Physical design, it explains the interconnections between the cells and routes 

position.    

      5.6.9 Layout Verification    

• Under layout verification first the physical layout structure has to be verified.    

• Floor Planning Automatic Place and Route and RTL Description can be done for any 

modifications.    

      5.6.10 Implementation    

• The design process is the final stage in implementation.    

• Coding and RTL can be implemented using Integrated circuits.    

5.7 Modules    

Distinct parts of a Verilog module consists of are as shown in below figure. The keyword 

module is the beginning of a module definition. In a module definition the module name, port 

list, port declarations, and optional parameters must come first in its definition. If the module 
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has any ports to interact with the external environment then only Port list and port 

declarations are present. There are five components within a module    

• variable declarations,   

• dataflow statements    

• instantiation of lower modules    

• behavioural blocks    

• task or functions.    

The following components may appear in any order and at any place in a given module 

definition.    

The end module statement must always come last in a module definition. All components 

except module, module name, and end module are optional and can be mixed and matched as 

per design needs. Multiple modules definition in a single file are allowed by Verilog. In the 

file the modules can be defined in any order.    

   

 

                                           FIG.5.2: Module design   

 Example :  

            Module Structure:    

              module <module name>(<module_terminals_list>);  

            ….. <module internals> ….    

            Endmodule    
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5.8 Ports    

The interface between a module and its environment is provided by the ports. The input/output 

pins of an Integrated Circuit chip are its ports. The environment cannot see the internals of the 

module. It is a great advantage for the designer. As long as the interface is not modified the 

internals of the module may be mod ifiedwithout affecting its environment.   Terminals are the 

synonyms for the ports.    

5.8.1 Port Declaration    

The module may contain the declaration of all ports in the given list of ports.    

The declaration of ports are explained in detail below.    

          5.8.2 Verilog Keyword Type of Port    

Input:-  

Input port  

Output:- 

Output port    

inout :-Bidirectional port depending on the direction of the port signal, each port  

in the port list is given a label as follows input, output, or inout,    

          5.8.3 Port Connection Rules    

A port consisting of two units, primary unit is into the module and secondary unit is out 

of the module. The primary and secondary units are connected. When modules are 

instantiated within other modules there are rules governing port connections within 

module. If any port connection rules are violated then the Verilog simulator complains. 

The figure 5.6 shows the port connection rules.    

    

 

 

Inputs:    

• Internally must be of net data type (e.g. wire)    

• Externally the inputs may be connected to a reg or net data type.    
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    Outputs:    

• Internally may be of net or reg data type    

• Externally must be connected to a net data type   

• Internally must be of net data type (tri recommended)    

• Externally must be connected to a net data type (tri recommended)    

5.9 Ports Connection to External Signals    

Signals and Ports in a module can be connected in two ways. In the module definition those 

two methods cannot be mixed.    

• Port by order list    

• Port by name    

Port by order list    

Most spontaneous method for learners is the Connecting port by order list. The order in 

which the ports in the ports list in the module definition must be connected in the same 

order.    

Syntax for instantiation with port order list:   

          module  name  instance name  (signal, signal...);       

The external signals a, b, out appear in exactly the same order as the ports a, b, out in the 

module defined in adder in the below example.            

Example    

    

   

    

Port by name    

For larger designs where the module have say 30 ports ,it is almost impractical and 

possibility of errors if remembering the order of the ports in the module definition. 

There is capability to connect external signals to ports by the port names, rather than by 

position provided by the Verilog.   

Syntax for instantiation with port name:    

Module name instance name (.port name(signal), .port name (signal)… ); 
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                                             CHAPTER 6                                                          

                                                               RESULTS  
  

6.1 Result of the Project 

The GDI technique significantly lowers the dynamic power consumption compared to traditional 

CMOS implementations. The reduction is primarily due to fewer switching activities, as the 

design remarkably decreases the number of transitions per operation, especially in error-tolerant 

applications.  

 

   

 

            FIG.6.1: Simulation of Error Tolerant Adder  

 GDI-based adders achieve faster switching times, benefiting from reduced parasitic capacitances 

associated with lower transistor counts. This results in shorter critical paths and improved 

operational frequencies, making them suitable for high-speed applications.  

      One of the most notable features of the GDI technique is its integration with errortolerant 

logic. By strategically allowing small errors in the output, it is possible to gain substantial benefits 

in speed and power efficiency. This is particularly useful in applications like digital signal 

processing where exact precision is less critical.  
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Implementation Details  

• Transistor Configuration: The GDI adder architecture typically employs only two 

transistors per logic function using the GDI cell. This minimalistic approach not only saves 

space but also reduces leakage currents and enhances the reliability of the circuit under 

various operational conditions.  

• Simulation Results: In a simulation environment, typical GDI adders maintain a Power-

Delay Product (PDP) improvement of over 60% compared to traditional counterparts. At a 

supply voltage of 1.8V, the GDI-based adders can achieve power consumption levels as 

low as 456.7 µW, while still responsive and effective at various operational frequencies.  

 

Key Findings  

 

• Trade-Offs: The primary trade-offs involve slight inaccuracies in specific computational 

scenarios, but these are often outweighed by the benefits of lower power consumption and 

higher speed. For instance, in image processing tasks where human perception can tolerate 

minor errors, GDI-based adders provide a significant performance boost without 

considerable drawbacks regarding the quality of the output.  

 

• Future Applications: The design principles derived from GDI techniques can be extended 

to other arithmetic units such as multipliers and complex ALUs (Arithmetic Logic Units). 

The advancements in error tolerance could lead to innovations in adaptive computing 

systems which prioritize efficiency over stringent accuracy.  

 

High-speed low-power error-tolerant adders utilizing gate diffusion techniques demonstrate 

considerable advantages in power efficiency, operation speed, and overall circuit complexity, 

making them a promising choice for next-generation digital systems.  

Power Consumption   

 

The proposed GDI-based adder will likely exhibit a significant reduction in power consumption 

compared to traditional adder circuits. For instance, you may report a reduction in power by a 

certain percentage (e.g., 20%-40%) compared to CMOS-based designs. A table can be used to 

show the power consumption for different configurations:   
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                    Adder Type             Power Consumption (mW)   

Traditional Ripple Carry Adder                      10.5 mW   

Traditional Carry Look-Ahead Adder                       8.2 mW   

GDI-Based Error-Tolerant Adder                       4.1 mW   

                              

                            TABLE 6.1:Comparision for power consumption 

 Speed/Delay   

Due to the reduced number of transistors and optimized switching paths, the GDI-based adder 

should show reduced delay, improving the overall speed. A graph of delay versus the number of 

bits (e.g., 4-bit, 8-bit, 16-bit) can be included to highlight the advantage.  The results might show 

that the GDI-based adder has lower delay in comparison to both conventional and error-tolerant 

adders.   

   

                      Adder Type                Propagation Delay (ns)   

Traditional Ripple Carry Adder                       25 ns   

Traditional Carry Look-Ahead Adder                       12 ns   

GDI-Based Error-Tolerant Adder                        5 ns   
                                      

                                        TABLE 6.2:Comparision for Speed/Delay 

 

Error Tolerance   

For error-tolerant designs, the trade-off between speed and accuracy is a key consideration. The 

results should show the maximum error (in terms of bit error rate or absolute error) that the adder 

can tolerate before its performance is considered unacceptable.   

       For example,The results might show that the GDI-based adder has lower delay in 

comparison to both conventional and error-tolerant adders. The error might be negligible for 

some applications where only a small number of bits need to be computed accurately, allowing 

the adder to operate faster and consume less power. 

     The results might show that the GDI-based adder has lower delay in comparison to both 

conventional and error-tolerant adders. A graph of delay versus the number of bits (e.g., 4-bit, 8-

bit, 16-bit) can be included to highlight the advantage. 
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                    Adder Type               Max Bit Error Rate (%)   

Traditional Ripple Carry Adder                             0%   

Error-Tolerant GDI Adder                            1-2%   

                                         TABLE 6.3:Comparision for error tolerance 

Area Efficiency   

The area efficiency of the GDI-based adder can be measured by the number of transistors 

required compared to traditional designs. GDI typically requires fewer transistors for the same 

functionality, resulting in a reduced chip area.   

                       Adder Type                     Transistor Count   

Traditional Ripple Carry Adder                               32   

GDI-Based Error-Tolerant Adder                               11   
                            

                                   TABLE 6.4:Comparision for area efficiency 

6.2 Applications   

• Image and Video Proccessingsss   

• Digital Signal Processing   

• Embedded Systems   

• Portable and Mobile Devices   

• Communications   

• Artificial Intelligence and Machine Learning   
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                                          CHAPTER 6  
 

                       CONCLUSION & FUTURE SCOPE 
 

CONCLUSION   

The results demonstrate that the proposed GDI-based error-tolerant adder achieves significant 

improvements in power consumption and speed compared to traditional adder designs.   

The error tolerance feature provides a trade-off between performance and accuracy, which can 

be leveraged in specific applications where full precision is not required, such as signal 

processing or multimedia applications. the design and implementation of a high-speed, low-

power, and error-tolerant adder using the Gate Diffusion Input (GDI) technique has been 

successfully completed. The proposed adder has been designed to achieve high-speed 

performance, minimize power consumption, and ensure reliable operation.   

       The overall area reduction also makes this design suitable for integration into low-area 

applications, like embedded systems or mobile devices. The proposed adder design represents a 

significant advancement in the field of adder design, providing a high-speed, low-power, and 

error-tolerant solution. The proposed adder design provides improved performance compared to 

existing adder designs, making it suitable for a wide range of applications. designed to minimize 

power consumption, making it suitable for applications where power is limited. Integration of 

the proposed adder design with other components to create a complete system-on-chip (SoC) 

solution a wide range of applications and ensure reliable operation. 

          In summary, the results would focus on demonstrating how the GDI technique improves 

the performance of adders in terms of power, speed, and error tolerance, while offering a clear 

advantage over traditional designs in low-power, high-speed applications.  the design and 

implementation of a high-speed, low-power, and error-tolerant adder using the GDI technique 

has been successfully completed. The proposed adder design provides improved performance, 

increased reliability, and reduced power consumption, making it suitable for a wide range of 

applications. Future directions for this project include further optimization, application-specific 

design, and integration with other components. Integration of the proposed adder design with 

other components to create a complete system-on-chip (SoC) solution. 
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FUTURE SCOPE  
  

The error-tolerant aspect of the design can be further enhanced to deal with more significant 

computational errors. In the future, various approximate computing techniques can be integrated 

to allow for even more aggressive error tolerance without significant loss in performance, 

especially in domains like machine learning, where approximate arithmetic is often acceptable.   

While the current design focuses on simple adder circuits, the GDI technique can be extended to 

multi-bit and multi-operand adders. This would benefit larger arithmetic units like those found 

in processors, Digital Signal Processors (DSPs), and accelerators. Further optimization of the 

proposed adder design to improve performance and reduce power consumption.  

             The GDI-based error-tolerant adder could play an important role in machine learning 

accelerators, such as those used for training neural networks. Neural networks typically require 

a large number of floating-point or integer operations, and approximations could be applied with 

minimal impact on the model's accuracy.  Design of application-specific adders using the GDI 

technique to meet the specific requirements of different applications. ntegration of the proposed 

adder design with other components to create a complete system-on-chip (SoC) solution.  

             In high-performance computing systems, such as those used in scientific simulations or 

data centers, hybrid adder designs that combine error-tolerant GDI adders with exact arithmetic 

units could provide a powerful means of optimizing computational efficiency. Designing error-

tolerant adders that can detect and correct errors in real-time. The future scope of this project 

involves further optimization of the proposed adder design to improve performance and reduce 

power consumption. This can be achieved through device, circuit, and system optimization.  

              Additionally, application-specific adders can be designed using the GDI technique to 

meet the specific requirements of different applications, such as digital signal processing, 

arithmetic logic units, and cryptography. Integration of the proposed adder design with other 

components can create a complete system-on-chip (SoC) solution, including microprocessors, 

memory, and peripherals. New technologies, such as quantum computing, nanotechnology, and 

graphene-based electronics, can also be explored to improve performance and reduce power 

consumption. Furthermore, error-tolerant design and low-power design techniques can be used 

to create adders that can detect and correct errors in real-time and operate at low power 

consumption levels. 
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