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In this paper, Hamming code encoder and decoder circuit is designed based on Gate Diffusion Input 

(GDI) logic to achieve error free transmission and reception in digital data communication. GDI logic is a 

new technique used for designing low power VLSI circuits. This technique provides better tradeoff between 

power, delay and area compared to other logic styles existing in the literature, while maintaining low 

complexity of the circuit. Hamming code encoder and decoder circuit architectures are developed using GDI 

technique and are simulated in gpdk 130 nm technology using Mentor Graphics® EDA tool. The advantages 

of GDI technique is reported in this paper in comparison to architectures developed using CMOS logic 

styles. 

.  

1. INTRODUCTION  

 

Digital communication system provides several services to users like radio, telephone, television, 

video, and text messages. In today’s daily life; people use cell phones, message exchanging, satellites, 

internet, and data transmission. Typically, these types of services are provided through communication 

channel over long distance. However, most communication channels are experienced with environmental 

interference, noise source, and attenuation of signal [1]. In an ideal situation, data is transmitted across the 

channel with high signal power so that unwanted signals cannot affect the channel.  

Recent years have seen dramatic growth in Internet usage and an increasing convergence between 

Internet and wireless communications. So the classical error correction approaches are therefore advised to 

provide reliable communication. Data corruption during the transmission and reception of data because of 

noisy channel medium is the most common problem faced in digital communication system. Thus, it is hard 

to get the reliable communication. So, to get the error free communication error correction code is needed.  

This high power consumption can be reduced by channel coding to remove unwanted signals or detect and 

correct transmitted data. The channel coding is the adding of redundancy bits (error controlling bits) to 

assure that errors can be detected and corrected successfully. The channel coding can be done by two types 

of codes namely Block codes and Convolutional codes which are elaborated in chapter 5 and 6. This thesis 

introduces a new double error correcting block code and convolutional encoder/decoder which have lower 

redundancy bits. By these codes signal power consumption was reduced.  
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In this thesis a general encoding theory was proposed for adversarial channels, whose aim is to 

minimize the error controlling bits and signal power consumption. In addition, it was shown the existing 

encoding/decoding algorithms and their overhead which are conveniently adapted to work over 

communication channel. 

In this proposed work a block code and convolutional code was developed and tried to minimize the 

overhead and signal power consumption. The fourth chapter of this thesis describes he communication 

system design and required parameters. Some common parameters which are used in MATLAB simulation 

programs and relationship between SNR, and EbN0 were elaborated. The fifth and sixth chapters are focus on 

designing of block and convolutional code. Unlike previous existing encoding schemes, this scheme has the 

distinctive property of being universal: it can be applied on top of any communication channel without 

requiring knowledge of or any modifications on the underlying network coding. In addition, the scheme can 

be easily combined with any other error controlling scheme to provide both reliable and error free 

communication. 

 

Hamming code is defined as, a linear code that is used in the error detection process up to 2 

intermediate errors. It is also capable of detecting single-bit errors. Inthis method, the redundant bits are 

added to the data/message by the sender to encode the data. In order to do error detection and correction, 

these redundant bits are added in certain positions for the error correction process.In 1950, Richard W. 

hamming invented Hamming codes to detect and correct the errors in data. After the evolution of computers 

with higher reliability, he introduced hamming codes for 1-error correcting codes and later on he extended 

up to 2-error 

detecting codes. Hamming codes are created because parity check cannot detect and correct errors in the 

data. The Hamming codes are inserted to any block length of data between actual data and redundancy bits. 

He developed an array of algorithms to work on the problems of error correction methods and these codes 

are widely used in ECC memory. 

 

 

 

HAMMING CODE ENCODER AND DECODER 

 

Process of Encoding a Message using Hamming Code 

 

The process of encoding a message using a hamming code by the sender includes 3 steps. 

 

Step1: The first step is to calculate the no.of redundant bits in a message•  
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For example, if a message contains ‘n’ no.of bits and ‘p’ no.of redundant bits areadded to the message, then 

‘np’ indicates (n+p+1) different states. 

• Where (n+p) represents the location of an error in every bit position  

• 1 (extra state) represents no error. 

• Since ‘p’ indicates 2^p (2p ) states, which are equal to (n+p+1) states. 

Step2: Place the redundant bits in exact/correct position ‘p’ bits are inserted in the bit positions which are 

the power of 2 like 1, 2, 4, 8, 16, etc.These bit positions are indicated as p1 (position 1), p2 (position 2), p3 

(position 4), etc. 

Step 3: Calculate the values of redundant bits 

 

• Here parity bits are used to calculate the values of redundant bits. 

• Parity bits can make the no.of 1’s in a message either even or odd. 

• If total no.of 1’s in a message is even, then even parity is used 

• If total no.of 1’s in a message is odd, then odd parity is used. 

 

Compared to various error detection coding techniques, checksum, CRC, LRC, vertical redundancy 

check, parity check, and Hamming code have been found to be more effective in correcting and detecting 

errors. 

II. GATE DIFFUSION INPUT (GDI) and TRANSMISSION GATE (TG) TECHNIQUE 

2.1 Gate Diffusion Input Cell: 

A GDI cell is shown in a diagram consisting of a PMOS transistor and an NMOS transistor, and the 

table shows the truth table for the cell. There are two additional input pins used. The cell contains a total of 

three inputs P (source input / drain PMOS), G (combined door input PMOS and NMOS) and N (source input 

/ drain NMOS). Most of PMOS and NMOS is linked to P or N., It is based on CMOS inverter. Fewer 

transistors are used to implement GDI compared to CMOS and to pass transistor logic designs. The 

following figure shows the GDI cell symbol. 
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                                              Figure 1:  basic GDI cell 

The following table shows the GDI cell based various logic functions using different input configuration 

and corresponding transistors count. 

Table 1: Truth table for GDI 

 

2.1 Transmission Gate Logic: 

In this logical style, it is an N and P device with its source and drain connected in parallel. Vg is the 

control signal for device N, and Vgc (the complement of Vg) is the control signal for device P. Therefore, 

when Vg is high (in Vdd) and Vgc is low (in Gnd), Both NFET and PFET are activated [4]. (Depending on 

the source potential of the device, one may light up stronger than the other.) Therefore the switch is closed 

and Vout is on the same logical level as Vin. If Vg is low (in Gnd) and Vgc is high (in Vdd), both devices are 

off. Therefore, the switch is OPEN and Vout is independent of Vin. With this logical style, you can implement 

an 8: 1 multiplexer with 30 transistors. 

 

Figure 2: Transmission gate logic symbol and truth table. 

III. SIMULATION AND RESULTS 
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 In this work, various logical functions specified in the table Simulated with GDI and TG logics at 

90 nm technology with EDT tools from Tanner EDA. SoGDI requires fewer transistors, as shown in Table 

IP reform basic functions like OR, AND, XORSecond, the chip area is reduced. It is also observed fromGDI 

simulation consumes less energy,Comparison of delays for making high-speed digital circuits to CMOS 

logic. 

 
Figure 3: Encoder Circuit of Hamming Code for 8 Bit Data Word 

 

Figure 4: Decoder Circuit of Hamming Code for 8bit Data Word using 

 

Table 2: Computation of Average Power of Encoder 

Average Power 

of Encoder 

GDI LOGIC TG LOGIC 

250nm 90nm 250nm 90nm 

5v 11.235w 6.125w 11.595w 6.050w 

 

Table 3: Computation of Average Power of Decoder 

 

Average Power 

of Encoder 

GDI LOGIC TG LOGIC 

250nm 90nm 250nm 90nm 

5v 12.569w 6.756w 12.856w 6.985w 
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IV. CONCLUSIONS 

 Hamming's code decoder and encoder circuits are designed based on Gate Diffusion Input (GDI) 

and Transmission Gate (TG) logic to provide error-free transmission and reception for digital data 

communication. The Hamming code encoder and decoder circuit architecture was developed using GDI and 

TG technologies and simulated with 90nm technology using the Tanner EDA tool. This Paper reports on the 

advantages of GDI and TG techniques compared based on the Decoder and Encoder. The analysis shows 

that with the decrease of channel length, decrease of power dissipation as a result there is a decrease of 

12.65% and 2.35% power in 90nm compared to 220nm in encoder and decoder circuit. 
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