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Abstract 

In digital electronics Code converters are logic circuits that translate data from one 

binary code format to another (e.g., Binary to BCD, BCD to Gray, BCD to Excess-3) to 

enable communication between systems. 

The paper n-bit Code Converters Using Verilog includes three Decoders 4-bit Gray to 

Binary and 4-bit Binary to Gray Code Converters. The two Code Converters are 

designed, simulated and Synthesized Using Verilog. The Verilog Modules of each Code 

Converter are developed and Synthesized to obtain RTL and Technology schematics. In 

the next step, The Verilog Test benches are developed for each Code Converter and 

simulated using Behavioral simulation to obtain the Output waveforms. Next The 

Output waveforms are verified as per the given Truth Tables.  

The design summary of each Code Converter can be obtained after synthesization and 

simulation. The design summary includes Timing Summary, Device Utilization 

Summary, Primitive and Black Box Usage and Timing Reports etc. 

In future n-bit Code Converters can be further implemented for increased value of n with 

all possible input combinations. n-bit Code Converters can be designed Using VHDL as 

well as other HDL languages also and the design can be implemented using Field 

Programmable Gate Array(FPGA). 
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1. Introduction 

In digital electronics Code converters are logic circuits that translate data from one binary code 

format to another (e.g., Binary to BCD, BCD to Gray, BCD to Excess-3) to enable communication 

between systems using different coding schemes, making them compatible for processing, display, 

or error reduction. These essential components use logic gates to perform the conversion, ensuring 

seamless interoperability in digital systems like calculators, clocks, and encoders. 

Key Types of Code Converters: 

• Binary to Gray Code Converter: Converts standard binary to Gray code (where only one bit 

changes between successive values), crucial for preventing errors in mechanical systems like 

encoders. 

• Gray Code to Binary Converter: Reverses the process, converting Gray code back to standard 

binary for processing. 

• Binary to BCD Converter (8421): Converts standard binary numbers (up to 15) to Binary Coded 

Decimal, used for decimal displays. 

• BCD to Excess-3 Converter: Adds 3 to a BCD number, often used in arithmetic circuits and error 

detection. 

• Excess-3 to BCD Converter: Converts Excess-3 code back to BCD, essential for displaying 

numbers. 

https://www.google.com/search?q=Binary+to+Gray+Code+Converter&oq=code+converters&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIHCAUQABiABDIHCAYQABiABDIHCAcQABiABDIJCAgQABgKGIAEMg0ICRAAGIYDGIAEGIoF0gEJODQwNGowajE1qAIIsAIB8QWAcqIpgq8giQ&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiR_v2r7fiRAxVbzjgGHSzfGs0QgK4QegYIAQgAEAs
https://www.google.com/search?q=Gray+Code+to+Binary+Converter&oq=code+converters&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIHCAUQABiABDIHCAYQABiABDIHCAcQABiABDIJCAgQABgKGIAEMg0ICRAAGIYDGIAEGIoF0gEJODQwNGowajE1qAIIsAIB8QWAcqIpgq8giQ&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiR_v2r7fiRAxVbzjgGHSzfGs0QgK4QegYIAQgAEA0
https://www.google.com/search?q=Binary+to+BCD+Converter&oq=code+converters&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIHCAUQABiABDIHCAYQABiABDIHCAcQABiABDIJCAgQABgKGIAEMg0ICRAAGIYDGIAEGIoF0gEJODQwNGowajE1qAIIsAIB8QWAcqIpgq8giQ&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiR_v2r7fiRAxVbzjgGHSzfGs0QgK4QegYIAQgAEA8
https://www.google.com/search?q=BCD+to+Excess-3+Converter&oq=code+converters&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIHCAUQABiABDIHCAYQABiABDIHCAcQABiABDIJCAgQABgKGIAEMg0ICRAAGIYDGIAEGIoF0gEJODQwNGowajE1qAIIsAIB8QWAcqIpgq8giQ&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiR_v2r7fiRAxVbzjgGHSzfGs0QgK4QegYIAQgAEBE
https://www.google.com/search?q=Excess-3+to+BCD+Converter&oq=code+converters&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIHCAUQABiABDIHCAYQABiABDIHCAcQABiABDIJCAgQABgKGIAEMg0ICRAAGIYDGIAEGIoF0gEJODQwNGowajE1qAIIsAIB8QWAcqIpgq8giQ&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiR_v2r7fiRAxVbzjgGHSzfGs0QgK4QegYIAQgAEBM
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• BCD to Seven-Segment Display Converter: Converts a BCD digit into seven output signals to 

illuminate the correct segments of a display.  

2. Objective 

The objective of the research paper is to develop 4-bit Binary to Gray and Gray to Binary converters: 

using Verilog.  

To simulate and synthesize the two code converters using Software Xilinx 14.7 and To obtain the 

corresponding RTL, Technology Schematics, the design summaries, the Output Waveforms for the 

given Test bench. 

3. Methods 

4-bit Gray to Binary code converter:-A 4-bit Binary to Gray code converter has 4 inputs and 4 outputs. 

Figure1: Block Diagram of 5-bit Binary code converter. 

 

The Block Diagram of 4-bit Gray to Binary code converter consists of 4 inputs from G3 – Go and output B3-

B0. 

Working of 4-bit Gray to Binary code converter:- 

The working of 4-bit Gray to Binary converter is based on the following equations  

B3 =G3; 

B2 = G3 xor G2; 

B1 = G3 xor G2 xor G1; 

B0= G3 xor G2 xor G1 xor G0; 

The working of 4-bit Gray to Binary code converter is as follows,  

When the input G3G2G1G0 = 0000 then the output B3B2B1B0  = 0000. 

When the input G3G2G1G0 = 0001 then the output B3B2B1B0 = 0001. 

When the input G3G2G1G0 = 0010 then the output B3B2B1B0 = 0011. 

https://www.google.com/search?q=BCD+to+Seven-Segment+Display+Converter&oq=code+converters&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIHCAUQABiABDIHCAYQABiABDIHCAcQABiABDIJCAgQABgKGIAEMg0ICRAAGIYDGIAEGIoF0gEJODQwNGowajE1qAIIsAIB8QWAcqIpgq8giQ&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiR_v2r7fiRAxVbzjgGHSzfGs0QgK4QegYIAQgAEBU
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When the input G3G2G1G0 = 0011 then the output B3B2B1B0 = 0010. 

When the input G3G2G1G0 = 0100 then the output B3B2B1B0 = 0111. 

When the input G3G2G1G0 = 0101 then the output B3B2B1B0 = 0110. 

When the input G3G2G1G0 = 0110 then the output B3B2B1B0  = 0100. 

When the input G3G2G1G0 = 0111 then the output B3B2B1B0 = 0101. 

When the input G3G2G1G0 = 1000 then the output B3B2B1B0 = 1111. 

When the input G3G2G1G0 = 1001 then the output B3B2B1B0 = 1110. 

When the input G3G2G1G0 = 1010 then the output B3B2B1B0 = 1100. 

When the input G3G2G1G0 = 1011 then the output B3B2B1B0 = 1101. 

When the input G3G2G1G0 = 1100 then the output B3B2B1B0 = 1000. 

When the input G3G2G1G0 = 1101 then the output B3B2B1B0 = 1001. 

When the input G3G2G1G0 = 1110 then the output B3B2B1B0 = 1011. 

When the input G3G2G1G0 = 1111 then the output B3B2B1B0 = 1010. 

Table1: Truth Table of 4-bit Gray to Binary code converter 

 

 

Figure2: Logic Diagram of 4-bit Gray to Binary code converter 
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Results 

Figure3: RTL schematic of 4-bit Gray to Binary code converter 

 

 

Figure4: Technology schematic of 4-bit Gray to Binary code converter  
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Figure5: Output Waveform of 4-bit Gray to Binary code converter 

 

Discussion of Results:- 

The output waveforms are shown in Binary values. From the above output waveform it is clear that, 

the output is Binary code when the input is in Gray code. G[3:0] represents Gray input and B[3:0] 

represents Binary code. For example Gray code input 1110 has Binary code equivalent 1011 and so 

on.  

 Table2: Timing Summary of 4-bit Gray to Binary code converter 
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 Table3: Device utilization summary of 4-bit Gray to Binary code converter 

 

  Table4: Primitive and Black Box Usage of 4-bit Gray to Binary code converter  
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4-bit Binary to Gray code converter:- 

A 4-bit Binary to Gray code converter has 4 inputs B3B2B1B0 and four outputs G3G2G1G0  

Figure6: Block Diagram of 4-bit Binary to Gray code converter 

 

Working of 4-bit Binary to Gray code converter:- 

The working of 4-bit Binary to Gray converter is based on the following equations  

G3 =B3; 

G2 = B3 xor B2; 

G1 = B2 xor B1; 

G0= B0 xor B1; 

The working of 4-bit Binary to Gray code converter is as follows,  

When the input B3B2B1B0= 0000 then the  output G3G2G1G0 = 0000. 

When the input B3B2B1B0 = 0001 then the output  G3G2G1G0 = 0001. 

When the input B3B2B1B0 = 0010 then the output G3G2G1G0 = 0011. 

When the input B3B2B1B0 = 0011 then the output G3G2G1G0 = 0010. 

When the input B3B2B1B0= 0100 then the output G3G2G1G0 = 0110. 

When the input B3B2B1B0 = 0101 then the output G3G2G1G0 = 0111. 

When the input B3B2B1B0 = 0110 then the output G3G2G1G0 = 0101. 

When the input B3B2B1B0 = 0111 then the output G3G2G1G0 = 0100. 

When the input B3B2B1B0 = 1000 then the output G3G2G1G0 = 1100. 

When the input B3B2B1B0 = 1001 then the output G3G2G1G0 = 1101. 
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When the input B3B2B1B0 = 1010 then the output G3G2G1G0 = 1111. 

When the input B3B2B1B0 = 1011 then the output G3G2G1G0 = 1110. 

When the input B3B2B1B0 = 1100 then the output G3G2G1G0 = 1010. 

When the input B3B2B1B0= 1101 then the output G3G2G1G0 = 1011. 

When the input B3B2B1B0 = 1110 then the output G3G2G1G0 = 1001. 

When the input B3B2B1B0 = 1111 then the output G3G2G1G0 = 1000. 

Table5:-Truth Table 4-bit Binary to Gray code converter 

 

The Truth Table of 4-bit Binary to Gray code converter is given in the following Table. It has 4 

inputs B3- B0 and four outputs G3 – G0. For Example B3B2B1B0=1000 then the corresponding Gray 

code G3G2G1G0=1100, similarly B3B2B1B0=1010 then the corresponding Gray code 

G3G2G1G0=1111 and so on. 
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Figure7: Logic Diagram of 4-bit Binary to Gray code converter 

 

Results 

Figure8: RTL schematic of 4-bit Binary to Gray code converter 
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Figure9: Technology schematic of 4-bit Binary to Gray code converter 

 

Figure10: Output Waveform of 4-bit Binary to Gray code converter  
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Discussion of Results:-  

The output waveforms are shown in Binary values. From the above output waveform it is clear that, 

the output is Gray code when the input is in Binary code. B[3:0] represents Binary input and G[3:0] 

represents Gray code. For example Binary code input 1111 has Gray code equivalent 1000 and so on.  

 

Table6: Timing Summary of 4-bit Binary to Gray code converter 

 

Table7: Device utilization summary of 4-bit Binary to Gray code converter 
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Table8: Primitive and Black Box Usage of 4-bit Binary to Gray code converter 

 

 Conclusions  

Thus 4-bit Gray to Binary and Binary to Gray Code Converters are synthesized and simulated Using 

Verilog and the Results are obtained.  

Future scope 

In future Code Converters can be further implemented for increased value of n. n-bit Code 

Converters can be designed Using VHDL as well as other HDL languages also and the design can be 

implemented using Field Programmable Gate Array (FPGA). 
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