
© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 199914 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 253 

Design and Simulation of 8-bit RISC Processor using 

Verilog HDL 
 

 

Mrs. J. Sravanthi1, P. Radhika2, N. Pavan kumar3, M. Shiva kumar4, M. Shashi Reddy5 

1 Assistant Professor, Dept. of ECE, TKR College of Engineering and Technology 
2,3,4,5 Student, Dept. of ECE, TKR College of Engineering and Technology 

 

 
Abstract—8-bit Reduced Instruction Set Computing 

(RISC) processor implemented using Verilog Hardware 

Description Language (HDL). The proposed processor 

adopts a Harvard architecture with separate instruction 

and data memories to enhance execution efficiency. A 

pipelined architecture is incorporated to improve overall 

system performance, enabling the execution of one 

instruction per clock cycle under ideal conditions. The 

processor consists of key functional units, including an 

arithmetic logic unit (ALU), register file, control unit, 

program counter, and memory modules. A simple yet 

efficient instruction set is designed to support 

fundamental arithmetic, logical, and data transfer 

operations. The design is described using Verilog HDL 

and simulated using industry-standard simulation tools 

to verify functional correctness. 

 

Index Terms—8-bit RISC Processor, Verilog HDL, 

Harvard Architecture, Pipelining, FPGA 

Implementation, Arithmetic Logic Unit (ALU), 

Instruction Set Architecture (ISA), Simulation. 

 

I. INTRODUCTION 

 

The increasing demand for high-performance and 

energy-efficient computing systems has led to 

significant advancements in processor design 

methodologies. Reduced Instruction Set Computing 

(RISC) architecture has emerged as a popular 

approach due to its simplicity, faster execution, and 

efficient hardware utilization. Unlike Complex 

Instruction Set Computing (CISC), RISC processors 

use a limited set of instructions that can typically be 

executed within a single clock cycle, improving 

overall system speed. This paper focuses on the design 

and simulation of an 8-bit RISC processor using 

Verilog Hardware Description Language (HDL), 

which is widely used for modeling and implementing 

digital systems. The proposed processor adopts a 

Harvard architecture, where separate memory units are 

used for instructions and data, allowing simultaneous 

access and improving throughput. To further enhance 

performance, pipelining is incorporated, enabling 

multiple instructions to be processed in different 

stages of execution concurrently. The processor design 

includes essential components such as an Arithmetic 

Logic Unit (ALU), register file, control unit, program 

counter, and memory modules, all integrated to 

perform efficient computation. Verilog HDL is used to 

describe the structural and behavioral aspects of the 

processor, ensuring modularity and scalability in 

design. Simulation plays a crucial role in validating the 

correctness and performance of the processor before 

hardware implementation. The proposed 8-bit RISC 

processor serves as a foundational model for 

educational purposes and can be extended for more 

complex embedded system applications. The modular 

design approach adopted in this work allows 

individual components of the processor to be tested 

and optimized independently, improving design 

reliability and ease of debugging. Furthermore, the 

proposed design can be implemented on FPGA 

platforms, providing a practical and cost-effective 

solution for real-time hardware validation and 

prototyping. 
 

II. METHODOLOGY 
 

The design of the 8-bit RISC processor is carried out 

using a structured and modular approach in Verilog 

HDL. The processor architecture follows the Harvard 

model, consisting of separate instruction memory and 

data memory to allow parallel access and improve 

execution speed. The overall system is divided into 

several functional blocks, each responsible for a 

specific operation, and all modules are interconnected 

to ensure smooth data flow and control.  
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At the core of the processor is the Program Counter 

(PC), which holds the address of the next instruction 

to be executed. The PC updates sequentially or 

branches to a new address based on control signals 

generated during execution. The instruction memory 

stores the program instructions, which are fetched 

using the PC during the instruction fetch stage. 

The Instruction Memory use to Stores all program 

instructions in a fixed 24-bit format for execution by 

the processor. It is a read-only memory unit during 

normal operation, ensuring that instructions are not 

modified while executing. The memory is organized 

as 256 locations, each capable of storing one 

instruction. It is accessed using the instruction address 

provided by the Program Counter (PC). It supports 

sequential instruction fetching, where instructions are 

read one after another. 

The fetched instruction is passed to the Instruction 

Decoder (Control Unit), which interprets the opcode 

and generates the necessary control signals for other 

components. These signals determine the type of 

operation to be performed, such as arithmetic, logical, 

or data transfer operations. The control unit plays a 

critical role in coordinating all stages of the processor. 

The Control Signal Generator Acts as the central unit 

that generates control signals to manage and 

coordinate all processor operations. It receives 

decoded information from the Instruction Decoder and 

determines the required control actions. It controls the 

operation of key components such as the ALU, register 

file, memory units, and multiplexers 

 The Register File consists of a set of general-purpose 

registers used to store intermediate data and operands. 

It supports read and write operations, allowing quick 

access to data required for processing. 

 
Fig 1: 8-bit RISC processor 

 The operands from the register file are fed into the 

Arithmetic Logic Unit (ALU), which performs 

operations such as addition, subtraction, AND, OR, 

and comparison. 

To enhance performance, a pipelining technique is 

implemented, typically consisting of stages such as 

Instruction Fetch (IF), Instruction Decode (ID), 

Execute (EX), Memory Access (MEM), and Write 

Back (WB). This allows multiple instructions to be 

processed simultaneously at different stages, thereby 

increasing throughput. 

Each module is designed and coded separately in 

Verilog HDL and then integrated to form the complete 

processor. Simulation is performed to verify the 

functionality of each block and the overall system 

behavior. Test benches are used to validate different 

instruction executions and ensure correct timing and 

data flow across the processor. 
 

III. IMPLEMENTED DESIGN 
 

In an 8-bit RISC processor, pipelining is commonly 

implemented using a 5-stage pipeline: Instruction 

Fetch (IF), Instruction Decode (ID), Execute (EX), 

Memory Access (MEM), and Write Back (WB). 

Between each stage, pipeline registers are used to store 

intermediate results and control signals, ensuring 

smooth data flow. 

Once the pipeline is fully filled, the processor can 

complete one instruction per clock cycle, which 

greatly improves efficiency compared to non-

pipelined execution. 

However, pipelining also introduces challenges called 

hazards. These include: 

• Data hazards, where an instruction depends on the 

result of a previous instruction  

• Control hazards, caused by branch instructions  

• Structural hazards, due to hardware resource 

conflicts  

 
Fig 2: 5-stage pipeline 
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i. Instruction Fetch (IF) 

In the Instruction Fetch stage, the processor retrieves 

the instruction from the instruction memory using the 

address stored in the Program Counter (PC). The PC 

acts as a pointer that always holds the address of the 

next instruction to be executed. 

 

ii. Instruction Decode (ID)In the Instruction Decode 

stage, the fetched instruction is analyzed to determine 

the type of operation to be performed. The instruction 

is divided into fields such as opcode, source registers, 

and destination register.  

 

iii. Execute (EX) 

In the Execute stage, the actual computation takes 

place using the Arithmetic Logic Unit (ALU). Based 

on the control signals, the ALU performs arithmetic 

operations like addition and subtraction or logical 

operations like AND, OR, and XOR 

 

 iv. Memory Access (MEM) 

In the Memory Access stage, the processor interacts 

with data memory depending on the type of 

instruction. For load instructions, data is read from 

memory using the address computed in the Execute 

stage. For store instructions, data is written into 

memory.  

 

v. Write Back (WB) 

In the Write Back stage, the final result of the 

instruction is written back into the register file. The 

data written may come either from the ALU (for 

arithmetic and logical operations) or from memory 

(for load instructions).  

 

IV. RESULT & DISCUSSION 

 

4.1 Simulation Results 

The simulation is carried out using a Verilog testbench. 

Where it consists of four main stages: Instruction 

Fetch, Decode, Execute, and Write Back. Each stage is 

connected through pipeline registers, allowing 

multiple instructions to be processed simultaneously. 

The ALU performs arithmetic and logical operations, 

while multiplexers control data flow based on control 

signals generated in the decode stage. 

 

 
Fig 3: Waveforms 

 

The waveform shows how different signals in the 8-bit 

RISC processor change over time during simulation. 

The clock signal continuously toggles, driving all 

operations. The reset starts low, allowing the processor 

to run normally. The program counter (pc_out) keeps 

increasing, indicating instruction flow. The instruction 

output remains mostly zero, suggesting limited or 

repeated instructions in memory. The ALU result also 

stays zero, meaning no arithmetic operation is 

producing a visible change. 

 

4.2 RTL Analysis  

The schematic represents the internal architecture of 

an 8-bit pipelined RISC processor. It consists of four 

main stages: Instruction Fetch, Decode, Execute, and 

Write Back. Each stage is connected through pipeline 

registers, allowing multiple instructions to be 

processed simultaneously. The ALU performs 

arithmetic and logical operations, while multiplexers 

control data flow based on control signals generated in 

the decode stage. The design improves performance by 

enabling parallel execution of instructions. 

 

4.3 Power Analysis 

The power analysis report shows that the total on chip 

power consumption of the system is approximately 

7.97W, which is medium for an FPGA-based 

implementation. The dynamic power consumption is 

minimal, indicating efficient switching activity within 

the design. Most of the power consumption is due to 

static (leakage) power, which is common in modern 

FPGA devices. The low power consumption makes the 

design suitable for energy efficient applications such 

as wireless and portable systems. 
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Fig 4: Power analysis 

 

V. CONCLUSION 

 

This “Design and Simulation of a 8-bit RISC 

Processor,” focused on understanding the basic 

working of a processor and improving its performance 

using pipelining. The main goal of the project was to 

design a simple yet efficient    8-bit RISC processor 

and demonstrate how pipelining can increase the speed 

of instruction execution. By dividing the instruction 

process into multiple stages, the processor can handle 

several instructions at the same time, which leads to 

better overall performance. During the development of 

this project, several important tasks were completed 

step by step. First, the overall architecture of the 8-bit 

RISC processor was designed. Then, different 

modules such as the Arithmetic Logic Unit (ALU), 

registers, control unit, and memory interface were 

implemented. After that, the pipelining stages—Fetch, 

Decode, Execute, Memory Access, and Write Back—

were developed and properly connected. Special 

attention was given to how data flows between these 

stages.  
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