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Abstract: This report presents the design and performance analysis of key subsystem components in a 16-bit
Reduced Instruction Set Computing (RISC) processor. The study focuses on three primary adder implementations:
Ripple Carry Adder (RCA), Carry Look-Ahead Adder (CLA), and Carry Select Adder (CSA). These adders play
a vital role in defining the arithmetic processing capabilities of the RISC processor. The project evaluates the
impact of each adder architecture on critical performance metrics, including execution speed, area utilization, and
power consumption. Simulations were conducted using Xilinx ISE, and performance was measured to assess the
efficiency of each adder in various scenarios. Results indicate that while the CLA provides superior speed due to
minimized carry propagation delays, the RCA excels in space efficiency, making it more suitable for compact
designs. The CSA offers a balanced performance between speed and power efficiency, making it a viable option
for high-performance computing tasks. Overall, the design and analysis provide valuable insights into the trade-
offs between speed, area, and power consumption in processor architecture, leading to an optimized RISC
processor design

Index Terms : RISC — Reduced Instruction Set

. INTRODUCTION

Reduced Instruction Set Computing (RISC) is a type of computer architecture that emphasizes a small, highly
optimized set of instructions. Its primary goal is to simplify instruction execution by using fewer fundamental
operations, contrasting with Complex Instruction Set Computing (CISC), which uses a more extensive instruction
set.

Key characteristics of RISC include a Simplified Instruction Set, which consists of basic operations for easier
decoding and execution. Uniform Instruction Format and Load/Store Architecture simplify fetching, decoding,
and memory operations. Register Usage is prominent, reducing memory access for improved performance.
Execution breaks down instruction processing into stages for simultaneous execution. RISC processors also use
Hardwired Control Units, enhancing speed through direct control signal generation, and their design favors
Compiler Optimization for efficient code execution

A 16-bit RISC processor handles 16-bit data chunks and follows the core principles of RISC. It uses a simplified

instruction set for efficient single-cycle execution

With Registers reducing memory access, the processor improves performance. The Load/Store Architecture
ensures operations occur in registers, while Fixed-Length Instructions allow faster execution and decoding. The
processor's design also focuses on Low Power Consumption, suitable for embedded and low-power applications.

ALU- Arthematic and Logical UnitThe ALU performs arithmetic and logical operations. It takes input from the
instruction's opcode and operands, processing them and storing results in registers.

Register Bank: The register bank stores intermediate data, providing a space for the ALU to store rsults. The Z-
Flag indicates operation success or failure,and registers improve efficiency in memory based data operations
CONTROL UNITS AND REGISTERS

Instruction Register (IR): Holds the instruction to be executed. The Control Unit decodes the opcode, retrieves
operands, and executes the instruction with the help of timing signals.
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Program Counter (PC): The PC points to the next instruction in memory, ensuring smooth instruction flow in the
processor

Memory Address Register (MAR): The MAR holds the memory address for the current instruction, loading
instructions into

Multiplexer (MUX): The multiplexer selects inputs and provides a single output, controlling data flow within the
processor
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Ripple Carry Adder (RCA):
performs basic arithmetic, sequentially processing bits and carry-outs. Its simplicity and space-efficiency make it
ideal for a 16-bit processor.

Carry Look-Ahead Adder (CLA):
CLA precomputes carry signals to reduce delays, significantly improving arithmetic performance in the 16-bit
processor
Carry Select Adder (CSA):
CSA parallelizes carry paths, optimizing speed and efficiency, making it a vital part of the processor’s arithmetic
unit

.PROBLEM STATEMENT

The project aims to address the critical challenge of optimizing the design and performance of a 16-bit Reduced
Instruction Set Computing (RISC) processor by employing distinct adder datapath logic cells. The specific focus
lies on three primary adder implementations: Ripple Carry Adder (RCA), Carry Look- Ahead Adder (CLA), and
Carry Select Adder (CSA). Each adder logic cell introduces unique characteristics influencing aspects such as
execution speed, area utilization, and power consumption. The challenge is to comprehensively investigate the

impact of these varied adder datapath logics on the overall efficiency of the 16-bit RISC processor.

1. OBJECTIVE

Define RISC ISA

The objective is to develop a streamlined RISC Instruction Set Architecture (ISA) that prioritizes simplicity and
efficiency. This involves creating a minimal set of instructions that can perform essential operations effectively
while minimizing complexity. A reduced instruction set is expected to enhance the processor’s performance,

optimize resource use, and simplify programming. The goal is a compact ISA that executes instructions rapidly,

IJCRT2411419 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d691


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 11 November 2024 | ISSN: 2320-2882
ultimately improving processing speeds and overall processor performance

Implement Different Adders:

Enhancing arithmetic capabilities by integrating various adder architectures is another key objective. The
processor will include ripple carry adders, carry select adders, and Wallace tree multipliers, each offering specific
advantages in terms of speed, efficiency, and area utilization. Incorporating these diverse adder logics will enable

the processor to handle arithmetic operations efficiently, supporting a range of computational tasks.
Ensure Correctness:

Verifying the processor design rigorously is essential for reliability. Extensive simulation and testing will assess
all functionalities, including instruction behavior, data handling, and component interactions. This verification

phase ensures early identification of potential issues, resulting in a robust and dependable processor design

Iv. METHODOLOGY

Literature survey
and Design
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Conclusion

This study outlines the development of a RISC processor design using optimized adder circuits, structured into
nine distinct phases. First, a Literature Survey was conducted to assess current RISC processor designs and adder
circuits like RCA, CLA, and CSA, forming the foundation for our design approach. Second, ISA Requirements
were defined, outlining instruction formats, addressing modes, and essential operations, customized to support the

integrated adders.

The RCA, CLA, and CSA Design phase focused on developing the adders, with RCA for simplicity, CLA for
speed enhancement through carry prediction, and CSA for efficient multi-operand addition. In Processor

Architecture Design, the ISA and adder designs were integrated into the processor’s core components—ALU,
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control unit, registers, and data paths. Model Integration followed, where the adders were connected to enable

seamless data flow and arithmetic processing within the architecture.

The sixth phase involved Simulation and Debugging to test the processor's functionality and identify errors,
ensuring alignment with design objectives. Functional Verification was then performed to confirm the processor’s
compliance with ISA specifications, verifying the accuracy of RCA, CLA, and CSA operations. During
Performance Evaluation, metrics like speed and efficiency were measured to assess the processor's handling of
arithmetic operations with different adders. Finally, in Discussion and Conclusion, results were summarized,

addressing challenges, design success, and suggesting future enhancements for improved processor performance

V. RESULTS
The results section presents the outcomes of implementing the RISC processor design, Using Ripple carry adder,
Carry Look Ahead Adder and Carry select Adder. This includs performance metrics and functionality validation.
This analysis evaluates the processor’s efficiency by highlighting Area , Time and Power consumed by respective

adders

1. Schematic Results

Figl.1: Overall View

Fig 1.2 : Address Generator
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The following image illustrates the address generator of the RISC processor, which was synthesized to optimize

address computation and enhance overall processing efficency

Fig 1.3 : Register Bank

The image depicts the register bank of the RISC processor, showcasing the synthesized design that facilitates

efficient data storage and retrieval across the processor’s execution stages

Fig 1.4 : Arthematic and Logical Unit

Figure shows the Arithmetic Logic Unit (ALU) of the RISC processor, illustrating its synthesized design that

performs critical arithmetic and logical operations essential for Processing instructions
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2. Simulation Results

Fig 2.1 Simulation Result of Risc Processor

3. Area and Power Results

e Risc
Fig 3.1 Area and Power of Risc
Total Area: 9705.618 um?

Total Power (Leakage): 517.686 nW
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e RCA (Ripple Carry Adder)
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Fig 3.2 Area and Power of RCA
Total Area: 9753.156 um?
Total Power (Leakage): 519.302 nW

e CLKA(Carry Look Ahead Adder)
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Fig 3.3 : Area and Power of CLKA
Total Area: 9829.764 um?

Total Power (Leakage): 524.236 nW
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CSLA (Carry Select Adder)

Fig 3.4 Area and Power of CSLA
Total Area: 9919.368 um?
Total Power (Leakage): 531.536 nW

Delay Output

RISC : In the RISC processor design the critical path delay from the first register to the last register measures
1215 ps, reflecting the overall time required for data to propagate through the entire pipeline of the processor.
RCA : In the RISC processor design utilizing a Ripple Carry Adder, the critical path delay from the first register
to the last register measures 1300 ps, reflecting the overall time required for data to propagate through the entire
pipeline of the processor.

CLKA : In contrast, when implementing the Carry Select Adder with an optimized design, the delay from the first
to the last register is reduced to 1290 ps, demonstrating an improvement in the data propagation time through the
processor's pipeline

In the RISC processor design using a Carry Select Adder, the delay from the first to the last register is 1300 ps,

indicating the time required for data to traverse the full pipeline of the processo

VI. CONCLUSION

This study evaluated the performance of an Ideal RISC Processor and three distinct adder architectures—Ripple
Carry Adder (RCA), Carry Look-Ahead Adder (CLA), and Carry Select Adder (CSA)—analyzing their impact
on total area, power (leakage), and critical path delay. The Ideal RISC Processor emerged as the most compact
and power-efficient, occupying the smallest area at 9705.618 um? and exhibiting the lowest leakage power of
517.686 nW. Each adder type increased the processor's area slightly, with the CSA occupying the largest area at
9919.368 pum2. Power consumption followed a similar trend, where the CSA exhibited the highest leakage at
531.536 nW, indicating a trade-off between performance and resource utilization across different adder

architectures
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offs. The Ideal RISC Processor achieved the shortest delay at 1215 ps, reflecting its efficient design without

additional adder complexities. Among the adders, the CLKA proved the fastest, with a minimal delay of 1290 ps,
whereas both the RCA and CSA had a delay of 1300 ps. This suggests that while the CLKA slightly increases the

processor's area and power, it provides an optimal balance of speed and efficiency.

Final Conclusion

The corrected delay values underscore that the Ideal RISC Processor is the best choice for applications requiring
minimal area, power, and delay, confirming its optimality in terms of size and efficiency. The CLA, with its
reduced critical path delay, presents the most efficient adder choice, balancing speed with moderate area overhead.
In contrast, the RCA and CSA show equal delay, but the CSA demands significantly more area and power,
rendering it less favorable in contexts where compactness and low leakage are critical. This study concludes that
while each adder architecture offers unique advantages, the lIdeal RISC Processor provides the most balanced
performance, with CLKA as a viable option for designs prioritizing delay over area.

.Comparison Table

Parameters Area Delay | Power
RISC Processor 9705.618 | 1215ps | 517.686
um? nW
RCA(Ripple carry | 9753.156 | 1300ps | 519.302
adder) um? nW
CLKA(Carry 1290ps | 524.236
Look Ahead 9829.764 nw
Adder) um?
CSLA (Carry 9919.368 | 1300ps 536
Select Adder) um?
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