
























































CHAPTER |

INTRODUCTION

In this chapter, we are explaining about the details of the project which is design
and development of a low power compact integrated processor of an embedded system.
Besides that, we also explained about objectives, problem statement, scope of project and

chapter organization.

1.1  Project Background

Microprocessor without Interlocked Pipeline Stages (MIPS) is a popular
implementation of a Reduced Instruction Set Computer (RISC). MIPS architectures are
typically 32-bit, but 64-bit versions have been developed in more recent years. An
embedded processor consumed with low power and low cost are the demands nowadays.
This project is to design and develop an integrated processor of an embedded system with

low power consumption.



The growth of processor with its complexity are concerned to the design with
hundreds or thousands of logic gates. The large memories with high speed interfaces
which give a higher performance to the processor is the reason that processor become
more complex. The designers are using VHLD as design methodology to develop high

level hardware system[1].

Integrated circuit (IC) design can be divided into 3 phases from the early 70s,
which are polygon pushing, schematic capture and Hardware Description Language
(HDL).

Polygon Pushing is the earliest phase of IC design. Usually not many design tools
are available for this technique. The designers draw the design using polygons in layout.
The disadvantages for this technique is highly tedious and error prone. It also limited

amount of transistors up to only a few thousand[2].

Schematic Capture is the second phase of IC design method in 80s. This technique
utilizes schematic editors to capture schematics drawn using gates and transistors. It can
fit up to several hundred thousand transistors. This method allowed more complex and
complicated circuits to be designed[3]. This also allowed more functionality to be put

together. This method is still used today at 20s.

Starting 90s, the speed growth of electronics all over the world. Time to market
for IC design became more essential[4]. Every design house was trying to fit multiple
functionality onto a single IC chip with max millions of transistors. Also, IC design time

frame as shortest as possible. This lead to design with HDL (Verilog/VHDL).

HDL is used to describe the logic functionality of a circuit. It can also describe the
behavioral aspect of a circuit function. This method is used to show the netlist of a circuit.
There are few types of HDL such as Verilog, VHDL, C/C++ and Superlog which is still

under research[5].



This project will focus on designing a simple 16-bit Central Procession Unit (CPU)
with onboard Static Random Access Memory (SRAM) memory. The developed processor
should be effective yet simple that fulfills the features required in a modern embedded

system but without too much unnecessary complexity.

1.2 Problem Statements

In previous research, the instruction set of a simple 16-bit CPU with onboard
SRAM memory is loosely based on the MIPS architecture with some significant
simplifications. The large instruction size is mostly to accommodate large register files
and large memory spaces. Therefore, a simple 16-bit CPU with onboard SRAM memory
will be designed and developed using Verilog language. Low power consumption will be
the focus of the design. CPU usually consumed more power because of their higher speed
and complexity. With lower power consumption, processor will dissipate less heat energy
from the action of the switching devices contained in the CPU. This will particular

important for battery operated devices.

1.3 Objectives

There are few of objectives that should be focused in this project in order to

achieve the design of project:

. To design and develop a low power compact integrated processor of an

embedded system by using Verilog language.
. To verify the functionality of the developed processor.

. To develop the processor into a layout.

1.4 Scope of Project

This scope of the project is to design and develop a low power integrated processor
based on the architecture of MIPS processor and using timing constraint method to
identify the best frequency for the overall performance of the processor. The modules of

processors are constructed in Verilog Language and synthesis using Synopsis tools. The



designed processor is developed into a layout with 0.18um Silterra process technology.
However, the designed processor is in 16-bit instead of 8-bit due to the limitations of the

designed processor.

1.5  Chapter Organization

This thesis comprises of seven chapters.

Generally, chapter one is more to introduction of project. In this section, we are
explaining about project background, objectives, problem statements, scopes of project

and chapter organization.

Chapter 2 is describing about literature review of project. In part of that, we
explained about the topologies of different processor from the journals or articles that are
related to the project. Besides that, comparison and differences of every topology have

been stated in this chapter.

Chapter 3 is the overall of methodology of project. We explained about project
schedule such as workflow and method that used to complete this project. We are using 2

platforms which are Synopsis and Vivado to analyze our designs.

Chapter 4 ,5, 6 and 7 are the results and discussions of the project. We explained
about the obtained results based on the timing, area and power that generated from the

simulations.

In chapter 4, we analyzed on the designed 16-bit and 32-bit MIPS processor and
the power optimization of the developed processor. The discussion will explain overall

problem that occur during implementation of this project from beginning until ends.

In chapter 5, we analyzed on the DW8051 core with different frequencies. The
modules of DW8051 core is simulated in coreConsultant and go through synthesization

in Synopsys tools.



In chapter 6, we compared the designed 16-bit MIPS processor with DW8051 core
under same frequency with their corresponding timing, area and power consumption. All

the analysis is graphically present and tabulated in this chapter.

In chapter 7, we analyzed on the peripheral interface which are SPI and I°C. Both
are encoded in the Verilog and running in the Synopsis in order to get the data and results.

The operation of SPI and I°C are explained in the simulation.

In Chapter 8, we concluded the overall achievements of the project. Then, we
recommended some future works for further research to enhance the quality and

performance of the processor.



