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ABSTRACT

The model and design of the intellectual property (IP) core of serial peripheral interface
(SPI) with Advanced Microcontroller Bus Architecture (AMBA) — Advanced
Peripheral Bus (APB) interfacing are presented. The objectives of the project are to
model and design a SPI that is interfacing with IP core of APB for sending and receiving
data from a single slave to model APB-SPI controller with controllable data and
designed with maximum operating frequency of 16 MHz and flexibility in all four
clocking modes and finally to synthesize and validate the model of the SPI design. For
this work, research regarding interfacing SPI with another core and designing the SPI
itself is essential for the project. The design and simulation of SPI master and slave is
based on Verilog coding. The Verilog code is the main language that is use for designing
and running simulations for this project. SPI is one of the commonly used serial
protocols that can send or receive data from a single or multi-slave. Due to proliferation
of communication protocols and requirement of flexibility in communication, this work
shows how an architecture of APB-SPI controller with controllable data width and an
operating frequency of 16MHz is designed. The SPI1s simulated, verified, synthesized,
carry a layout design and routed using tools such from the electronic design automation
(EDA) tools which is Synopsys, simulation software which are ModelSim and Quartus
prime lite. The design and implementation of SPI model interface is targeted to be used
in Low Power Wireless Microcontroller Unit and its specification is based on Nordic
Wireless RF System on Chip. The modes of SPI also play important role in this work
where this protocol can run through four modes that corresponds to four possible
clocking configurations. The results showed that the core of SPI was successfully
modelled and designed with maximum operating frequency of 16 MHz and flexibility
in all four clocking modes. The ASIC design of this work consumed an area of 27750
um2 and a power of 47.12uW by using Silterra 0.18um for future fabrication CMOS
process.

v



ACKNOWLEDGEMENT

First and foremost, I would like to thank Allah S.W.T for giving me the chance to pursue
and further my study in this master program and giving me the opportunity to embark
on this amazing long, hard and challenging journey. It has been such a challenging
journey, but Alhamdulillah I have been able to complete this task that has been given
to me successfully. My gratitude and thanks go to my supervisor Assoc. Prof Dr. Azilah
Saparon, and co-supervisor Dr. Emillia Noorsal and Dr. Suhana Sulaiman for providing
me with everything I needed to finish this research study. They helped me during tough
times, whenever [ wanted to give up, they pushed me through, I can not express enough
on how much I feel thankful for their unconditional time and motivation. Other than
that they taught me so much not only in term of studying and finishing my master, but
also they taught me how to stay strong and become a better version of myself. I have
been so fortunate to be able to work with an amazing supervisor Assoc. Prof Dr. Azilah
Saparon, and co-supervisor Dr. Emillia Noorsal and Dr. Suhana Sulaiman, they are one
of the most intelligent human beings I have ever encounter and always strives to go
above and beyond. They have faced so many challenges with me and my research yet
has found a way to power through them with a smile and a positive attitude. It is a
pleasure working with them and I know they will go on to do great things in the field of
research in the future. It is with the enthusiasm and ingenuity of the lecturers that SPI
research happens. Without them, I would have not been able to finish my study. During
this time, I salute my supervisors and co supervisors and acknowledge them all in
moving science forward despite challenging conditions.

My appreciation goes to the person who the UITM lab technicians that often assist me
and provide the facilities during my days in the lab. Special thanks to my colleagues
and friends for helping me in this wonderful project.

Finally, I would like to dedicate this thesis and this master research study to both of my
mother and father for the vision and determination to educate me and push me to further
my study. Alhamdulillah for everything and I feel grateful for all the people who
provide me with everything to complete my master research study, I would have never
been able to complete this alone. Getting parents like you by my side makes me what I
am today. Thank you so much for supporting me unconditionally. God has blessed us
in so many ways, but the biggest of them all is our parents. They deserve the best from
us always. Thank you for helping me to shape my life with positivity and passion.
Without you, I’d never been the person I am today. I'm a proud son. Thank you is a
very small phrase to convey my gratitude towards you, but I am still using it to say how
lucky I am to be raised by you. The sacrifices you've made for me are beyond any
description. Thank you, my beloveds. I hope to make you proud someday. You are not
only great parents but also the greatest people I’ve ever known. Dear parents, thank you
for all the love and support. No amount of words will be enough to tell how grateful I
am to you. Thank you for everything you’ve done for me.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
1.1  Research Background

1.2 Problem Statement

1.3 Objectives

1.4 Scope and Significance of Study

L5 Thesis Organization

CHAPTER TWO: LITERATURE REVIEW
1.6  Introduction
1.7 SoC And Bus Protocols.
1.8  SPI Protocols
1.8.1 Functional Description
1.8.2 SPI Data Transmission
1.8.3 Key Features of SPI
1.9  Implementation of SPI
1.9.1 Implementation of SPI-APB
1.9.2  SPI Applications
1.10  Summary for Serial Peripheral Interface

vi

Page

ii
iii

v

vi

1.4

xii

xiii

|, B - S

O 00 1

10
14
17
19
20
22



CHAPTER THREE: RESEARCH METHODOLOGY

1.11
1.12
1.13
1.14

1.15
1.16

CHAPTER FOUR: RESULTS AND DISCUSSION ON THE SPI DESIGN.

1.17
1.18
1.19
1.20
1.21

1.22

1.23

Introduction

Description of the Methodology
SPI Architecture

SPI Design & Modelling

1.14.1 SPI Master Controller
1.14.2 Control Register

1.14.3 Status Register

1.14.4 Clock Generator

1.14.5 SPI Testbench

Simulation and Validation Process

ASIC Design Process

Introduction

SPI Master Controller Results

Integration of SPI -APB interface with Clock Generator and Slave

Clock Generator Results

Results of Multi-Modes SPI

1.21.1 Mode 0

1.21.2 Mode 1

1.21.3 Mode 2

1.21.4 Mode 3

Design Compiler (Dc) Analysis Results

1.22.1 Block Diagram of the SPI using DC
1.22.2 Report Scripts from The Design Compiler.
Synopsys Astro Results

vii

25
25
25
27
28
28
29
30
31
33
33
34

36
36
40
41
42
42
43
44
45
46
46
48
52



