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Abstract

In the heart of most modern electronics, there’s one microcontroller or multiple
microcontrollers, it is everywhere in everyday life. This tells that microcontroller systems

are essential for studying system design, and are worth the time to dive deeper into.

We found that implementations of microcontroller systems in undergraduate researches
are very common, but few studies the microcontroller system itself. We aim to study
microcontroller system by trying to make a microcontroller and implementing it onto an

existing image sensor from professor’s lab as a controller for the sensor.

In this project, we hope to research on how a microcontroller system works, in
particular the Intel MCS-51 microcontroller architecture, and implementing the MCU
onto a FPGA board. The Intel MCS-51 MCU or so called 8051 platform is more basic
than other widely used platforms like Arduino and ARM Mbed OS, which is more
suitable for studying on microcontroller system itself. We believe by studying the 8051
architecture, we will have better grasp on how a general MCU system works, and better

prepare us for developing larger more complex systems in the future.

We managed to successfully edit and simulate an open-source code core for 8051 to
working state, and later implement it onto Nexys A7 FPGA board and ZedBoard SoC
Development Board. Other than this, we studied and implemented some communication
technologies including UART, 12C, and AXI, to prepare for the next stage of this

project.

In the next stage of this project, we will try to print out the core onto a chip and to
implement it with a sensor module from a professor’s lab previous project as a data

processor and data transmitter.
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1. Introduction
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2. Research Methodology
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(1) E:# OpenCore 8051 Source code
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3. Experimental Results

T F 1 OpenCore 8051/ 7% & 2 > F]pt R4 o F Zlntel 8051 F 1~ o

3.1. Source code debugging
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3.2. I2C External EEPROM Interface

50 AT ARS8 F {84 4912 sxdnstruction ROM e % » i * External ROM&_
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32 bitdata[31:0] fe= > B 48 Pine/i o & iv Jg = # T ARE AR I R Feno Fp
A0 & R 45 ePExternal ROM /i &+ 3 v — & 12C Interface > 3%Interface# 3 4 KB
RAM ° &5 =t B 5 > ¢ L5 d [2C Interfaced# B~External ROM# 4k j£ 0340967
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8051 I2C Interface 12C Serial
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Addr[15:0] Addr[15:0] scL scL
Data[31:0] Data[31:0] SDA SDA

Fig.3.2-1 12C Interface block diagram
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Master 2 : I%C interface Master 1 : Arduino UNO

Slave 1 : 24L.C64 EEPROM
Fig.3.2-3 7 “$Nexys A7 8051.5 ¢ 12C3} B~External ROM & ¥ [

3.2.1. I?Cinterface ¥ 8 &1 %%
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FIGURE 8-2: RANDOM READ
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Fig.3.2-4 241.C64 Random read & Sequential read[6]
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3.2.2. % & I?Cinterface2? OpenCore 8051
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Fig.3.2-6 % & I2C interface OpenCore 8051
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3.3. 8051 MCU Architecture
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Fig.3.3-1 8051 MCU Architecture
Bl¥ 75 ARSI TR AR S 8 bits ©

3.4. UART
3.4.1. NEXYSA7

%)% NEXYS A7 B % %% ¢ © # 5 FTDI FT2232HQ USB-UART bridge[4] * F]4*
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Fig.3.4-1 NEXYS A7 FT2322HQ Connections
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3.4.2. ZedBoard

Connected 00:03:21, 23,928 / 0 bytes
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iZyngk $u? 5§ F Cypress CY7C64225 USB-to-UARTH- 2 » gt fitie @ 3 2
PS )k ¥.¢1/O Peripherals® (Fig.3.4-32 F > ) A% 3 ¥ 120384 PL % 57 8051

K F% SAUARTEL G o Extended MIO interface ¥ Cypress USB-to-UART#: v 3%+
£ %5 d USB-UARTH- = @ ﬁsﬁ] °

B ¥ R4 PLEIPS /02 (8 0 d *PPS & sk T endl 7 MR 45 & 2 £ Cypress
USBUART@%]:':‘F‘IL%{ .Eapéﬁ%od%«%;sﬂ;» N B{EL e P
F1 A E 8051 A pF K7 g 7 Cypress USB- to-UARTH- % > 3% i -7 8 3% ¥ PS %

3% d PMOD#: ?E *t 3 USB-UARTH#- = (Digilent PmodUSBUART) T R
8051 4 1% @ ﬂiaa] T3 7 FeCoolTermir £ o

Fig.3.4-4 ZedBoard 805154 UART# ¥ % i % ¥ ]

3.5.8051 MCU Instruction Set
3.5.1. Instruction Set

Lu—

RAM® - & a3 RISC 2 E @ % > 8051 MCU =rRegister & o> » i ¥ 7 &
HH - BpAS s {3 & B wRAM ¥ > F]pt & 284 598051 Instruction ¥ » i & &

# 5 ERAMY FPdicie ~ EH E 0 Bw iz B

RISC fJ2 B i Register H& % > 7 U B~ F Blcdyp > B FAJLEE - B w

8051 rInstruction 1 byte & ¥ = » ¥ 12 F_1~3 bytes :
1% byte: operation code(opcode)
27 and 3™ byte: address or immediate

opcode
opcode addr. or imme.
opcode addr. or imme. addr. or imme.

Fig.3.5-1 8051 instruction 7= %. ]
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# £ 3 111 Instructions, ¥ M4k~ & 54 :
(1) Data Transfer Instructions
MOV, PUSH, POP, -+
(2) Arithmetic Instructions
ADD, SUBB, INC, DEC, MUL, DIV, ---
(3) Logical Instructions
ANL, ORL, XRL, CLR, -
(4) Boolean or Bit Manipulation Instructions
ANL, ORL, CLR, ---
(5) Program Branching Instructions
ACALL, AJMP, LIMP, ---

3.5.2. Addressing mode
8051 Instruction Set 7 ™ T 644 addressing mode °

(1) Immediate Addressing
iF 8 $ce 7 *MInstruction 2" and/or 3 byte °

(2) Direct Addressing
iF B e gk & 7 >t Instruction 2™ and/or 37 byte ©

(3) Register Addressing
B~ * #PSW(Program Status Word)if ¥ Register Bank ® RO-R7%7 % chfic g i

538 H Heo

(4) Register-Indirect Addressing
P~ # Register Bank ® RO-R1#7 7 chfic i T 5 38 & feen yb o

(5) Indexed Addressing
i B feen 4L base register(PC, DPTR)+index register(ACC) °

(6) Bit Addressing
* %bit addressablesP % . > 4y T H ¢ 1B bit &7 B o 80514RAM? # 4t
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% 20H~2FH ~ SFR % ¥ 14 0 or 8 % & tfbyte % bit addressable °
% RAM:18 bit address ®
[71=
0: 20H~2FH (16 bytes)
1: SFR (80H~FFH® 11 0 or 8 & & 16 bytes)
[6:3] = byte selection
[2:0] = bit selection

Fola s
MOV C, 31H;

31H=0011 0001

B oyk 3 26HeN % 1ibit o F]Ut %4 4 § #-3 5k 5 0x26¢ 0% 1@bit B » PSWhCY
¢ o

4. Conclusion

rAEEY %ﬁ‘z’ Fo NG R R 0 3% 8051 MCUIISA ~ Architecture % - @ %A
FOTARRAe X B P LT R 0 80514 £ L hIRPCROMME 4 » T8 5 FEFL & >
e §80514 L erne ¥ ¢t %ﬁr_’ F ¥ RTL - i B ehfic#$t © ¢ #£Functional, Post-
Synthesis, Post-Implementation Simulation » i 2% i $f**RTL & FPGA &% & > 7
iy o FIP S ERTLI 7 B aFPGAL § B o FRH T R (7448
TSR AR (s IR A > @ * APR(Automatic Placement & Routing)# %2 > SoC
Encounter * % i¥Physical Layout » i i& {7 Post-Layout Verification °
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6. Plan Management and Teamwork
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7. Reflection

é_ﬂ‘:i%%éf?i@ﬁi“‘ C B P A EIAE 0 o B RN REFE > F 0 4p
CIRAzaki N A H805140% # ~ FPGA} i}_mfzrﬁmlﬁ#o;ﬁd
#8051 1.7 FEFPGAhF»F‘ 2 ufm;,%; > 3 *ﬁ*“amp #RTLA £ SIFPGAL § %

G 0 M E R enip e o B EHAIRTL - i B et 0 @ 35Functional, post-
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