Lab 02
General Purpose Digital 1/0

g (GPIO)




Objectives of this lab

@  To build up your imagination on how a program affects hardware
signals

2 To learn how to send/receive signals from an application processor
to external devices through 1/O pads

vee 1/0 p'n'sJ'

RAM
128 bytes

to 1/0 devices
(e.g. LED)

CPU

from 1/O devices 41/0 ports Timer 0
(e g. keyboard) (32 lines) Timer 1

ﬁ 7 3111 m




i Your work

= design a LED box
= Initial: all LED off

= the LED runs some pattern after some button pressed
= YOU can design your own pattern
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!'_ General 1/0O Control Model



How a processor commands an
i /0 peripheral

= Through access control registers

CPU memory
[ System interconnect
,L> ~ ~
Control register/ [ > >

peripheral =—=¢ gisk USB controller GPIO




How a processor commands an
i /0 peripheral

= Through access control registers

CPU memory
\ A
Status
C%mmand ) stem interconnect
[~ ~ / -
> ~ —

disk USB controller GPIO




How to access control registers:
the memory-mapped 1/O

= Part of the addressing space is assigned to control registers
= Each control register is mapped to some memory address

FFH

80H
7FH

00H

256 bytes RAM and SFR Data Memory Space

Indirect SFR
Direct
RAM Addressing
Addressing Only
Direct
&
Indirect
RAM
Addressing

|/O ports (Px) go
here: SFR



How a processor commands an
i /0 peripheral

= Through access control registers

CPU memory
mov 0xdO0, #0101B \ A
mov R1, Oxe0 .
oldlUsS
C mmand ) stem interconnect
v
oxdo | > / oxel | >
= ~ —

disk USB controller GPIO




i General Purpose Digital 1/0

= The processor assigns/examines the logical
status of some 1/O pins directly

core

CPU , i > 0100101

8051 chip

________________________________________________



1/0 Model of Legacy 8051

!'_ Processor




Features of 8051 I/O

1)
2)

P1.0 [|
P1.1 [
P1.2 [|
P1.3 [
P1.4 [
P1.5 (]
P1.6 []
P1.7 [
Reset
P3.0 (]
P3.1 [
P3.2 |
P3.3
P3.4 [|
P3.5 [
P3.6
P3.7 [

X1 [

Xz (]
GND (]

Four 8-bit 1/0O ports PO-P3

Each pin is bidirectional
sometimes input and someti

mes output

External Memory 4K
Control (64K) Program
Memory

RAM
128 bytes

SFR

4 1/0 ports
(32 lines)

Serial
Input / Output

Timer 0
Timer 1

L QR & 5




Features of 8051 I/O

Note: in our 8052-like

: hitect
1y Four 8-bit 1/0 ports PO-P3 adz:;[;n':: :;eéa?wnbe
9 Each pin is bidirectional used. However, the basic
= sometimes input and sometimes output principle is the same.
et “Control (54K) " Prﬂfm 12?!::‘:@
Hemery SFR

* 4 1/0 ports

Serial Timer 0
OscC. Input / Qutput (32 lines) Timer 1

(1) 7 3111 m
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Features of 8051 I/O
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Features of 8051 I/O

1 Four 8-bit I/O ports PO-P3
2 Each pin is bidirectional
= sometimes input and sometimes output

P1.0 [|
P1.1 [}

P1.2 [
P1.3 [}
P1.4 (]

I/O device \ o o =
Memory

P1.5 [}
P1.6 [|

P1.7 [
Reset
P3.0 (]
P3.1 [
P3.2 |
P3.3

i SFR

P3.4 [|
P3.5 (|
P3.6
P3.7 [

I 4 1/0 ports

OSC Inpu??gal.:tput (32 lines) Timer 1

Timer 0

X1 [
X2 (]
GND [}

8§18 1t



i Imagination on 8051 architecture

= Imagine how 8051 CPU core internal memory
data flow in
the general purpose special function
architecture! registers registers (SFR)
RO A
R1 B
R2 PO 30h
31h
32h
R7
\ ALU / l
address




i How to program I/O ports?

I'8
IFO
LS
EO
D8
DO
C8
Co
B8
BO
AS
A0
98
90

= through SFRs PO-P3

B

ACC

PSW

=“I'MOD | TLO

TL1

THO

THI

DPL

DPH

PCON

Bit-addressable Registers

I'I
F7
21 &
E7
DF
D7
CF
C7
BF
B7
AF
AT
9F
97
8
87



How 8051 send out dedicated
i control signals

. MOV RO, #01001101B
' MOV PO, RO '

CPU : i > 0100101

core

8051 chip

________________________________________________



The case of input (receive)

= Initial: set a bit (pin) with value 0
= receive (input): wait for the bit to be toggled to be 1

_____________________________________

' //wait unit PO.3 been set to 1 :
- while (P0.3==0); '

/laction for the 1/0O event

_____________________________________

( .
prepare to recelve

8051 MCU

(&)

input from an 1/0O

\

PO device
7 ’
0 1 1/0O device




The case of input (receive)

= Initial: set a bit (pin) with value 0
= receive (input): wait for the bit to be toggled to be 1

_____________________________________

' //wait unit PO.3 been set to 1 :
- while (P0.3==0); '

/laction for the 1/0O event

_____________________________________

8051 MCU

(&)

set to one to inform

J

PO
an event
1 1/0O device




Example 1: wait for a button

!'_ pressed

Show how to input signal



Demo: wait for a button pressed

wait:
| A =P1;
if (A==0) goto walit;

e e e e, — e —— - ——

wait:
i mov A, P1
JZ wait

e e e e, — e —— - ——

7

8051 MCU

(&)=

P1

prepare to receive
input from an 1/0O
device

\

A

Z

I/O device




Demo: wait for a button pressed

wait:
| A =P1;
if (A==0) goto walit;

e e e e, — e —— - ——

wait:
i mov A, P1
JZ wait

e e e e, — e —— - ——

8051 MCU

(&)=

7

[N
A

Receive signal from
the button

JpZa

I/O device




!'_ Example 2: make LED run

Show how to output signal



Demo: rotate the LED light

ELoop:

Delay:

' Delay1:
' Delay2:

MOV A, #00000001B
MOV PSW, #00H

MOV PO, A
LCALL Delay
RR A
LIMP Loop

MOV RO, #50

MOV R, #40

MOV  R2, #249

DINZ R2, Delay2 |
DINZ  R1, Delayl
DINZ RO, Delay !



Demo: rotate the LED light

MOV A, #00000001B
MOV PSW, #00H

. Loop: control the LED through
’ MOV PO,A | content of A

LCALL Delay
RR A
LIMP Loop

5 MOV RO, #50

: Delay: MOV R1, #40

 Delayl: MOV R2, #249

i Delay2: DJNZ R2, Delay?2 |

| DINZ R1, Delayl :
DINZ RO, Delay !



Demo: rotate the LED light

MOV A, #00000001B

MOV PSW, #00H 00000001
Loop: ﬂ
| MOV PO, A 1000000

a

01000000

A
LIMP Loop

5 MOV RO, #50

: Delay: MOV R1, #40

 Delayl: MOV R2, #249

i Delay2: DJNZ R2, Delay?2 |

| DINZ R1, Delayl :
DINZ RO, Delay !



Demo: rotate the LED light

call a function at label

MAIN
MOV A, #00000001B
MOV PSW, #00H
ELoop:
' MOV PO, A “Delay”
LCALL Delay -
“RR___A
LIMP Loop !
| MOV RO i
Delay: MOV R1,#40 \
 Delayl: MOV R2, #249 |
' Delay2: DJIJNZ  R2, Delay? a
§ DINZ R, Delayl !
| DINZ RO, Delay
\ RET )

a nested loop to delay some
time




Demo Requirements

= Assembly only!

= Adjust the nested loop (in the previous slide) to let the LED light shift
one step for EACH SECOND
= Bonus1 (3t %3£10%"*c A})
s MR iR 204 e 0 1 41008 AR 1 )
s TR E (X+1)/2 f/ﬁ% i
s Y45B- 488 7
s LR E R é§m2+1¥ELEDJ?‘
= Bonus 2 (3% %3F 5% or 10%+%: 4°)
s W3 H B LEDS R AL 0 B 6 S BARR b A g -
n iRy B BRAAT EIF A - R EE P refE fEsource code?



1 2080 5 Srpinge

S BA T CF B RIRY g oA BRI
Bk
= 3 1 #Reryriz (PO.0 — pin

—

11; PO.1

£0"

). ) A

.

= SimLabiZj & % §o 67 18t « piag £ 0 X F

| Simab 8051 Simulation System(Ver:4.0.0)(Demo

File Setting Execution Examine All Resourc Window Help

8 pieces of LED(Common Cathode) LAB

8 pieces of LED(Common Anode) LAB
32 pieces of LED(Common Cathode) LAB

— pin 12; P0.2 — 13;

)

“ » i ; 32 pieces of LED(Common Anode) LAB = Ro
2 DIP Switch/8 pieces of LED LAB
Source Fie  Output Resu | Pr Fie | I

1 piece of Seven-Segment LED(Common Anode)LAS




Lab02 Study Report

= File name: Bxxxxxxx-MCE-Lab2-Study
= File type: PDF only

= The requirements of report

= Summarize the content of this slide set
Provide your plan for this lab exercise
No more than one A4 page
Grading: 80 + 15

= Deadline: 2025/10/01 23:00 (% {z¥& %)
= Upload to e-learning system



Lab02 Lab Exercise Report

s File name: Bxxxxxxx-MCE-Lab2-Result
= File type: PDF only

= The requirements of report
= Summarize the problems and results you have in this exercise
= Some screen shots or some code explanation can be provided
= No more than two A4 pages
= Grading: 80 + 15

= Deadline: 2025/10/8 23:00 (# fc#& %)
= Upload to e-learning system

= Bonus:
= Read the Demo Requirements



