Lab 03

!'_ Timer and Interrupt Mechanism




‘L Your Work Today

s Program 8051 to show some LED pattern like last
week

= But control using timer and interrupt mechanism

O 000000 O0
10 @®@@® O OOO0O0




Overview: Program Control

!'_ Using Timer and Interrupt




‘L Why Use Timer + Interrupt

= A program to do precisely timed control

s Example: make LED switches precisely every 1
second

LED LED LED LED

[QQAQQ} 0e00| (00e0] [0ooe

| ‘ ‘
, time

1 second



Will You Do It in This Way

LE LED LED LED

[QQAQQ] 0e00| (00e0] [0ooe

| ‘ ‘
, time

1 second oo :
+ while (1) { |
A=RR(A);  //rotate right !
. PO=A: |

s How to set N? (oo
= You need a precise cycle count |’
for each assembly instruction | f{ielay (int N)

inti;

for (1=0;i<N;i++);



i A Better Way for Timed Control

= Use timer + iterrupt
s Example:

wake me up one
second later

timer
TS

e000| [0c@00]| [0oeo] [0oce)|

counter

» time

J ] Hey! Time’s up! \

le >
r 1 second |

[ count for 1 second




Basic Concepts of Interrupt

!'_ Mechanism




i What Is an Interrupt

= To “interrupt” the normal execution of a
CPU

= Turn to do something exceptional and then
back to normal execution

= Usually to serve external I/O devices



Interrupt Normal Execution and
then Return

process ID. 1234

main()

{

$> press something while (...) {

™% //normal execution

— ..
} interrupt service
} routine (ISR)

send interrupt

keyboard intr _handler ()
{

== printf (“A”);

b

—> PC



Timer + Interrupt for Timed

!'_ Control

The conceptual 1dea



i A Better Way for Timed Control

= Use timer + iterrupt
s Example:

LED LED LED LED

[QQAQQ} 0e00| (00e0] [0ooe

| ‘ ‘
, time




A Better Way:
i Using Timer+Interrupt

set_counter (100);

timer go (); cimer
) CPU
// my own work counter

' timer_intr_service ()
X '
switch_ LED ();

_____________________________



A Better Way:
i Using Timer+Interrupt

wake me up 100 units
of time later

main () { !
. [set_counter (100);
timer_go (); timer
L. i CPU
| counter
//my ow

, Setup the timer and
' timer .
» interrupt

_____________________________



A Better Way:
‘L Using Timer+Interrupt

s CPU does its own work and the timer go counting

set_counter (100); !
timer_go (); i timer
! CPU

counter

—> //my own work

timer_intr_service () | 4 ~\
X — time
switch_LED ();

100 | 99 | 98 ... 1 0

_____________________________




A Better Way:
i Using Timer+Interrupt

= The timer sends an interrupt to CPU when time-up

‘main(){ i l wake up! (interrupt) ]

set _counter (100); —
timer_go (); timer

CPU

counter

//my own work

1

timer_intr_service () | 4 ~\
X — time

: itch LED ();

B witeh LEDO | 10099 |98 | ... |1]0
—————————————————————————— \ )




A Better Way:
i Using Timer+Interrupt

= CPU turn to the interrupt service routine

‘main() { | | l wake up!
set _counter (100); —

timer_go (); | cimer
: CPU e
/ /my own work counter

)

' timer_intr_service ()

X — time

——p switch LED ();
B switeh LED O3 10099 |98 | ... | 1] 0

_____________________________



A Better Way:
‘L Using Timer+Interrupt

s Then back to its normal execution

: main () {
set_counter (100); !
timer_go (); timer
L | CPU
= //my own work | counter
B
timer_intr_service () |
4 — time
. switch LED ;| 100 | 99 | 98 110
- i

_____________________________



i Summary

= Interrupt mechanism:

= A hardware signal to inform CPU some event has
happened

= Makes CPU change its execution path
= Turn to “Interrupt Service Routine” (ISR)
= Then return to its normal execution path and status

= Ti1mer:

= An external counter to count up for specified time
= Usually mform CPU with interrupt



!'_ The 8051 part



i The 8051 Architecture

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 (]

4l

Interrupt
Control

@
CPU

Ex(::::;”;mw ——— 4K 12?’)?‘05
You are playing SFR
this part today

Serial 41/0 pOI'tB Timer 0
Input / Output (32 lines) Timer 1

¥
L1]

LA & 25




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 Imagination on 8051 Architecture

" FIF)W of Gt 8051 CPU core internal memory
arithmetic
instruction : :
general purpose special function
registers registers (SFR)
RO A
R1 B
R2 PO 30h
31h
32h
R7

YT

address




i Imagination on 8051 Architecture

Data 8051 CPU core internal memory
movement
between general pu special function |
memory and registers registers (SFR)
registers RO A
[ ] The MOV
. . R1 B
Instruction
R2 PO 30h
31h
32h
R7

address




i Imagination on 8051 Architecture

s The MOV 8051 CPU core internal memory
also for
registers general p
registers
RO A
R1 B
R2 PO 30h
31h
32h

address




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




How to Program the Timer and

!'_ Interrupt Mechanism on 8051




‘L Your Program Looks Like This

_________________________________________________________

TMOD =777
TCON = 77?

THO = ?7?
TLO= 7?7
I[E =777

. while (1); //infinite loop and do nothing
g '
Timer ISR ()

A
//change LED pattern



i Your Program Looks Like This

_________________________________________________________

:{.-___5

! =999 o .

N ?(\I/IC())IEI)— 9?? | Fill in SFR registers to setup
N THO — ;?? : : the timer and the interrupt
o= 220

| IE =277

\____

/

. while (1); //infinite loop and do nothing
) '

Timer ISR ()

1
//change LED pattern



i Your Program Looks Like This

_________________________________________________________

TMOD =777
TCON = 77?

You don’t need to branch to
control the LED pattern

THO = 7?7

TLO = 777
. IE =777 i
(T - mmmm === ==
. * while (1); //infinite loop and do nothing | |

TR -

Timer ISR ()

1
//change LED pattern



i Your Program Looks Like This

_________________________________________________________

TMOD =777
TCON = 77?
THO = ?7?
TLO= 7?7
IE =777

The timer interrupt will be executed
regularly once setup finished

while (1); //infinite log

h

Timer ISR () \

{ l
//change LED pattern l

} l

&'_______________________________’__________I



Things You Need to Know

_____________________________________

main () How to setup SFR registers for the
| I{‘- _____ S timer and the interrupt?
| TMOD =?7??
| TCON=7???
j THO=7?7?
I TLO = ?27?
\ IE =777

Where to place the timer ISR?

&'_______________________________’__________I



How to Program 8051’s Interrupt

!'_ Mechanism




‘L Things You Need to Know

(1) How to set SFR registers
2 Where to place interrupt service routine (ISR)?

1'."'8 l'.“l?
IO B B
LS Ll
EO ACC L7
D8 DF
DO PSW D7
C8 CF
Co C7
Bs [ 1nterrupt enable BF
B0 ol B7
A8 1E AF
A0 TP T
o8 [LSCON | sbUb registers to control the timer
38 TCON | TMOD | TLO TL1 THO THI | 8F
B e . S . . ) PCON 87

Bit-addressable Registers



The IE 1 g 0 0 0 0 1 0 Value after Reset
IE [ Ea |

| e2 | Es | ET | Ex1 | ET0o | Exo | Bitname

bit? bit6 bit5 bit4 bit3 bit2 bit1 bit0
[ ]
Reglster Register TCON
Register IE

INTO ITo m"|>°—_
Tl

| —

INT1 IT ’
—+58 [ie]
Timer 0 L
Interrupt
m Timer 1 LLa
=
(a B varRT R oR

8051

s Imagine a path in the figure

m Set switches 1n the figure to enable the path



Where's the Interrupt Service

i Touting

m The interrupt source vs. starting address of
the ISRs:

= [EQ: 0x3 (external mterrupt)
= TFO: Oxb (timer O overflow)
= TF1: Ox1b (timer 1 overflow)
= RI, TI: 0x23 (for UART)




i Your Program Will look like

assembler directive: place my code
from address 0x0b

MAIN:
...//your main program

show LED: //the tmer interrupt service routine
MOV RO, #LED _pattern
MOV PO, RO



i Your Program Will look like

org OH

AJMP MAIN
org O0Bh
AJMP show LED

timer O ISR starts from here ]

MAIN:
...//your main program

show LED: //the tmer interrupt service routine
MOV RO, #LED _pattern
MOV PO, RO



!'_ How to Program 8051 Timer



i Overview of 8051 Timer

= Two timers:
= timer 0: {THO, TLO}
= timer 1: {THI, TL1}

= Four modes (set by TMOD register)
= 0: 13-bit mode
= 1: 16-bit mode
= 2: auto reload mode
= 3: split mode




The SFRs for Counting

0 0 0 0 0 0 0 0 Value after reset
THO Bit name
bit7 bit6 bit5s bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 0 Value after reset
TLO Bit name
bit? bité bit5 bit4 bit3 bit2 bit1 bitd
THO=3(Dec.) TL0=232(Dec.)
A A
r N \
[0 T0JTO0JO0JlO0JT Al 1l 1T AT AT A0l 101 0T]0]
bit15 bit14 bit13 bit12 bit11 bit10 bitd bitg BitT bitE Bits bitd bit3 bit2 kit bitd
L A

Timer T0=1000 (Dec.)



Registers to Control the Timer
Mode

TMOD

TCON

timer mode timer mode
( N\
0 0 0 0 0 0 0 0 Value after reset
GATE1 CiT1 T1M1 T1MO | GATEO | CITO TOMA TOMO Bit name
bit7? hit6 bit5s bitd bit3 bitz bit1 bit0
\_ Y
0 0 0 0 0 0 0 0 Value after Reset
TF1 TR1 TFO TRO IE1 IT1 IEQ ITO Bit name
bit7? bit6 bits bitd4 bit3 bit2 bit1 bit0



i How 8051 Timer Works

Step l1:set {TH, TL}=N
Step 2: enable counting by setup TMOD, TCON
. Step 3: wait for timer overflow (check TCON)

_______________________________________________________________

THO=3(Dec.) TL0=232(Dec.)

A A
r Al A

o fojJofojJof1f 11147 4F4]07]1]07f07]0]

bit15 bit14 bit13 biti2  bit11 bit10 bit9 bits bitT bite bit5 bitd bit3 bit2 bit1 kit
L. -

Timer T0=1000 (Dec.)

TF=1 to indicate timer overflow
1 (Oxftff reached)

—_____, time

0 0 0 0 0 Value after Reset
TCO N TF1 TR1 TFO TRO IE1 Im IEQ ITO Bit name
1000|1001 |1002| ... Oxffff | 0 I Ilmll Ilm I [ v | [ I




How to Set Lots of Bits in
TMOD, TCON, and IE

Check these figures for the four timer modes2
@ Mode

MOde 0 o H m TCON Register
H
|
o o n
TLO T0 s [TTTTTI
INTO : : Timer 2

| |
| |

THO TLO
o o [0 (I

( Timero:0-65536 |




Timer Mode 0

_..Pin

......

OSC.

112

b

Mode 0

TCON Register

TRO

o

JRL

\C

|

| s

| |©

I I

0 1 @
CIT GATE

TMOD Register

L

o—»

THO TLO
i

| Timero:0-8192 |




* Timer Mode 1

------

OSC.

1M

2

[

ro |3

TCON Reglster

O]

II=

l%

Mode 1

THO TLO

\

O

<+——>

|
INTO. ] i : 5
-~ 1la
[ci

GATE

TMOD Register

L

" Timer 0: 0 - 65536

4 —



2

Mode 2

THO

"

TMOD Register

: Timer 0: 0 - 255 |

:_—L OSC. TCON Register
T TRO
2

g o

e L 1
_ ? |© \c —o/o——h
uE | - AD
°k | o g

v I
- 0 | O a
. @ @

CIT GATE



Timer Mode 3

TCON Register

Mode 3

THO

- TR1
al 0]
- 0OSC. vo '
-:,J_ #” oL _TCON Register |
| o2 TRO
l 0
l 1)
] 2| Io——c\c /o—
] | I° E‘
i i: 0 1 o]
------ 0 Vi@
CIT GATE

TMOD Register

I Timer1: 0 - 255 I

TLO

Timer0: 0 - 255 I




Exercise: Setup Timer Control

!'_ Registers



In-Class Exercise

= Suppose:

= One cycle period of the timer counter 1s 0.1 ms

= Q: How to program 8051 to send an interrupt every |
second?

0 X 0 0 0 0 0 0 Value after Reset
IE | er | | e2 | Es | ET1 | Ex1 | ET0 | Exo | Bitname
bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 0 Value after Resat
TCON | 1/t | re | 10 | 7RO | IE1 | m | ®0 | mo | Bitname
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 0 Value after reset
TMOD |care1| cmt | 1am1 | Timo | Gateo | cro | Tomt | Tomo | Bitname
bit7 bité bits bitd bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 0 Value after reset
THOL T T T T T T T ] sitname
bit? bité bits bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 0 Value after reset
TLO | [ [ | | | [ | | Bitname

bit? bité bit5 bit4 bit3 bit2 bit1 bit0



The SFR Setup

= Setup the counter
= Assuming it counts once every 0.1 ms
= Count 10000 times for 1 second
= {THO, TLO}=65536 — 10000 = 55536 =

(1101100011110000),
0 0 0 0 0 0 0 0 Value after reset
THO I 1 | 1 ‘ 0 | | l | l 0 | 0 l 0 | Bit name
bit? bitb bit5 bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 0 Value after reset
TLO' 1 | 1 | | I | | 0 | 0 | 0 | 0 ‘ Bit name

bit? bit6 bits bit4 bit3 bit2 bit1 bit0



The SFR Setup

s Use timer 0 with mode 01
s Mode 01: 16-bit timer

0 0 0 0 0 0 0 0 Value after rese

TMOD |care1| cmt | 1am1 | Timo | Gateo | cro | Tomt | Tomo | Bitname
bit7 bit6 bit5 bit4 bit3 bitz bit1 bit0
0 0 0 1

)

E[h - Mode 1
I . : TCON Register
Qo ——\ 8
TOI:_._?I N -5‘*1"|||T||10|||||||T|I|'?|||
'N"’é [—II_EE—;FQ_‘B ((_Timer 0: 0 - 65536
— 4la lia

[cr | [eate]

TMOD Register

t



i The SFR Setup

g Mode 1

TCON Register

=

-

- THO TLO
T°§|:*5—?' ST T (D
|Nro[_|_i—’r°—‘g 1 (_Timer0:0-65536__)

P Ilm Ilﬂ

""" 1 @ 1 @

Ler | [eate]

TMOD Register
Register TCON

INTO ITo o > ;:J
) Mol

Register IE

«

1] 0 0 0 0 0 0 0 Value after Resat
TCON [ v/t [ vra | 1o [ tRo | &1 [ wmi | 0 | mo | Bitname
bit? bité bits bitd bit3 bit2 bit1 hito

1

INT1 Im ’ EXA1 0 X 0 0 0 0 0 0 Value after Reset
=8 L] - i
IE | er | | eT2 | es | Em | Ex1 | ETo | Exo | Bitname
] ero bit7 bit6  bits  bitd  bit3  bit2 bit1 bito
Timer 0 ED - -
on £2 Interrupt 1 ]

Timer 1

ES
T
UART [RI ] OR -

ET1
| TF1 -

p—

PINS

8051



Demo: Make LED Run Using the

!'_ Timer Interrupt




i Function of the Demo

= Switches LED every 4 timer interrupts

LED LED
®000 0e00
t switches LED every 4 timer interrupts t
< >

, time

| | | |

a timer interrput



‘L The Demo Program

m org to force program address

= And jump to actual ISR immediately

oOrg Oh
1 jmp main
TR
1imp Timer0 ISR
oOrg 0100h
maimn:
Iesivieni——————
l1call Timer Config
oW RO, #4 sthe I5R entrance count
iTla R1, #80h sthe LED pattern to display
loop:
o+ Fz, E1
=] loop



‘-L The Demo Program

= Infinite loop to send control signals to LEDs

oOrg Oh
1 jmp main
— org . 0Obn|
1imp Timer0 ISR
oOrg 0100h
maimn:
Iesivieni——————
l1call Timer Config
oW RO, #4 sthe I5R entrance count
iTla R1, #80h sthe LED pattern to display
loop:
o+ Fz, E1

=] loop



i The Demo Program

= The timer ISR
= Change LED pattern every 4 times the ISR is executed

TimEIG_ISR:

DJNZ RO, reset timer
mov RO, #4

iilaary A, R1

RL A

mowv El, &L

reset timer:

mowv TLD, #0O
mowv THD, #0
reti

end




The Demo Program

= Setup the timer interrupt

Timer Config:

mowv TMOD, #01h

mowv TCON, #010h
A

mowv TIE, #082Zh

mowv TLO, #0O

mowv THO, #0O

ret



i ONE PIECE
s T EEBEESIIIRA T -

/\E

HiR

LA *Eﬁlﬁl’] Kﬁﬁx%%ﬁﬂﬂﬁ?ﬁ%

EHIRT > jﬁ%%ﬁ aLE. .
o FHIPFE A

(4ZKtimer 1nterrupts) (655362KE

RIEK—FD » HEZNFER -

0



i ONE PIECE

o FTDAS AN VB RAEANAR 1 1 H 22
A TH i B 28 AT TR A 8 L — D g A
HEIE Eigz%mt IR > 120757 -

o NERPECE 0 BN




i ONE PIECE

= SEHREN

BB
65536 — (24.5Mhz /8 / 12 / FE4ZR) = 1734
F2Rtimer reset R %25 %0 » fEZ 1734 (Dec.)
8§25~  System Clock, SYSCLK, OSCICN, CKCON
EENR T ] DAE R EAHRE &R
https://www .silabs.com/documents/public/data-
sheets/C8051 FO4x.pdf

BHET= BT MEEEE
https://www.mikroe.com/ebooks/architecture-and-programming-
of-8051-mcus



https://www.silabs.com/documents/public/data-sheets/C8051F04x.pdf
https://www.silabs.com/documents/public/data-sheets/C8051F04x.pdf
https://www.silabs.com/documents/public/data-sheets/C8051F04x.pdf
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus
https://www.mikroe.com/ebooks/architecture-and-programming-of-8051-mcus

i ONE PIECE
o I TAVEER —E -

» https://www.nuvoton.com/export/resource-

files/W78E054D_W78E052D_A13.pdf
= HoflE— MU e E =
= PRI E R ERYARRE EER
= BRLEFESE > LRI a0y



https://www.nuvoton.com/export/resource-files/W78E054D_W78E052D_A13.pdf
https://www.nuvoton.com/export/resource-files/W78E054D_W78E052D_A13.pdf
https://www.nuvoton.com/export/resource-files/W78E054D_W78E052D_A13.pdf
https://www.nuvoton.com/export/resource-files/W78E054D_W78E052D_A13.pdf

‘L Lab03 Study Report

File name: Bxxxxxxx-MCE-Lab3-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: 2025/10/15 23:00 (“REAT)
Upload to e-learning system



‘L Lab03 Lab Exercise Report

File name: Bxxxxxxx-MCE-Lab3-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: 2025/10/22 23:00 (-RYHEAT)
Upload to e-learning system
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