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. CPU

> ?
» PTS ?

-. By ?
> 128 18

-. EXINT(P2.2) —

-.CPU ’
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> (Maskable Interrupt)
: ?
u-p 100% (mask)
> (Non-Maskable Interrupt, NMI)
; ?
(interrupt mask)

: SIW ?
' NMI (mask)

m-p
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> (mask register)

(SW)

(trap) © ) SwW
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> (interrupt source) : ?
> (interrupt vector) : ?
> (interrupt priority) :
?
-. 28
- INTO1 INT15 16
- ?  TRAP, 18

. Page 176, 52
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| nterrupt Sour ces

SOURCES VECTORS SOURCES VECTORS
Non-Maskable Interrupt WM
Timer 2 Capture Timer 2 Capture
HSI.0 pin HSLO pin
dth FIFO Entry HSI FIFO 4
HSO Lines 0-5 High Speed Output
Unimplemented Unimplemented : Skt
OP code OF code
HSI FIFO Full HSI FIFO Ful
TRAP  Instruction Software TRAP
: HSI Holding Register HSI Holding Register
Loaded Loaded
EXTINT(Port 2.2) m EXTINT 1
Fort 0.7 \ EXTINT AD Conversion AID Conversion
Complete Complete
Tl Flag
>7 Timer 2 Overflow =-'|:'-= Timer 2 Overflow
Rl Flag /\( \%1
Timer 1 QOverflow Timer 1 Overflow
SWT 0-3 Software Timer
Resat Timer 2
Start AID switch is selected by [0CI
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INT 15 NMI 203EH 15 — —
INT 14 HSI FIFO Fall 203CH 14 IMASK1.6 —
INT 13 EXTINT(P2.2) 203AH 13 IMASK1.5 —
INT 12 TIMER2 Overflow 2038H 12 IMASK1.4 10C1.3=1
INT 11 TIMER2 Capture 2036H 11 IMASK1.3 —
INT 10 HSI FIFO 4 2034H 10 IMASK1.2 —
INT 09 RI 2032H 9 IMASK1.1 —
INT 08 Tl 2030H 8 IMASK1.0 —
2012H N/A — —
Trap 2010H N/A — —
INT 07 EXTINT(P2.2 or P0.7) 200EH 7 INT_MASK.7 I0C1.1
INT 06 (RI, TI) 200CH 6 INT_MASK.6 —
INT 05 ? 200AH 5 INT_MASK.5 —
INT 04 HSI.0 2008H 4 INT_MASK .4 10C0.0=0
INT 03 HSO(HSO 0-~5) 2006H 3 INT_MASK.3 —
INT 02 HSI Data Available 2004H 2 INT_MASK.2 I0C1.7
INT 01 A/D 2002H 1 INT_MASK.1 —
INT 00 (T1, T2 2000H 0 INT_MASK.O :ggigzggg

AlhAa~nl AF FlAafrdvAamiAan
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Ex) Cstartup.asm

cstartup module main

;interrupt vector table
;_interrupt_vector:

X cseg a 7f00h
; extrn timer_overflow
; ljmp timer_overflow

cseg a Off10h
extrn ad converson _complete
ljmp ad_conversion _complete

X cseg a 7f20h
; extrn hs data available
; ljmp hs_data available
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? ? ? ? (Requirements):
1. 2?27?2272 272 .->ex)"INTO7 EXTINT(P2.2)
2. ?2727272 72727272 22227272272 2727272 2?72 (200EH).

3. 2?2272 27?2 27227272 ?27 7?27 csat.a’%e? ? ?

SOURCE Vector Location P v
ty 1 femts
(High Byte) | (Low Bytc) B[R
unimplmented 2013k 2012k Mot Applicable 4010H
Software TRAP M1tk 210k Not Applicable 400FH
TiHighsts
Serial Port 2000 200Ch 3] A00CH
Software Timers 00Bh 20040 5 A004H
H51LD 2005k 2080 4 L008H
Pl aped 2007h 2006k 3 4006H
Outputs
tial, ik 2005k 2004k 2 4004H
Available
r —
AID Conversion 2003k 2002k : AG02H
Complete
Timer Overflow W0th HWidh M Lowest) A000H

Figore 1-1. Internpe Vector and Priorites

CSTART MODULE MAIN

S equ 18H
CSEG AT 4100H
Id sp,#0c0Oh
extrn _main

ljmp _main

\ CSEG AT 400EH

extrn exint
ljmp  exint
end
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Ex) memory fix

echo rom(4000h- 7fffh) & >>t.cmd
echo ram(1ah-1ffh,8000hOffffh ) & >> t.cmd

Cinitialize function

cseg at 8000h
_c_init:

p equ 18h:word

stackline equ0OefOOh

Id o, #stackline
extrn _main
ljmp _main
ljmp _exit
rst

_exit:
rst

end
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About Interrupt

(1) INTOO(Timer Overflow Interrupt) :
: 1 2 overflow , FFFFH~0000H
:INTOO - 10C1(I/O0 ) ( 5.3)

(2) INTOL(A/D Conversion Complete Interrupt)
: A/D , AID

(3) INTO2(HSI Data Available Interrupt)
:HSl. dataavailable
:10C1.7 = 1 — Holding register 6 HFO
- 10C1.7 =0— Holding /

(4) INTO3(HSO Interrupt)
: HSO
:HSO HSO.5~HSO.0

Py Py |
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(5) INTO4(HSI.O pin Interrupt) : HSI.O

(6) INTO5(Software Timer Interrupt)
- S\W

Sw 4
(7) INTO6(Serial Port Interrupt) :
(8) INTO7(EXTINT) : P22 P07
(9) INTOS(TI) :
(10) INTO9(RI) :

(11) INT10(HS!. FIFO 4 Interrupt) : HSI. FIFO 4 JFIFO 4

(12) INT1L(TIMERZ2 Capture Interrupt) : 2
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(13) INT12(TIMER2 Overflow Interrupt) : 2 overflow

(14) INT13(EXTINTY) : P2.2

(15) INT14(HSI. FIFO Full Interrupt) : HSI.  FIFO

(16) INT15(NMI) : (NMI, TRAP, )
(17) TRAP
OF7TH TRAP 2010H
- SIW
(18)

R T B T T S T T T A S S TS R T Dnhntire € Al Cnantrnl 1 AL



Interrupt Sources # ¢ ¢ ¢ ¢

Transition
Detector
PSW.O ‘ ‘ 9, 12h 8, 13h
Clehal ERaBIa INT Pgnding INT Mask
Register Register

LT

28 Sources
18 Vectors

Priority
Encoder

Vector ¢ ¢ Status

2?27?2727 2?27
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- (Interrupt Source)
; , 10C1

-. (Transition Detector)
(Oto 1)

-. (Interrupt Pending Register)

-. (Interrupt Mask Register)

-. (Interrupt Priority Encoder)
; ?

-. (Interrupt Vector)
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Selected

Interrupt source Indivisually Global Priority
Waiting
enable enable ranking
bit HSI FIFO FULL interrupt
HSIFIFO FULL O— 7 o/e o/flc >
. Of Vector 203CH
RI O 1 O/C O/Z/C > —® Rlinterrupt of Vector 2032H
TI /0 u/c o//c 4 —® Tlinterrupt of Vector 2030H
USI data available © 3 O/C o/:/c > — HSO interrupt of Vector 2006H
p HSI data available interrupt
HsO ©—12 o/c 3{0 > P
. Of Vector 2004H
AD complete O0— 1 3/0 9’:/0 > —® AD interrupt of Vector 2002H
¢ Timer overflow interrupt
Timer overflow © 0 O/C O/E/C 4 v
INT PEND Of Vector 2000H
INT_PENDlINT—MASK El Priority
© DI encoder

222272 222
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O09H
12H

INT_PENDING

IPENDL(INT_PENDINGL1)

IPEND1(12h), IMASK1(13h)

T 6 5 4 3 2 1 0

NMI FIFO EXT T2 OVF T2 CAP HSI4 Ri TI
full INT1
IPEND(09h), IMASK(08h)

F 6 5 4 3 2 1 0
EXT SEREAL SOFT HSIL.0 pin HSO pin HSI A/D Timer
INT PORT Timer DATA Done OVF

22?22?2272 2?27?2 ? ? 2?2?22 2
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y (enable),  (disable) ,

(read) :
(modify) : “Q “1” ( )
s'w

. By.
2> 2~3 operand
Int_pending &= Oxfd ; AID

Int_pending |- 0x02 ; AID
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- NMI

- (endble) :

- (disable) :

.INT_MASK :asmPUSHF asm POPF

. asm PUSHF: disable

(INT_MASK,~1)

Py Py |

~£
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Z‘N‘V‘VT‘C‘PSE‘I‘ST‘

A T
STicky ? ? ?

?2?2?2?2@?2?2@
PTS? ? @ ?

A A A A A A4

< >
Carry ? ? ?
Overflow Trap? ?

-. NMl, TRAP, Overflow ? ? ?

disable Negative ? ? ?

Zero? ? ?

-. enable PSW

-, enable

| endble

< >

- 2

B ; (priority)

- (pending)
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- (INT_MASK, ~1)

- 7 EXTINTL (EXTINTL )
(disable)

void serid_ri_isr(void)
asm pushf;

disable();

int_maskl = 0x20;
enable();

113 RIH

asm popf;
return;
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- > > >
> CPU >

® CPU : -

®© asm pusha

®0 PC

@ CALL PSW, INT_MASK, WSR

®
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Interrupt
Pending Bit

PRIORITY
ENCODER

RELATED SFRs INT_PEND
& C-language INT_PEND1
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-. :NMI, P2.2, HS.0, PO.7

: enable(), disable() — (PSW.9) “1” “Qr

; asm pushf — PSW/INT_MASK
; asm popf — PSW/INT_MASK :
; asm pusha— asm pushf , IMASKT/WSR , IMASK1

; POPA — IMASKT/WSR asm popf
®
; TRAP— ? TRAP
; SIGND(EXT, EXTB) — (signed prefix)
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-. (INT_PENDING, IPEND1) :
CALL

(latency time)

4 03 2 1l 30— e 11 el 2 — Nl 17 el G 3]

Ending  |snoRML" End Call is If Stack i Stack B
ENpRuon /Inﬂlrucilnn R, "NORML" | Forcad E xt@rnal PUSHA External
EXTINT Interrupt Rowting
Panding
Infarrupd St Clearod
Response | 56 State Times -l
Tima
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- : NMI(INT15), EXINT1(INT13), EXINT(INTO7), HSI.O(INT04)

-. NMI /0 |OC1

.10CL1: EXINT EXINT1

.10C1.7: HSI.0

0]

® 10C1.1~1 EXINT1(PO.7)
® 10CL.7=1 HSI.0

@ NMI

5.111/0 1(10C1)
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C-Language for using
| nterrupt




Jump interrupt subroutine(3)

/* *

/* PROGRAM EX5_1.C) [EXTERNAL INTERRUPT]*/

void exint(void) [* interrupt routine */
/* */
{
asm pushf; /* interrupt disable */
#pragma model(kc) /* CPU model=80C196KC  */ ) ) )
disable(); /* interrupt disable */
#pragma interrupt(exint = 7) /* define interrupt number(vector) */
#include <80C196.h> /* include 80C196 header file */
number--; /* decrement number */

ioportl = number;  /* output to LED */
unsigned char number;  /* number=8bit variable */

enable(); /* interrupt enable again */
void main(void) /* main function,no arguement */ )
asm popf; /* enable interrupt */
{
return; * return from interrupt */
disable(); )
iocl = 0x00; /* select EXT_INT(P2.2) */
int_pending = 0x00; /*clear INT_PEND register */
int_mask = 0x80; /* EXT_INT enable */ .
Return to Main loop (4)
ioportl = Oxff; *all LED is off */
number = Oxff; * initial number */
enable(); [* global interrupt enable */ <4
while(1); [* wait interrupt */ p | Execute(l)
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= Objective: - Use of external interrupt : EXTINT(P2.2)
- If you press the button, LED connected to portl is shifted sequentially.

- All LEDs are dead before initial press of button.

PLT

=

80C196 5
A 4708
Plﬁ—ﬁ AN
PLI—] AWy
1
+5 PL2 ———AW——
N
PL3 K AW
W
10K PL4—K] A
W
PLS K]
5o g W
J__O (P22)  PL6—K——MW——
W
L~
]
N
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220

P10 GEREENR
Ul U26A P11 YELLOW
pi0 Lo 210 o b P12, P13 RED
] o 4 o |
-1 5 pi % 3 2 pi
ri.3 (22 P13 I va p2 o
S S Vo PN
Td LS
10K
LI26A DIF1
E:|19 =1
Pl 423 P14 = 3 17
Pp1. 530 P15 = Sg::; ':; 15 o
r1.sfil 216 5Ty v nz B o
P1732 ] PR P L=
TALS2dd
a7 7
e U25 OA-ET
w4 1,19 =
= & O 3, 15 = O—-&
THT1
J3
T LEM0
PO.7/ EXTINTL | & EXTINFL 4 [ L S 7 S‘Mn )
P2.2/ EXTINTO | 15 EXTINTOD 1 £ I L_THTD
a S
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/* *

I* PROGRAM EX5_1.C) [EXTERNAL INTERRUPT]*/
I* *

#pragma model(kc) /* CPU model=80C196KC  */
#pragma interrupt(exint = 7) /* define interrupt number(vector) */

#include <80C196.h> /* include 80C196 header file */

unsigned char number;  /* number=8bit variable */

void main(void) /* main functio
{
disable();
iocl = 0x00;

0 arguement */

* select NT(P2.2) */

int_pending = 0x00:— /*clear INT_PEND

int_mask = 0x80;

ioportl = Oxff; all LED is off */

number = Oxff; /* initial number */

T_INT enable */

enable(); 7=global interrupt enable */

While(l);%

Interrupt waiting
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S

{

void exint(void)

asm pushf;

disable();

number--: W

* interrupt routine */

[* interrupt disable */

/* interrupt disable */

ioportl = number;  /* output to LED */

enable(); ——/*interrupt enable again */
asm popf; [* enable interrupt */

return;

/* return from interrupt */
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S

/* */
/* PROGRAM EX5_2.C) [EXTERNAL INTERRUPT by FLAGS]*/
/* */
#pragma model(kc) /* CPU model=80C196KC  */
#include <80C196.h> /* include 80C196 header file */
unsigned char number,flag; /* number=8bit variable */

void main(void) /* main function,no arguement */

{
iocl = 0x00; * select EXT_INT(P2.2) */

int_pending = 0x00; /*clear INT_PEND register *//

number = Oxff; /* initial number */

do{
_ _ >
do{ /*int_pending.7=17?*/
flag = int_pending; > _
lwhile((flag & 0x80) == 0); — - -

int_pending &= Ox7f; /*int_pending.7=0%

number--; [*update output data*/

ioportl = number;

twhile(2); [*repeat*/

el mf " lTambom i s O B ks = U o Omim ANlmd om0 Vomte 2 Dnhntire € Al Cnantrnl 1 AL




Objective: - Use of INT_PEND register instead of external interrupt. (Polling method)
- If you press the button, LED connected to portl is shifted sequentially.
- All LEDs are dead before initial press of button EXTINT(P2.2)

islw? 2?2 22?2727

R Y I T T T P S S TR T T P Dnhntire € Al Cnantrnl 1 AL



/* */
/* PROGRAM EX5_3.C) [EXTERNAL INTERRUPT]*/ /* INTERRUPT ROUTINE */
/* */ void exint(void) * interrupt routine */
#pragma model(kc) /* CPU model=80C196KC  */ {
#pragma interrupt(exint = 7) /* define interrupt number(vector) */ disable(); /* interrupt disable */
#include <80C196.h> /* include 80C196 header file */ do{
ioportl = Oxff;

unsigned char number; /* number=8bit variable */ delay(0xffff);
/* MAIN ROUTINE */ ioport1 = 0x00;
void main(void) /* main function,no arguement */ delay(0Oxffff);
{ twhile(1);

iocl = 0x00; /* select EXT_INT(P2.2) */ return;

int_pending = 0x00;  /*clear INT_PEND register */ }

int_mask = 0x80; [* EXT_INT enable */

enable(); /* global interrupt enable */

int_pending |= 0x80; /* set int_pending bit external */

while(1); /* wait interrupt */
}
/* SUBROUTINE */
delay(short i) /* delay routine */
{

while(i-);
}
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