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Systém preruseni
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pic18F Family Interrupt System (Priority Mode)

Y4 High Priority Enable
HIGH PRIORITY 3
— A ‘ Priority _IN:RQ
L O AT Encoder
LOW PRIORITY P
xIP \ yIP \ \ GIEL \ \ IPEN \
| /
7 / Priori
riority System On
xIE ylE
| xF | yF | Low Priority Enable
A A
Clk —»| Timer

I Event
INPUT Detector

N

INTERRUPT RESOURCES

A1B14MIS Mikroprocesory pro vykonové systémy 06

\

Interrupt Priority

Interrupt Enable

Interrupt Flag (Request)




pic18F Family Interrupt System (Non Priority Mode)

Input Interrupt Enable

INPUT }—‘
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Nastaveni systemu preruseni - RCON

REGISTER 9-13:

RCON: RESET CONTROL REGISTER

R/W-0

U-0

R/AW-1 RAN-1 R-1

R-1

R/W-0

RAN-0

IPEN

CM RI TO

PD

POR

BOR

bit 7

bit O

bit 7

bit &
bit 5

bit 4

IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

Unimplemented: Read as ‘0’

CM: Configuration Mismatch Flag bit

For details of bit operation, see Register 4-1.
RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-1.
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Nastaveni systemu preruseni - RCON

REGISTER 9-13: RCON: RESET CONTROL REGISTER

R/W-0 U-0 RANV-1 RAN-1 R-1 R-1 R/W-0 RAN-0
IPEN — CM RI TO PD POR BOR
bit 7 bit 0
bit 3 TO: Watchdog Timer Time-out Flag bit
For details of bit operation, see Register 4-1.
bit 2 PD: Power-Down Detection Flag bit
For details of bit operation, see Regqister 4-1.
bit 1 POR: Power-on Reset Status bit
For details of bit operation, see Register 4-1.
bit 0 BOR: Brown-out Reset Status bit

For details of bit operation, see Register 4-1.
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Nastaveni systemu preruseni - INTCON

REGISTER 9-1:

INTCON: INTERRUPT CONTROL REGISTER

RW-0

R/W-0

R/W-0 R/W-0 RAN-0 RAN-0 RW-0

RAN-X

GIE/GIEH

PEIE/GIEL

TMROIE INTOIE RBIE TMROIF INTOIF

RBIF(1)

bit7 U

@) O

bit 0

bit 7

bit &

bit 5

GIEIGIEH: Global Interrupt Enable bit

When [PEN =00

1 = Enables all unmasked interrupts

0 = Disables all interrupts

When IPEN = 1

1 = Enables all high-priority interrupts

0 = Disables all interrupts

PEIE/GIEL: Peripheral Interrupt Enable bit

When |PEN = o-
1 = Enables all unmasked peripheral interrupts

0 = Disables all peripheral interrupts

When IPEN = 1

1 = Enables all low-priority peripheral interrupts
0 = Disables all low-priority peripheral interrupts

TMROIE: TMRO Qverflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt
0 = Disables the TMRO overflow interrupt
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Nastaveni systemu preruseni - INTCON

REGISTER 9-1: INTCON: INTERRUPT CONTROL REGISTER
RW-0 RW-0 RAW-0 RAW-0 RAN-0 RW-0 RW-0 RAVV-x
GIE/GIEH PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF(1)
bit 7 U O @) bit 0
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TMROIF: TMRO QOverflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTOIF: INTO External Interrupt Flag bit
1 = The INTO external interrupt occurred (must be cleared in software)
0 = The INTO external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bitl!)

1 = At least one of the RB7:RB4 pins changed state {(must be cleared in software)
( = None of the RBY:RB4 pins have changed state
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Nastaveni systemu preruseni — INTCONZ2

REGISTER 9-2: INTCON2: INTERRUPT CONTROL REGISTER 2

RW-1 RAN-1 RAN-1 RAN-1 RAN-1 RAN-1 RAN-1 RAN-1
REPU INTEDGO INTEDG1 INTEDG2 INTEDG3 TMROIP INT3IP RBIP
bit 7 @) bit O
bit 7 REBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled
0 = PORTE pull-ups are enabled by individual port Iz

bit 6 INTEDGO: External Interrupt 0 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 5 INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 4 INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
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Nastaveni systemu preruseni — INTCONZ2

REGISTER 9-2:  INTCON2: INTERRUPT CONTROL REGISTER 2

RAN-1 RW-1 RAW-1 RW-1 RW-1 RW-1 RW-1 RW-1
RBPU INTEDGO INTEDG1 INTEDGZ2 INTEDG3 TMROIP INT3IP RBIP
bit 7 @) bit O
bit 3 INTEDGS3: External Interrupt 3 Edge Select bit

1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 2 TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 INT3IP: INT3 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 REIP: RB Port Change Interrupt Priority bit
1 = High priority

0 = Low priority
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pic18F Family Program Memory

PROGRAM COUNTER PROGRAM MEMORY

— — |
PC 000000h | RESET «— RESET VECTOR
STACK POINTER 21 | !
STACK ! HIGH PRIORITY
SP| \ 5| 1 000008h ! | HIGH PRIORITY :H— INTERRUPT VECTOR
|
! | LOW PRIORITY
| |
000018h | | LOWPRIORITY | *— |NTERRUPT VECTOR
Top of Stack -TOS 018AF4h
7 \, INTERRUPT
31 | VECTOR
& 1 I ! TABLE
[
TOSU TOSH TOSL | | I TABLE READ
TOSREGISTERS | 01h | 8Ah | F4h | ===y &
8 8 8
01FFF8h
IMPLEMENTED MEMORY (FLASH) — | | o1rrrrn  [[CONFIG. WORDs
PROGRAM MEMORY ADDRESS SPACE —
Read as ‘0’
_ 1FFFFFh
16
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pic18F Family Interrupt System (Non Priority Mode)

Input Interrupt Enable

INPUT }—‘
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Casovac Timer0 — konfigurace 16bit(

FIGURE 12-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
Sync with TMRO Set
?D_ 1 internal |——#=|  TMROL | pignpye [ TMROIF
; Programmahle ocks on Overflow
TAREKLEN Pgrescmer AN FANR T
TOSE ? (2 Tcy Delay)
TOCS 3 & Read TMROL
TOPS2:TOPSO _/ \ )
PSA 10 Write TMROL
“"‘\53 -
TMRDH/

B} g/
i VA

< N

Mote: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

> Internal Data Bus

/
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Nastaveni Casovace Timer0, 16bitu

REGISTER 12-1: TOCON: TIMERO CONTROL REGISTER

R/W-1 R/W-1 RAN-1 RAN-1 R/W-1 R/W-1 RW-1 RW-1
TMROON TOSBIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO
bit 7 U @) @) @) @) @) O bito

bit 7 TMROON: TimerQ On/Off Control bit

1 = Enables Timer0
0 = Stops TimerQ
bit 6 TOBBIT: Timer0 8-Bit/16-Bit Control bit

1 = Timer0 is configured as an 8-bit timer/counter
0 = Timer0 is configured as a 16-bit timer/counter

bit 5 TOCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKO)

bit 4 TOSE: TimerO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
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Nastaveni Casovace Timer0, 16bitu

REGISTER 12-1:

TOCON: TIMERO CONTROL REGISTER

R/W-1 RW-1 RW-1 RAN-1 R/W-1 R/W-1 RAN-1 RW-1
TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO
bit 7 O @) @) O @) O O bito

bit 3 PSA: TimerQ Prescaler Assignment bit
1 = Timer0 prescaler is not assigned. Timer0 clock input bypasses presc
0 = Timer0 prescaler is assigned. Timer0 clock input comes from prescal
bit 2-0 TOPS2:TOPSO: Timer0 Prescaler Select bits

111 = 1:256 Prescale value
110 =1:128 Prescale value

101 = 1:64
100 = 1:32
011 =116
010 =1:8
001 =14
000 =1:2

Prescale value
Prescale value
Prescale value
Prescale value
Prescale value
Prescale value
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Programovatelné vstupni nebo vystupni porty

FIGURE 10-1: GENERIC I/O PORT
OPERATION
1
RD LAT \N
LAT T "
nebo \h? D Q
PORT WR LAT [ 1O pint1)
or PORT
Vystupni — 1 P X
regIStr Data Latch
— D QP
WR TRIS /!é—\_ PORT
; TRIS Latch —_ Vstupni
/ l 1 [ja ; registr
TRIS RD TRIS ™
Nastaveni 1
Q -
sméru /D/
0 -> Output EN
1 -> Input RD PORT
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Nastaveni vstupnich a vystupnich portu

TRISD TRISD7 TRISDSG TRISDS TRISD4 TRISD3 TRISD2 TRISD1 TRISDO |1111 1111 | 58, 138
TRISC TRISCT TRISCS TRISCS TRISC4 TRISC3 TRISC2 TRISC1 TRISCO |1111 1111 | 58,136
TRISB TRISBY TRISB6 TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO |1111 1111 | 58, 134
LATD LATD? LATDS LATDS LATD4 LATD3 LATD2 LATD1 LATDO | sz s | 58, 138
LATC LATCY LATCS LATCS LATC4 LATC3 LATC2 LATC1 LATCO | sz scooc | 58, 136
LATB LATB7 LATBS LATBS LATB4 LATB3 LATB2 LATB1 LATBO | s s | 58, 134
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO s sooo: | 59, 138
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO s oo | 59, 136
PORTB RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO oo oo | 59, 134
)
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Zapojeni portu D a B (LED diody a tlacitka S1, S2)
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Programovatelné vstupni nebo vystupni porty

FIGURE 10-1: GENERIC I/O PORT
OPERATION
1
RD LAT \N
LAT T "
nebo \h? D Q
PORT WR LAT [ 1O pint1)
or PORT
Vystupni — 1 P X
regIStr Data Latch
— D QP
WR TRIS /!é—\_ PORT
; TRIS Latch —_ Vstupni
/ l 1 [ja ; registr
TRIS RD TRIS ™
Nastaveni 1
Q -
sméru /D/
0 -> Output EN
1 -> Input RD PORT
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Souhrn — programovani SFR pro tento program

RCON IPEN = CcM RI TO PD POR BOR |0-11 1100 54,56,
125
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF |oooo ooox| 85, 113
INTCON2 RBPU INTEDGO | INTEDG1 | INTEDG2 | INTEDG3 | TMROIP INT3IP RBIP |1111 1111 55, 113
. . @)
TMROH Timer0 Register High Byte aood oood | 56,179
TMROL Timer0 Register Low Byte amnx xxxx | 56,179
TOCON TMROON TOSBIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO |[1111 1111 56,178
TRISD TRISD? TRISDB TRISDS TRISD4 TRISD3 TRISD2 TRISD1 TRISDO |1111 1111 58,138
TRISC TRISC7 TRISCB TRISCS TRISC4 TRISC3 TRISC2 TRISC1 TRISCO |1111 1111 58,136
TRISB TRISB7 TRISBB TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO |1111 1111 58,134
LATD LATD7 LATD6 LATDS LATD4 LATD3 LATD2 LATD1 LATDO | s o | 68, 138
LATC LATC? LATCE LATCS LATC4 LATC3 LATC2 LATC1 LATCO | s o | 68, 136
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO | xxx xxxx | 58, 134
PORTD RD7 RD6 RDS RD4 RD3 RD2 RD1 RDO s xxxx | 59, 138
PORTC RC7 RC6 RCS RC4 RC3 RC2 RC1 RCO s xuxx | 59, 136
PORTB RB7 RB6 RBS RB4 RB3 RB2 RB1 REO s xxxx | 59, 134
)
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Priklad (Tlacitko, LED, preruseni, Casovacl) | Souhm informaci

k FeSeni prikladu |
Zadani: V asembleru mikropocitace pic18F87j11 napiste program, ktery
testuje zda bylo zmacknuto tladitko S1. Pfi kazdém zmacknuti se rozsviti

v v s

Po osmi zmacknuti S1 bude svitit vSech 8 LED diod a pfi dalSim mackani
tlaCitka zUstavaji vSechny diody rozsvicené.

TlacCitko je pfipojena na bit RBO portu B. V klidové poloze (nezmacknuto) je
stav tlaCitka sniman jako logicka '1', po zmacknuti se snima logicka '0'.
Osm svételnych diod je pfipojeno na port D. Pokud se na pfislusny bit portu
D vysila logicka '0', dioda nesviti. Logicka '1' vyslana na bit portu D diodu
rozsviti.

Pro feSeni pouzijte vzorkovani stavu tlacCitka s periodou pfriblizné 200ms.
Vzorkovani tlacCitka zorganizujte s vyuzitim jednohladinoveho systemu
preruseni a Casovace TIMERO. CasovaC naprogramujte do 16bitového

maodu, s hodinami odvozenymi od hodin procesoru. Pouzijte vhodnou
hodnotu preddéliCky u casovace TIMERO.

Cinnost programu dle zadani zapiste do ISR (Interrupt Service Routine),
ktera budu volana vzdy po zadosti o preruseni od ¢asovace TIMERO (zadost
se vyvola po pfeteCeni CasovacCe z maximalni hodnoty (samé '1') do nuly. Na
pozadi programu (background) bude pouze prazdna nekonecna smycka.
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Sdilené prostredky (sdili je procedury)

Souhrn informaci

SHARED RESOURCES - CONTEXT
k FeSeni pfikladu
T T -
, CFu FROGEAM COUNTER !
; CENTRAL PROCESSING UNIT I i
' PROCESSOR) | '
| VT EE Y i
! STACK POINTER i
| |
: ;16 DATAMEMORY |
L4
| ALU - ARITHMETIC LOGIC UNIT |
1 _.‘ I
! I ] 15 I
_ ol . et O
i T g ——— OPERAND X |
' L= T ] ’
i il - — .
' - JI. T [ |
1 = Y rJ =3 |
. - . R | T L |
1 - ACCUMULATOR 1 —— :
. e v R 0090 | 4 |
1 s S . I . LD AT A R A h
- P @@ ] -, e U ERANLY |
! —— | — :
T
1 i [ ey (=707 VR Ty !
| ; FLAGS ¢ PSW |
H lr '|
| I |
| |
I i ! N |
I i i F I
I \\ r;’ i I
| . o/ 4
| " - :
Mw -
| - Eas
| T - < 7. SHARED RESOURCES - CONTEXT |
| B " |
| - [

e
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Dynamické pfemapovani a pfima adresa

REMAPPING & SHORT DIRECT ADDRESS

DATA MEMORY

000h

BANK O

00h

05Fh

DISABLED
(HIDDEN)

5Fh

F60h
BANK 15 e

STATUS

| FFFh

60h

FFh

GPR

\

Souhrn informaci
k FeSeni pfikladu

ACCESS BANK

00h

5Fh
60h

|_STATUS |

FFh

8

SPECIAL FUNCTION
REGISTERS

MEMORY MAPPED
INPUT/OUTPUT SPACE

REMAPPING
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pic18F Family Program Memory

Souhrn informaci
k FeSeni pfikladu

PROGRAM COUNTER PROGRAM MEMORY

— — |
PC 000000h | RESET «— RESET VECTOR
STACK POINTER 21 | !
STACK ! HIGH PRIORITY
SP| \ 5| 1 000008h ! | HIGH PRIORITY :h— INTERRUPT VECTOR
|
! | LOW PRIORITY
|
000018h | | LOWPRIORITY | *— |NTERRUPT VECTOR
Top of Stack -TOS 018AF4h
7 \, INTERRUPT
31 | VECTOR
& 1 I ! TABLE
[
TOSU TOSH TOSL | | I TABLE READ
TOSREGISTERS | 01h | 8Ah | F4h | ===y &
8 8 8
01FFF8h
IMPLEMENTED MEMORY (FLASH) — | | o1rrrrn  [[CONFIG. WORDs
PROGRAM MEMORY ADDRESS SPACE —
Read as ‘0’

_ 1FFFFFh
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pic18F Family Interrupt System (Non Priority Mode)

Input Interrupt Enable

Souhrn informaci
k FeSeni pfikladu

INPUT }-
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NON PRIORITY MODE All Interrupt Enable
IPEN =0
3
INTRQ
" >
PEIE | GIE | |IPEN=0
/ / /
xIE yIE Non Priority Mode
Ea A \
3 I
Event .
Detector Clke === Timer Interrupt Enable
N Wy
INTERRUPT RESOURCES

Interrupt Flag (Request)
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Casovac Timer0 — konfigurace 16bit(

Souhrn informaci
k FeSeni pfikladu

FIGURE 12-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Foscl4 0
Sync with TMRO Set
?D_ 1 internal |——#=|  TMROL | pignpye [ TMROIF
; Programmable ocks Overfl
TOCKI pin rPgrescmer AN ~ s on Overflow
TOSE ? (2 Tcy Delay)
ToCS 3 & Read TMROL
TOPS2:TOPSO s _
. i u/ Write TMROL

.5

TMROH /

Vﬁ,g/
i VA

<

> Internal Data Bus

Mote: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

/
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TMROIF

/
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Zapojeni portu D a B (LED diody a tlacitka S1, S2)

Souhrn informaci
o el AN k FeSeni prikladu

) ik
it

:-:-.,--I i A7, . 1K
'a.\_J-" -."-.""'.'

- )
e o %-n'-._l_.._._ ik
! ¥ %

PORTD \ <

i:ﬁ %1:-,__",'_{.'.. 1k

E.
==}
[k NPT
E-
[Fo=

=11 ik
My

S1 \ ST #::EII: R, o
PORTB fr_vea] [v_wma] ®
bit RBO

21 - sz .
1 S -
—r | ol RS —0 ) © '1 S (AR

1=
= = ]
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Programovatelné vstupni nebo vystupni porty

Souhrn informaci

FIGURE 10-1: GENERIC I/O PORT k fedeni prikladu
OPERATION
1
RD LAT \I\I
LAT i T
nebo h D Q
PORT WR LAT I5s 14O pinf®)
or PORT
Vystupni o W
registr Data Latch
a—iD Q@ b——-e
WR TRIS /!é—\_ PORT’
TRIS Latch j Input VStqu
/ | "ﬂ [ Bufpér registr
RD TRIS
TRIS
Nastaveni 1
Q _—
smeru /D/
0 -> Output =
1 -> Input RD PORT
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Detektor posloupnosti bitd ‘110’ (FSA typu Moore)

Priklad navrhu

Navrhnéte synchronni kone¢ny automat (FSA — Finite State Automaton), ktery

v proudu vstupnich bitl detekuje posloupnost ‘110’. Detekci kazdé takové
posloupnosti automat indikuje na vystupu blikanim LED diody. V ostatnich
stavech automatu LED dioda sviti neprerusovane. Nabezna hrana x, indikuje na
vstupu ‘1, nabézna hrana x, pak ‘0’. Automat realizujte programovymi
prostredky a vyuzitim hardwareové podpory. Pouzijte jednohladinovy systém
preruseni a Casovac. Vstupy x, a X, se zadavaji tlacitky s mechanickym
kontaktem a odskoky pfi zméené hodnoty. Program automatu musi odskoky
filtrovat, sestavte a pouzijte filtrani algoritmus (,debounce circuit®).

X > FSA

| (Input 1
(Inputs) [ Xo — S —> Y O (Outputs)

clk—p

(Moore)
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Detektor posloupnosti bitd ‘110’ (FSA typu Moore)

Priklad navrhu

> FSA

X
(I 1
(Inputs) { Xg — s ——> y O (Outputs)

clk——p

(Moore)

X, _1 1) ) ) f
X, FLf f

1 1 O 0 1 1 0

| \; | I\
y P
LED /

sviti blika
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Detektor posloupnosti bitd ‘110’ (FSA typu Moore)

Co mame navrhnout?

Budici funkce Stavovy registr

LKO1

—

clk

Priklad navrhu

Logika vystupu

LKO2 I 0
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Detektor posloupnosti bitd ‘110’ (FSA typu Moore)

Priklad navrhu

Stavovy diagram

| — Vstupy (Inputs)
O — Vystupy (Outputs)
S, — i-ty stav

Tabulka pfechodu
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Dekompozice problému - 1

Priklad navrhu

START ISR

X1, X2 INPUT
INITIALIZATION DEBOUNCE

FSA STATE
LOGIC

FSA OUTPUT
BACKGROUND LOGIC
DO NOTHING

RET

6ms TIME

TCLK —> TIMER
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Dekompozice problému - 2

DEBOUNCE ALGORITHM PRINCIPLE

BOUNCE IN 1’

SHIFT LEFT
4—

[ x x!x|x[x/1/0/1j¢— RAW INPUT

AND vy ——— _ AND

Priklad navrhu

SAMPLE MASK [0/0/0/0/0[1[1][1] lojo[o][o/0[1/1/1]
XOR XOR
‘“’'s MASK [0/0/0/0/0[1/1]1] ‘0's MASK [0/ 0/0]/0/0]0]/0/0]
v v
?2=0 ?=0
v v
CLEAR ‘1’ CLEAR ‘O’
?2 5
(i.e. LAST VALUE WAS ‘0
¢ \ 4
YES, INPUT IS ‘1’ YES, INPUT IS ‘O’
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Dekompozice problému - 3

Priklad navrhu

FSA
STATE LOGIC
i (

\ 4 A \ 4 A

STATEO STATE1 STATE 2 STATE 3 < 0
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Dekompozice problému - 4

Priklad navrhu

FSA
OUTPUT LOGIC

|

SW TIMER

A A

LED TOGGLE
(300ms)
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