iie

Hardver alapok

(VIIIBAO1)

Mikrokontroller alapok

Pilaszy Gyorgy gpilaszy@iit.ome.hu

2018/19. tanév 0Oszi félév




\

 ALU

-CPU |

« Vezeérléegyseg
« Memoria
* Periféria

Fontosabb fogalmak

~ Mikrokontroller

Neumann architektura
azonos memdariatartomanyban a kod és adat
Harvard architektura
KGldbn memdériatartomanyban a kdd és adat
(elter6 kezelés, lehet kllonb6z6 formatum is)
—->Moddositott Harvard architektura

© Pilaszy Gyorgy BME-IIT

Hardver alapok




ii‘ Memoria

Binaris informacio tarolasara szolgal
Tobbféle aramkdri megvaldsitas és felhasznalas
(RAM, ROM, EPROM, EEPROM, FLASH,

Sth.)>ksssbb meg lesz réluk sz6...
Linearis cimzés

Bels6 dekddold halozat
és tarolo rekeszek

Program tarolasa
—olvasas

Valtozok tarolasa
—>iras/olvasas
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ii‘ PIC mikrovezérlo felépitése

» Laboron hasznalt tipus: PIC16F18875

Program
memoria 14 bit
(FLASH)

CPU

RAM

 Fizikailag:
32kW program
4kB RAM cimezhe

Hardver alapok

Perifériak
EEPROM

atilag:
8kW program
1kB RAM van




Felépités részletesebben

Hardver alapok

Program
Flash Memory

RAM |y __

4bites programkod i
' bg| PORTA

CLKOUT
jogce Timing k| PORTE

Genematicn :

| :

CLKIN/ : :
i NTRC CPU P 8bites adatok | I~

B | Oscillat !
|| PORTD

MCLR [
| | PORTE

Perifériak
TMR1 || TMRO | |[scamer e 1";05,(
cwet || cwez || cwes smtz2 || sMT1 || NCO1 | |EusarT| | MssP2 || MesPi cLes || cLez || cLet || zeot ||pwmet||copsis




B Configuration
15 Data Bus B
*—— Program Counter = -
- F
_.5: I:;‘Flash !
FOgranm .
<= Memaory L RAM és
16-Lewal Stack e, e,
. (15-bit) periféridk
14], t
F’r-:agram A »{ Program Memory 12 RAM Addr
us = Read (PMRA)
¥
Instruction Reg / Pulcle BAREX \
t ¥ indirect §
Direct Addr Addr
? -5- 1%!
12
_,-” ..a-"f
BESR Reg
15
s FSRO Reg |=
15 FSR1Rag |
= STATUS Rag |=
B..-"'
&
L | L |
3
1 - Power-up Mux
Instruction
Tirner
Decode and -
Power-on
Control
Rz ol a ALU
Watchdog
CLKIN B——  Timing Timeae
Generation | " Bromn-oul !
CLKOUT [d——r Resel W Rag
'Y
1' é é
Intermal
Osdillator Voo Vss
Block
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& MUkodés
 Szinkron sorrendi halbzat

» Utasitasok feldolgozasa orajellel
Utemezett elemi [épésekbdl all

Instruction Clock Cycle

Example Program (o [ [ [m |7 | |
| MAIN 25 instruction #1 | Fefch |Execute] Most Assembly
= : :
7 ASM instruction #2 ‘ Fetci ‘Execute‘ ) Instruction take one Cyde
S to execute
3 ASM instruction #3 ‘ Fetch \Execute‘
4 call SUR1 ‘ Fetch Execute‘ r
5 ASM instruction #7 Fetch ‘ Flush ‘
. l
[ ]
[ ]
51 SUB1l 2sM instruction #8 ‘ Fetfch Execute‘

52 return s -

Instructions modifying
the Program Counter take
two cycles to execute

Forras:http://microchip.wikidot.com/local--files/8bit:emr-architecture/pipeline.png
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Fontos kiegészitok

Orajel elballitas (oszcillator)
Reset aramkorok

— Kuilsé (MCLR)

— Bels6 (POR, PWRT)

— Tapfeszultség hibara (Brown out)

— Programhibara (Stack over/underflow)

Watchdog

« Program betoltés és Debug tamogatas

* |/O portok
« Perifériak

Hardver alapok
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Oszcillator

» Orajel el6allitasa adott frekvenciaval

* Frekvencia meghatarozo tag:
piezo kristaly, vagy RC tag

» TObb valasztasi lehetdseg (konfiguracio)
» Belsd szorzasi lehetéseg (x4PLL)

* Frekvencia atkapcsolasi lenetéseggel
—>energiatakaréekossag!
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ii‘ Bels6 orajelkezel6 haldzat

CLKIN

E'— External

Oscillator

m— (EXTOSC)

CLKOUT

CDIV=4:0=

dx PLL Mode COSC<I 0>

SOSCINSOSCI

|X Secondary PLL Block \1\ s12 |
Oscillator 100
S} (soso) 111 256 1 1000 o —
- gep —
SOSC0 2x PLL Mode 001 g 128 | 5111 | — = System Clock
e T T - 010 5 B {5110 -
| LFINTOSC : e 39
| | 100 o 0101 —
' | )
| d1kHz : 101 2118000 SYSCMD —4 | Peripheral Clock
I Oscillator I 2 8
| l 110 o 0011 e
L = 4 —
Feserved aga ; 010 | Sleep — ,\‘I
011 2 | 5001 Idle —f J
1 R
i——————————————————l L]
I HFINTOSC I ’__,.e
! HFFRQ<2:0> I
| |
| |
. 1-32 MHz !
i Oseillator : MFINTOSC FSCM
R — » To Peripherals
= To Peripherals
500 kH
‘ = To Peripherals
31.25 kH
= = To Peripherals

= To Peripherals
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ICSP™ Programming Mode Exit

Reset

Stack Underflow

Stack Owerflow

B
VeRMCLR MCLRE /

Sleep — —
L
Time-out WDT

Window
Wicl ation

E Fower-on
Reset )
VIO |: BOR Acfive

LFEOR
Reset
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Brown-out
Reset

: Power-up

[

Timer

_C

LFINTOSC ——

PWRTE —

Device

DHE
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VoD

Internal
Reset

Voo

Internal
Beqnt
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Bels6 reset mukodeése
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(1ms..256s kozo6tt allithatod)

* Programbdl ciklikusan torolni kell (cLRwbDT)
* Noveli a berendezées megbizhatosagat (,lefagyaskor”

Ujraindit)

» Ablak lehet6seg a tor

CLRWDT—
RESET—

MF intosc/16
LF intosc ]
WDTCS

Hardver alapok
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Watchdog

» Folyamatosan mikddé felfele szamlalé
* Tulcsordulaskor resetet okoz

R

E

18 bites el6osztd

J L

R
5 bites WDT szamlalo

ési idépont ,szigoritasahoz”

WD

tulcsordulas




ii‘ Programozas-Debug

+ Aramkdrben néhany IC-labon keresztil
lehet a mikrokontrollert programozni

« Ugyanezeken a labakon lehet megfeleld

eszkOzzel hibakereseést is vegezni (debug)

- késbbb még lesz rdla sz6...
Extemnal

Programming VDD Device fo be

Signals T Programmed
VDD VDD
Vep MCLRNPRE
Vss Vss
Data ICSPDAT
Clock T ICSPCLK

14
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« Kapcsolddas a kilvilaghoz

/O portok

« Lehet bemenet, kimenet, analdg tzemmaod
 |C labankeént allithaté a mikodési mod

Hardver alapok

TRISx

e

|
Hem:I\L.LT:-: 1
]

*+— D

Wite LATx
Wiite PORTx ’ cK 4

Data Register

Drata Bus -
Read PORTx
To digital peripherals

ANSELx

To analog peripherals

1O pin
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CALL,
EETUEN,

PC<14:0>

AL LW

EET LW + 15

Interrupt, EETF 1E +

Stack Level 0

Stack Level 1

Stack Level 15

Reset Vector

0000h

Interrupt Vector

0004k

O n-chip
Program-
Memory

Hardver

Page 0

0005h
07FFh

Page 1

Page 2

Page 3
alapok

0800h

OFFFh
1000h

17FFh
1800h

1FFFh

ii‘ Program memoria szervezes

8192db 14 bites szO
FLASH memoria
Programkdd tarolasa

Adatok ,nehézkesen”
tarolhatok benne->medositott

Harvard arch.

16 meélységl verem a
visszatérési cimek
tarolasara-asd késébb. ..

16




Offset
00h

0Bh
OCh

1Fh
20h

6Fh

e

Memory Region

Core Registers
(12 bytes)

Special Function Registers |,
(20 bytes maximum)

General Purpose RAM
(B0 bytes maximum)

T0h

Han

Common RAM
(16 bytes)

dver alapok

RAM memodériatartomany

_________ Addresses BANKX
x00h or x80h INDFO
x01h or x81h INDF 1
x02h or x82h PCL
x03h or x83h STATUS
x04h or x84h FSROL
x05h or x85h FSROH
x06h or x86h FSR1L
x07h or x87h FSR1H
. x08h or x88h BSR
\ x09h or x89h WREG
t xOAR or x8Ah PCLATH
\ x0Bh or x8Bh INTCON
* Vegyesen talalhatdo benne RAM és

periféria vezeérld regiszter (SFR)
« BANK szervezés, 6sszesen 32

 Vannak kozos teruletek
(CORE és COMMON)

17




0x0000

0x0FFF
0x1000

0x1FFF
0x2000

0x29AF
0x29B0

0=7FFF
0x3000

OxFFFF

0x0000

Traditional
Data Memory

Ox0FFF

Reserved

Linear
Data Memory

Reserved

0x0000

Program
Flash Memory

0x7FFF

Memoria cimzése

Direct Addressing

Indirect Addressing

"~ From Opcode
EEnCR[RRREENE (et T T
o[ololo TTTT1T1TT]
_r‘A?\ —
Bank Setect | Location Select Bank Select
= p o000 oooc 010 11111
000
o
“ear
Bank0 Bank1 Bank2 Bank 31
o
7 FSRmH 0 7 FSRL 0
alol1
. Lﬁﬁaﬁﬂﬂsﬁw.:.....:_ 2000
0x020 o
Bank 0
Ox06F
OxDAD
Bank 1
Dx0EF o
0x120
— Bank 2
Ox16F
-
: o
-
OxF20
Bank 30
OxFG&F
— D 29AF
>FSR cimtartomdny

Location Select

12bites cim

8 bites adateléres
Direkt és

Indirekt cimzés

RAM és FLASH is
elérhetd

18
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Fontosabb regiszterek

BANK O BANK 1 BAMNK 2 BANK 3
000K 080h 100h 180h INDFEO
Core Registers Core Registers Core Registers Core Registers INDF1
(Table 3-2) (Tahle 3-2) (Takle 3-2) {Table 3-2) BCL
00B DE8h 10Bh 18Bh STATUS
00Ch PORTA 08Ch ADRESL 10Ch ADCNT 18Ch SSP1BUF FSROL
00Dh PORTD 08Dh ADRESH 10Dh ADRPT 18Dh SSP1ADD
00Eh PORTC 08Eh|  ADPREVL | 10Eh ADLTHL 18Eh|  SSPIMGK FSROH
0O0Fh PORTD 08Fh ADPREVH 10Fh ADLTHH 18Fh| SSPI1STAT FSRI1L
010h PORTE 090h ADACCL 110h ADUTHL 190h | SSP1CON1 FSR1H
011h TRISA 091h ADACCH 111h ADIUTHH 191h |  SSP1CON2 BSR
012h TRISB 092h — 112h ADSTPTL 192h |  SSP1CON3 WREG
013h TRISC 093h ADCOMD 113h ADSTPTH 193h —
014h TRISD 094h ADCON1 114h ADFLTRL 194h — PCLATH
015h TRISE 095h ADCON2 115h [ ADFLTRH | 195h — INTCON
016h LATA 096h ADCOM3 116h ADERRL 196h SSP2BUF
017h LATB 057h ADSTAT 117h ADERRH 197h SSP2ADD
018h LATC 098h ADCLE 118h — 198h SSP2MSK
019h L ATD 099h ADACT 119h RCIREG 195h | SSP2ZSTAT
014h LATE D94h ADREF 11Ah THIREG 194h|[" SSP2C0OMNT
01Bh — 05Bh ADCAP 11Bh SP1BRGL 19Bh|  ssSP2CON2
01Ch TMROL 09Ch ADPRE 11Ch SP1BRGH 19Ch|[  sSSP2ZCON3
010h TWROH 09Dh ADACQ 11Dh RCISTA 19Dh —
01Eh TOCOND 09Eh ADPCH 11Eh TX1STA 19Eh —
01Fh TDCOM1 09Fh _ 11Fh| BAUDICON | 19Fh —
020h OAOR 120h 1A0h
zeneral General General
Purposs Purposzs Fu =]
General F‘.egrpi:snter Regrﬁ'sﬂter Heqr;p?gtser
Purpose 80 Bytes 80 Bytes 80 Bytes
Reqister
95 Bytes
OEFh 16Fh 1EFh
OFOR| Common RAM | 170N | Common RAM | 00| Common RAM
{Accesses [Accesses (AcCcesses
07Fh OFFh 70h — 7Fh} 17Fh f0h — 7Fh) 1FFh|  70h—7Fh}

18




Gépi utasitasok

« A mikrokontroller altal végrehajthatdé miveletek

 Binaris formaban vannak tarolva 14 biten
—>gépi kod

* A gépi kdd egy része a miveletet hatarozza

meg, masik része tartalmazza a parameétereket
(operandus)

« Az egyes binaris kbdokhoz megjegyezhetd
neveket (mnemonik) rendellUnk—>assembly
programozasi nyelv

Hardver alapok
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Gépi utasitasok

« Akkumulator (WREG) k6zpontu operandus
kezelées

« Utasitas csoportok:
— Adatmozgato utasitasok
— Aritmetikal maveletek
— Logikai muveletek
— Bitmuveletek
— Vezérlés atadas
— Vezérldé maveletek

Hardver alapok
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Gépi kod felépitése

13 8 T 6 0
OPCODE d f(FILE #)

HMOVLE instruction anby
13 5 4 0
OPCODE k (literal)

d = 0 for destination VW
d = 1 for destination f k = 5-bit immediate value
f = 7-hit file register address

N . ) . BRA instruction only
Bit-oriented file register operations

13 109 76 0 13 9 8 _ 0
OPCODE b(BIT#| f(FILE#) OFCODE k (literal)
b = 3-bit bit address k = 9-bit immediate value

f = 7-hit file register address
F3R Offset instructions

13 7 6 5 0

General OPCODE n k (literal)
13 g T 0

OPCODE k (literal) n = approprate F3R
k = 6-bit immediate value

Literal and control operations

k = 8-bit immediate value
F3E Incremeant instructions

CLLL and GOTQ instructions only 13 3 2 1 0
13 11 10 0 OPCODE n |m (mode
OPCODE k (literal) _
n = appropriate F3&
k = 11-hit immediate value m = 2-hit mode value
MOVLE instruction only OPCODE only
13 7T G 0 13 0
OPCODE k (literal) OPCODE

k = 7-hit immediate value

Hardver alapok 22




Roviditések

Field

Description

Register file address (0x00 to 0X7F)

'|'I'|.I'

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

Don't care location (= 0 or 1).
The assembler will generaie code with x = 0.
It is the recommended form of use for

compatibility with all Microchip software tools.

Destination select: d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1.

FSR or INDF number. (0-1)

mim

FPre-post incremeni-decrement mode
selection

Hardver alapok
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Utasitaskészlet - 1

TABLE 34-3: ENHANCED MID-RANGE INSTRUCTION SET
Mnemonic, Description Cycles 1481t Opcode Status Motes
Operands MSh Lsh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF £, d Add W and f 1 a0 0111 4dfff ff£f |C,DC,Z |2
ADDWFC f,d Add with Carry W and f 1 11 1101 dfff ff£f|C,DC, Z |2
ANDWF £, d AND W with f 1 a0 0101 dfff ffff |2 2
ASRF f,d Anthmetic Right Shift 1 11 0111 dfff ffff|C.Z 2
LSLF f,d Logical Left Shift 1 11 0101 dfff ffff|C.Z 2
LSRF f,d Logical Right Shift 1 11 0110 dfff ffff|C . Z 2
CLREF f Clear f 1 a0 0001 1fff ffff |7 2
CLRW - Clear W 1 a0 0001 Q000 00xx|Z

COMF f,d Complement f 1 Q0 1001 dfff ffff |2 2
DECF f,d Decrement f 1 a0 0011 dfff ffff |2 2
INCF f,d Increment f 1 a0 1010 dfff ffff |2 2
IORWF f,d Inclusive OR W with f 1 00 0100 dfff ffff |2 2
MONF f,d Maove f 1 il 1000 dfff ffff|” 2
MOVWF Move Wio f 1 il agoa 1fff fffT 2
RLF f,d Rotate Left f through Camry 1 a0 1101 dfff ffff|C 2
RRF f,d Rotate Right f through Carmy 1 a0 1100 dfff ffff|C 2
SUBWF f,d Subtract W from 1 a0 o010 Q4fff ff£ff(C,DC L (2
SUBWFB f.d Subfract with Borrow W from 1 11 1011 dfff ff£ff|C,DC, Z |2
SWAPF f,d Swap nibbles in f 1 a0 1110 dfff ffff 2
XORWF f,d Exclusive OR W with f 1 00 0110 dfff ffff |2 2

BYTE ORIENTED SKIP OPERATIONS
DECFsz |f.d Decrement f, Skip if O 1(2) ag 1011 |dfff |fE££f 1,2
INCFsZ  |f.d Increment f, Skip if O 1(2) ag 1111 |dfff |fE££f 1,2
24
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Utasitaskészlet - 2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCE i.b Bit Clear f 1 01 |00bb |bfff |ff£f 2

BSE f.h Bit Set f 1 01 |0lbb |bfff |££f£f 2
BIT-ORIENTED SKIP OPERATIONS

BTFSC f, b Bit Test f, Skip if Clear 1(2) a1 10bb bfff f£ffff 1,2

BTFSS f.b Bit Test f, Skip if Set 1(2) 01 lbb bfff ffff 1,2

LITERAL OPERATIONS

ADDLW k Add literal and W 1 11 1110 kkkk kkkk |C,DC,6Z

ANDLW k AND literal with W 1 11 1001 kkkk kkkk|Z

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk|Z

MOVLB k Move literal to BSR 1 a0 Q000 001k kkkk

MOVLP k Move literal to PCLATH 1 11 a001 1kkk kkkk

MOVLW K Move literal to W 1 11 Q000 kkkk kkkk

SUBLW k Subtract W from literal 1 11 1100 kkkk kkkk |C,DC,Z

XORLW k Exclusive OR Iiteral with W 1 11 1010 kkkk kkkk|Z

Mote 1: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle
Is executed as a NOE

2% If this instruction addresses an INDF register and the M3hb of the corresponding FSR is set, this instruction will require one
additional instruction cycle.

25




Utasitaskészlet - 3

CONTROL OPERATIONS
BRA k Relative Branch 2 11 001k kkkk kkkk
BRW - Relative Branch with W 2 a0 ao00 0000 1011
CALL k Call Subroutine 2 10 0kkk kkkk kkkk
CALLW — Call Subroutine with W 2 0o Q000 0000 1010
GOTO k o fo address 2 10 lkkk kkkk kkkk
RETFIE k Return from interrupt 2 0o Q000 0000 1001
RETLW k Return with literal in W 2 11 0100 kkkk kkkk
RETURN - Retumn from Subroutine 2 a0 Q000 0000 1000
INHERENT OPERATIONS
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 |TO,PD
NOP — Mo Qperation 1 ad ago0a  Q0oad Q000
OPTION - Load OPTION_REG register with W 1 oo Q000 0110 0010
RESET - Software device Reset 1 0d ggoo 0000 0QoOO01(_
SLEEP - Go into Standby mode 1 0o Qo000 0110 0011 (TO, PD
TRIS f Load TRIS register with W 1 a0 Q000 0110 Offf
C-COMPILER OPTIMIZED
ADDFSR n, k Add Literal k to FSRn 1 11 0001 oOnkk kkkk
MOWVIVY n mm Move Indirect FSRn to W with prefpost incfdec |1 a0 0000 0001 Onmm (£ 2,3
modifier, mm kkkk
k[n] Move IMDFn to W, Indexed Indirect. 1 11 1111 Onkk I1nmm|Z 2
MOV n mm Move W to Indirect FSRn with prefpost incidec |1 a0 0000 0001 kkkk 2,3
modifier, mm
k[n] Move W to INDFn, Indexed Indirect. 1 11 1111 1lnkk 2

Mote 1: Ifthe Program Counter (PC) is modified, or 2 conditional test is true, the instruction requires two cycles. The second cycle
is executed as a HOE.

2:  If this instructicn addresses an INDF register and the M3b of the comresponding FSR is set, this instruction will require
one additional instruction cycle.

J:  See Table in the MOVIW and MOWVWI instruction descriptions.

Hardver alapok




Cimzési modok

Cimzes: a mlvelet operandusanak kijelolése
 Bit cimzés (BSF LATA,7)

 Direkt cimzés (MOVF PORTA,W)

* Indirekt cimzés (MOVWF INDFO)

 Bazisrelativ cimzés konstans eltolassal
(MOVIW [5]FSRO0)

* Indirekt cimzés automatikus cim modositas (pre/post
inkremens, dekremens) (MOVIW FSRO++)

 Relativ cimzés (BRW)
 Implicit cimzes (CLRW, RETURN)
* Immediate cimzeés (kozvetlen adat)

Hardver alapok
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ii‘ Bit cimzés

« Barmely memoriarekesz elérhetd bitenként is
« Meg kell adni a regiszter cimét es a bitpoziciot

BCF LATA,2 ; LATA.2=0
BSF LATA,3 ; LATA.3=1
BTFSC LATA,Z2 ; skip, ha LATA.Z2==
BTFSS LATA,3 ; skip, ha LATA.3==

Bit-oriented file register operations
13 10 9 T 6 0

OPCODE B (BIT #) f(FILE #)

b = 3-bit bit address
f = 7-bit file register address

Hardver alapok




ik Direkt cimzés

« Az OPkod kozvetlendl tartalmazza az operandus
cimének also 7 bitjét
« A felsé cimbitek a BSR regiszterben

« Eredmény kerulhet a W-be, vagy a megcimzett
rekeszbe (F)

« MOVLB O ; O.bank kivalasztasa
« MOVF  PORTA,W ; W=PORTA

Byte-oriented file register operations

13 a8 ¥ 6 0
OPCODE d f{FILE #)
d = 0 for destination W

d = 1 for destination
f = 7-hit file register address

Hardver alapok
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ii‘ Indirekt cimzeés

Cim: FSRO vagy FSR1 cimtarolo regiszterben

Utasitas INDFO vagy INDF1 pszeudd regiszterre

hivatkozik

MOVLW HIGH regaddr

MOVWE FSROH ; cim felsd bajt
MOVLW LOW regaddr

MOVWE FSROL ; cim alsd bajt
MOVF INDFO, W ; W=M[FSROH:FSROL]

Byte-oriented file register operations
13 8 7 6 0

d = 0 for destination W

d = 1 for destination f
f = 7-hit file register address

OPCODE d \/ f(FILE #) > INDFO vagy INDF1

30




Bazisrelativ cimzeés

« A cim bazisat az FSRO vagy FSR1 tarolja,

« ehhez adddik egy, az utasitasban tarolt konstans
« A mivelet végén nem valtozik az FSR értéke

« Csak a W-be kerulhet az adat

. Osszetett adatszerkezetek kezelésekor elényds
MOVIW [3]FSRO ; W=M[3+FSROH:FSROL]

FSE Offset instructions
13 7T 6 &5 0
OPCODE n k (literal)

n = appropriate FSR
k = 6-hit immediate value

Hardver alapok
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Hardver alapok

MOV IW

MOV IW
MOV IW

MOV IW

FSRO++

++FSRO
FSRO——

——FSRO

.
’
.
’
.
’

.
’

ii‘ Indirekt cimzés automatikus cim modositassal

-SSR0 vagy FSR1 értéke modosul a hozzaférés soran

Predekremens vagy preinkremens esetén a
nozzaferés az uj cim szerinti

W=M[FSROH:FSROL], FSRO++

W=M[1+FSROH:FSROL],

FSRO++

W=M[FSROH:FSROL], FSRO--

W=M[-1+FSROH:FSROL],

FSE Increment instructions

13

3 2 1 0

OPCODE

n |m {mode

n = approprate FSR
m = 2-bit mode value

FSRO——

32




ii‘ Relativ cimzés

« A cim a PC pillanatnyi allapotahoz kepest el6jeles
O0sszeadassal

BRA cimke BRA Instruction only
13 g 8 0

OPCODE K (literal)

] _ o h=§-l]itimmediqtevalue o
« A cim a PC pillanatnyi allapotahoz kepest el6jel nelkuli

0sszeadassal

BRW ; cim=PC+W+1
OPCODE only
13 0
OPCODE

Hardver alapok 33




ii‘ Implicit cimzés

A cim a mlveletbél kdvetkezik, nem az OPkdd cim
részebol

RETURN ; PC=[STACK]
CLRW  ; W=0
CALLW ; PC=PCLATH:W

OPCODE only
13 0
OPCODE

Hardver alapok
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ii‘ Immediate cimzés

« Az OPkod tartalmazza a konstans operandust
GOTO cimke ; PC=cimke
MOVLW 12 ; W=12
Literal and control operations
MOVL B :I_ 2 ; B S R: O General

13 8 7

MOVLP 12 ; PCLATH=12] orcooE k (literal)
k = B-hit immediate value
CLLL and 0T instructions only
13 11 10
OPCODE k (literal)
k = 11-bit immediate value
MOVLE instruction only MOVLE instruction only
13 5 4 0 13 7 6
OPCODE k (literal) OPCODE k (literal)

k = 5-bit immediate value k = 7-bit immediate value
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PC mddositasa

PCH PCL
PC L ZIZIZIZ2 12121218 ezl lelelz s : 1
A A EA A E S A A EA EA EA A B CALL,GOTO11bIteSCIIII
A A A A \_ Y J

PCLATH l:

Bit 5

Bit 4
Bit 3

OP ké6dbdl <10:0> 9 tbbbi a. PCLATH_ban

- = CALLW
A 2 4 4 2 4 4 C ~ J PCL |rasakor 8b|t a W_ben
ALU (W) tartalma s .
PCLATH EEHEEE - tobbi a PCLATH-ban
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ii‘ A témahoz kapcsolodo anyagok

» Microchip weboldala
http://www.microchip.com <

 MPLABX fejleszt6i kornyezet és dokumentacio
letOltese
https://www.microchip.com/mplab/mplab-x-ide

* Online help a mikrokontrollerhez és a fejlesztdi
kornyezethez
http://microchipdeveloper.com/mcul102:start

Hardver alapok © Pilaszy Gyorgy BME-IIT
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