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PIC Microcontroller and
Embedded Systems

PIC Architecture & Assembly Language
Programming

Outline

- PIC Status Register

- PIC dataformat and directive

- Intro. To PIC assembly language

- The Program Counter and program ROM space in the PIC

- RISC Architectureinthe PIC
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The WREG Register

- Many registersfor arithmetic and logic operation.

- The WREG (WORKing Register) Register is one of the
most widely used registers of the PIC

- 8-bit register

- Any datalarger than 8 bits must be broken into 8-bits
chunks before it is processed.

- Thereisonly one.

MOVLW
- Moves 8-bit data into WREG
- MOVLW k : move literal value k into WREG

- Example
« MOVLW 25H
« MOVLW A5H

- Is the following code correct?
- MOVLW 9H
- MOVLW A23H
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ADDLW

ADDLW k
» ; Add literal value k to WREG (k +WREG)

Example:

A MOVLW 12H
O ADDLW 16H
O ADDKW 1IH
o ADDLW 43H
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PIC WREG and ALU Using Literal Value
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The PIC File Register

» It isthe data memory.
» Read/Write > Static RAM

» Used for data storage, scratch pad and registersfor
internal use and function

» 8-bit width

PIC File Register
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General Purpose Special Function
~ RAM . Registers

Register File Concept

Data Memory : ;
(Register File) o Register File
AAAAAAA Concept: All of data

o7 memory is part of
oeh the register file, so
e any location in data
QAR

memory may be
“ e operated on
y directly

v o All peripherals are
mapped into data
memory as a series
of registers

L1 Orthogonal
Instruction Set:
ALL instructions

Data Bus

Decoded Instruction

1
from Program Memory;l Opcode | dl a[ Address

] can operate on ANY
Arithmetic/Logic Function to Address of Second Source
be Performed Result — Operand data memory

gt aca Destination lacation °
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PIC18F Programming Model

ALU and Registers Special Function
Registers (SFRs)
| WREG | | Instruction Decoder | F20 | VO Ports
|H'[A‘|‘!'_\;' [“Bsr | Iermupis
B MOk
FSHOH FSROL Serial 11O
FSRIH FSRIL
FSRIH FSR2L Timer
CCP
Program Counter { 21-Bit}y
Table Pointer MND Converter
Stack Poimer | Synchromous
Glack | Serial 140
-l evel Misc.
FRODH | PRODI s R
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Special Function Registers

- Dedicated to specific functions such asALU status,
timers, serial communication, 1/O ports, ADC,...

- Thefunction of each SFR isfixed by the CPU designer
at the time of design
o itisused for control of the microcontroller or peripheral

- 8-bitregisters

- Their numbers varies from one chip to another
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General Purpose RAM
- Group of RAM locations
8-bit registers

- Larger than SFR
« Difficult to manage them by using Assembly language
* Easier to handle them by C Compiler.

- The microchip website providesthe dataRAM size,
which isthe same as GPR size.
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File Register Size
File Register SFR GPR
(Bytes) (Bytes) (Bytes)
PIC12F508 32 7 25
PIC16F84 80 12 68
PIC18F1220 512 256 256
PIC18F452 1792 256 1536
PIC18F2220 768 256 512
PIC18F458 1792 256 1536
PIC18F8722 4096 158 3938
PIC18F4550 2048 160 1888
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File Registers of PIC12, PIC16, and

PIC12F308 PIC16FE4 PIC18FB722
0oh 0oh
SFR TLER
07h SFR
0sh 0Bh
0Ch
T o P niid
RA
1Fh
F7Fh
4Fh F80h
SFR

FFFh
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File Register and access bank in
the PIC18

- The PIC18 Family can have a max. of 4096 Bytes.

- The File Register
» has addresses of 000- FFFH
¢ divided into 256-byte banks
« Max. 16 banks (How?)

. At least there is one bank
» Known as default access bank.

- Bank switching is a method used to access all the
banks

14




File Register for PIC18 Family
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Access bank in the PIC18
» It is 256-Byte bank.

» Divided into equal two discontinuous sections (each
128 B).

» GPRAM, from0Oto 7FH

» SFR, from F80H to FFFH

16
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SFR of the PIC18 Family
rodh MORTA rACh ~ICE rcoh - rCoh
fa1h|_PORTB Fath[—_PIRZ Fc1h [ ADC o1 FEh
F22h PORTC Fazh IPRZ FCzh| abCOMD FEZh
rasn| FORTD Fazh Fesh| ADRESL | FEzn | FLuzw |
FRah PORTF Feach - Frah| anRFSH FFah| PRFINCT ™
Fa3l .- FAZl - FColi | SSFCONZ FESh| =OSTCECI|™
Fash| = Feen[ - F o6 | SSPCORA FEGh| POSTIN G |
rosh -— razh - Fc?h| SSPCTAT rc¥h IHC:T1 =
Faan|__— Fen[ - Foah | SoPADD FESh| _WIEG
F2ah AT Fagh - FCOh| SSPBUF FEQh FEROL
tasn| _AIB ke Fuan[ TZCOR rean[ - =HOR |
FRAK AT FaFh F Ak PR FFRAK] FIlSmmn =
FSCh AT Fach FCCh TR Z TECh| FREINCOD |™
Fabh| _ATE FACh Feoh| TCon -EDh [FaSTOECD)"
FSEl -— FAEL FCElh THR 1L FEEW| FOSTINCO |™
fah|__— FaFh FCFh|_TMRIR Ferh[_noro_|"
FOOh FECh F Ok RCOM FFOh| INTZOMZ
o = T IR Fpan [ WOTUON rran [ W 1SURZ |
FQzh TRISA FECh TWRZL Fozh| LWHCOY FF2h NTCOK
Fash “RIS3 FEBZh TMFEIA FOL3h| OSCCON FF3h FROJL
raan| mas FBeh[ - Foan| FFan| PRODH
F23dl RS> FEZI - F B3l TCCOM FFIl TAILAT
rash|__RisZ Feen[ - F peh |_THROL FFeh| TBLF-RL
FO7h FE?h FDb7h TMRIH FFZh| TILPTRA
Fdsh -— FE:=h - Fosh] S1AIUS Freh| I14LF IR
FQah .- FECh - FDah FSR2ZL FFQh FCL
Fansh .- Fagh| CC®2COM F Lah F3RZF FFah FC_ATH
FaBh F3Eh| COPRZL FoBh| FLIZwZ | Fren|[ FC_aTu
Fach Fach| CCPIZH FCCh| FREINCZ | FFCh SFTEFTR
Fabh F3Ch[ Cooicon Fooh[PasToECZ| Fron|[__ToeL
FOER PI= - F3Eh| CCPR-L FLER| POSTHCZ2 | FFEh ToOsH
Fash[ TIPS~ FBFh[ CCPTH FoFh[— Roz | FEFh[ 7050 |
*- |hese are not physical 1egskrs. 17
Using instruction with the
- We need instruction to access other locationsin the file
register for ALU and other operations.
* MOVWF
- COMF
* DECF
* MOVF
- MOVFF
18
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MOVWEF instruction

» Findicatesfor afileregister
MOVWF Address

» It tells the CPU to copy the source register, WREG, to a
destination in the file register.
> A location in the SPR

> Alocationin GP RAM

19

Example
MOVLW 99H - Address Data__
012H
MOVWF 12H oM
013H
MOVLW 85H - o
MOVWF 13H osh
moviw 3FH  [IRSE 016
MOVWF 14H Address Data
MOVLW 63H oM 9
- 01n 84
MOVWF 15H TR
moviwizd [ o e
MOVWF 16H o16ll 12

We cannot move literal values directly into the general purpose RAM location in the
PIC18. They must be moved there via WREG.

20
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ADDWF

- Addstogether the content of WREG and afile register
location
ADDWEF File Reg. Address, D

- Theresult will be placed in either the WREG or in thefile
register location
D indicates the destination bit

- If D=0or (D=w)
 Theresult will be placed in the WREG

- I1f D=1 or (D=f)
_* Theresult will be placed in thefile register
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Example

State the content of file register location
and WREG after the following program

MOVLW O

MOVWF 12H -
MOVLW 22H - ety

ADDWEF 12H, F
ADDWF 12H, F
ADDWF 12H, F
ADDWEF 12H, F

.

¥
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COMF instruction
COMF File Reg. Address, D

» It tellsthe CPU to complement the content of fileReg and places the
resultsin WREG or in fileReg.

» Writeasimple program to toggle the SFR of Port B continuously
forever

MOVLW 55H
MOVWF PORTB
B1 COMF PORTB,
GOTOB1
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DECF instruction

DECF File Reg. Address, D

- It tellsthe CPU to decrement the content of fileReg and placesthe
resultsin WREG or in fileReg.

- Example:

MOVLW 3
MOVWF 20H
DECF 20H ,F
DECF 20H, F
DECF 20H, F

24
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MOVF instruction

MOVF File Reg. Address, D

- Itisintended to perform MOVFW
MOVFW isn’t existed

- 1f D=0
Copies the content of fileReg (from 1/0 pin) to WREG

- If D=1
The content of the fileReg is copied to itself

25

Example

- Writeasimple program to get data from the SFRs of Port B
and send it the SFRs of PORT C continuously

AGAIN MOVF PORTB, W
MOVWF PORTC
GOTOAGAIN

- Writeasimple program to get data from the SFRs of Port B
Add the value 5 to it and send it the SFRs of PORT C

MOVF PORTB,W
ADDLW 05H
MOVWF PORTC

26
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MOVFF instruction

- It copies datafrom one locationin FileReg
- to another locationin FileReg.
MOV FF Source FileReg, destination FileReg
. Writeasimple program to get i i
datafrom the SFRs of Port B
and send it the SFRs of PORT
C continuously AW S O

SOURCE T

VALE ADDRERS

CEET NATION

ADCRESS [—ALE

AGAIN MOVFF PORTB, PORTC
GOTOAGAIN
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PIC Status Register

D7 DO
[XTXTXIn]Jov][zZ Joc[c |

C— Carry flag

OiC - Digital Carry flag
£=7eroflag

OV — Owverflow flag

N — Megative flag

#—D5, D6, and D7 are not implementad,
and reserved for future Lse.

28
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Example

- Show the status of the C, DC, Z flags after the following
addition instruction

MOVLW 38H
ADDLW 2FH

- Solution
o 38H + 2FH = 67H
« WREG=67H

- C=0, DC=1, Z=0

29

Example

- Show the status of the C, DC, Z flags after the following
addition instruction

MOVLW 9CH
ADDLW 64H

- Solution
« 9CH + 64H = 100H
« WREG= 00H

- C=1, DC=1, Z=1

30
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PIC Data Format

- Thereisone datatype
* 8 hits
* Itisthejob of the programmer to break down datalarger 8 bits

- Datatype can be positive or negative

Dataformat are

* Hex (defaultin PIC) 12 or 0x12 or H'12' or 12H
* Binary B'00010010'

* Decima .12 or D'12'

« ASCII A'c' or ac*

31

Harvard Architecture in the PIC

- Von Neumann Architecture: uses the same bus for
accessing both the code and data memory.

- Slow down the processing speed
- Get in each other’s way

- Harvard Architecture: uses separate buses for accessing
the code and data memory.

- Inexpensivefor achip

32
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Vonneuman VS Harvard

Ay
Aai 1 I 1
won Meumann Architecture CPU
CODE DATA
MEMORY MEMORY
DO
] L ]
D
5-hit 16-hit
DATA REM g i, By &, CODE
(file reg) ROM
x S CPU i
Harvard Architecture Upto dkbyte < _> Up to 2Mbyte
A W16
( ) A Ay ¢ :
O = Ay Aa Dz 5]
| Lo s ]
D
=5
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RISC Architecture in the PIC
» To increase the processing power of the CPU

1. Increase the clock frequency of the chip

2. Use Harvard architecture

3. Changethe internal architecture of the CPU and use
what is called RISC architecture

34
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RISC Architecture in the PIC

O RISC

A Simple and Small
instruction set

[ Regular and fixed
instruction format

3 Simple address
modes

3 Pipelined instruction
execution --> 95%
executed in one cycle

0 CISC

A Complex and large
instruction set

A Irregular instruction
format

A Complex address
modes

3 May also pipeline
iInstruction execution

35

RISC Architecture in the PIC

A RISC

7 Provide large number
of CPU registers

A Separated data and
program memory

0 Most operations are
register to register

1 Take shorter time to
design and debug

0 CISC

7 Provide smaller number
of CPU registers

7 Combined data and
program memory

[ Most operations can be
register to memory

7 Take longer time to
design and debug

36
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