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Based heavily on slides by Dr. Roger Walker



From Last Lecture

CSE@UTA

* Download MPLAB and C18
* Link for MPLAB IDE

http://www.microchip.com/stellent/idcplg?
ldcService=SS GET PAGE&nodeld=140
6&dDocName=en019469&part=SW00700
2

. [ink for C18:

http://www.microchip.com/stellent/idcplg?
ldcService=SS GET PAGE&nodeld=140
o6&dDocName=en010014




Installation of Assembler/C
Compiler

http://www.microdigitaled.com/PIC/
PIC books.htm

See:

http://www.microdigitaled.com/pic/tutorials/
MPLABInstall.pdf for installing

http://www.microdigitaled.com/pic/tutorials/
C18Install.pdf for installing C18

http://www.microdigitaled.com/pic/tutorials/
MPLAB.pdf for MPLAB Tutorial




Compiler Data Formats

« Data Types - hex, decimal, binary, ASCII

« Hex:
— Use h (or H) right after the number: MOVLW 99H
— Put Ox (or 0X) in front of the number: MOVLW 0x99H

— Put nothing in front or back of the number: MOVLW
99

— Put h in front of the number, with single quotes
around the number: MOVLW h'99’



Compiler Data Formats

* Binary:
— Put B in front of the number in single quotes:
« MOVLW B’10011001’
* Decimal:

— Put D in front of the number in single quotes:
« MOVLW D12’

— Use .value:
« MOVLW .12



Compiler Directives

« Compiler directives: give directions to the
compiler.
— EQU (defining constants), (SET is similar but can be
reset)
« DATA1 EQU 39H - Data assignment

« PORTB EQU 0xFF6 — SFR address assignment
« MYREG EQU 0x12 — RAM address assignment

— ORG (origin - explicit address offset operand must be
hex)

— END (tells assembler that this is end of code)



Compiler Directives

* LIST (indicates specific controller, e.qg.,
LIST P=18F452) unique to PIC assembler.

» #include (to include libraries associated)

« config directives — tell assembler what
the configuration (stored at 300000H) bits
of the target PIC should be

* radix (e.g., radix dec will change to
decimal notation; default is hex)



Configuration Registers

Flash ROM

CONFIGTH

CONFIGZL

CONFIG2H

CONFIG 4L

CONFIGSL

CONFIGSH

CONFIG L

CONFIGBEH

CONFIG/L

CONFIG7H

DEVID1

DEVIDZ

000000H

1FFFFFH
200000H

300000H
300001H
300002H
300003H
300006H
300008H
300009H
30000AH
30000BH
30000CH
30000DH

3FFFFEH
3FFFFFH

Default/
File Name Bit7 | Bité Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Unprogrammed
Value
30000th  |[CONFIGIH | — — | OSCSEN | — — | FOSC2 | FOSC1 | FOSCO | --1- -111
300002h  |CONFIG2L — — — — BORV1 | BORVO | BOREN | PWRTEN | ---- 1111
300003h  |CONFIG2H — — — — | WDTPS2 | WDTPS1 | WDTPSO | WDTEN | ---- 1111
300005h  |CONFIG3H — — — — — — — COPRMX | - —-- 1
300006h |CONFIG4L | DEBUG | — — — — LvP — | STVREN | 1--- -1-1
300008h  |CONFIGSL — - — — CP3 CP2 CP1 CPo ---- 1111
300000h |CONFIGSH | CPD | CPB — — - — — - 11-- ----
30000Ah  |CONFIGSL — — — — WHT3 | WRT2 | WRTH WRTO | ---- 1111
30000Bh |CONFIGEH | WRTD | WRTB | WRTC — — — — — 111- ----
30000Ch  |CONFIGTL — — — — EBTR3 | EBTR2 | EBTR1 | EBTRO | ---- 1111
300000h  |CONFIG7H — | EBTRB — — — — — - -1-- ----
3FFFFER |DEVIDA DEV2 | DEV1 | DEV0 | REV4 | REV3 REV2 REV1 REVO (1)
3FFFFFh |DEVID2 DEVi0 | DEVe | DEVs | DEV7 | DEVs DEVS DEV4 DEV3 | 0000 0100
Table 19-1 from Data Sheet
8




Assembly Language
Instruction

* Assembly Language instruction contains
four fields:

— Label

— Mnemonic
— Operands
— Comments

[label] mnemonics [operands] [;comments]



Assembly Programming

sample
SUM EQU 10H - RAM loc 10H for SUM
ORG OH : start at address O

HERE

MOVLW 25H ;25H 2> WREG
ADDLW 0x34 ,+ 34H
ADDLW 11H -+ 11H

ADDLW 25 ;+25H

ADDLW D'18° ;+ 18 decimal
ADDLW .18 '+18 decimal
ADDLW A’0° ; add ascii of 0 (32)
ADDLW B'00000110 ° +6
MOVWF SUM

GOTO HERE

END

From page 69

10



- Assembly Assembled an

Linked

EDITOR
PROGRAM
myfile.asm
ASSEMBLER
PROGRAM
myfile.err -p—————— myfile.o
lib additional .0 additional
library files LINKER object files
PROGRAM Ik linker
script file

'y

myfile.out  myfile.cod

ooy

myfile.hex myfilemap myfile Ist

Y

TO

DOWNLOAD

PIC's ROM

Figure 2-8.
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Files Used and Created

 .hex - PIC ROM (loadable object)
 .mcp : MPLAB Project mcp
 .mcw: MPLAB Workspace

 .cod Code Listing

 .Ist Program listing (machine code with assembly
comments)

.map a file containing memory layout of used
and unused locations

.0 Immediate object
.err Debug information

12



aaa FCU FCH FPCL
~-+— g-bt —e»—— S-bf —o»o— S-bit —»
21-bit PC (Program Counter)

2 MB

Figure 2-9.



PIC18 On-Chip Program ROM

Address Range

000000

O00FFF

4 k
PIC18F2220

byte
000000
O003FFF
16 k
PIC18F2410

byte

3 =

000000

32 Kk

007FFF

PIC18F458 (452)

Figure 2-10 14




PIC18F458 Pin Diagram

mNpp
RADAND/Cyrer
RATANT
RAZIANZV ger.
RAIAN SN rery
RA4/TOCKI
RASANASSILVDIN
RED/ANS/RD
RET/ANBAARICTOUT
REZANTICSIC20UT
Voo

Vs

QSCUCLKI
QOSC2CLKO/RAB
RCOMIOSOMICLKI
RC1T10SI
RC2/CCP1
RC3ISCKISCL
ROD/PSPO/CTING
RD1/PSP1/CTIN-

40 PIN DIP

D - O g B W M —

e —
O O~ 5 M B W = O

[ ]
[

—/

PIC18F458

39
38
7
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22

(]

gguguguvuouugiudyuguguguouuuuouogyuyuyuyyu

RE7/PGD
REB/IPGC
RBS/PGM

RB4

RB3CANRX
REZ/CANTX/ANT?Z
RE1/ANTI
REO/ANTO

Voo

Vs
RD7/PSPT/FID
RDB/PSPB/P1C
RDa/PSPaA/P1B
RD4/PSP4/ECCP1/P1A
RCYRX/DT
RCBTXICK
RC5/SD0O
RC4/SDIISDA
RD3/PSP3/C2IN-
RD2/PSP2/C2IN+

MCLRVPP —[] 1 \/ 40 [J =— RB7/PGD
RAOANO «—[] 2 39 [] «<— RBG/PGC
RA1/ANY <—[]3 38 [T «— RBSPGM
RA2/AN2/VREF- «—[14 37 [J] «— RB4
RAYANAVREF+ +—[]5 35 [] «—— RB3/CCP2*
RA4TOCKI «—s []6 35 [] «— RB2/INT2
RAS/AN4/SSILVDIN <—[]7 34 [ +— RB1/INT1
REORD/ANS «—=[8 & & 33 <— RBOINTO
REIWR/ANG <—=9 T & a[7<— Voo
RE2CS/AN7 <—=[]10 @ ¢ 31[] «—Vss
VoD — [] 11 6 O 30 <—> RD7/PSPT
Vss —»[12 g F 29[ <—> RD&PSPE
0SCH/CLKI — [ 13 28 [] «— RDS/PSP5
0SC2/CLKO/RAG «——[] 14 97 [T «— RD4PSP4
RCOT10SOMICK =—s[] 15 98 [] «— RCT/RXDT
RCAT10SICCP2" «— [ 16 95 [] «— RCATX/CK
RC2CCP1 «—s[] 17 94 [T «— RCH/SDO
RCASCK/SCL +—[] 18 23 [] =— RC4/SDI/SDA
RDO/PSP0 «—s [] 19 99 [T «—s RDIPSP3
RD1/PSP1 <—s[] 20 94 [] «—» RD2PSP2

15
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Example - Powering Up
PIC18F458

Vg
P18F458
11)vdd
32 |Vdd
10K
é osct |13 + Qﬁ’F
270
osczl4 - I
Reset 22[JF
Switch _I A7
121 vss
3 lvss
(V]

16



Programs in ROM

* When PIC is powered up (VCC applied to
Reset Pin — Chapter 8), the micro-
controller begins executing instruction at

location 00000h (Reset Vector).

+ Use ORG statement for this instruction in
your code (if programming in assembly). C
compiler takes care of creating assembly
code having this.

17



PIC18 Program ROM Width

—2-Byte ——

Hgh Low
1-Byte Byte Byte
000000k 000001k 000000k
000001 h 000003h 000002h
000002h 000005h 000004h
~A. Organized as -~ -~ ~.,
E—
1FFFFDh 1FFFFBh 1FFFF&h
1FFFFEh 1FFFFDh 1FFFFCh
1FFFFFh 1FFFFFh 1FFFFEh
3-bit 16-bit Wide ROM

PIC
CPU

16-hit

A, CODE
RO

18



PIC18 Program ROM Contents

\
p— for Program 2-1 List File
WO RD HIGH LOWY
ADDRESS  BYTE BYTE
000000h 0Eh <} 25h
000002h OFh <> 34h
000004h OFh t[}: 11h
000006h 0Fh < 12h
000008h OFh <«<* 1Ch
000004 h 0Fh * 06h
00000Ch BEh 10h
00000Eh EFh 07h
000010h 0Fh 00h

Program 2-1 List

Memory is structured in Tittle endian’ mode
(lowest value at lowest address)

19



GOTO and the PC

« GOTO, 4 byte instruction:

OE 07
OF EF
10 00
11 FO

little endian!

PCU PCH PCL

»
>

000k19 Kis |K14 K7 |Ke ko§0

»
»

21 bit PC 20
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COE@UTA

PIC uses Harvard Architecture

Ao
) E— [ |
won Neumann Architecture CPU
CODE DATA
MEMORY MEMORY
Do
| 1 ]
D
8-hit 16-hit
DATARAM A Bg Bg A, CODE
(file reg) ROM
) o CPU
Harvard Architecture Upto akbyte | <— Up to 2Mbyte
dkx3 1Mx16
( ) AII '&ll ( )
D: Do als B Dis Do
1 Do Dis I
D:
Do

21



RISC

1.

o0k Wb

Fixed instruction size (2 and 4 bytes in PIC ;

ADD,

GOTO)

Many registers (no need for large stack)

Smal
Smal
Usua

instruction set — longer code
clock cycle/instruction
ly Harvard architecture

No microcoding; instructions are internally
hardwired — can result in 50% reduction in the
number of transistors

No cross operations between GFR registers

22



#4 MPLAB Simple Assembly Sample

Create project

Type in code

Set debugger to simulator
Add watch windows

Look at what is happening

23



am progl - MPLAB IDE v8.10
File Edit VYiew Project Debugger Programmer Tools Configure Window Help

D@ %0 E8Y 2| o S EEO S @ | Creooum: d7acs
M prog1.mcw E“EHX’

= D progl.mcp
=22 Source Files

EQU 10H

ORG OH

MOVLW ZSH

ADDLW 0x34

ADDLW 11H

ADDLW D'1s’

ADDLW 1CH

ADDLW E'00000L110"
MOVWE SUH

GOTO HERE

PIC18F452 W0 novzdcc bank0 Ln12, Col1 INS WR

QB LV W C IF 12:33Pm

‘4 Start 2w, - AMPA.. W prog.. | B3 Micr...




prog PLAB IDE v8.10 -

File Edit Yiew Debugger Programmer Tools Configure Window Help
= ‘ Froject Wizsrd... | vV EeE B e ‘ & 3 J Checksum: 0x7445
MNew...
Open...
Close 4
P Set Active Project >
Build | ve

Quickbuild {no .asm file)

Debug by Clean -Lec =
Preproce Export Makefile

Mon Sep IREEEEL Ctrl+F10 A

Make F10
Clean: De  Build Configuration »
Clean: D Build Options... >
Executing : it
Warning[ Save Project 11F

Loaded ( Save Project As...
Add Files to Project. ..

1101

Debug bl  Add New File to Project... - Lec
Preproce  Remave File From Project »
Mon Sep

Select Language Toolsuite. ..
BUILD € Set Language Tool Locations...
Version Control...

i\ 11T l|

 PIC18F452 W0 ‘novzdcc ‘ ' bank0 WR

' Start o2, - AMPA.  Wprog.. |EMer. S mRg T & B L)W C E 12:32Pm




a progl - MPLAB IDE v8.10

File Edit VYiew Project Debugger Programmer Tools Configure Window Help

' DSH | i mE 28w 2| [Debug Vi S H B O @ E | Checksum: 0x7445

' Build Wersion Control | Find in Files |

Debug build of project 'CACSE3442_53424Fall 2008 - Lec
Preprocessor symbol *__DEBUG!' is defined.
Mon Sep 01 12:28:25 2008

Clean: Deleting intermediary and outputfiles.

Clean: Done.

Executing: "CA\Program Files\Microchip\MPASM Suitell
Warning[205] CACSE3442_5342\PROGRAMT.ASM 11 : F
Loaded CACSE3442_5342\PROGRAM1 .cod.

Debug build of project 'CA\CSE3442_5342\Fall 2008 - Lec
Preprocessor symbol *__DEBUG' is defined.
hMon Sep 01 12:28:26 2008

BUILD SUCCEEDED

 PIC18F452 W0 ‘novzdcc ‘ ' bank0 WR

O LI IWC S 12:30 PM

19 Start W 2 Windo... ~| 2 MPASMAs...  a progl-M...




am progl - MPLAB IDE v8.10
File Edit VYiew Project NeZsiGsE Programmer Tools Configure Window Help

Select Tool 14 v None
Clear Memory » 1 MPLAB ICD 2

M progl.mew |- |0 X] MPLAB ICE 4000

4 MPLAB ICE 2000
S REAL ICE

6 PICkit 2

7 PIC32 Starter Kit

= D progl.mcp
=22 Source Files

EQU 10H

ORG OH

MOVLW ZSH

ADDLW 0x34

ADDLW 11H

ADDLW D'1s’

ADDLW 1CH

ADDLW E'00000L110"
MOVWE SUH

GOTO HERE

PIC18F452 W0 novzdcc bank0 Ln12, Col1 INS WR

O LA MO ) 12:35 PM

‘4 Start 2w, - AMPA.. a prog.. | B Micr... ;SR S




a progl - MPLAB IDE v8.10

File Edit VYiew Project Debugger Programmer Tools Configure Window Help
DSt ™mE S8 2| Debug voi @ HB@ & E @  Checksum: 0x7445 PUDBTREO

m progtmew - JOIX)

= D progl.mcp
=22 Source Files

EQU 10H

ORG OH

MOVLW ZSH

ADDLW 0x34

ADDLW 11H

ADDLW D'1s’

ADDLW 1CH

ADDLW E'00000L110"
MOVWE SUH

GOTO HERE

(2] Files

MPLAB SIM PIC18F452 pc:Dxe W:Dx9%e Movzdcc 20MHz bank0 Ln 10, Col1 INS WR

R B LV W C IF 12:38 P

‘4 Start 2w, - AMPA.. W prog...




a progl - MPLAB IDE v8.10 - Watch

File Edit Yiew Project Debugger

Programmer Tools Configure Window Help

DS M| 2@ S8 2| Debug v &
M prog1.mcw B@@

= D progl.mcp
=22 Source Files
- [3] PrROGRAM1 . ASM

(Z2 Header Files

-3 Object Files
[ Library Files
(3 Linker Script

(Z1 Other Files

Hes | MPLAB SIM

(1 Files | ® Symbols

mer event occurred. Break i
mer event occurred. Break i
mer event occurred. Break i

Bl C:\CSE3442_5342\PROGRAM1.

Address

Syrbol Name

FES

WREG

Watch 1 | Watch 2| Watch 3| Watch 4|

EQU 10H

ORG OH
MOVLW ZSH
ADDLW 0x34
ADDLW 11H
ADDLW D'ig!

ADDLY 1CH

ADDLY E'00000110°'
MOVVIF sSUM

GOTO HERE

MPLAB SIM

‘4 Start fim 2 W..

PIC18F452 WiDx2s

v

3 MPA... W prog... | [ Micr...

novzdcc 20 MHz bankD

W_SIMC ) 12:48 PM




a progl - MPLAB IDE v8.10 - Watch

File Edit Yiew Project Debugger

Programmer Tools Configure Window Help

DS L | B@B MW 2| [Debug VoS &

M prog1.mcw I;HE’@

= D progl.mcp
=22 Source Files
- [3] PrROGRAM1 . ASM

(Z2 Header Files

-3 Object Files
[ Library Files
(3 Linker Script

(Z1 Other Files

Hes | MPLAB SIM

(2] Files

mer event occurred. Break i
mer event occurred. Break i
mer event occurred. Break i

| @ | Checksum: 0x7445 o> b B T (FE O

I Waich

|Add S£H| WREG v |Add ngbol|

Address Syrbol Name
FES

EQU 10H
ORG OH

MOVLW ZSH

ADDLW
ADDLW
ADDLW
ADDLW
ADDLW
MOVUWE
GOTO

0x34

11H

D'ig!

1CH
E'00000L10"
SUM

HERE

MPLAB SIM

‘4 Start fim 2 W..

PIC18F452 WiDx59

v

3 MPA... W prog... | [ Micr...

novzdcc

20 MHz bankD

W_SIMNC |l 12:51 PM




Edit Yiew Project Debugger

Programmer

Tools Configure Window Help

IR Y Y K

D progl.mcp

El[:! Source Files
2] PROGRAMI . ASM

[ Header Files

----- (L] Object Files

[ Library Files

[ Linker Script

- [B]X]

(AddSFR| [WREG v | [Add Symbol v

1 Files | ® Symbols

I Address

Symbol Name

Value

mer event occurred. Break i
mer event occurred. Break i
mer event occurred. Break i

I C:\CSE3442_5342\PROGRAM1.ASM

EQU 10H
ORG OH

ADDLW
ADDLY
ADDLW
ADDLW
ADDLW
MOVVIE
GOTO

MOVLW ZSH

Ox34
11H
D'1g!
1CH
E'00000110"
SUM
HERE

FES

WREG

0OxSE

i SIM |  PIC18F452

| pci0xc Whi0x%e Movzdcc

20MHz bankD Ln9, Coll

(INS | WR




A Special File Register Window
oo in MPLAB Simulator

B Special Function Registers

SFR Neme
0F30 PORTA 0 00000000
0F51 PORTE 00 0 00000000
0F32 PORTC 0o 0 00000000
0F33 PORTD 0o 0 00000000
0F54 PORTE 0o 0 00000000
0F39 LATA 0o 0 00000000
0F3A LATE 00 0 00000000
0FSE LATC 0o 0 00000000
0F38C LATD 00 0 00000000
0F3D LATE 0o 0 00000000
0F9z TRISA 00 0 00000000 .
0F93 TRISE 0o 0 00000000 -
0F94 TRISC 0o 0 00000000
0F395 TRISD 00 0 00000000
0F96 TRISE 0o 0 00000000
0FSD PIE1 0o 0 00000000
OFSE PIR1 0o 0 00000000
0F9F IPR1 00 0 00000000
OFAD PIEZ 0o 0 00000000
0FAl PIRZ 00 0 00000000 .
0FAZ IPRZ 0o 0 00000000 . N




in MPLAB Simulator

File Register (Data RAM) Window

M Lile Registers

idZress | 00
uouu u_
0010 OE
nnan n-
0030 0z
U3y u_
00s0 0Z-
0030 (1

~HX Svmbﬂi:

=1
uu

00
nn

00
uu
00
00

0z
uu

00
nn

o0
uu
00
00

=
uu

00
nn

00
uu
00
00

0t
uu

00
nn

o0
uu
00
0o

06
uu

00
nn

00
uu
00
00

=
uu

00
nn

00
uu
00
00

o0&

uu

00
nn

oo
uu
00
00

oD
uu

00
nn

00
uu
00
00

-E
uu

00
nn

00
uu
00
00
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Program (Code) ROM Window in
MPLAB Simulator

B Program Memory:1

Adlress

Cooo

Co0z
Coo<
Coos
coos
CO0&
LRI

I
J -~ O N & 2 e

OE00
OF03
0eZS5
E1rD
AKHT

Dissssenk ly

MOUWF Ox25, ACCESS
HOVLT O

ADDLW 0OX3

DECF 0Ox2S5, F, ACCESS
DNZ 0OxG

MOASIIE TIwTHT, 000 K55

Opcode He || Wecaite Symbolic

34



QwikFlash Board

COSE@UTA

Information on QwikFlash Board at
 http://www.picbook.com/

B E2 B! BO C2
DAC “AN7 NT1 NTO CCP1
C? ety
o ¢ 2 (!
O
!

QwikFlash
DH C|7 RIS
.—.'>1u- w0 1 AR

RIOR11 v
RI2= m.

“h-aul
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Assignment for Next Class

* Review the material in Chapter 3.

* Pay close attention to the instruction word sizes
and target address for the BRA, GOTO, and
CALL instructions, and for the Stack
Implementation.

* Using the MPLAB assembler and simulator,
code and run the example on page 115
(Example 3-11), adding appropriate break points
for using the simulator to display the stack
contents after one of the call examples.
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PIC Data Sheets

* Note, the PIC18f452
http://ww1.microchip.com/downloads/en/

DeviceDoc/39564c.pdf

+ PIC18f458
http://ww1.microchip.com/downloads/en/
DeviceDoc/41159e.pdf
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