MPLABS8 and Flow Charts

ECE 376 Embedded Systems
Jake Glower - Lecture #3

Please visit Bison Academy for corresponding
lecture notes, homework sets, and solutions



Boot Loaders
Programming a PIC Chip

« Option 1: External Programmer such as PICStart-Plus
« Option 2: Boot Loader

Boot Loader
« Program on the PIC Chip

« Located at 0x000 to 0x799

- Code must be offset by 0x800
« Watches the serial port

- If it sees a carriage return within 3 seconds of reset

- It clears out the old program
- It waits for a new program to be send via the serial port




Assembler il‘l MPLAB8 % MPLAE IDE v8.10

File Edit View | Project Debugger Programmet  Tools  Configur

Step 1. Create a new directory. | D@ w |

« Located on thumb drive works well | Chocksum: 0

. X:\ECE376\ASM\Count CIOTETY oo e P t
Step 2. Start MPLABS e
Step 3. Click on File New Project g, :

. . . . . . Save Projech
Project Wizard if this is a new project S Projec s
add Files to Projeck. ..
Add e File tD]PrDjEEt. iy
Remowe File From Proiect g

This takes you through the process of starting a
new project (i.e. a new program). Click OK

Device = PIC18F4620 (next)




Program Language is MPASM

Directory for Files: Select your directory

p
Project Wizard x|

Step Two:

r %
Select a language toolsuite %/ﬁ:'

Aetive Toolsuite: | Microchip MPASM Tolsuite |

— Toolzuite Contents

MPASM Azsembler [mpasmwin. exe]
MPLIME Object Linker [mplink. exe)
MPLIE Librarian [mplib.exe]

— Lozation

C:\Program FilestMicrochipMPAS K SuikehbPASWIN, exe Browsze. .. |

Help! My Suite |sn't Listed! | [ Show all installed toolsuites

¢ Back I et » I Cancel | Help |

Step Three: Eﬁ

Create a new project, or reconfigure the active project?

IE:'\E CE37E_18F4620545MMB link Blink, Browse... I

|*'r=' Create MHew Project File




Click on View Project

You should see the following:

 CopyBC - MPLAB IDE v8.10
File E-:Iitl'-.-'iew Project  Debugger  Progr

Toolbars 3

ZPL Registers
izall Stack

# Jake - MPLAB IDE ¥8.10

File Edit Wiew Project Debugger Programmer Tools Configure  ‘Window Help

| DEE i me | Sas 7

J Checksum: 0x035

$8)=l 3} o - ECE376_18F4620%ASM CountC.asm™
#include <plBf4620.1inc>

= 1 1ake.mcp*

E| (23 Source Files
P CountC,asm
[ Header Files
[ object Files
2 Library Files
(3 Linker Scripk

Y R B T VRN O R
= O

; Btart of code:
org 0x800
clrf TRIEC
clrf PORTC
movlw 0x0F
movwf ADCONI1
Loop:
incf PORTC, F
goto Loop
and




Change the default to decimal. Click on Project
Build Options Project

Click on MPASM anc select Decimal. This
results in numbers like 100 representing 100 base
10.

Project Wizard...

% Clock - MPLAB IDE v8.10

Filz Edit “iew | Project Debugger Programmer  Tools  Configure  Window  He

o @

| D | |

Il Clock.mc MEW.

open. ..

= L1 Cloch Close
Set Active Project

Il C:\ECE3 76

Guickbuild (na, asm Flig)

Clean

Export Makefile
Euild All

IMake

Build Configuration
Build &ptions. ..

Chrl+F10
Fi0

Clock, asm

Save Projeck

Sauve Praiect e

Project

il Build Options For Project “Clock.mcp™ ilﬂ
Directones I Cuztom Build I Trace
MPASHACT7ACTE Suite MPASM Aszembler I MPLIME Linker

Cateqories: I General

=~

— Gernerate Command Line

[ Disable case sensitivity

™| [Ext: mode now o “suite! tak]

Default Badis

" Hexadecimal
& Decimal
" Octal

B M acro D efinitions




The source file 1s what you compile. o \Biink - MPAETHEEN

File Edit ‘iew | Project Debugger Programmer  Tools  Config
J 0= | | Project Wizard, ..

- If this 1s blank, right click on Source File and
select the ASM file you wish to compile.

Mew, ..
Open...
Close k

m Set Active Praject k

= (3 Blink  Quickbuild {ne asm) file)

J Checksum:

- If you don't have an ASM file yet, select File New
edit a file, and save it as .ASM

Ell:l E Clean
L Export Makefile
..... (3 H g CtrF10

To compile your code, click on Project Bulid All  ji|| B0

Make F10

(Or hit key F 1 O) """ g t: Build Configuration 3

Build Options... *

Build |Versi0n Cantrol | Find in Files |

If your program compiles correctly, | crmn romomomamme s

Freprocessor symbol "__DEBUG' is defined.

y01l get the message 'Succeed' Wed Aug 20 10:14:30 2014

Make: The target "CAECE376_18F46200ASKM\Blink\Blink.o" is out of date.
Executing: "CYProgram Files\MicrochiphWPASM Suite\MPASMWIN.exe" /o /p18F4620 "Blink.asm" A"Blink.lst" fe"Blink.er" /d__DEBUG=1
Loaded CAECE376_18F46200A5MyBlink\Blink.cod.

Debug build of project "CAECE376_18F46200ASKBIlink\Blink.mcp' succeeded.
Freprocessar symbal __DEBUG' is defined.
Wed Aug 20 10:14:31 2014

BUILD SUCCEEDED




If there 1s an error in your code (such as a space 1n line 13 below), you will get an
error message along with a notice which line has a problem

s Jake - MPLAB IDE v8.10

File Edit ‘iew Project Debugger Programmer Tools  Configure  Window  Help

(DS mE | SHw e
MMOutpst  |WC\ECES76_1BF46200ASM)\CountC.asm

Build "«-"ersinn[inntrnllFindinFiIesI 1 #include <pl8fd4eZ0.inc>
— | |Debug build of project "CrECE37E. i start of code:
= |Preprocessar symbol"__DEEUG' |2 org 0x800

Fri Jan 22 12:35:45 2016 4 clrf TRIEC
S clrf PORTC
rédake:tThelfgrE;t"Ci”nEcll_f_lﬂid_BF‘ 5 mov lw 0x0F
wecuting: "CAProgram Files\Micro
Warning[gEDE] CAECE 376 1874520 | movwE ADCONL
\Warning[207] CAECE376_18F4620¢ 1B Loop:
Errar[122] CAECE37E_18F4620A% |2 incf PORTC, F
Halting build on first failure as reque |10 goto Loop
_ _ 11 ehd
Debug build of project "CA\ECEI?E_
Freprocessor symbol __DEBUG
FriJan 22 12:35:46 2016
BUILD FAILED




If you want to see what your program looks like, click on View Program Memory

:;-' Jake - MPLAB IDE ¥5.10 - Program Memory

File Edit | View Project Debugger Programmer Tools Configure  Mindow  Help

| D

PR~ oo -] oy 0 W

= o

T

o Chfecs EEHHOe &5 J Checksum: 0xfb31
Cakpuk
Pl Registers 84620, inc> Line Lddress Opoode Lakel Dizassewbly
Call Stack ode 1020 07F& FFFF HOP
Disassembly Listing 1021 uTrs FEFF HOF
1022 07FL FFFF NOF
EEFROM HE 1023 O7FC FFFF NOF
File Registers L TC 1024  O7FE FFFF HOP
Flash Data ' JF 1025 oS00 GAD4 CLEF TRI3C, ACCESS
Hardware Stack boonl 1026 0802 EAGZ CLEF PORTC, ACCESS
LD Fixe! 1027 0504 OEQF MOVLY Oxt
Lacals TCLF 1028 0g0a GEC1 MOWWF ADCON1, ACCESS
Memmary ‘ 1029 og0s 2482 Loop INCF PORTC, F, ACCESS
Program Mermory 1030 0504 EF04 FOTD Loop
SER [ Peripherals 1031 ogoc FoD4 o [ 3
Special Function Fegisters 1032 0S0E FFFF NoP
wakch 1033 0810 FFFF NOP
1034 081z FFFF NOF
1 Memary Usage Gauge 1035 0g14 FFFF ju[e)




The program 1s stored 1n the file . HEX This is a text files that contains the program
in machine language (the OP-Code above)

Y AT N Pl ] — — e et = e e e A R e et e

:0=20000040000F A
: 100300009 260A936A040A0008AG0Al50EC]IEEGZZARFY
: 040310008 7EFOLFOGE

:00000001FF




To download your code to your PIC board,
- Power up your PIC board (i.e. plug it in)
« Connect the serial cable to a PC
« Run a terminal program, such as Hyperterminal or PIC_Flash_Tool
 Select the USB Serial Port (COM number varies)
- Select the .hex file to download (must be lower case letters)
- Hit RESET on your PIC board.
« Wait for Program Micro to

<= GUI of super amazing awesomeness Rev 1.2

light up File  Instructions

. COM Ports COM Send File COM Received Data
« Click on Press Program Pors vt Soeafere ] |CoCETESM e | FeceredDas
. Communications Part [COM1 i Laock File Path
MICI'O [ISE Seiial Port [COME] | Auta Catch Raset

Must Complete the following befare transfer:

Waiting for file to be selected...
Complete: Micro Reset/Cleared

Programming =

Connect To Part

Statuz Dialog

| Made by Mathan Zimmerman

|USE Serial Port [COME] Selected

| Connection Established

| File has been selected — -

File has been selected Data Starage Options

iMicro Reset Success, Code Cleared Clear Data ] ’ To Cliphoard




Flow Charts:

Graphical way to explain how a program works
« Keep it simple (less than 20 blocks), but
- Keep it informative (more than one block)

It also helps if you follow a few rules:
- Flow charts should start at the top of the page
« The program execution should move down towards the bottom of the page
 There should be a single exit point



Flow Chart Symbols

Symbol Image Meaning

Oval @ Start / End of routine or program

Rectangle Function or operation

Parallelogram Input / Output

Diamond Decision
no

yes




PIC 1/O
The PIC1814620 chip has 33 I/0O lines split into

five ports:

PORTA | PORTB | PORTC | PORTD | PORTE
Pins 2.7 33..40 15..18, 19..22, 3
24..26 27..30

Binary 5 8 8 8 3
Input

Binary 5 8 8 8 3

Output

Analog 5 5 - - 3
Input

PORTA

PORTC<

PORTD (

MCLR
RAO
RA1
RA2
RA3
RA4
RA5

+5
gnd
OSCH
0Ssc2
RCO
RCA
RC2
RC3
RDO
RD1

PIC18F4626

RB7
RB6
RB5
RB4
RB3
RB2
RB1
RBO
+5
gnd
RD7
RD6
RD5
RD4
RC7
RD6
RD5
RC4
RD3
RD2




Setting Up I/O Ports for Binary I/O

Three registers are associated with each port
« PORTX: Defines whether the pin is OV (0) or 5V (1)
« TRISx: Defines whether the pin 1s input (1) or output (0)

« LATx: "Read-modify-write operations on the LATC register read and write the latched
output value for PORTC."

In addition, you need to initialize ADCONI to 15. This sets all I/O pins to binary.

movlw OxOF
movwf ADCON1



Count Edges on RB0
#include <pl8f4620.inc>

org O
clrf
movlw

movwit
clrf
clrf
clrf
movliw
movwit
clrf

Loopl:
btfsc
goto

Loop2:
btfss
goto
inct
goto
end

x800
TRISA
OxFF

TRISB
TRISC
TRISD
TRISE
OxOF
ADCON1
PORTC

PORTB, O
Loopl

PORTB, O
Loop2
PORTC, F
Loopl

T

Count

?

Count

Initialize Ports

-

A

|

Wait until RB0=0
(falling edge)

\

|

Wait until RBO=1

(rising

edge)

\

|

Increment PORTC

I

?

Count




Random Number Generator

#include <pl8f4620.inc>
DIE EQU 0

RBO

org 0x800 Countreally  pisplay Count Countreally  pisplay Count
fast fast

clrf TRISA
movlw OxFF

movwf TRISB
clrf TRISC
clrf TRISD
clrf TRISE
movlw OxOF

movwf ADCON1

Main:

btfsc PORTE, 0

incft DIE, W

andlw 0x07

movwf DIE Keep rolling
the die

movwf PORTC -

goto Main Dmmw}

Display Die
Value

I




Top Down Programming:

#include <pl8f4620.inc> <i::}%%€:::>

; Variables Init: ~ y
DIE EQU 0 Initialize 1/O
; ——— Main Routine --—-

org 0x800

call 1Init
Main:

btfsc PORTB, 0

call Roll

call  Display Keep rolling

goto Main the die

Display:
Display Die

Value




; ——— Subroutines —-—-—

Init:
clrf TRISA Start
movlw OXFF

movwf TRISB Init:  y
clrf TRISC
clrf TRISD
clrf TRISE

Initialize 1/10

movliw OxOF
movwf ADCON1

return
Roll:
incft DIE, W
andlw 0x07
movwt  DIE Keep rolling
return the die
Display: .
movf  DIE,W Display:
movwf PORTC Display Die
return Value

end







