CHAPTER 1

A VERY BRIEF HISTORY
OF
MICROPROCESSORS
&
MICROCONTROLLERS

Intel 4004

0 Introduced in 1971.
o Federico Faggin design.

2300 transistor

O O oo

o

kHz

§

first-ever single-chip microprocessor

performs 60,000 operations / second.

approximately the same performance
as the 18,000 vacuum tube ENIAC.

4-bit Intel C4004 clock Speed is 108

+ Faggin leaves Intel to start his own

Intel 8008

+ 1972: Faggin begins work on an 8-bit processor, the
Intel 8008. The prototype has serious problems with
electrical charge leaking out of its memory circuits.

+ Intel's 8008 is well-received, but system designers want
increased speed, easier interfacing, and more I/O and
instructions. The improved version is 8080.

Zilog Z80

company Zilog, who later produce
the Z80. 3.5MHz Z80 is a very
popular processor taught in many
universities)

«... and, later, a 16-bit Z8000. But INTEL is getting more powerful.

The Zilog Z80

The Z80 is an 8 bit CPU with a 16 bit address bus
capable of direct access of 64K of memory space.
It was based on the 8080; it has a large instruction
set.

Programming features include an accumulator
and six eight bit registers that can be paired as 3-
16 bit registers. In addition to the general
registers, a stack-pointer, program-counter, and
two index (memory pointers) registers are
provided.

It had a 40 pin DIP package manufactured in A, B,
and C models, differing only in maximum clock
speed. It was also manufactured as a stand-alone
microcontroller with various configurations of on-
chip RAM and EPROM.
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It proves useful for low cost control applications.

Early Microcontrollers

1974: Motorola (originally car radio manufacturers) had
introduced transistors in the 1950s and decided to make a late
but serious effort in the microprocessor market. They
announced their 8-bit 6800 processor.

1975: General Motors approach Motorola about a custom-built
derivative of the 6800. Motorola's long experience with
automobile manufacturers pays off and Ford follow GM's lead.
1976: Intel introduce an 8-bit microcontroller, the MCS-48.
They ship 251,000 in this year.

1980: Intel introduced 8051, an 8-bit microcontroller with on-
board EPROM. They ship 22 million and 91 million in 1983.
Early 90s: PIC is introduced to meet a demand for a cheap,
small and practical microcontroller which was both easy to use

and program.

CHAPTER 2

PIC

Peripheral Interface
Controller




What is a microcontroller?

Microcontrollers are small computer on a
chip with some special properties:

CPU, code memory, data memory and 10
ports all included on a single chip

Dedicated to one task
Small and low cost
Embedded in many consumer devices

Why PIC is popular?

PICs are popular with developers due to

elow cost

swide availability

elarge user base

eextensive collection of application notes
~availability of low cost or free development tools
eserial programming capability.

PIC is very small and easy
to implement for not
complex problems and
usually accompanies to
the microprocessors as an
interface. For example:

Family Core Architectural Differences

Mid-Range Core Devices
(ex:12C50x, 16C5x)

14 bit wide code memory
simproved 8 level deep call stack.
35 instructions
sincreased opcode width allows
addressing of more memory
*PIC12 and PIC16 devices.

Baseline Core Devices
(ex:12C50x, 16C5x)
12 bit wide code memory,
«tiny two level deep call stack. [:>
«33instructions
*PIC10, PIC12 & PIC16 devices
6 pin to 40 pin packages.

=

PIC17 High End Core Devices (Ex:17C4x,17C7xx)
*never became popular and superseded by the PIC18 architecture.
+16 bit wide opcodes (allowing many new instructions) : 58 instructions
+16 level deep call stack. Packages of 40 to 68 pins.
«a memory mapped accumulator
eread access to code memory (table reads)
«direct register to register moves
«an external program memory interface to expand the code space
«an 8bit x 8bit hardware multiplier
«auto-increment/decrement addressing il

PIC18 High End Core Devices (ex:18Cxxx)
*new high end pic architecture
«It inherits most of the features and instructions of the 17 series,
«77 instructions, much deeper call stack (31 levels deep)
sthe call stack may be read and written
«offset addressing mode
«a new indexed addressing mode in some devices

PIC24 and dsPIC 16 bit Microcontrollers
«architectures differ significantly from prior models.
«dsPICs are Microchip's newest family (started in 2004)
« digital signal processing capabilities.

*Microchip's first inherent 16-bit (data) microcontrollers.
shardware MAC (multiply-accumulate)

« barrel shifting

« bit reversal

+(16x16)-bit multiplication

other digital signal processing operations.

«Can be efficiently programmed in C

PIC SPEED

« Can use crystals, clock oscillators, or even an RC circuit.

* Some PICs have a built in 4MHz RC clock, Not very accurate,
but requires no external components!

« Instruction speed = 1/4 clock speed (Tcyc = 4 * Tclk)

« All PICs can be run from DC to their maximum spec’d speed:

12C50x 4MHz
12C67x 10MHz
16Cxxx 20MHz
17C4x [ 17C7xxx  33MHz
18Cxxx 40MHz

Register Addressing Modes

Immediate Addressing
Moviw H'OF’

Direct Addressing

Uses 7 bits of 14 bit instruction to identify
a register file address

8t and 9™ bit comes from RPO and RP1

bits of STATUS register. ..
4 equ D2 0
btfss  STATUS, Z
E;l‘-ﬁi‘mllllizﬂ-wi!ﬂﬂl mo\hullilm
Indirect Addressing
« Full 8 bit register address is written S it T . il

the special function register FSR

» INDF is used to get the content of the
address pointed by FSR

* Exp: A sample program to clear RAM eatiee
locations H'20" — H'2F’ Indirect ing mode. ¥
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anywhere in
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PIC MEMORY CAPACITY

Device  Program Data Registers Pins
Type size EEPROM

PIC16F627 1024 128 224 18
PIC16F628 2048 128 224 18
PIC16F83 512 64 3 18
PIC16CB4 1024 64 36 18
PIC16Fe4 1024 64 68 18
PIC16FB4A 1024 64 66 18
PIC16FB70 2048 64 128 40
PIC16F871 2048 64 128 40
PIC16Fe72 2048 64 128 28
PIC16F873 4096 128 198 28
PIC16Fe74 4096 128 192 40
PIC16F876 8192 256 368 28
PIC16Fe77 81%2 256 368 40

SPECIAL FUNCTION REGISTERS
Register ~ Address Bank  Tutorial

EEADR 09 0 25
EECOCN1 08 1 25
EECON2 09 1 25
EEDATA 08 0 25
FSR 04 01 16
INDF 00 01 16
INTCON 0B 01 18
OPTION 01 1 18
PCL 02 01 4
PCLATH 0A 01 14
PORTA 05 0 4
PORTB 06 0 4
STATUS 03 01 2
TMRO 01 0 18
TRISA 05 1 4
TRISB 06 1 4

STATUS REGISTER (16f84)

—BW0 BAVO RO — R1 Rl RMex o BMWex B - -
[Cwre RP1_| RPO T PO | z [ c = Readabie bit
T bito Viritabie bit
bit 7: IRP: Register Bank Select bit (used for indirect addressing) s m“‘”'j”“'“ L
0 = Bank 0, 1 (00h - FFh) Y
1 = Bank 2, 3 (100h - 1FFh) == =
The IRP bit is not used by the PIC16FEX. IRP should be maintained clear.
bit 65 RP1:RPO: Register Bank Select bits (used for direct addressing)
gU = gank 0 lgg: - gi”‘ Each bank is 128 byies
3 Sl 1. (00 - Fm) Only bit RPO is used by the PIC16F8:
10 = Bank 2 (100h - 17Fh} ot AW %
11 = Bank 3 (180h - 1FFh) RP1 should be maintained clear.
bit 4:  TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP Instruction 0 = A WDT time-out occurred
bit 3:  PD: Power-down bit
1 = After power-up or by the CLAWDT instruction 0 = By execution of the SLEEP instruction
bit 2:  Z: Zero bit
1 = The result of an arithmelic o logic operation is zero
0 = The result of an arithmetic or logic operation Is not zero
bit 1: DC: Digit carry/bomow bit (for ADDWP and ADDLW instructions) (For Bormow the polarity is reversed)
1 = A carry-aut from the 4th low order bit of the result occurred
0 = No carmy-out from the 4th low order bit of the result
bit 0: C: Carry/borrow bit (for ADDWF and ADDLW instructions)

1= A carry-out from the most significant bit of the result occurred

0 = No carry-out from the most significant bit of the result cocurred

Note:For borrow the palarity is reversed. A subtraction is executed by adding the two's complement of
the second operand. For rotate (RRF, RLF) instructions. this bit is loaded with sither the high or low
arder bit of the source register.

SAMPLE PROGRAM

List |Prog | Prog | Code | Source code
countf count| count| value
deci_|deci | hex hex

0004 |0 0000 STATUS EQU 3 : name program location 3 as STATUS
0005 |0 0000 PORTB EQU 6 : name program location 6 as PORTB
0006 [0 0000

0007 [0 0000 ORG 0 : Reset Vector address

0008 |0 0000 | 2805 GOTO 5 ; go to PIC address location 5
0009 |1 0001 ORG 4 : Interrupt Vector address
0010 (4 0004 | 2805 GOTO 5 ; go to PIC address location 5
0011 |5 0005 ORG 5 ; Start of Program Memory
0012 (s 0005

00135 0005 | 01 86 CLRF PORTB  : clear Port B data pins

0014 |6 0006 | 1683 BSF STATUS.S : set for Bank 1

0015 |7 0007 | 01 86 CLRF PORTB  : set all Port B as output
0016 [8 0008 | 1283 BCF STATUS,S ; sct for Bank O

0017 [9 0009 k .
0018[9  [0009| 1406| LOOPIT BSF PORTB,0 et Port B pin 0 to logic 1
001910 | 000A| 1486 BSF PORTB.] :set Port B pin 1 to logic 1
0020[11  |oooB| 1506 BSF PORTB,2 : set Port B pin 2 to logic 1
0021 |12 |oooc| 1586 BSFPORTB.3 st Port B pin 3 to logic 1
0022|113 |oooD| 1606 BSF PORTB4 : set Port B pin 4 to logic 1
0023 |14 | 00OE| 1686 BSF PORTB.5 : sct Port B pin 5 to logic 1
0024[15  [000F| 1706 BSF PORTB.6  : set Port B pin 6 to logic 1
002516 | 0010 1786 BSF PORTB.7  : set Port B pin 7 to logic 1
002617 |00t | 0186 CLRF PORTB  : clear all PORTB pins
002718 o012 | 2809 GOTO LOOPIT : go to address LOOPIT
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40 [ =—= RETPGD

19 [] == aesrce = 8 kbytes of FLASH
3 [ =—e RES Prog. Mem. (8kx14)
:; %: 32‘; rew  ® 368 bytes of Data

36 ] +—» RE2 Memory (RAM)
3 []=—e RE1 » 256 bytes of

33 [] +—= RBOINT

i D EEPROM Data
T —_y Memory

29%"' ADTPSPT w33 input or output
pins
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PIC16F877/874

28] e :
OSCLCLKOUT «+—[] 14 2 s ROIFSEE . 20 MHz operating
RCOTIOSOTICK) -—w [ 15 96 [] ——a RCTRUDT
RCITICSICCP2 «—e[] 16 24 [] +—» RCATHCK SPEEd(ZOO ns
REHCCP a—e | 24 [] e RCSS00 instruction cycle)
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192 Bytes

350 Dytes
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PIC Program Memory

12C508512 12bit instructions
16C71C 1024 (1K) 14bit instructions

= 16F877 8192 (8k) 14bit instructions

17C766 16384(16Kk) 16bit instructions




PROGRAM MEMORY

PIC16FB8T7T/876 PROGRAM
MEMORY MAF AND STACK

(STATUS <6:52]

- CALL, RETURN
=00 - Bankd RETFIE, RETLW

STATUS REGISTER (16f877)

RWO  RW-0 RWO R1 R-1 RW-x  RW-x_ RWex

=01 — Banki
=10 = Bank2 Stack Lewsl 1
=11 — Bank3 Stack Lewsl 2

-

Stack Level 8

Feset Vector

>

Intermuapt Vecior OO h
ooosh
Page 0
oTFFR
osoon
e T OFFFn
Erogram
Memory il
Fage 2
17FFR
1800n
Fage 3
1FFER

[we [ [ ]w][m] 7z o] c] R = Readable it
Bil7 hito W= Witabie bit
U=Unimplemented b,
fead a5 0’
-n = Valua at POR reset

bit7: IRP: Register Bank Select bit (used for indirect addressing)
1=Bank2, 3 (100h - 1FFh)
0=Bank0, 1(00h- FFh)

bit 65 RP1:RPO: Register Bank Selact bits (used for direct addressing)
11= Bank 3 (1800 - 1FFh)
10=Bank 2 (1000 - 17Fh)
01=Bank 1 (B0h - FFh)

00 =Bank 0 (00h - 7Fh)

Each bank is 128 bytes

DATA MEMORY

PIC16FB77/876 REGISTER FILE MAP

PIC Data Memory (s oo™ oo [iosiseor sg] on  [iszecraaar®] 100n
i o [oomemara] s =
e — S e foen
= T
) . Eonya—| oen s o
PICs use general purpose “file registers” for RAM conre—| orn = e B
; h . EonTieea(fos o
(each register is 8bits for all PICs) FoRTET | oan sun S—
— e oan — e B
i e = e 1aen
e o o e B
Some examples are: e = e 4 EERDE—] 1aen
12C508 25 Bytes RAM e P e 5 il
16C71C 36 Bytes RAM s
Sernan—| 1on =
16F877 368 Bytes (plus 256 Bytes of S=essan s E— fomm |
nonvolatile EEPROM) TxmEc | 1on seama | o B R
R = ien
17C766 902 Bytes RAM aen = 1en
S| en e foer: ien
| Apccono | lg: ADCOMNT s :;::
Don't forget, programs are stored in program space (not I I I I
in data space), so low RAM values are OK. Rz Rimess Bizses Rimees

e Sthe | o B | o Sas il P

o ol e

Bank O Ten Bank 1 e Bank 2 rrEn Bank 3 aren

push-pull Open collector High Z inputs RB7:RB4 Interrupts
EXAMPLES: INTIALIZINGPORTA ... BLOCK DIAGRAM OF 9 P p!

. bus RA3:RAD AND RAS5 PINS BLOCK DIAGRAM OF RB3:RB0O PINS BLOCK DIAGRAM OF RB7:RB4 PINS
BOFSTAMUS, RX e van
COF PR Initielise MM by REPUL R Husee,

ng outaut Data bus L 1L e (oma] <]
; data letches R °o ™ WRPol | :Gn.u
BSF STMTUS, R0 Select Bark 1 T pin(1}
MOV CxCP ; Talue used to —
i 2 dita WRTRIS |
; drsction
oW TRIA ; Bet RRd:> ag lnputs
5 Maiids 25 oUtpIts
5 TRIBACT:6> are alvays setRg
jread as "'
RD PORT From olher
REBOANT 4 RET.RE4 pins.
THRD ok nput ot Trigger | RO Fort

To D Converter

ATy ————— L V0 pnhes pcion s Vs oy

RET:REE In serlal programming mods

Nate 1:1/0 pins have dlods protectian b Voo and Vs,
2: To enabile weak pull-ups, st the appropriata TRIS bafs)
and clear the REPT bit (OPTION_REG<T>)

Note 1: 110 pins have diode prateciion to Voo and Vss.
fo enabls wealc pull-ups, sst Ihe appropriais TRIS bitls)
and clear the REPU bit (OPTIGN_REG<7>]




nemont 14-Bit Opsade. -
" =) Description Cyeles et Notes
Operands Seor Lsn | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS.
ADDWF 2 Add W and 1 00 0111 drfr frff| CDCZ | 1.2
ANDWF AND W with 1 1 0o 0101 arer frer|  Z 12
GLRF Giear f 1 00 0001 lrrr free|  Z 2
SLRW Giearw 1 00 0001 D woox|  Z
ComF .d | Complement 1 1 0o 1001 arer fref|  Z 12
DECF a4 |Dscrementt 1 00 0021 asee feee|  Z 1.2
DECFSZ d | Decrementi, Skip if 0 12 | vo aca1 aser fefe 123
INCF d | increment 1 0o 101s aser eee|  Z 12
INCFSZ d | Increment 1, Skip it 0 2 | 90 2121 ager £eee 123
IORWF Ld | Inclusive OR W with 1 1 00 0lon dsee Eee|  Z 12
MOVF a 1 00 1000 dsee Eee|  Z 12
MOVWE © [Movewror 1 00 ooon 1£ff £EEE
NOR - [ o operation 1 00 000D 0xxo 000G
ALF t.d | Rotata Left f through Carry 1 00 1101 arer rrer 12
ARF f.d | Rotate Aignt  through Gary 1 00 1100 asee fege| G 12
SUBWF f.d | Subtract W mom 1 0o 0ols arrr frfr| GOGZ | 1.2
SWAPF f.d | Swap nibbiesint 1 0o 1110 arer rree 12
I )I zOGI t A M M I NG XORWF __ f.a | Exclusive OR W win ¢ 1 | w0 oiio amer eoee| oz | a2
FILE REGISTER
BCF L6 |81 Cleart 1 91 0obbh hEfr EEEE 12
BSF fb  [Bitsats 1 01 0lbh hefe EEEE 12
BTFSC b [BitTestt skip if Clear 1@ | o1 10bb heee eeee )
BTFSS tb |8t Testt, skip it set 1@ | 01 11bp hees eeer 3
LITERAL AND CONTROL GPERATIONS
ADDLW k| Aad ieral and W 1 11 111x 1099 Jodde| €,00.2
ANDLW K | AND literal with W 1 11 1001 Jasdr ke | Z
L k| can subroutine 2 | 10 ook ok Wede|
CLRWDT - |ciearwatchdog Timer 1 0o 0000 0118 0100 | TOP
GoTo Kk |Gotaddess 2 | 10 Wk ek
IORLW Kk | Inclusive OR Itsral with W 1 11 1000 O k| Z
MovLw K |Move iteral to w 1 11 ooxx O Kk
RETFIE - | metum from intermpt 2 90 oo0e 2908 1001
RETLW k| Rstum with literal in W 2 | 11 eixm w
RETURN - | Retum from Subroutine 2 5o ooos soos loma|
SLEER - | e into standby mode 1 5o 0oos 8110 0011 | TOPD
suBLw k| Subtract W trom iteral 1 11 110x 1O Iddde| €,00.2
XORLW k| Exclusive OR iteral with Wi 1 11 1010 3099 Idade|  Z
»Assembler (MPLAB)
main ()
set tris b(0x00); o007 MOVLW oo
ooos TRIE &
- PIC BASIC PROGRAMMING
if (input (PIN AQ)) ooos BTFEE 05,0
000A GOTO ooD
output_high (PIN_BO);
O00E ESF 08,0
else
oooc GOTO 00E
output low(PIN EO);
000D BCF 08,0
000E GOTO 0o

Minimum circuitry for PIC16F877 LED (light emitting diode) flasher

+6---35

e 3 - HIGH PORTB.O
faackiod = i
wana i PAUSE 500 - (Lol
mim WD LOW  PORTB.O e
manane Y vom (L2 b
= wimowsers [ PAUSE 500 ] neoestin
:\M ACIICKICL : frm ;‘;mul
i 3anTEE F GOTO LOOP
- Neranar [
e ad el
i
e -y
22 B2

SFBTT

oo




i DEFINE 0SC 4
DEFINE LCD_DREG PORTB
INPUT PORTD.2 DEFINE LCD _DBIT 4
LOOP: T e DEFINE LCD_RSREG PORTB 3
@ = 1% DEFINE LCD_RSBIT 0
IF PORTD.2=1 THEN T e e DEFINE LCD_EREG PORTB
LED — "
HIGH PORTB.O D DEFINE LCD_EBIT 1 o =
R memosomen |t = DEFINE LCD_BITS 4 ey
ELSE g “lmEl | DEFINE LCD_LINES 2 P
LOW PORTB.O S [] fou DEFINE LCD_COMMANDUS 2000 | sesnssancnl=:
wm-—-f RESTTP
ENDIE S DEFINE LCD_DATAUS 50 et
GOTO LOOP e ‘“n»'l LCDOUT 254,1, “MERHABA"
o= = LCDOUT 254,192,"2x16 LCD"
BE e
f END
Analog to Digital Conversion Pulse Width Modulation
Format:
Format: ADCIN HPWM Channel, Dutycycle, Frequency — 4-{smem o
Channel,Var S . | -
ample Program: N nearc
Sample Program: s E
DEFINE CCP1_REG PORTC R samosenes
- ] eswann meacie
ABC VAR BYTE “Hpwm 1 pin port e e
ADCON1=2 "PORTA is DEFINE CCP1_BIT 2 i
analog "Hpwm 1 pin bit ety
INPUT  PORTA.O HPWM 1,64,1000 ey
LOOP: " Send a 25% duty cycle PWM e
ADCIN PORTA.O,ABC signal at 1kHz
LCDOUT 254,1,#ABC END oo
PAUSE 100
GOTO  LOOP

Pulse Width Modulation

DEFINE CCP1_REG PORTC
DEFINE CCP1_BIT 2

“Hpwm 1 pin port
“"Hpwm 1 pin bit

DUTY VAR BYTE
i VAR BYTE

DONGU:
FOR i=0 TO 255
HPWM 1,DUTY, 1000
DUTY=DUTY+1
PAUSE 50
NEXT

GOTO DONGU

Programming in C
¢ Programming the PIC in C offers several
advantages:

— Higher level language — developer is insulated
from details of the chip

— Library support for common tasks (string
manipulation, serial communication)

* We use the CCS compiler
(http://www.ccsinfo.com/) which don’t suck.
All examples will use CCS code




PIC — Common Tasks with CCS

» Program Template. Starting point for just
about everything

#define <16F877.h> // Define the type of chip you’re using.
// Makes it easier to switch chips

#use delay(clock=20000000) // 20Mhz oscillator
void mainQ)

{
/* Initialization Code goes here */
while (TRUE)
{
/* Program Code goes here */
3
3

PIC — Common Tasks with CCS
* Digital I/O

— Standard I/O vs. Fast I/O

— Using (standard 1/O):
// Output a high on PIN_D1, low on PIN_D2
// Wait 50 us and invert
output_high(PIN_D1);
output_low(PIN_D2);
delay_us(50);
output_low(PIN_D1);
output_high(PIN_D2);

PIC — Common Tasks with CCS

* Analog Input

— Initialization:
setup_adc_ports(ALL_ANALOG);
setup_adc(ADC_CLOCK_DIV_2);

— Picking a channel:

set_adc_channel (0); // Note: must wait
between changing

// input channels (~ 10us)

— Inputting Data:

unsigned intl6 data; // Declare a 16-bit
integer

data = read_adc(); // Read a 10-bit value

£ £ LL loctad ol 1

PIC — Common Tasks with CCS
e Using PWM
— Initialization:

setup_timer_2(T2_DIV_BY_1,249,1); // Setup the
PWM period

setup_ccpl(CCP_PWM); // Set CCP1
for PWM

— Setting the Duty Cycle:

set_pwml_duty(500); // See the CCS examples
for the formula // for setting the
PWM period and duty // cycle

PIC — Tips for Software Design
» Design the program as a state machine

— A main() loop, with:

« A switch() statement that jumps to a function() which represents
the actions that occur in that state

« Each state function() has an output section and a transition
section (which can change the current state variable)

— Interrupts are very useful (for example: interrupt when
data received on serial port), but can cause problems.

« l.e. if you change state during an interrupt (such as an E-stop),
return from the interrupt service routine, then change the state
variable again (during the transition section) the interrupt change
is lost.

— Design with tuning and debugging in mind

« Programmer time is more important than machine time — the

PIC16F877 is plenty fast

PIC — Tips for Debugging

» Use a protoboard with RS232 support and
lots of print statements. Example:

— program waits for a switch press
—reads an analog voltage

— changes the PWM cycle accordingly




PIC — Tips for Debugging

Some_function()
{
intl pushed = FALSE, last_pushed = FALSE;
intl6 analog_value;
float volts;
pushed = input(PIN_D3);
if (pushed && !last_pushed) {
puts(“Button Pushed!”);

analog_value = read_adc(); /* 10-bit analog input value is
* between 0-1023 0-5V range */

volts = 5.0 * (analog_value / 1024.0);

printf(“Button pushed! Analog value is %f volts, PW to %i\n, volts,
analog_value);

set_pwml_duty(analog_value);

/* We’ve pre-configured PWM channel 1 — the set_pwml_duty cycle
function accepts

a 10-bit number and adjusts the cycle accordingly */

CHAPTER 4

PIC
PROGRAMMERS

PIC-PG2 - SERIAL PORT PROGRAMMER FOR
8/18/28/40 PIN PIC MICROCONTROLLERS AND
12C EEPROMS + ICSP connector and cable

http://www.olimex.com/dev/pic-pg2.html

.
T |

|
ARAS
wus
I |
s L
5 7
+
.
|
I“““I

F e — - gy
B i = .4 .3

http://www.ic-prog.com/

—gIC-PrO e Edt “W el
Prototype -0 BE %Y e OO . )
Programmer m -
Programs : onte: arer rer seve rrr arre aeve deer wre yyevrey | U |
12Cxx, Q036: STE METT TT IITE TP MTE MTT MIT yerrrery

(028: AFFF AFFF WFFF IFFY OFTF AFFF Y FFF yyyyyywyy
(0030: IFTF WTF MWYF IFF JFTT JFTF WTF MWET YYYYYYYY

16CxXXX, L6FXX, Wlstss: swer sevr swev srr srvr seve sevx sevr yovrvsy
16F87x o0dn: arve sexr aere arre arve sver wer wrr yyvrre | (REE

! (0030: IFTF WTF MWYF JFF JFTF JFTF WTF MWET YYYYYYYY

=
onis: AFTF WEF WEE IR WNT ANYE SR WEY  yywvvwyy  ®|
18Fxxx, 16F7x, oo iy

24Cxx, 93CxX, |[mewrem e i v =
90Sxxx, 59Cxx, :
89Cx051, : ntem Pl
89853, 250X0, 0u3s: FE FE FE FE P EE FY FY yyvvvewy 21| Contgmac: v |
IV B T —
80C51 etc.

BOOTLOADER

A bootloader is a program that stays in the microcontroller and
communicates with the PC (usually through the serial interface). The
bootloader receives a user program from the PC and writes it in the

flash memory, then launches this program in execution

14 aroxds
Staxt
TEER ITSER
e Tlain Prograrm
Ermpty space
ETitheonat bootloader TArith bootloade:

nser code is in bootloadercade is
colored in gres colored in red
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¢ The PIC16F877 has on-board FLASH memory
— No burner needed to reprogram the PIC
— No need to remove PIC from circuit

¢ Using a bootloader on the PIC, and a bootload utility on the
PC the PIC can be reprogrammed in seconds over a serial
link.

— Burn the bootloader code onto the PIC

— When writing your program in C tell the compiler not to
use the top 255 bytes of flash memory

— Connect the PIC circuit to the PC via a serial link. Run
the bootloader code from the PC and download your
code to the circuit in seconds.

http://www.microchipc.com/PIC16bootload/

[N PIC downloader 1.08 =) =]

File [TEST HEX Search [FZ] |

Fort [COM1 =] [19200 ~| Bd I~ EEFROM

ISearching for bootloader.

Info

{Raite TFAT Y Cancel [ESC]I

= 2000 EHL elektronika. Petr Kolomaznik
http: A A vavary. ehl. cz/pic FREE“WARE

CHAPTER 5

PIC ISIS
SIMULATION
APPLICATIONS

APPLICATION 1
PIC COLOR SENSOR

ISIS CIRCUIT SCHEME
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DETAILS OF THE CIRCUIT

Reads the color of the surface
from the distance between 5-
40mm. Three colors
(red,blue,green) can detected
and shown on red,blue,green
indicator LEDs.

Red,Blue,Green LED diodes
emit lights, and the reflected
light read with LDR. LDR
output is converted to a digital
value using ADC channel 0 of
PIC.

‘4 MHz clock
'8 bit A2D
'ADC Clock Adjust (rc = 3)

DEFINE OSC 4

DEFINE ADC_BITS 8
DEFINE ADC_CLOCK 3
DEFINE ADC_SAMPLEUS 50

ADCON1 =2 'PORTA is analog input
INPUT PORTA.O

TRISB=0

SYMBOL VERI = PORTA.O ‘Analog Data

SYMBOL REDIND= PORTB.3 ‘Indicator REDLED
SYMBOL GREENIND = PORTB.5 ‘Indicator GREENLED

SYMBOL BLUEIND = PORTB.4 ‘Indicator BLUELED

SYMBOL RED = PORTB.0
SYMBOL GREEN = PORTB.1 ‘Scanner GREENLED
SYMBOL BLUE = PORTB.2 ‘Scanner BLUELED
DAT VAR BYTE ‘ADC out

DAT_R VAR BYTE

DAT_G VAR BYTE

DAT_B VAR BYTE

‘Scanner REDLED

CLEAR CALL ADC_RD
MAIN: DAT_B= DAT
CALLREAD_VAL | LOW BLUE
GOTO MAIN PAUSE 5
READVAL: IF DAT_R < BILGI_B && DAT_R < DAT_Y THEN
HIGH RED HIGH KIRMLED
PAUSE 5 LOW MAVILED
CALL ADC_RD LOW YESILLED
DAT_R = DAT ENDIF
LOW RED IF DAT_G < DAT_B && DAT_G < DAT_R THEN
PAUSE 5 HIGH YESILLED

LOW MAVILED
HIGH GREEN LOW KIRMLED
PAUSE 5 ENDIF
CALL ADC_RD IF DAT_B < DAT_G && DAT_B < DAT_R THEN
DAT_Y = DAT HIGH MAVILED
LOW GREEN LOW KIRMLED
PAUSE 5 LOW YESILLED ADC READ.

PAUSE 20 ADCIN VERI, BILGI
HIGH BLUE ENDIF RETURN
PAUSE 5 RETURN

RGB VALUES

COLOR RED GREEN BLUE
GLOSSY RED 3.14V 1.23V 111V
DARK RED 299V 145V 136V
DARK MATTE GREEN 224V 289V 311V
LIGHT GLOSSY GREEN 127V 3.78V 337V
MATTE GREEN 151V 3.44V 239V
LIGHT MATTE BLUE 111v 2.84V 3.24V
MATTE BLUE 123V 287V 317V
DARK GLOSSY BLUE 222V 257V 3.36V

APPLICATION 2
RF CONTROLLED MOTOR

433,92 MHZ
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CMCON=07  ‘PortA

INCLUDE “modedefs.bas”
OPTION_REG.7 =1 ‘PortB Pull_Up Active
TRISB = %11110000

TRISA = %00000000

K VAR BYTE

K=0

PAUSE 500

Serout2 PORTA,0,16780,[REP$AA\5, REP$00\REP$FF\5]
; preamble + Synchron Sending
MAINLOOP:

IF PORTB.4=1 then K.BIT0=1

IF PORTB.5=1 then K.BIT1=1

IF PORTB.6=1 then K.BIT2=1

IF PORTB.7=1 then K.BIT3=1
SEROUT PORTB.7,N2400, [254]
SEROUT PORTB.7,N2400, [K]
SEROUT PORTB.7,N2400, [192]
PAUSE 16

K=0

GOTO MAINLOOP

Antenna

tarux-zatij

12345

S [
] -
PICT6Fb28A

CMCON=07 ‘PortA
TRISB = %00000010

DEFINE HSER_RCSTA 90h
DEFINE HSER_TXSTA 20h
DEFINE HSER_BAUD 2400
DEFINE HSER_CLROERR 1

LEFTFWD VAR PORTB.3
LEFTREV VAR PORTB.4
RIGHTFWD VAR PORTB.5
RIGHTREV VAR PORTB.6
K VAR BYTE

ERRCHK VAR BYTE
PAUSE 250

MAINLOOP:
HSERIN [WAIT(254),K, ERRCHK]
LEFTREV=0; RIGHTREV=0;
RIGHTFWD=0; LEFTFWD=0;

IF ERRCHK=192 IF K.BIT3=1 THEN

THEN RIGHTREV=1
IF K.BITO=1 THEN ELSE
LEFTFWD=1 RIGHTREV=0
ELSE ENDIF
LEFTFWD=0 ENDIF
ENDIF
PAUSE 10
IF K.BIT1=1 THEN GOTO ANADONGU
LEFTREV=1
ELSE
LEFTREV=0
ENDIF

IF K.BIT2=1 THEN
RIGHTFWD=1
ELSE
RIGHTFWD=0

ENDIF

REFERENCES

O www.microchip.com (Official website of the PIC
manufacturer, PIC16F877 datasheet & some application
notes are avaliable)

Q http://www.microchip.com/ParamChartSearch/chart.aspx
?branchiD=1002&mid=10&lang=en&pageld=74

O http://en.wikipedia.org/wiki/PIC_microcontroller

Q http://www.jpixton.dircon.co.uk/pic/

Q http://www.oopic.com/

O www.antrak.org (Ankara amateur radio society website)
O www.eproje.com (Some applications in Turkish)

O www.picproje.net (A discussion forum on PIC in Turkish)
O www.elektroda.pl (A discussion forum on PIC)

O robot.metu.edu.tr (METU Robot Society website)

Q http://www.engr.mun.ca/~msimms/pic/ (code archive)

Q http://www.workingtex.com/htpic/ (examples)

REFERENCES-2
Qhttp://www.olimex.com/dev/pic-pg2.html
Qhttp://sourceforge.net/project/downlo

ading.php?group_id=599&use_mirror

=heanet&filename=sdcc-2.6.0-

setup.exe&40589420
Uhttp://robot.metu.edu.tr/index.php?link=5
Qhttp://www.tomshardware.com.tr/howto/20

050909/index.html
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C and bootloader links

CCS PIC C Compiler

— http://www.ccsinfo.com/

CCS PIC C Compiler Manual

— http://lwww.ccsinfo.com/piccmanual3.zip
Bootloader Code (that resides on the PIC)

— http://lwww.workingtex.com/htpic/PIC16F87x_and_PIC16
F7x_bootloader_v7-40.zip

Bootloader Program (that resides on the PC)

— http://www.ehl.cz/pic/
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