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€ Embedded Controller
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CPU core

Program Memory ( ROM /OTP ROM / MASK ROM / FLASH )
Data Memory (RAM )

Data EEPROM

1/0

Fﬁﬁrﬂj » YIADC > PWM > TIMER > 12C » USART ...

TPy (Watch Dog) - %ﬁﬁlr{ ({1 ( Brown Out Detect) > [X th,*
B3] (Low Voltage Detect) - 7J>'[ JFFB;:[ 1 (Internal RESET)
LCD Driver
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PICmicro® MCU Z{ 7=

¢ =7 RISC Microcontroller F“fﬁ%"
ﬁ' ¥y PICmicro = jg) RISC Microcontroller

pfﬁ%lh B = BIHVE ’F'&Fw[ﬁ\ ;

> {fi"] Harvard Fh,a»i “7«{'7[‘%
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> 4\’@” TR = H - G [ 5

> ?LT;#F', .J_FTT'E,VJJHL» |
E’ﬁﬁﬁ‘&] £ “Single Word”

> Long Word f JEF", g ﬁ?

> FRETRA R gl?ﬂﬁ b
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PICmicro p~45ie i
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PIC fE[l E'] Harvard Architecture
Von Neumann (— 3#MCU)
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> REP VRIS R b v R
g—

> R AR R E IS ] R R
= o L
H/ I'|® Data > MCU fuli[esssk ST by 7 o

8-Bits / Memory

Harvard (PIC Micro)

(R E TR Tt TRl 1S 2 =2 it v ZUAR O AT
PR

> i—g?ljl:lli_’zﬁjgﬂ{g“jfjj\"#‘:
> FEMCUR % TR F'H@F”@«“ﬁt'ﬁ

12/14/16-Bits eaniey
Program =R rﬁlﬁﬂ

Memory
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A0 PICmicro Architecture
VHSRASHIE XN A (Long Word Instruction )

o I TETR S IO o [ PICmIcTo i

= J CTRINEN Fﬁﬁ%’?ﬁ J’ zl\J;F, E “F'LT’@

¢ PICmicro *F' PR EY 12 - 14 or 16-bits » 7 EL— ffH
Instruction Word » &j— ?F,—?J F,l['|JT~ i Word (16Fxxx)

¢ PICmicro fueyf| &K Data Bus)F’”’@ii_ 8 bits

& I\ 5T PIC16FXxX =! ITFJ 2K x 14 words pVAHE= hﬁcll%“‘r*ﬁﬁ'p Y
;;ypq (SAH P P 4K SHRGERVMCU

& Hi- rr[JﬁFJF' J?Fl& 2 [EHIMCUPV R Jﬂ%ﬁfé L
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PICmicro Architecture
Long Word Instruction (con’t)

mov lw HImm<8>

P 2E— [HWord[]
S i

Idaa H#I1mm<8>

—
1000 0110

- %l?xj (HBytes &
o N s
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PIC Zif&

Pipelining

oS HITFIMCUR . F5-A OV AL
ERA TR A A el s
¢PICmicro fi*] Harvard ﬁ«%i' fg[ﬁ']jﬁprﬁ

(Pipeline)pigi {4 =t

®Pipeline Z | JE JJ:E“JV%:‘%HFI FIFE

\£iERi J%WE%F i E R

0?@:& TV RYE FTJ*F" (- GOTO, CALL 39
Write to PC) EJ[J”F*Z,TEIF’*J [CEERTRILE
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Instruction Pipelining

4 jc‘F', 'AJ AUV EE f?iL_[F,JEg(T 3 &Ry
IRIE GG

I
SRR

3 call  SUBL
4 addwf REG2

51 SUB1 movf PORTB,w
52 return

53 SUB2 movf PORTC,w
54 return
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Instruction Pipelining
i) T 74 4

movIw 0x05 I

fi 4y

] I

Fid YA

1 MAIN movliw O0x05
movwf REG1
call SUB1
addwf REG2

I
o

3V

wiInN

51 SUB1 movf PORTB,w
2 return
53 SUB2 movf PORTC,w
54 return

01
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Instruction Pipelining

MICROCHIB Fe - VEREVY j’ﬁh”r‘%ﬁ‘l&

J
movwf REG1

fi 4y

I
ATPE
BRI

3 call SUB1 FlTy

4 addwf REG2
2
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Instruction Pipelining
IV R

g4y J
addwf REG2 call SUB1

fi 4y

I
Al
3 call SUB1
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Instruction Pipelining

5 4 B E )
movf PORTB,w call SUB1

fi 4y

I
B[R
3 call  SUBL EEIEER - o5 I#r%@
"4 addwf REG2 RIS

51 SUB1 movf PORTB,w

52 return
53 SUB2 movf PORTC,w
54 return
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Instruction Pipelining
i

TR El

fi 4y

I
Al
3 call SUB1

51 SUB1 movf PORTB,w

52 return T
53 SUB2 movf PORTC,w
54 return
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Instruction Pipelining

0541

fi 4y

I
AP
3 call SUB1

51 SUB1 movf PORTB,w
52 return

53 SUB2 movf PORTC,w Y
54 return
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Instruction Pipelining

FEHRIV i)

fr47
add REG?

fi 4y

I
BT
3 call SUB1

52 return
53 SUB2 movf PORTC,w
54 return
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MOVF PORTB,W

001000

0 {0000110

Instruction Reg

001000

0000110

PICmicro Architecture

PIC16Fxxx mjﬁ[ﬁj slil

| MOVF PORTB,W *P!E;[;
PORTB fi9[*|%

1 & IR I}J e Py ey

j:

STACKnN

RAM Addr
Indirect Data
Address

Direct Addr N oooo110

001000| 0

MCLR Instructi
Y=Y Decode &

OSC1

0OSsCc2
NP
M Generation

A
ﬂ’
Reset
Watchdog
Timer

Timer/Counter

I/0O Ports

01010101

Peripheral(s)

Reset
OSC Start
-upTime

01010101

v

‘I

N
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Data Bus

>'
o
D
Q
0
@
o
o

Data Memory

|
Oncoie o adaress

RN J T Skl

ORISR
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H | Register File ffs4.

T B3 (Register Bank)
E[[éﬁt‘t/ Jﬂ&?ﬁ— %I;r\:_ﬁ:vﬁr ;:,J
ﬁ%ﬂ* %88 (SFR) Bt Y
o FE| IR (Y ¢ 1/O) Fuig{E
E’F’?J A

® (I~ M= Axplip ¥
=LY Reglster File f er’F‘[
ﬁt’)}ﬁé e

e Long word Elfjjcﬁ-ﬁggf,’.}ﬁgij
= R AT O
HHET = i word AT #
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RAM F4575 %

WMIICROCHIP

¢ SFR : Special Function Registerﬂfﬁ’ﬂﬁfiﬁiﬁﬁ%g
> TR Y rloﬁfgﬁé‘ébﬂ} Fﬁ;é‘é

¢ - MY RAM

¢ Y| RAM : Share Bank RAM
> Share RAM | ﬁ[ﬂ% EOE=

> PIC16F887A | 16 Bytes Shard RAM - B{ [ -
0x70 ~ OX/F

» Bankl OxFO ~ OxFF > Bank2 0x170 ~ Ox17F > Bank3
Ox1FO0 ~ OxlFFqﬂ“ @l #jEZ|| Bankl1 0x70 ~ OX7F

» Share RAM Fn#\fBank EILF’J}y , ﬁﬁflﬁlﬁrﬁrﬂp N}
FEEEIRI J@Eﬁnﬁ =
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Data Memory Z{

PIC16F876/877 Register File Map
368 Bytes of General Purpose RAM Plus Special Function Registers

080h 100h 180h

10Fh 18Fh
110h 190h

128 Bytes

GPR GPR GPR GPR
96 Bytes 80 Bytes 96 Bytes 96 Bytes

OEFh 16Fh 1EFh
Share Bank Share Bank Share Bank Share Bank
70h — 7Fh W=="W 70h —7Fh y=" 70h—7Fh == 70h —7Fh \ 4

Bank O Bank 1 Bank 2 Bank 3
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micmoci SER A= T B

Bank O Bank 1 Bank 2 Bank 3
INDF INDF INDF

TMRO OPTION_REG TMRO OPTION_REG

PCL PCL PCL PCL

STATUS STATUS STATUS STATUS

FSR FSR FSR FSR

PORTA TRISA

PORTB TRISB

PORTC TRISC

PORTD TRISD

PORTE TRISE

PCLATH PCLATH PCLATH PCLATH

INTCON INTCON INTCON INTCON

PIR1 PIE1 EEDATA EECON1

PIR2 PIE2 EEADR EECON2

Device Specific Registers
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PIC16Fxxx Mid- Range
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® i 8-bit i

PICmicro Architecture
IR 3 AR

f{ %El\f (Literal) [fi % ¢ )Eé‘#F‘}—,&JEI’:J

J

blt 0 = bit

fil &7 i

@%l)}?ﬁ\{é’

Fl

s

retlw,, =

) OP Code}[j

\W Btz

|
e 4 ey

Y[l mov

5 e 5

BT EL 38 TR

w, addlw,

OP CODE
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A PICmicro Architecture
' EPRIERRGR © e S

Mid-Range (14-bit ij JPIC) FILJ:J |[4F,Ti} é&’?ﬁgt 128 Bytes
PIC16Fxxx iy ~DATA RAM | £ 4 {[# BANK (512 Bytes)
T}*[qllﬁl?ﬂpﬁ“& Fib 1HE%, 9 bits

7-bit fu b 3 5 E’lﬁ"ﬁ', ,JHI

2-bit {11 STATUS S /8t - I') i R0 4 [ BANK

IRPRPIRPUTO PD} 7 .DC) C JOPCODEL | f 1t f 1 1]

EISTATUS

HF i By 1) -
I 4 - P | L
Em 2 bits 7-bits A3l 1 4 G H

Zxannnonnn

Microchip Technology Taiwan Slide 28 101ASP




& R

MOVLW
ADDLW

e
MOVWF

MOVF

Microchip Technology Taiwan

h’80’
h’3F’

h’80

h’80°,W

. =47

.—;-r“

- &)

- fj” Bl 0x80 &b WFI—?*T;%EHI
A )@ Bl OX3F 2= W AEp > EL5H

[T W TZ«%E,HI

A W T Gy [lpJ[ il
LLPOXSO v R I\/I FE

}[ﬁj RAM i 31-0x80 Fi[*| FLHE'ETS”
UW Fi —J-%EHI
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A PICmicro Architecture
RO =HIS PR RERG © fele S

¢ Mid-Range (14-bit PIC) f J*mlv[rﬁt' I‘ELPE' E( ¥ HHEG 9 bits » 8 A bRl L
512 Bytes ( 4 BANKS)

¢ 8-bit puikiiHTT FSR (File Select Register) /&#

& FSR [i'#ilfit 256 Bytes fUdi-f s (2 BANKS)

& EFERHHYBT O R T STATUS pY IRP bit ﬂﬁjﬂ

RPIRPLRPOITOLPDY 7 JDC) C.

1-bit From

STATUS
Register 8-bits From FSR

EAADEDEnA
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PICmicro Architecture
*rﬂf%'[f‘r%% - [EE Ay i = &S]

® JEIAFNIAF1-0x20 to OX7F Elflg}'ﬁl?f*@%'é'
O EF%TEE?H%’ it RS FSR [
FNDF PP RYET BT (Operand)ps, #: FSR

¥
P B TR 2 Y RLE TR R

Data Memory

INDF mov lw 0x20
movwT FSR
FSR =20h cirf INDF
inct FSR,F
btfss FSR,7
0000 0000 goto LOOP
<next 1nstruction>

0000 0000
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A0 PICmicro Architecture
MiereEe  AEFEIRIR: AR RS (PC) puaeisyEr

L CALL K GOTO =~ ﬂﬁjﬂ#ﬁ ﬁ

F5FlidsE PC (Program Counter) < R 1elsAd =4 prusgh = &b ik
CALL A1 GOTO fﬁ—ﬁ@ K 11-bit r’ﬂjiﬁ?ﬂ)ﬁ?‘fﬁ—ﬁf[[ » Kl
Bl Ty 2K A Al (R R Y 8K (AT 1

] bit 12 & 13 puiR)
+'lﬁfﬁ‘[% i 2K FUAE VR AR 33%5‘6% PCLATH pJ] JF’\
MOVLW  (HIGH) TARGET ADDR ; ZV{fl bit 12 & 13 i i

MOVWF  PCLATH . i PCLATH [
CALL TARGET_ADDR | £ 13 bits [ 3-8k A1)

OP CODE
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P PICmicro Architecture
e ‘“‘* R PR RdS (PC) pumeisf i

e ?F[&J “PAGESEL” ' I' = “’jjr%i Program Page * {Zd5
PCLATH %’?‘ Sr i
o ,'ﬁh Call 7y Goto fiuith = 2K pv Page Al 9 F&j et
fgﬂ\ Fil— Page - " *'] PAGESEL F{Z 7 = frrsE!
O |’jﬂ/[l fel ] v i G- TARGET_ADDR
> IFBFI _l\ ”Fl j%jc*“‘
PAGESEL TARGET_ADDR
CALL TARGET _ADDR
> ﬁ'?ﬁ'ﬁ?
MOVLW (HIGH) TARGET _ADDR
MOVWF PCLATH

CALL TARGET_ADDR

Microchip Technology Taiwan Slide 33 101ASP




PICmicro Architecture
AR (PO) fOHS it (f %)
S Fpuss i iH(High Byte) fi” PCLATH.
"’ low byte ¥y * PCL - i/[lLl%[fj’ﬁFl@Ijﬁ{lS-Bit i
BV EPEA SR (PC)

+ IS5V PC [y
> PR REEV PCL Ml E]
PC v Low Byte
> F7V PCLATH El%ﬁj@'
iﬂij\ﬁfﬁ _jiﬂ*"glfl’lﬂ\ i~ PCH
Y fEr (Bit 8 - 12 of PC)
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PICmicro Architecture

v el
IVIII_I-II_ll_I'III-' T‘E i_':d“’_
0x10 - 4 -

Continue

SevenSegmentDecode

addwi PCL,|

rettw B’00111111’

rettw B’00000110’

rettw B’01011011

rettw B’01001111

retiw  B’01100110°

N

retlw 801111101
retlw B’00000111’
retlw B’'011111171°

retlw B’'011011171°
Continue

Microchip Technology Taiwan

‘decode O
‘decode 1
‘decode 2
‘decode 3
'decode 4

,decode 7
‘decode 8
‘decode 9

— (Relative Addressing)
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PIC16FExxx MCU Architecture

Interrupt Overview

WMIICROCHIP

o BT AT AT
> BTHTE| fﬁ JF" Hl%’rl\/lCUFlJF
> EJ £ 1/O psgh = )[Fﬁﬁ&ﬂl'ﬁ)ﬁ"ﬂfk (PORTB)

U B AR R RE ] TR 2R Y (R
> SRV A mﬂﬁmsurm,
ﬁgﬁﬂb il r,oﬁpuf[l'ﬂrﬁ ﬂﬁrunﬂﬁ
G R R PR SLEEP SRS PIC
F I kT, 3 (i cycle
> R BL T 2 R
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PICmicro MCU Architecture

WMIICROCHIP

Interru

@ PICI6CXXX @ 12MHz

> - ?Fl 4 ﬁbf‘_fgiﬁ\

7R =

Int_Srv:

MOVWEF  tempW
SWAPF  STATUS,W
BCF STATUS,RPO
MOVWEF  tempStatus

Microchip Technology Taiwan

1 or 2 cycle

; word/cycle
0/3
1/1
- 1/1
1/1
1/1

Slide 37

nt Comparison

® MCS-8X51 @ 12 MHz
® - ?ﬁ%ﬁl 1to 4 cycle
® fri1) "l =

clk/12

, byte/cycle
Int_Srv: ; 0/3to 9
PUSHPSW ; 2/[2
PUSHACC ; 2/[2
MOV PSW,#08h  ; 3/2
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ey PICmicro MCU Architecture
B Interrupt Comparison (con’t)
o FHTEITHA SR
PIC16CXXX MCS-8X51

:cl[ 4 7

S
%LLWL (mln) 3cycles/1.0pus  3cycles/3 ps
[ 18 J%(max) 3 cycles/1.0 us 9 cycles/9 us

| 'g’TF“ 137 %‘Eﬁ&: 4 cycles/l.3us  6cycles/6 ps

l’?—ﬂj:%ibﬁﬁﬁ 7 cycles/2.3pus  9-15 cycles/
9-15 us
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M

MICROCHIP

Bl E 4%

APPO01 3 # &c F 2%
MPLAB IDE v8. xx
MPLAB ICD2, ICE2000
MPLAB Real ICE
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J6
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L
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v
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i
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e

Ny,

o

(™
LY

i
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» 2

- 0

e

$: - M
- | e E

301

€
=l

|.l

ﬁwﬁﬁﬁﬁ PORTD LED
Microchip Technology Taiwan

2 X 16 LCD Module
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LU

Y

FEAAREARR AR R

- ..
1 gkl

ICD2
Connecter

|

DOo0C000C000O0O0O00000O00000
000000 RoUIst T FooN0O 000
or- __uo0OuvuGoUoOoOoOGOOoO00D0
0OO0000C00000C00000000C00
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18 0,0000000C00000000 g3
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APP001 ‘Eﬁ'ﬁﬁﬁfﬁ:

WMIICROCHIP

W PICI6F8T7A [ A HIEAVHIE i W Al BIfes 450
40 Pin i PIC16FXxX== PIC18Fxxx r’ﬂ“fﬁ'?&’
= MPLAB-ICD2 ¥ , T FIAEf | Header Board il
[ R A E e

> LCD Module , #4857 > 1°C EEPROM » 1°Ci % &2V

> SPI » RS-232, RS-485, CAN Controller

> AD i, PWM = 1/0 §21i]
101ASP BUAHf P Y2 BIFWF

> PORTD *[I'[#7fl 8 & iy LED

> RAO : ffi B 5V i B B i (ANO)

> RA4: [{iH P H A (SW3)
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4

4
4
4
4
4
4
4

\ 4

Microchip Technology Taiwan

i

MPLAB-IDE ﬁJH:) if

A@F'Liﬁ:‘i&ni'é‘gﬁi?&'/fﬂ
PIEBE f

FRE[HI R RSN (Project )
%ﬁjﬁ!ﬁ@ﬁ@ﬂ;@gﬁ . fiEds

El

AR

ﬁﬁﬂﬁiﬁ%
=k F;H”A—x @F{ﬁn:«

iﬁ@ﬁ

L[E‘%

< I\/IPASI\/I MPLINK
L ¥ C compiler

Slide 42

® fﬂﬁaﬁééﬁ: £
ICE2000
Real ICE
MPLAB ICD2
MPLAB ICD2 LE

PICKit2 Debugger

& FHTVESRT =
> PM-I111
» PICSTART Plus
» MPLAB ICD2
» PICKIT2 Debugger
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MPLAB IDE - # 4 ;¥ g8 B 8 %

lleI_HI_Il_I-III-'

MPLAB®

Integrated Development Environment
B i J"‘u‘[lr:ﬂ:ﬁ %I@:‘N
Wﬁi PR

1) Ry
= A= I = — T
i PR M PR R g s
Compilers
MPLAB SIM IAR, Hi-Tech,
Sofware CCSs,

Simulator ME Labs,
Green Hills

MPASM™
Assembler

- Real-time Operating
™ | Systems
MPLINK CMX, Vector,

MPLIB™ Realogy, Express
Logic

MPLAB C18 Live Davitae o
ive Devices,

MPLAB C30 Momentum Data

MPLAB C32 Systems

Uniquely supporting 8, 16 and 32 bit MCUS within one integrated development Environment!
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MPLAB - ICE2000

WMIICROCHIP

¢ LERTE| PICmMIicro® MCU #7[[HItsiE-
& 2R I

> Up to 25 MHz ( PIC18CXXX )

> }[é]’"éj‘sbj;‘/? 40 Mhz I']_FasAs%:

¢ I ERE fﬁ%’ﬁkﬁﬁﬂ B
> ®&Z= 25V

¢ == PC [fi¥] Parallel printer port py il =1
¢ Software programmable clock (i MPLAB-IDE [ IF @l

T L)
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MPLAB - ICE2000

WMIICROCHIP

& AL [0 Trace g2
> }[ij’ Fl l%%‘%@wﬁ'ﬂﬁé‘ internal registers/RAM

» p'I'] Trace internal registers/RAM

> 32K * 128 bits Trace Buffer '] 5 Logic analyzer
> F ﬁ—él%&%ﬁm[ﬁmp JEﬁF 7[@:& ( Time Stamp )

€ Four level conditional break/trace/trlgger
& [ AEER R R RS e R

(Time between intervals)
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MPLAB ICD 2

WMICROCHIP

<8 FS-USB /7 i

<8 PIC16F ¥I£! £ ICD ojs

f= MCU fiufiséh

<42 PIC18F » PIC24 > (

dsP1C30 » dsP1C33 & PIC32 B " Dty

1!1!1!@31*@&?&& 29
IHEEEEEP” WA

fl Sk g Eff HEh ST \BRLREF

T

1— 1—17{@@@[ JE’ %ME%%T
32K Bytes (P1C18F4520) pv |nC|Udé§%B

RSV 3 P Rk

L ==
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Real ICE &L 7% [icljp

S ~® = TR T " L
MPLAB; REALEIGCEEINEGrCUEmulator
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[HGR 1CE 5 /o~ FHIR

B
’ :‘jT%ﬁfifP?’* F fﬂ Jfr Ty HEER
ﬁﬁﬁ%*%ﬁ%ﬂ@%
g CPU/FE S i3 20MHz [T VL]
» ICE dfFRpumsUi fhEE==n (4 Vel J%"f? 2
> ICE Fiff
@’%’”@E‘I%’ lf

ng‘ h}ﬁl %ﬁ. @ﬂi/ﬂ%fﬁlﬁi‘ H IS - FPGA &
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REAL ICE -

o g I
> = gf’—‘,“& MPLAB IDE pfjﬁi?;‘fﬁ
> BHISERUA N i (D
Hl'ﬁ“%ﬁjﬁ"
> BT RO bR
> FF L]

* Run » Step into
« Halt « Step over
 Single step * Reset

Microchip Technology Taiwan
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REAL ICE i%ﬁﬁﬁjﬁt

€ Advanced Features

> Breakpoints (ff EH&V{I?BH lﬂhr%

> Stopwatch (A=Y SR i)
> Real time watch (J[Jfs ‘@E‘\T@ﬁ?ﬁﬂ)

> Trace (3%
* Program execution (zEIHERE =V $#7)
» Variable values (:f1Z5erElo ()
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REAL ICE ﬁJH

B

PIC10F
PIC12F PIC24H
PIC16F PIC18F |dsPIC30F| PIC24F | dsPIC33F
Run, Halt \ \ \ v v
Single Step \ v N \ v
Hardware Breakpoints 1 1-3 1-4 1-6 1-6
Peripheral Freeze on Halt \ \ \ v v
Break on Data Fetch or Write () V V v
Break on Stack Error \ - - -
Stopwatch () \ \ \
Pass Counter v \ \ \
Break address or data match v \ \ v
WDT Overflow (V) \ V V
Real Time Watch () V v V
Software Breakpoints 1K 1K 1K 1K
Trace Data and Program Flow v N \ \

Microchip Technology Taiwan

Slide 52

101ASP




MICROCHIP

& * MPLAB IDE
v8. XX
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Yp I [f1*] MPLAB IDE v8.xx

WMIICROCHIP

4 F—a\E' MPLAB IDE [E{F' SME ﬁ%‘iﬁﬁkﬁj :

» MPLAB IDE User’s Guide

> “‘www.microchip.com”
¢ ICD2 T i[lﬂ[lff?%%:& USB E@E"J@?“Bfﬁl M|

> WEIICD2 RSRHY » i3 5¢ 1CD2 HEREE" » HERIEI™ -

» C:\Program Files\Microchip\MPLAB IDE\ICD2\Drivers

. %g{iﬂ;ﬁﬁ?&ﬁjﬁ*} clnicd2.htm & ddicd2.htm % 1" |V R

> 52' (= > [ 1CD2 Vi~ ERIRIFE= MPLAB IDE AE[FPS # pupy (B 55

n’f'?“ =" (MPASMWIN.exe) :
> =g MPLAB IDE #! » 3585055 ik’ (fi 2] MPASM 7= 3388
» C:\Program Files\Microchip\MPASM Suite
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s 42 MPLAB IDE

¢ 45t MPLAB IDE = H 2
> V=P EEEASEY MPLAB IDE > %Tfﬁugcztﬁjufﬁ FLi& EANAH
FRF| VA A o Jﬁ:t?' N EE= 3 (R & Sl [
FFERRRER
> — JEEED ST Microchip [P REpVEE &
> I o EEIG5E 1ICD2 v USB EBEI A
> YN E| M| Real ICE Bl F | SERREIAEZ
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File Edit View Project Debugeer Programumer Configore Window Help

@HI.&hilé‘ﬁ’Hﬁm”@:‘?_ = 1 2 Bl

= [C \ClSMn&veMnﬂ\Ex# mecp]

iy C e 448 5%

i plSLCD_EEIl i

Hes.der Files unsigned char J3et BCD ASCTIT junsigned char EBCD Data)

- Object Files {

i Library Files if (ECD Data==0]

= Lmker Heripts g -
. 18£45% Tkr -

if (D3 _Zero FLG) return
el=e return .

q

Build | Find in Fil=s | MPLAE ICD Z | ;

Copyright (€) 2002 Microchip Technology Inc. fl“
Errcrs 0 )

D3 _Eero FLG=0:
return [(BCD Data +=

ME2IHEX 3.10.06, COFF to HEX File Converter
Creptrdght () 2002 Microchip Technology ne,

Brrors 0 : '&i‘:’ L?é‘?g\!%

l,.-'l,.-'wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

F4* Function: ] E'

Pi-ﬁ%l _|;| et [ addser ”.-’-'-.DI:IIINEI ~]  Add Symbol|[_parameter_1
»
|

I" I Lddress I Syvmbol Name I Value

=18 x| nlal=t= AD Temp 03ES
[mIuE=F: b Zero FLG oo

ooso = LCD MSGZ "A/D Value——> ™
OF L0 PIEZ oo O oooooc qoso i

OFal PIER:Z oo u] I:II:II:II:II:II:'_I oos1
OF Lz IFERZ iF 31 000111 onss
OF LG EECCN] S0 125 10000C onss
OFAY EECCNZ oo O oooooc O0Sg

OF A& EEDATA %r—’- % @ - (ulafululu]u S %&ﬁ;‘i g Ze

arF a9 EEADER } l;- " EITF I:IIIIIIIIIIIZIE“r ooss Jan %‘E" &
: | ﬁ I‘W’atch‘l WatchEI WatchSI W’atch4|

|MPLAEI ICh 2 iPIC18F452 ipc:ElxdeE |W:I:Ix39 !n ovzdoo H ¥ 7 { | = |

L
x

Leoaded 01 BhAnsveriiined Hid oof
BUILD STUCCEEDED

3FR LN=ane Decimal I Einar -
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?%‘E*J MPLAB IDE

¢ % MPLAB IDE f¥ RUE [ H=Y s S
EJFTJ " Fjﬁlj:lﬁ J J I:|
MPLAB IDE EI\J[EBE'F ] o
» MPLAB IDE User’s Guide

» http://wwl.microchip.com/downloads/en/DeviceDoc/
51519B.pdf

¢ {{I*] MPLAB IDE 53385~ = E?f] ) AT S
- I[E{EJ‘ B A% Project - @3 Project |~ LAY
SN
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e Eﬁi"ﬁl £l ( Project Management )
¢ MPLAB IDE ﬁﬁ%iﬁﬂ?*%ﬁﬂﬂﬁﬁﬁﬂ%ﬁ%
L[ 1] MPLAB IDE i » S — i
Project -
& Project Y3 ¢7E8RL xx.mcp ﬁﬁf%i’*w =g
o [fil= M E T [FraesE! e

—

¢ - (i Project r:fagﬁggg}r PRt
> EFFJELT@F‘FI[’ A s
> ﬁ'%ﬁﬁ(ﬁ@ &7 - ,»j,f.ﬁ-[l
> AHIR R RV
o ETFF}%”%'S Elff%%&“z%q_»
¢ '] Project & 4. H;qﬁh Iﬁﬁmllﬁf&?ﬂ% T
PV AUSERE s Sy
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Y -

fE[l HI MPLAB IDE
g “»FTEWEJJ %" ( Project)
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TTE MPLAB® IDE #

lleI_HI_Il_I-III-'

B R A
«» MPLAB IDE v8.02 g@@

rogrammer  Tools  Configure  Window  Help

‘ checksumOx261f
m Output g@@

Find in Files

iles | ¥ Symbols
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15— i New Project #:

WMIICROCHIP

¢ F{|¥] Project Wizard @& — {fst New Project pu+ & :
> Project Wizard &= Project EFJELT

File Edit ¥iew i ehugeer  Programmer Tools  Configure
O &=

Ope...

Cloze

Set Active Project

COnickbuild (o asm file)
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Project Wizard l%{_

lleI_HI_Il_I-III-'

BRI [FUF (F £ - PIC16F877A
L;%T“ — 2! : Microchip MPASM Toosuite
> e I\/IPASM ;ﬁ'ﬁ“* ! YER T S ERAY (MPASMWIN.exe)

Project Wizard

Step Two:
Select a langnag

Active Toolsuite: hicrochip MEASK Toolsuite

Toolsuwite Contents

MEPASKM Assembler AW, exe
{ n_t Llnl-::.Eer alink.exe)

[ ] Show all installed toolsuites

B
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Project Wizard

lleI_HI_Il_I-III-'

¢ I%*i—_ Project pufdis s m=s £

Project Wizard

Step Three:
Create a new project, or reconfigore the active project?

(®) Create New Project File

CARTCV _ASFYAex]ex].mcp

| <t—#® | [ T-#w-]| [ w8 |
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Project Wizard F T WS

¢ }[?]’ exl.asm [I* Project #!

Project Wizard

Step Four:
Add existing files to wour project

=1 RTC ~ A CARTCL01_ASP AexTex].asm
= [0 101_ASP
=1 Aexd
ex].asm
ex1.CoD
ex] HEX
exl.mep
ex].mcs
exl.mow
ex] mptags
ex] tagsro
w0 Aex1l
w1 Aexh

| <t—#® | | T—#w-]| | #E |
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Project Wizard F%—

¢ Project g -5l > ﬁ.’fgﬁi :

Project Wizard

Summary

Click "Finish' to create/configure the projectwith these parameters.

Toolsuite:
File:

> will be created. and the new project added to
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WMIICROCHIP

TR

¢ F[|*'] Build All (Ctrl + F10) _h\r A
> Y[t \GFF[—«, ; %x %ﬁ?ﬁ?&lﬂf, RN
> TR R S R L
¢ F[]2'|Watch Window 3 <Al
® F E'JMouseElva*F ,%ﬁél%i\_'ﬂ l%r%!r
> FuvEReset > Run > Haltﬁfﬁ‘t
» Step » Step OverﬁJF"Z
> RAM > SFR EFJE%} A5 R R IR RLEVEEE R
> B T:'irf ?
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A- A= — Build All

File Edit ¥iew Project Debugger Programmer Teools Configure Window Help
S dh o 7 ‘ Debuc v o' =& E B @ | & £ Checksum0x98ch [ P

EE % = CARTCAV 01 _ASPVAex1lexl.asm

= [ ex1.mcp '
£ @3 cource Filss ckkkkkhkkhkkhkkhkhhhkhhhkhhhhkhkhkkkhkkkkhkkkkhk

[T ext.asm .
[ Header Files r Program start *
DObjEEtF”ES ;********‘*******************************

[ Library Files - 5
[ Linker Script org 0x00 ; reset wector

3 Other Files nop ; Reserve for MPLAB-ICD

clrw ;W =0

clxf PCLATH

banksel TRISD ; Select to bankl
clrf TRISD ; PORTC = OQutput
£ Fils [*2 Symbols banksel PORTD : Select to bank0
- clrf PORTD ; Clear PORTC

Build | version Control | Fifl> g ckkkkkkkkkkkk Main kkkkkkkkkkkkokkkkkkkkk
L 1Cdl L LA S

Erecuting: "C:\Pragram Fi
Izssape[301] CHPROGR
IVlessage[302] CHRTCO]
Loaded C:VRTCHIO1_ASPhWAexltexl.cod.

Debug build of project "CARTCHG _ASP Aex e | .mep' succeeded.

Prepraocassor symbol "__DEBUG' 15 defined. T ¥, '_' =1 Eg, “I'=J J
-

R M FE }'I\— e
| BUILD SUCCEEDED —
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E%‘Eﬁﬁli MPLAB-SIM

¢ PhE “Debugger = Select Tool > MPLAB SIM”
R O
File Edit Wiew Eroject Frogrammer Confignre 3indow Help

O = & Select Tool Ione
Clear All BMemory MFLAE ICD 2

- i 1) AnswerfAex

=1 [N 1k WEII'I‘:.EhEIDIIH].EH:I' i v MPLAB SIM b o e o o o o o o o ok o ok ok o o
- Saurce Files Step Into MPLAE ICE 2000 Exl  ASM
EKI.ELSTTI Step Crver _ ~ __im is for edit 1
Header Files R : a delay results on the LEI
! - esel
Obect Files : Please make sure that the
Library Files Breakpoints. .. :* switches in the ON positic
L:lT"IJ:iETSCT:I.DtE = e e he e ke e e o o o o ke o e ok o ok o o o o o o ok o ke o ok o
F— =topwatch list p=16F877A
] Stimulus #Finclucde <pl6f8T7TA .inc>

Eefresh FRA

Build  |Find in Files |

— : _ VAL US u .249
Deleting mtermediary fils Settings... VAL_MS ; 100

Erscutmg: "ChProgram Files'\WIPLAE [D count w11 0%20
bessaga[ 302 CA10 WOREKSHOPY D count_ms yu1 Ox21
Loaded A1 warkshop' 1) Answertfe 3
BUILD SUCCEEDED

« e o ol ol ol e e ol ol ol ol ol e e ol ol ol o ol e ol ol ol ol ol e ol ol o
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MPLAB SIM H Jﬁl?[:ﬁ ,,jjﬁt

lleI_HI_Il_I-III-'

T

m MPLAE IDE A % W
File Edit View FProject

Debugger Programmer Configore o ndow  Help

| O EW!EM%?J B v nHTR
8\Answer'Anstlexd c p~ 2 =10/ x|

- llil
ADCONObits. Go=1
while [ADCCONObhitcs. GO

Instruction Cycles 11351k
LB |
AD Temp=ReadlDC Time [mSecs) T9ETE
AD Result.AD 10kit=iD T

>

3etDCPWML (AD Result.aD | FrocessorFrequency  [MHz]
AD Result.AD 10bit>>=2

PORTD=AD Result.AD[O I Clear On Reset

1% mousetnt 4 f1# Stopwatchii
T 13 R £ P AR5 éﬁ =
B O
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Watch Window FIJ_[F;I

_A
s
—

WMIICROCHIP

¢ @ RAM By *E'ﬁ_ﬁz—,b #Epj
¢ lﬁj:[[ﬁ:r::: %—?Fb Elzﬂi@@\fﬁ T 7
¢ MPLABIDE ® £ £ Jl’i;jp Jﬂ@@(@%ﬁ]%ﬁ (View = Watch)

£dd Symbol

Symbhol MNane

AD Temp
o009 .h Do Zero FPLGx
OFES WE. El
OFS1 FORTE
(mhalet:! LADEESH
OFSE FIR]1

I Wwiatch 1 “Watch 2
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MICROCHIP

PICIb6Fxxx
7Sk I
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NOP
MOVWF
CLRW
CLRF
SUBWF
DECF
IORWF
ANDWEF
XORWEF
ADDWEF
MOVF
COMF
INCF
DECFSZ
RRF
RLF
SWAPF
INCFSZ

Microchip Technology Taiwan

14-Bits Core ?F]—?Jé% (35()

No Operation

Move W to f

Clear W

Clear f

Subtract W from f
Decrement f

Inclusive OR W and f
AND W and f

Exclusive OR W and f
Add W and f

Move f

Complement f
Increment f

Decrement f, skip if zero
Rotate right f through carry
Rotate left f through carry
Swap nibbles of f
Increment f, skip if zero

Slide 72

SLEEP
CLRWDT
RETLW
RETFIE
RETURN
CALL
GOTO
MOVLW
IORLW
ADDLW
SUBLW
ANDLW
XORLW

XX XXX X!

Bit clear f

Bit set f

Bit test f, skip if clear
Bit test f, skip if set

Go into standby mode
Clear watchdog timer
Return, place literal in W
Return from interrupt
Return from subroutine
Call subroutine

Go to address (k is 11-bit)
Move literal to W
Inclusive OR literal with W
Add literal with W
Subtract W from literal
AND literal with W
Exclusive OR literal with W

101ASP




Ay %yi}
( MO\I/F MOE/V\)F)

WMIICROCHIP

MOVF
?‘Fﬁ,#: MOVF f,d

(= ;”ﬁ*’l LIEJE“’*?%%E(I‘)
AP FL B I—F,r+%"é(W)

movf h’3A’,W
S 41-3A o TS B8 33
gﬁﬂ_. I—TE|T;'éE (w) FI[° °
A

39
3a 55h
3b

| 55h

= U= s

Microchip Technology Taiwan

MOVWF
i © MOVWE  f

AGD (BT Es (W) BT
f_‘_ﬂi [JFIJF[T:«%E(f) ﬁl

movwf h’3B’
(T B (W) IR A R
b JH-£ 3B ) F“F['—*%EH' *°
: TQ'#E

39
3a 55h

3b aah

AAh
CEIT A
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< E/\F?IQ \Eu
S ( DECF, DECFFS )

DECF DECFSZ
?‘F‘,Eﬁ' DECF f,d ?‘Fﬁi' DECFSz f,d
e %F‘?ﬁ,ﬂﬂi Priwa () P SR A S VT (f)FIJ
Y| FL? .&[pw [l (d) [j#‘?’ﬁ* % JF E(d) o HIER
_ T~ mﬁlLﬁﬁ:F/JfQ_T P "jﬁ
decf h’3A’, F i i7\ S R
G HE-3A e Eﬁﬁ,—?ﬂie%’é’ ’ J*ﬁ'iﬁm‘— £ i\\: lﬁi . T}ZJ ) @;ﬁ%ﬂ
- , Y AT \~J-:c»|:|*nll'
[l ] 0 £ 3A(16)Fl'*%5H' B i j
el

| h-1
o Sl decfsz h’3A’ F
3a | 55n/54n =54h

~—_ goto 7B ] 4%
3b

call  FHHNEHTFE
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WMIICROCHIP

BCF
¢ T :IBCF  f,b F BSF f,b
*  PfE: }l‘f{f”?ﬁ, I a8 () (e }l‘?”?ﬁ, I a8 ()

FlipvT (b) [ '+7u TEL 0 o FITAS ST

71 71
PORTA equ h’05’ PORTA equ h’05’
bcf PORTA, 2 bsf PORTA 2

}Ig] 310545, FIQJEFUT@%EI (PORTA) fY /E[E’J b 310544, ElijFUTTEf%E' (PORTA) pv

bit 2 ¥4 £3 “0” - bit 2 % “1” «

bcf h’3a’,7 bsf h’3a’,7
R 4i-Bag) PR Y bit 7 7ETR WK 6 Ji-Bage R ARV bit 7
tf uon %}"?\L}_iﬁi}, “1” o

j
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& it - ‘IEIJ%:E‘?%[}"[ T
SulEE IR (BTFSC, BTFSS)

BTFSC BTFSS
A BTFSC - f.b A BTRSS - f,b

(= RO 8 (1) P = R PP 3 (1)
H BT (D) fRE A P fij FlE H BT (D) fRE A P fij FlE
70T PIRERL A S T PCERLA S
o 9B °
But(b)j S 0" 1 HT - [l > But(b)j SR 1 T (i
A7 (1% #TE‘N > A (FREFTE ) -
bit (b) W “07 & ZPE™ [l 4 > bit () FHE <17 RS [ 6
F‘JE'%%F**- [ ERTIL MEEF T N R o U
RLFENHIR R [ ey o - RLFENHIE R Ry o
f31:
btfsc h’3A’,5 btfss h’3A’,5
goto  aFf P IHS 407 goto AR PEHT 1
goto  AFHPEHT <07 goto  FHNEHT <17
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ADDWEF
A% : ADDWF - f.d

Jﬁél‘p}l‘”’?ﬁ ST B (1) o
d | - (W)

= (B

TE“U'& R4 ﬁ‘iE'%F[ﬁ%E (d)

SUBWF
FriE o SUBWF - f,d

ﬁél":}l‘f’]”?ﬁ,ﬂﬂf?*ﬁ%ﬁ(f)pj
F"?F“H = EIEE RS (W)RVT
B HER ['iE'%F[a%g(d)
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I
( ADDWF , S IE[JBWFF

uﬁiip

GOTO, £AL , RETURN)

GOTO
?‘ﬁiﬁk: GOTO addr

PR (= SR AR SR A
—Lr‘f‘{ll—(addr)i A o

CALL
?ﬁii : CALL sub
841 22 TR B B
QAR JF 'P:E:L b HH (sub) ﬁmfﬁ
FITPEA -
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MicmaeHe oyl DDLW SUBLW |o L ANDLW )

MOVLW
A 0 MOVLW. - H3A’

e fL[éJ/FﬁE\-F” B ( 3A) #i
—xz‘ﬂﬂ #Flr_}é’g( )Hl

SUBLW
# SUBLW  H™3A’

}I”F T YT N (3A)R
T;%E(WF FL s El
— laFl"J‘%E(W)

e+

%4
%
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IORLW
E;t: IORLW B’11110000’

e }lﬁ”?ﬁ Lo (Foy
- [ r;%% (W) ﬂm firoR.

ate IJ T ET % 2 e
(W) o :

ANDLW

é# ANDLW B’000011171°

iE }lﬁ”ﬁyniﬂ Jﬁﬁ"r( OF )==
= t HEP%ET(W) ij';[# ‘é"[ Iﬁ;’;’;' D

ale IJ ANE2E) R
B - N
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A DR (- )
M B - B (A

® 1 3&HRA (Decimal); D'<1 SEHIBE 1> & . < SEHIEE ! >
> MOVLW  D’100’ 85 g 1004, to W Reg,
> MOVLW  .100 B3 Hi8 1000 to W Reg.
» Constl EQU D’200° ; Constl = 200 (H i%ﬁjﬂ)

& IR (Hexadecimal): H'<f + SEH{GE 1> & Ox<] + &gt 1>
& < + SEHIGE !> h
MOVLW H’3F’ 857 i 3Fu, to W Reg,
MOVLW Ox3F B HiBi 3F s to W Reg.
MOVLW OFEh 857 g FEq to W Reg.
Constl EQU H’5A’ ; Constl =5A (H #+ i%ﬁjﬂ)

>
>
>
>
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LCREE R R (D)
Bl ~ Bl ()R

—_—

= & (Binary): B'<I dEfIEE 1>
> MOVLW B’11110000° ;&% * Tslfj'ﬁ\'meo to W Reg.
» Constl EQU B’01010101° ; Constl =01010101 (= i;ﬁ[])

¢ 7 (ASCII): A’<F > & T<H >
> MOVLW A‘R’ : Hiy 7 “R” to W Reg.
> MOVLW ‘¢’ ;Hy P 70 “¢” to W Reg.

» Constl  EQU ‘a’ ; Constl = ‘| B pud-7 A
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¢ dhy (AR )

MOVF f,d ; Move RAM/Register to Destination
EFU*T%%@ ﬁ& RAM pu b ik
TR PSR PO

d=0 Eﬁ i ’F—'F[l",‘j: W ?EEFTJ?*,_Jr BE o PJ Fa’,%, AN
d=1Ff - Wl £ R75E R RS FT SR
Fid [31]: var_count equ 0x3f

addwf var_count, 0
addwf var_count, 1

@%%ii x { addwf var_count, W

addwf var_count, F
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2 R

& LIST-F '%@ﬂ'ﬁjﬂ (Listing Control)
> list p=PIC16F877A, f=INHX8M

¢ #INCLUDE -7 —~ RUififil ~ LMo A Al
> #include <C:\MPLAB\16F877.INC>

EQU - ¥ ikl ~ g (T fr i)

> memory equ Ox3f
» count equ 100
> 10_set equ B’11000011°

ORG - I%M;H A N T o S

> org 0x00 ;A o HHE ‘OOh”F‘ﬁJi[F"

> org 0x30 ;A% 5 P HHE“30N R FJi[F
¢ END - B G

Microchip Technology Taiwan Slide 82 101ASP




4 )

list p=16f877A  HF [ H Y MCU £ PICI6F877A
#include <pl16f877a.inc> , [0 ] 16F887A sy LS

***** _Lﬂ %@gr ﬁ'%? xgm& Khxkhk
T_DELAY EQU D’100°
dly_count EQU H’70°

;**********************************************************************
ORG 0x000 ; E%{u_’%;“%ﬂ i b G0 BE] 47 d (Reset Vector)
clrf PCLATH
goto main
ORG 0x004 : ng@ﬁﬂ [EHE T A H-
;******* H ['ﬁﬁi@ﬁrj%?hgh *kkkkik
retfie  FlTE ]

WMIICROCHIP

moviw T DELAY ; JF
movwf  dly_count

; remaining code goes here

END , RV N
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ERE

¢ HHREER! (File) ¢

> Bl ’?Sﬁﬁ’?ﬁ& (New File)

> Fﬁ]’??g f# (Open File)

> R @ [Rl- 7 (Save)

> R i filft £ (Save As)

o Wity

Home - Ji572= 7 5 &

VV VYV VYV VYV

Microchip Technology Taiwan

End -z % 55

Ctrl + Lift - [FIJ*:%‘@ (=g
Ctrl + Right - [F[J*F[%— GEY
Ctrl + Pg Up - #2=7% FI1EpH
Ctrl + Pg Dn - =4 FI=

Ctrl +Home - #2= 4 R & pH
Ctrl+ End - =1 Ri% =

Slide 84

el (EDIT)

AREE 42

>

VvV YV VYV VY VY VY

Ctrl +Z - [Hlf'gj"}gl}[k

Ctrl +C - HG{E#E

Ctrl +V - i FHIE)

Ctrl +X - j5f=EE

Ctrl +A - =&

Del - =

Ctrl+ G- =918 5

Ctrl + F - &F5In Ff?ij’ﬁll
Ctrl + H - ﬁ?&iﬁ SR ie o ﬁ‘}ﬂ"ﬁl,
F3 - &R
Shift + F3 - x5t p|_Fa:i5
Mouse *F,%ﬁ'rﬁxﬁ - ggﬁsy/J
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lleI_HI_Il_I-III-'

7 - R O T ET
W ﬁa ASI\LI[( 5 by Rk

B e R e R R R R R R S R R S R R e S R R R S R R R R e S R e e R e S
£

;* This program is for edit test, the program also display
;* a delay results on the LEDs on PORTD.
;* Please make sure that the DIP switch SW3 has all

;* switches 1n the ON position.
LIRS b b b S S b S e e S S b o e e S e b e e e b b o o e e
list p=16F877A
#include <P16F877a.inc> Include file locate at default directory

VAL_US equ ; 1lms delay valum

VAL_MS equ
count equ 0x20 ; Defined temp reg. for 1lms delay
count_ms equ 0x21 Defined delay reg.

B e e e e e R R e R e e e R e e e
£

e Program start *
Bl o o o o e R R e e R e R R e R R e R R e B R e e R e e e
org 0x00 ; reset vector
nop Reserve for MPLAB-1CD

clrw W =0

clrf PCLATH

banksel TRISD ; Select to bankl
cirf TRISD ; PORTC = Output
banksel PORTD ; Select to bankO
clrf PORTD ; Clear PORTC
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Fjﬂ?j - l[_{}l'\jﬁﬁ:‘ﬁf[%“‘
EX1.ASM (57= 1)

El

£

start:
incft PORTD, f ; PORTD = PORTD + 1
call delay 100ms Call delay routine
goto start

100 ms delay routine 5 Delay 5uS
elay_100ms: D_short call D_ret

mov lw VAL_MS

movwT count_ms call D _ret
loop. ms call delay 1ms call D_ret

decfsz count_ms,f call D_ret

goto loop_ms nely

no
return P
return

end

mov Iw VAL_US
movwT count

dec_loop call D-short
decfsz count,f
goto dec_loop
return
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A Fp’h : M%ﬁ"%{

WMIICROCHIP

& FRIARH T pYRUEPEEE EXL ASI\/I o — R
EX1.mcp £% £/fY PrOJect o

¢ SExL.mep AE Build-All iz > s 0 # ,n_l\F} &
¢ F[[B] “File > Open” jKfHTE | pUg{ 2 L1
o SWIGRLMEIR o 2 R PR W SRR

s

FEHEY

A 5N File
MPLak COD ...
KIPLak Hex Fi...
EEER Fil=

LST Fil=

NICP File

NCW Fil=

H
1 —

ittt e ol
sslualins RushusNushosliory

b
B

= =R TR 1] Files (F, % -
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MPASM

WMiIiC=ROCHI= wl‘[ e =0L= QFIEEJELFI

M-, F[nlz[lz [Fl\ 0

MPASM £L Microchip PICmicro Assembler HyxE S

MPASM H Fjjﬂu }[éj’;f' F",;ﬁr_[ﬁﬂa’?‘f Intel Hex Tﬁ‘
SIS Y R LR Y IRV OBJ i
2 E'HrlelASP FN B TR Y R LR | - A F—*iﬁ; ufﬁ

A
Code.gsm 2 Code.hex
Code.inc
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WMIICROCHIP

& ﬁEﬂMPLI NK?
> I\/IPLINKfQL_}I*",{” F/\‘”:F?F'ﬁ VAt ¥ (Assembler) B C-
Compiler E E’?@ kY obj AFpT ) sEAE FEL?@% Y
Rt i e - (BB O hex i

¢ MPLINK F""':é?ﬁ’ﬁ:’7
L EREER *ﬁﬁ?ﬁﬁé ='(CODE) ¥ &¥E|(RAM)
NN %ﬁnﬁl‘g (HEX)
%'#H%ﬁél@ilwi%ﬁ@mﬂ MPLAB C18
L COD i1 | FIPH=" i
R PR [
P ,E‘?ﬁ%’:‘[’fé[ (Library)
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MPLINK A 5y

= = =

MPASM MPLAB C18 MPASM




¢ 7+ Build Outputfyll?'i“f ;
i ﬁgﬁi_ Make Project ?

It ﬁ:l;ﬁi_ Build All ?
A e FA A kL “Build Failed” ﬁ& “ Build completed successfully” ?

A= pIAE N £ “Message” ~ “Warning” ~ “Error” SfERE
ST QR R 2

- [BX]

g files... dore.

: Symbal not I.'.II'E-"-"i'-_ILl.}l y deim_.-d I.,FL.L-.H‘T:}

Errar[113]
euister n operand not in bank 8. Ensure that bark bits are correct.

[vlzssagel 3.

Errar[113] 10

Halting build an fit st/ Ellll_l'[ = as 1eg |_1~_.-:,t~_..d_
BUILD FAILED
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— Fri-4y pER

This 1s delay subroutine for 1ms
Oscillator Frequency : 4MHz Gt RTTE eI
% 3 J16MHZE@§§Q["%§$E€T,&$@ EJ[J'[‘J{4|'T§

VAL _US EQU .249
call delay 1ms

delay 1ms:
mov lw . ; lus

movwT ; lus

dec_loop nop ; lus
decfsz count,f : count=0,
; count>0,

goto dec_loop ; 2us

return

1001us
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MPLAB SIM Iﬁfiﬁ%k

WMIICROCHIP

¢ + MPLAB IDE H:## ﬁf«?%}ﬁi?%—
» Debugger - Select Tool > MPLAB SIM

¢ LTV (S 16MHZ
> Debugger = Setting ™ F%@_}Fﬁ]}%&ﬁ}

7&53‘,— » Configuration Bits pUEE <t

j

Bl Configuration Bits

Oscillator 5
Watchdog Timer Off
T T}' T im er Off
Brown = (2 On
Lo Uoltage Program [:ui:—:al::-l-:'::-::l
Data EE Eead Protect Off
Flash P Write Write Protection Off
off
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Al 2 - Feils Delay pug A==
Ex5.ASM

MPALB SIM "+ %ﬂ:ﬁ%miﬁ}' £% 16MHz
?HE'JF]'JEE’ELB N “Fiﬂf{a}‘ﬁ _ﬁ fia fe £ B 7] e
Delay ﬁ@ﬁ‘jﬁ@/ﬂ

> Delay 0.5mS Elfjﬁ'ﬁg;v

> Delay 10mS Effif‘ﬂ?@?“ (#]¥] CALL Delay 0.5mS piy4 =% )

> Delay 200mS pl\JFl,'J?]E_J?C ( #[[#'] CALL Delay 10mS pyu=¢ )
> BT Reset [ R A ) 10 YR i 0 7 12 ARl

Y Tt - TR Delay piTAE=Y (= IETHRASERE)
> Reset, Run, Halt, Step, Step Over
> %ﬁi__’ﬁﬁ‘*ﬁgf[ l%r&[!r Watch Window &gy <<
» Stopwatch Window , Files Registers Window ( RAM )
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TH?IE ~1 ex5.asm

WMIICROCHIP

: ﬁ%?ﬂJE'JWatch WindOWElfJ%E%[I‘E:-HEH 3 ICERVE

VAL 500US equ 27?7 ; 0.5ms delay value
VAL _10MS equ 27?7 ; 10mS delay value
VAL 200MS equ ?7?7? ; 200mS delay value

EQU pﬁfdr@ﬁ&lﬁp 2Dl 'l Z] Delay pufif -
41§ VAL_500US Fofifi+ qtgﬁ‘it;ﬂ > B 5|
500uS pygiETLF | 5E ¢ VAL_10MS FYjf o
B g5y VAL_200MS FYf -

Gt .\101_ASP\100 Answer\Aex5.asm

Microchip Technology Taiwan 101ASP




WMICROCHIP

PIC16FXxXxX
SRSV
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PIC16F877A bkl it Ji

\71:1 -7 . —

WMIHICROCHI=

i T D T e e e

bit 1 bit 0
4 f‘%[’ﬁ'ﬁi?@?‘\ i H-0x2007
¢ FERFD

> CP : Code Protection —?E?Cﬁ%['ﬁi%“
DEBUG : Debug Mode — Bﬁﬂ%ﬁﬁﬂ‘
WRTL~WRTO : - 57 SRR = i et = e
CPD : Data EEPROM [Jﬁs%"l‘?‘u
LVD : Low Voltage Programming — [ ESETH]
BOREN : Brown Out Reset — %ﬁ%'fﬁ[ ['E?EU
PWRTEN : Power Up Timer — %‘i?’ﬁl_ Fjuﬁf %‘Hﬁﬁé’é%ﬂ‘—
WDTEN : Watchdog Timer — E,F'Fiﬁﬁﬁﬁf'?f‘ﬁ%“
FOSC1~FOCSO : Oscillator Mode — $=afgi =t I%*

SRS PIC S (=
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PIC16 ¥=i ey Elij\,:_r_/ ]

R,

RC R

INTRC P 1# RC =iy 4 or 8 MHz £+ 2%

& H PERpVRR S ER T R
> LP =iV 7 R rjjﬁt
> RC Y INTRC F=ififi= i o [y 4 pussgs
> XT R~ 48R [pos (effisk
> HS A SR e T (S
& iU RS Y TR = P e R AT
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=57t Configuration Word pu =

WMIICROCHIP F

| 4 ﬁl}%’“& MPLAB IDEj\J%%\L;
> —LL’FI%TQ[—_' MPLAB IDE fﬁl S ENT [ EE
» MPLAB IDE f!&™ : Configure > Configuration Bits
> ZVif] Configuration Bits Set in code

Bl Configuration Bits EE’

[ ] Configuration Bits setin code.

Address| Value Category Setting
Oscillator

Watchdog Timer off

Power Up Timer off

Brown Out Detect Off

Low Voltage Program Disabled

Data EE Eead Protect oOff

Flazh Program Write Write Protection Off
Code Protect Off
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. Configuration Word

WMIICROCHIP

¢ - JﬂQ RSP [FEF T Config. = W»l%ﬂ‘—
FI\III}_E}%:LHIQ » HEX Tﬁl,l’f ?_L@PJH =
F;u[f?tfeﬁﬁﬂu A e %4_ R %ﬁsﬁgﬂ
IF[I ?“ _ Conflg le%vﬁﬁ’-&

=4 C \Program Files\Microchip\MPASM Suite\Template\Code !
HY 16f877a.tmp & ]

> ﬁlﬁiﬁ?ﬁ__’p@@%iﬂ’%ﬁ inc ft

p=16f877A ; list directive to define processor
<pl6f877A.inc> ; processor specific variable definitions

_CP_OFF & WDT OFF & BODEN _OFF & PWRTE_ON
& HS OSC & WRT OFF& LVP OFF & CPD OFF
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POR, OST, PWRT

¢ POR: %‘—ﬁmf @*ﬁlf‘;[’
» MCLR il % Vpp [g'l e
#IB 1% 2 FIfIRY (= (Reset)
¢ PWRT: ffi L it i o
IEWF'UTU%WI 185 = (POR) » I
F[ Nl %72mSI }FE[%KMCUFI ]
T [ FL{ B i

& OST: J=yfyBAR R 5

» HS » XT > LP = A i s
?Sﬁgﬁ%{i i [IENET 1024
I~ Cycles I/S(j\_[_[[rf}mLﬁ’[HEFF;\
MCU - ( 75" |7 RC M o
7 PORKIE i 1 i s U
h ﬁl’éﬂ P ERE A AR PARRE
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WMIICROCHIP

MICROCHIP

@ * MPLAB ICD2 ' 4
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MPLAB-I1CD2 fjjﬁt

= JNEE

Eﬁﬂjﬁﬂf—?

B

BYHIE R R 5

[l @“‘Wﬁ%ﬁ Hf

HJE[T%H%@M [R5
~F’jCTL)EP< . 2.5V to 5.5V

J»/FE} FEl 5 32KHz to 20MHz

RS-232 [y USB /i i

'ﬁjr;Fﬁ'Erch

@rﬁﬂgﬁ” + MPLAB IDE

WMIICROCHIP

4
4
\ 4
4
4
4
4
4
\ 4
4

4
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USB Cable

I
1ICD2 Module

- |

e
S
71

T o A
s La el malied -4 B
4. B g, ._.-._:--..._._.u.
i e B s e
S Bk @ R A
o

[ ———————]
e
e
1A WE
rmnnd BE

E
by

iue el e
I

..Tm.m....-_r.. e

[T s

-

6-pIn
~—Plene-Gable
Slide 104

[

L dap el B " fi et

_._.__:___.....:..::mﬂ inn
1 Al -~ |
=__u”.w.,.h?
.m.

) ‘.____:_._. 0 N iam
4

N
QO
O
v
<
—
al
>

Power; Supply.
Cable
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MPLAB-ICD2 3= & gt

WMIICROCHIP

1ICD2 [’J‘F' HE A FBEIJ%F’\[FJ fEIEI | Tt A
P 0 g1 ( E,#F}Eﬁff‘@ U
A= -0x0 =4 F1E ¢ “NOP” ij, ]
& RET [HF{HT ICD 5" ]
Data Memory 0x70 , OX1EB - Ox1EF =+ [ RAM }[ﬁj?ﬁz
finzINl

MCLR pin T;?HEFJ 13V ElfJF%’Eﬁ(thru a 1kohm resistor)
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f1*] MPLAB-ICD2

WMIICROCHIP

* Pﬁlg[[“ | 1ICD2 pﬁp AR F%F

MPLABlDEveslonv@“ 1o B2

fR] ICD2 [ » 3553 & A74 > 172 IMPLAB
IDE 452 v ICD2 Firmware | }FEIJV:K ICD2 F“’“—?
MPLAB IDE ﬁ'%’*
> EFP “Debugger = Select Tool > MPLAB ICD2”
> FJ%IP‘E “Debugger - Download ICD2 Operating System”
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MICROCHIP

A X 1/0 4]
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WMIICROCHIP

Data Bus

D Q

(P VO
MOVWF PORTC

ﬁtl &b

Ll=1‘=

ES

Q

(HJ h J/Orll”)
MOVWEF TRISC

Microchip Technology Taiwan

- Q

D Q

“ :ﬂ:ﬁ:ﬂ I\
r”i’%g (FVIOH)
MOVF PORTC,W
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/O Ports

porTa[ ] o [ o]
Lt

4 TIRIS;( E?fy%ﬁﬂﬁé”?’, iﬁlé‘mj‘i:%ﬂ? PORTX Elfjﬁ{['ﬂ :‘J'F'j: > 10|
S RLEEEE - [T A
¢ 1= Input, 0 = Output
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WMIICROCHIP

I?L“—C /O Pin

FEHUK] /O (PORT) A5 7% (RAM) 4t
TRISX £y 1/0 ﬁﬁ? 'rﬁ&ﬁi?“ E Jﬂﬁfﬂﬁf’*%‘ S
> J[ﬁg‘— ’ PORTX’—”? TRISx F’?rﬁur’ﬁﬂ—" [ﬁj [F,
F,l%{ PORTX Eifia ',Eﬁ E'[J}Hﬁlamﬂépu TRISX r%{t“ “0”

> FZ,I%‘-LPORTX ﬁ?‘ 5 I EEPE TRISK ss “1”

o) : # PORTD ¢ RDO-RD3 % # #1%" - RD4-RDT 3 #§j » -
# & RDO-RD3 3% 21 “1,0,1,07 s -

clrf PORTD
banksel TRISD
movIw B’11110000’
movwf TRISD
banksel PORTD
movIw B’00000101”
movwf PORTD
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PORTD {4 Ffs LED

WMIICROCHIP

¢ PIC16F877A 1/O Port ﬁ!ﬂ_[: ”thﬁ?n#ﬁ?ﬁﬁ
> 1C Vpp pin ﬁ«%—wﬁ : 250mA
» IC Vss pin ﬁﬂk”ﬁiﬂﬁ : 300mA
> Ll 1/O pin & EEg / i ”Fjﬁﬁr : 25mA

2 Tsﬁjﬁlllo Port pi* & 7] EERE
> Jﬂ]_ﬁtﬁ—_‘\/OL

> ‘JEFEJEQ—L_VQH
> "JEFSIEQ—[‘_VIL
> ’A)EF:%V'H
>
>

(7Rl I
Min , Typical , Max AR & Ui
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T \‘)WBIH - kL2 1/0O Port jtgL[*

Ex6.ASM

* ’FF;\_;&}'“ HS P=at5i=" - fi*] 16MHz Crystal
» 16 MHz Crystal F7 ¢ £[= (et Jumper

> JPL(XTAL) & JP2 (XTAL) 1% » JP3 (OSC)

& KA T RS EY 200mS JERTEEY o (SR ]
AuFLYE
& L5 [EAEERo PORTD pY LED fi (““Jr'ﬁjizf =
EI% 200mS E g
¢ F*|ICD2 T{éi%_l’?[i%é%ﬁ
> R R
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-TW’,' -k ex6.asm

WMIICROCHIP

;************ |\/|all’] *hkkkkhkhkkkrkikkkkikkkkhikkkiikk
start:
banksel TRISD ; Set PORTD for output port

: Clear PORTD

Inc LED
: 277" ; Call Delay 200mS subroutine
: ; PORTD =PORTD + 1

goto Inc LED

Ja =5+ .\101_ASP\100 Answer\Aex6.asm
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IR D

#0x01: 3 #0x40:% 3|
PORTD LED PORTD LED

Delay 200mS Delay 200mS
#-0x02:% 3|

#-0x80:% 3
PORTD LED

PORTD LED

Delay 200mS Delay 200mS

Microchip Technology Taiwan
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WMIICROCHIP

Ex7.ASM

"‘W* RIAHZCRRE » (75]] 200mS JEsER AE
“;ciﬁrﬂﬁlwﬁ, pﬁ*'ﬂuﬁﬁ
et~ WA= PORTD

j

4L

1y LED (&4t = 32y

(b0) £I[iF 200mS [ IE[f| T 75—

HrLEDJu & & &[5 (b7)
FH] 1CD2 $:& I‘IILA‘%F
> RO R

Microchip Technology Taiwan Slide 115

 FIE ORI,




WMIICROCHIP
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MicRocHe ANETT # (E5E)
mmﬂ

bit 7 bit 0
IRP: 3 [L4HH 9 BANK {860 (5 [ 981~ BANKHL256Bytes)
0 =Bank 0, 1 1-Bank23
RP1:RPO: F‘F‘ PN IRV 5 R B
__00=Bank0, 01 -Bank1 10 ank 2, 11 =Bank 3
PR B o i
—0 = A WDT time-out occurred, 1= Power-up, CLRWDT or Sleep Instruction
PD: gt = hE Bk
0 = SLEEP instruction executed, 1= Power-up, CLRWDT Instruction
Z. FIEH
1 = Result of arithmetic operation is zero
DC: F & b=
1 = Carry out of 4™ low order bit occurred / No borrow occurred

C: &/l WU (AR 2's SEET )

1 = Carry out of MSb occurred / No borrow occurred
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WMIICROCHIP

FEBRRITIR

o B2 B
> R FEHTVER [ 2T~ ARy A
> %E““HIEJIL[?"PL@‘
> SRV AT PR S R RS
> B Efo-ff et 21y N N N 10
grjﬁLﬁi A - e
. 2 I\/IPLAB IDE EI\JF?%%T—»T\ (—’\Tﬂj,?i? £, 1) :
> Clc - &b F[& [f,’*ﬁgab
> Zlz - FHEYE
> DC/dc- FEMEN
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MicrocHis C ISR
o C - i

> T iniﬁnfj N E &’*Eﬁ C=1)
pl— . B3k W oreg. 9A pF o> 2 7 “ADDLW

Bk Wreg. = 3F pF > {7 “ADDLW
> TR R R C=1)

B = K Wreg. = 94 pF o $4 77 “SUBLW
Bk Wreg. = 3F m o 37 “SUBLW

> i

P = : B3R Reg.30ehp = AA & C =1 B> 3445 “ RLF 0x30,W * £ »
C=72, WReg. % bitl = 77
B3k Reg. 30emp #=AA & C =1 P> 3417 “ RRF 0x30,W * % >
C=72, WReg. 7 bitl = 77
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Z TESRHNd T

o QU ZEWOE R 4 - A R
«Elﬂjﬁl{‘ﬂﬂ QF’EEJ/%FZJ ;% IZI ’%A

WMIICROCHIP

ALY F J : i%_@gijfﬁ I T F'_'&J NEAIZS F'_'&J
MOVF, COMF, DECEF, INCF

¢ EE HERRT R 221

] B3k Wreg. =55 pF o {7 “ANDLW
B3k Wreg. = 3F p# o 347 “SUBLW

o MR Z ES TR

7190 MOVWF, SWAPF, MOVLW
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W — DC =g

& - VL A SRR o 5% % PV RINHRL
B iR TRE BT i1 e | 38 2 GRS A 25 (b3:D0)
FEFREH AIDC=1-

4 ﬁ?{ijﬁgﬁ DC Fﬁﬁuﬁﬁj
> ADDWF, SUBWF, "ADDLW, SUBLW

o rirﬁlﬂ JI”’IELWIEB“ B4 SRR |
T A& p JIEEET i %[JF' |DCEESE g
JEI;\:LP;,J F‘ Pjﬁf[l—fﬁuﬁ% }I—“,ﬂw—

ﬁfuw%

B @ BCD efde ~ b2
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MicRaCHID Y 3E R [

N RRC =R AR IN ¢ g i R
> Freg i’?ﬂfWreg ( SUBWF

%TJ‘“%{‘F >=W —FI E.[%??EH#\ C=1 EIH—I:] ( Z—I:‘I 5'IJEI )

TRl HEF <= W, i PRI R C = 0, Z=1 Ry it IR A5

& FE B I C R T T

¢ &G 8 bit FU » AR " = CIEPREVE S
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B I

Ex8.ASM

WMIICROCHIP

> i PORTD LED &5 770 a [zl 5 -
TR AL O BEERL B > i

Sy AN }gl%@?{a %m~ Y
> Delay 200mS 1%

> RS » ALy ] 2
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> A It
’“m’/'[ ' ex8.asm

WMIICROCHIP

LED Start bcf STATUS,C
moviw  b'00000001"
movwf PORTD

P il £ e

LED Next
: J3E200mMS
B=iEl PORTD
HFEE C =5
YN C=0 [
goto LED Start

Ja =5+ .\101_ASP\100 Answer\Aex8.asm
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“leé;ﬂ‘ \_E,l

Ex9.ASM

> L PORTA[IY RAA Eifiir il (H4)
>

> 8 i “b’00000111” il ] PORTD -
RA4 =1 ($¥8E50THT) FIIZ [ 0.1SEC [y S
b (— FFEB PR ) > RA4=0 (§F8H™ ) B
5% 0.1SEC [fi|f #5- & -
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-TW?,' Ju ex9.asm

WMIICROCHIP

start:

movIw SHIFT_VAL
movwf PORTD

test_rb0 btfss RA4 ; Check RA4 press ?
goto led_right ; Yes, RA4 closed, b0-->C-->b7

oo SRS PERRLE P2

led_left
' : No, RA4 is open, B7-->C-->h0
; Call 200mS delay routine

2?77  Yes, RA4 closed, b0-->C-->b7

?77? ; Call 200mS delay routine
27?7

Ja =5+ .\101_ASP\100 Answer\Aex9.asm
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PICI6F8T7A 10-bit A/D #E 4 E

WMIICROCHIP

AL TR 2T iy T 22 4Y 0 10 bits BT
FEIESf * IVESET] ¢ 20 pS (7 2 H<10K)
AL ™ IR ¢ 19.2 pS (12 Tao)
10-bit B Eﬁ PUE— b7 PR
P92 B VREF+ & VREF-
TR T E VIR ~ [T SRS T
SRR [ L 2F1 39.2 s

> U RN I - ST R R 29.2 s
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10-bit A/D 1l

CHS2:CHSO

WMIICROCHIP

Sampling SW

PCFG[0:3]
VDD

16F877A
10-bit A/D
Converter

oo
oo
oo
oo
oo
oo
oo
oo

Reference
Voltage

VSS

1=E Z5RL SAR Emjgﬁ LRI SV R g B
TS AT R By
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s

WMIICROCHIP

ADCONO Register

ADCS1| ADCSO GO/DONE
bit7
ADCON1 Register

ADFM | ADCS2 PCFG3

e  10-bit Result

A/DiE 3% 5 %

ADRESH ADRESL ADRESL

w2 hA
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WMIICROCHIP

Microchip Technology Taiwan

AJD LA A

=g R |

l

B

|

| EIFADIL:

@+ AID
L
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A/D ElgH
main banksel TRISD

clrf TRISD ; Set PORTD for LED Output Port
mov lw b>00000111" ; Disable the Analog Comparator
movwT CMCON

mov lw b®"00001110° ; Select ANO for the A/D input
movwT ADCON1

banksel ADCONO

mov lw b*10000001* ; Enable A/D converter module
movwT ADCONO

call Convert

movwF PORTD ; Put the A/D result on LED
goto Loop

Convert:

call Delay 20uS ; Delay for sample hold

bsT ADCONO, GO ; Start convert A/D

btfsc ADCONO, GO ; Completed?

goto AD Loop ; No, loop test.

movT ADRESH, W ; Yes, save the A/D result to W reg.

return
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WMIICROCHIP

EE i

- (g

Microchip Technology Taiwan

WEH 1] VR R
J,),qﬂlﬂiﬁ ( Ex10.ASM )

Zi{_ﬁ FIJ =+ VR (Fl 'Tg*ru[

E B SR g ?
PG LED % - 7 il
VR #7 A/DfY CHO (RAO)
£ 7 BANK [19"Jfi
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Y

“Cff PORTA 9= B R

CMCON [CM2,CM1,CM0]=111




WMIICROCHIP

b

TAhL A
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