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APPLY .5

Foig4e 102 ASP &7 9" kAR

£ L,E— E I

I USIT RIS
» MPLAB IDE v8.xx (FES'EI FAS 1)
» MPASM , MPLINK , MPLIB

FUSITii- .
» MPLAB ICD2
» Microchip APP001 Workshop Board (PIC18F4520 inside)

l J N /7 (,\ S —]\ — b
JX:E&ZF{‘I %T;—T (F* 1) el 250
» MPASM User’s Guide with MPLINK and MPLIB (DS33014J)
> MPLAB IDE User’s Guide

> PIC18F4520 Data Sheet ( DS39631A )
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102 ASP HAzp %

m PIC18F % 7|
> PIC18F MCU Flfj?hﬂ?f?
> PIC18F MCU T'F'l &J
- PIC18F MCU = FI%
HIFE T S 7J§’IEIF'
> Tflﬁ PIC18 =3[% £ & &
> MPLAB-IDE i Jﬁl‘![: F%}‘:\L_ ICD2 EILJ%HK};‘B,Q%FF[

RY - . TO ek T

RY - . #* Timerl 22 ¢ %7
Y= ;7 A/DHEHE
¥ w . i#* USART

¥ I . Table Read
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.0

PIC18F452

=AY PIC18Fxxx 7o [F » | 'FJ"] Silicon Revision C1
32KBytes Flash, 256B EEPROM, 1.5KB RAM
Timer : Timer0, 1, 2, 3, Watch-Dog Timer

3 CCP modules

I2C, SP1, USART, PSP

10-bit ADC with 8 Channel

PBOR, PLVD, ICD, Self Programming

40-pin PDIP(44ML, 44PT) with 34 1/O pin

40MHz @ 5V

FrE BT [T PIC18F4520
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% PIC18Fxxxx (= 75)

N ﬁli 7{%% ["RlFRE | PIC18F452 £
B Extended Instruction Sets for C18 Compiler Efficiency

B Support nano-Watt Technology
> '#E 31KHz ~ 8MHz F Il =839 RC &3 3
ol RC Trphig=
_ﬁ‘f?“{;
ﬁlﬁ TR / TR -
Low-Power Watch-Dog Timer
Ultra Low-Power Wake-Up
A1z : Idle , Sleep
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MICROCHIP

PIC18Fxxxx

Enhanced PICmicro MCU
EFIZE 1‘#3{ a & Fd
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PIC18 )% 5] MCU &3 & 434

B PICISFxxxx

> HHEELRVE A TTHEL 2 Hi4)
> RINH ﬁg~v&ﬁ=§ﬁ 'I%Pﬂﬁ“i*l%

* Program Memory Up to 2M Bytes

 Data Memory : Up to 4K

> ARG S R
> fEH Access Bank %’ﬁ@m\

> ['|§ PLL 4 lﬁﬂ;ﬁm‘?‘—ﬁ > E| 10Mhz FiEH Z[| 10 MIPs g, 3%
HZ (100 ns ElfJgf", —.A = E?]‘? EiD)

> E| 8% 8 pUlifEiaR uii%g

> _:f FYIFEH 10 Bits U A/D #Eigi g8 % ICD [Séffﬁj
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PIC18F4520 3 4 e it

B FLASH Program Memory
> [ RIZNSERE S FLASH 9t - CPU i f 12555670
> 10 F%’JJ.“KEIGJF@ E ﬁ%H&”
B ICD Capability
> TEICD pv /i
> BRI > PICIBF4520 SR [l 3 7) (32KB A=)
> &l CPU HTi' £~ {l# ICE Chip
B EEPROM

> PICI8F4520 #3%| [ (3 256 Bytes i EEPROM
> 100 Prvpup T F
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PIC18F4520 nanoWatt i

e 'ﬁg nano-Watt 3% o
> Sleep Mode ™ Ji[# sk [XFT 1uW '] ™
> PIC18F4520 Sleep Mode ™ [X4* 0.1uA

[ s ﬁ”ﬁjﬁ Fl =
& 31 KHz ~ 8MHz I [l1-/8ipY RC &9
'Hiﬁ RC % e

3‘?E°*] ﬂ’iﬂ%_ﬁ” i O AR
Low-Power Watch-Dog Timer
Ultra Low-Power Timer1
?F%@j&ﬁj ?E'#LTHJE v Watch-Dog Timer
L= 5;“ Idle (5.8uA), Sleep (0.1uA)

>
>
> 2=
>
>
>
>
>
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PICmicro 3% ﬂ}# A 3
PIC i# * Harvard Architecture

Von Neumann (- §&MCU)

p—

== Program

== I'|% Data

8-Bits ‘e  Memory

Harvard (PIC Micro)

“}ﬁ\
£ i

=12/14/16-Bits
Program
Memory

Microchip Technology Taiwan Slide 10

W RSB 7 VI TR

B E A RPR SR R R [l P
B MCU Ui (eSO B PR iy T e

(R 2 T Rt PR T VAR U AT R

TR

m EMCUR TS T R P R,
%@M]?"[ﬁ% (8 Bit PLfV Data
Memory , 12/14/16 Bit F['I’EIU Program
Memory)
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Instruction Pipelining

T4 R VIR RLFIFDE S Y (PIEL] (TIPS Bus RL5T BFY)
R0 55 e B 4] (190 GOTO, CALL §5 Write to PC) FIIE Iy i 4 i3t
Frry E
L L1 B I I
A E ]
Fotch |Excouto :
3 rcall SUB1 | Fetch |Execute 'ﬁ?ﬁ;gﬁ%@ﬁ%

addwf REG2 | Fetch | Flush |

51 SUBL movf PORTB,w | Fetch |Execute]
52 return | Fetch |Execute|
53 SUB2 movf PORTC,w | Fetch | Flush |

54 return
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Instruction Pipelining

RSV BT
movlw 0x05 -

A= EI Y]
1 MAIN movlw O0x05
movwf REG1
rcall SUB1

addwf REG2

[ -
_T0
Fetch_

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

return

Microchip Technology Taiwan Slide 12 102_ASP-TW
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2 movwf REGL
3 rcall SUBl
4 addwf REG2

1§}
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Instruction Pipelining

BRIV TR
movwf REG1 movlw 0x05

fi 4

I L |
FEI =0 1]

"1 MAIN moviw 0x05 [ Foun brcite
2 wover_rect o
3

rcall SUR1
addwf REG2

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

54 return
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Instruction Pipelining

IV #7454
rcall SUB1 movwf REG1

fii 4} 40

I L
FEI =0 E 1
Fetch [Execute b

= o o B e
3 rcall SUBI | Fetch |

addwf REG2

51 SUBl1 movf PORTB,w
52 return
53 SUB2 movf PORTC ,w

54 return

Microchip Technology Taiwan Slide 14 102_ASP-TW




Instruction Pipelining

IV #7454
addwf REG2 rcall SUB1

ARIPGILYE

I L L |
1 7S]

Fetoh [Exccute

Fetoh [Execute
3 rcall SUBL | Fetch |Execute|
addwf REG2 | Fetch |

51 SUBl1 movf PORTB,w
52 return
53 SUB2 movf PORTC ,w

54 return
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Instruction Pipelining

TV i
movf PORTB,w rcall SUB1

B GiLE
ML L1 .

FEIZ0 E 1

e e
e pocu: DA
3 rcall SUB1 | Fetch |Execute|

# rcall $555 0 Ei
agdvi —REG2 BT — LS

51 SUBL movf PORTB,w | Fetch |
52 return
53 SUB2 movf PORTC ,w

54 return
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Instruction Pipelining

RIS BT 554
return movif PORTB,w

ASN
e T H
I J uJ | I L |

FEI =0 E 1 0 | T1 | T2 | T3 | T4 | T5

Feioh Toreote
T Jexecute

e Joxecute
oo | Fush
S1_SUBL mov _PORTB,w_

51 SUBL movf PORTB,w | Fetch |Execute]
52 return | Fetch |

53 SUB2 movf PORTC ,w

54 return
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Instruction Pipelining

PV i
movf PORTC,w return

T

]

"1 MAIN moviw 0x05 [ Feh beous

"2 movwr rucl [ Fech [execute
3 rcall SUBI1 | Fetch |Execute|
addwf REG2 | Fetch | Flush |

51 SUBL movf PORTB,w | Fetch |Execute]
52 return | Fetch |Execute|

53 SUB2 movf PORTC,w | Fetch |
54 return
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Instruction Pipelining

PV 4§
addwf REG2 return

B GiLE
| 1 o O

;E E;Q ﬁﬁj TO T1 T2 T3 T4 TS5 T6 T7

EDIETD
o Joxcuts

DI

oo | Fush ot
S1_SUBL mov _PORTB,w_

51 SUBL movf PORTB,w | Fetch |Execute]
52 return | Fetch |Execute|
53 SUB2 movf PORTC,w | Fetch | Flush |

54 return
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PICmicro® MCU &%
i 4 BRSNS Y (Long Word Instruction )

¢ PIC ?F' T PIRE | 51 AY = 78 12, 14 or 16-bits lF:F ‘?F,—?J”ELT'
& %"?L;iﬁ, T ( Long Word Instruction ) -

o PIC pyuerR| &£ Data Bus) g% £ 8 bits » F+'] PIC L
— |l 8-bit MCU -
T PIC18Fxxxx = |TF 2K x 16 words A= “F llm?ﬁ' >
FURYHY T | 'w\gﬁ[’g L [ EJ4K FE'IEIJ MCU ( 80C51).

o i TIPSR 4 E S MCU f J&‘z‘ﬁi‘ kit Rk
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PICmicro® MCU =2 1
fdn 4 BRD%RBS P
(Long Word Instruction )

PIC MCU
moviw #Himm<8>

L0000 1110 kk k kkkkk

MCG68HCO05
Idaa #Himm<8>

1000 0110
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PIC18F452 3 % 1 W)

v Data Bus ‘ [
Data RAM

8x38 —h
PCLATU | PCLATH Multiply
Address<12>

Table Pointer <2>

Inc/dec logic

Program Memory
= BIT OP maa*

Program Counter m

Eee————
4

16 31 Level Stack A

TABLELATCH

1’8 Q Instruction
il Register

Program Bus

g P(’TV;';L:’ P In;truc(tjion
— . Oscillator ecode
X e and
Timer Control
4X PLL Reset
Watchdog
Timer

Precision Brown-out

Voltage Reset
Reference —

% e

Microchip Technology Taiwan Slide 22

102_ASP-TW




Data Memory R
(Register File) SFR’s '1”6"\ Bank 15 &+

AT S 3
%ﬂﬁé[ﬁ: » o ﬁFl‘ 2l
Bank

(=]
~
=2

(=]
[=-]
=2

o
o)
>

Long word fi JT’F'I IJWIZ[

S I TR A
n MOVFF src, dest

© o
m O
> =

o
e
=2

L

3 —

: I

1]

| € R -
: I

1|—>

IR B AT
%E”F" £% Register flles
o~ #E

(Opcose a2 diress

R R YR RO i

ki
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Data Memory 7 ,}#

%116 banks [V Data Memory -
=) {# Bank Fl'1 256 Bytes 5= =%
( Max. 4K Bytes )

Special Function Registers
(SFRs) #:4'#5+ Bank 15

%] BSR<3:0> 32 S i
BANK ﬁ‘}fﬁl ¥ | BANKSEL s fit~
*I1 BANK fU” (&

MOVFF jEIF"_'&J e 3. =11 BANK
PNT (B I'E%J*Z words Elijf’F', —&J iy
b e RS

¥ [Access Bank ElfJP%UTT“;f%E' » =

‘Flfit Bank prN=J81

Microchip Technology Taiwan

Slide 24

000h
07Fh

080h
OFFh

100h

PIC16F8F2520/4520
Pr BT

Access RAM

Bank 0 GPR

Bank 1
GPR

Access Bank

00h
1 Access RAM 2Fh
80h
FFh

Bank 13 256 Bytes

GPR

Bank 14

GPR
EFFh

FOOh
F7Fh

F80h
FFFh

Bank 15 GPR

102_ASP-TW




Microchip Technology Taiwan

PIC18

/,
% 7
/

g 4

Program Memory

#7'E 2M Bytes ( 21 bits)
FVAR T 2]

Reset Vector i~ ik -
0x0000

iy (BB 1By B Y B S
¥ 0008h

(SR B & Py I
¥- 0018h

31 e R gy b e A g

Slide 25

PC<20:0>

CALL, RCALL, RETUR
RETFIE, RETLW

Stack Level 1

Stack Level 31

000h

Reset Vector

High Priority Interrupt Vector [1]1}:{;]

018h

Low Priority Interrupt Vector

On-Chip
Programming

1 FFFFFH_

200000h

102_ASP-TW
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PIC18 z 7| eZE *i&

Interrupt Overview

SRS i
> BTHTE| fﬁjﬁ{?‘,"& |FI1#rCPU Elfjléj:-} J
> 1O Pyt 1%5& Fl &<+ (PORTB)

:ll'[" ibeAdl- ol ?&F%“LE’V“"‘J ﬁj/[”% -I_f# ( Hi/Low Priority)
> INTO 135k B i (R A Y A | 1

S AR @i@%ﬁm FI R pL e e oS B
ﬁg?my  HIIFFl gy b;ciﬁrud-ju
5 [l pl vl BB R gEAR o B R AR
“‘\?‘B YRV IR T B | i REAS SLEEP FRE2fY PICmicro
Fl r@rr 35 mI 8 3 [ cycle
> I«_!», 2010y a gl gl giREEs S
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APPLY .5

TMROIF
TMROIE Interrupt to CPU

TMROIP Vector to location
RBIF 0008h
RBIF (High Priority
RBIF Interrupt
bl Vector Address)
INTOIE

INT1IF High Priority Interrupt Generation

INT1IE
INT1IP

INT2IF
INT2IE . ’
INT2IP

Peripheral Interrupt Enabled bit . GIEH/GIE

Peripheral Interrupt Flag bit ,
High Priority Interrupt initialized

Peripheral Interrupt Priority bit
(Disable low priority interrupts)
- =i

Additional Peripheral Interrupts @
p pts 9 PEN ’ To (c)
GIEL/PEIE

IPEN
From (a)

From (b)
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PIC18 i 7| en7E #
A L R 7 H

(if in SLEEP mode)
Peripheral Interrupt Enabled bit

Peripheral Interrupt Flag bit . ,

Peripheral Interrupt Priority bit

Interrupt to CPU
Vector to Location

® 0018h (Low
Additional Peripheral Interrupts : Priority Interrupt

Vector Address)

TMROIF .

TMROIE ’ _.
TMROIP

RBIF

RBIF
RBIF GIEH/GIE

INTOIF
INTOIE

INT1IF
INT1IE
INT1IP
INT2IF
INT2IE
INT2IP
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PIC18 )k 7|28 4
Clocking Scheme

n - 'WF"'AJ HIRASTE * CPU SRV 1/4
H CPU ]ﬁé ["E‘jf/\ 40 Mhz E_ﬁ _H -TP‘I |J I:IJEFJ tr 100 ns
] Fosc Y=Y / 4= Tosc T’F'l i Jﬂﬁﬂ

Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
/S S

7\

/ \
150

=

- fBiEpuEsfe 0 QL = BE Q2= @V QB =#HS U= fo
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MICROCHIP

PIC18Fxxxx

T _h o7\
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18Fxxxx Z_h+ 53\

B HFE LA P e B
> b Sy
> T
> feil i EHSL
> PSS
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*\%9 PICI8 = st Hi 5"
Raglih ‘= Mk

m 8-bit [V “’FIIJEIV‘[;EI (literal value) ¥ =) FA',JH?‘ ?E?CTJE;V 1

= (1257 literal instructions , {77!

» movlw, addlw, retlw, etc.

16-bit Instruction for Literal Instructions

OPCODE Lk k kik|k kiklk
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PIC18 Z xk i3\
Data Memory: ® ¥ 7 _ht (Banked)
B Data Memory »fH |35 4 12 Bits (4K Bytes )
W 8-bit FVIFF ] 3 '&J FITEE 2]
m f*'ﬁﬁ,'J it F~J 4-bits 11 BSR<0..3> /&

BSR Register 16-bit Instruction

OPCODE, f  ff f flfjf]f]

4-bits from “
BSR I

Register Vs 8-bits from Instruction Word

y
N DnnnLnnn

Effective 12-bit Register Address
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5 :
Ly BETE - 0

B " Operand Effective
4-bits from BSR Register  g.bits Encoded in Instruction Address
__0001Joo100000fd 120 J o

Bank 1
MyReg equ 0x120 mh

movlw b’11110000’
movwf TRISB, a Access SFR

bsf PORTB, 0, a FE
movlb 0x01 ; ¥ BANK 1 FF
movliw OxAA FO

movwf MyReqg ; @120h EE
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PIC18 =z _ht #5-7"
Data Memory : ® 3 Z_ht ( Non Banked)

B  MOVFF src, dest (RAM = RAM Y% ﬂﬂ%)
» 2 Word edp 4, E4&dp T3 B 4K ehizyt

1100 4nininininininininininin}

Xk i~k (Source) ‘

_ 1111 Jninin ninininininininin /8

B e gt (Destination) ‘
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* & PIC18 % 5
Data Memory: B & ¥ it (Indirect addressing)

B = i 12-bit PPV ST
» FSRO, FSR1, FSR2

B FSRn (File Select Register) [‘J?}'FJ T ?ﬁg
> Pre-Incremented : (PREINCx) “i#lyp— E[x3VE P IA

> Post-Incremented : (POSTINCx) &2V FSRn b F’ﬁ’F’,[ | FL '&}l‘] FSRn i 1
> Post-Decremented : (POSTDECX) & 2V5 FSRn El’ﬁ“[[ | FL I&HT] FSRn ¥ 1

> Offset by WREG value (signed) : (PLUAWx) FSRn 7@ > I'| W § :r,[”:j P fifl
AL O] o

> [ 7@ : ANDFx)
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PIC18 =z it fi5"
Data Memory: F & € 4t (Indirect Addressing)

> 7] s d iak 0X000 to OXSFF g skl p %
Kl b 44 3 FSRn flI
a é‘.;lgh, INDFn ?HZFII’,F‘HE‘_'E,T% (operand) - EfEE g Eru Rk §- SRLEN
FSRn [y s o i
= 25[T] 8051 f¥ @RO - @R1 THHE » (EIZVERIk2

0x05 ; Value to compare
1,0x000 - Clear address from O
POSTINC1 : Clear, increment FSR1
FSR1H ; FSR1H > 5 ? ( 0x600 )
_Loop ; NO, loop
* YES, next instruction
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m‘e PIC18 = x+i3\
¥ ThLi® * = 2

APPLY 5

B PICI8 %3¢ ’ﬂ:;\?ﬁiwp 21 Bits » &/ 8 Bit =
Data Bus Ea‘%ﬁz—, '/ 2z > g 248 ( Latch Buffer )enze
’f#_j\ﬁlﬁ"?”v l!xi’%\' D

B LB fﬁhk "> 8 »PCLATU 4= PCLATH

B 5 (o Rz~ 3R  JLEF 3 AT L = B AT B e
21-b1t p % j‘@rﬁt“ =X "ﬁ% » Program Counter

Internal Data Bus <&
|
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A0 4 Tk P
e 12
LGSy

%% GOTO f9t i1

%ﬂ , El i[%‘ I"%'EI’SF PCLATU PCLATH
program counter IIIIII “

PCU PCH PCL

To write to PC: PC_OFFSET = ‘

O Write upper byte to PCLATU

CANTEN N VTR Tl Wy i moviw UPPER 0x011250
:
© Write low byte to PCL 1w HIGH 0x011250
movff PC OFFSET, PCL
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PC P ¥ <4t

B FTGOTO ik {55 USER_INPUT
AR SRS -

e

*
PLY

S

WREG

ors 0x002180 PCLATU PCLATH
moviw UPPER JUMP TABLE m m
movwf PCLATU

moviw HIGH JUMP TABLE

ove PCLAT 'FF | FF | FF

PCU PCH PCL

@ 0x002190

ddwf PCL,f = PR (5 f
| addw ?fFI?%E-’éFNlr- ZEl bk
JUMP TABLE goto DoUserlnput0 2~ i goto F;; [T 4 bytes:

goto DoUserinput1 Bl fferse iy i ) ] T
goto DoUserinput2 p™ I"ﬂ% b
goto DoUserlnput3

goto DoUserinput4
Microchip Technology Taiwan Slide 40 102_ASP-TW




PIC18 Return Address Stack

fop of Stack Registers STKPTR Register Program Counter
TOSU TOSH TOSL STKOVF STKUNF SP4:SP0 PCU:PCH:PCL

001260

w
-

Events that push PC+2 onto the stack:

PUSH \ CALL \ RCALL \ Interrupt

o
©

(=}
oo

Events that pop the top of the stack:

POP \ RETURN RETLW \ RETFIE \

& PCLATU ™ PCLATH 1+ {Z {71 Return §5; 4} f

& 5PV £ 21-bit (51l AM &4

® | 1% STKPTR Frfrifiv Figfoiefhivh] (TOSU,
TOSH, TOSL) “o F A FTIVES [Sels
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o ~N
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()
ok
(\®]
(=)
&

W

o

o
(3]

001260 QUL

o O
= DN

o
w




-

N

MICROCHIP

PICISFXXX
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PIC18 2 7y MCU :},E] A -3
Instruction Set Overview
® 77 ﬂjﬁfjf‘lg,—ﬁ
» 73 (il Single Word *F"&J
> 4 {i two-word ] : MOVFF » LFSR, CALL > GOTO

® 55%7F JT‘F'[ .JF, P3J=smgle cycle J[Jf' 5
> 4 [l two word [ I 2 Pl
> 10 {i# branches - calls ¢ [ﬂ*[ﬁfﬂid%ﬁ’a'“ Y [ Tt "1
> 8 ([{% Table ﬁé[’éﬁl@?ﬁ 2 ﬂJ H
> 3 ([ return f J?F[ Jﬁ?ﬁ’ﬁh’ 2 pJ H
> 10 [T 70 SKIP $ 45 ISP 1 or 2 7]
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PIC18 % 7| MCU 4; 4 &
Instruction Set Overview

® r‘%"'[‘ﬁf@%@ HE AFEpoin
» Data memory ¥} Data memory Em@[}%ﬁé["e
> Data memory ¥} Program memory pVETVEY B

¢ Single cycle fiv 8 x 8 f{if§7+x 45 (100 ns)

. sl:fz-gzm eI
> Hi- #u= r,J’EfFJﬁJ bit set - clear A5 toggle ™
> [ S P i T R (G935 1O Port )
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ADDWF
ADDWFC
ANDWF
CLRF
COMF
CPFSEQ
CPFSGT
CPFSLT
DECF
DECFSZ
DCFSNZ
INCF
INCFSZ
INFSNZ
IORWF
MOVF
MOVFF

MOVWF

0 00000000 OO QO

=h =h =h =h =h =h =h =h =h =h =h =h =h =h =h =h

=—h
&)

R
Q

Qo0 QD

S ohowmo oo oo

oV

Microchip Technology Taiwan

PIC18

7l MCU 45 £ &

Summary (16-bit core)

Byte-Oriented Operations

Add WREG and f

Add WREG and f

AND WREG and f

Clear f

Complement f

Compare f with WREG, skip =
Compare f with WREG, skip >
Compare f with WREG, skip <
Decrement f

Decrement f, skip if zero
Decrement f, skip if not zero
Increment f

Increment f, skip if zero
Increment f, skip if not zero
Inclusive OR WREG and f
Move f

Move fs (source) to fd
(destination)

Move WREG to f

Slide 45

Byte -Oriented Operations

MULWF
NEGF
RLCF
RLNCF
RRCF
RRNCF
SETF
SUBFWB

SUBWF
SUBWFB

SWAPF
TSTFSZ
XORWF

Multiple WREG with f
Negate f

Rotate left f through carry
Rotate left f, no carry
Rotate right f through carry
Rotate right f, no carry
Set f

Subtract f from WREG
with borrow

Subtract WREG from f
Subtract WREG from f
with borrow

Swap nibbles of f

Test f, skip if zero
Exclusive OR WREG and f

102_ASP-TW



PIC18 % 5| MCU #; £ &
Summary (16-bit core)

TBLRD*
TBLRD*+
TBLRD*-
TBLRD+*
TBLWT*
TBLWT*+
TBLWT*-
TBLWT+*

Bit clear f

Bit set f

Bit toggle f

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

Table Read

Table Read with post-inc.
Table Read with post-dec.
Table Read with pre-inc.
Table Write

Table Write with post-inc.
Table Write with post-dec.
Table Write with pre-inc.

Microchip Technology Taiwan Slide 46

Add literal with WREG
AND literal with WREG
Inclusive OR literal with
WREG

Move literal to FSRn

Move literal to BSR

Move literal to WREG
Multiply literal to WREG
Return, place literal in WREG
Subtract WREG from literal
Exclusive OR literal with
WREG
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BC
BN
BNC
BNN

BNOV

BNZ
BOV
BRA

BZ

CALL
CLRWDT

Microchip Technology Taiwan

PIC18

Control Operations

Branch if Carry (n is 8-bit)
Branch if Negative (n is 8-bit)
Branch if No Carry (n is 8-bit)
Branch if Not Negative

(n is 8-bit)

Branch if No Overflow

(n is 8-bit)

Branch if Not Zero (n is 8-bit)
Branch if Overflow (n is 8-bit)
Branch (n is 11-bit)

Branch if Zero (n is 8-bit)
Call subroutine (n is 20-bit)
Clear Watchdog Timer

Slide 47

7l MCU 45 £ &
Summary (16-bit core)

Control Operations

DAW
GOTO
NOP
POP
PUSH
RCALL
RESET
RETFIE
RETLW
RETURN
SLEEP

Decimal Adjust WREG

Go to address (n is 20-bit)

No Operation

Pop top of return stack (TOS)
Push top of return stack (TOS)
Relative call (n is 11-bit)
Software device reset

Return from interrupt enable
Return, place literal in WREG
Return from subroutine

Go into standby mode
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PICI8:55] MCU #;4 %
Pk GE By BV ET g

ADDWF
ADDWFC
ANDWF
CLRF
COMF
CPFSEQ
CPFSGT
CPFSLT
DECF
DECFSZ
DCFSNZ
INCF
INCFSZ
INFSNZ
IORWF
MOVF
MOVFF
MOVWF

Q0

OP CODE dia/f|f f|f f f| f|f

d = Destination Bit
d = 0 E ETd IE"JE"W

Q

S o 0o0oo o 0 O

a = Access Bit

f = 8-bit Wy i 41

=1 #EAY A T BSR Example:
E‘”’Bb'tﬁ'lrl'*%ﬁ""fil%@ y ADDWEF
ADDWF
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PICI8:55] MCU #;4 %
Pk GE By BV ET g

MULWF
NEGF
RLCF
RLNCF
RRCF
RRNCF
SETF
SUBFWB
SUBWF
SUBWFB
SWAPF
TSTFSZ
XORWF

OP CODE Wdja flf f flf f fIf

d = Destination Bit
d=0 @;ﬁﬁw EIFS W

QoD D

-
-

Q0 o Q

a = Access Bit

=1 Pyt 4l BSR 22

8b|t|;|JFIT;%E‘rI‘{l;T\n f= 8blt|ElJE,r_J.%"§f\jilP

f,a
f,a
f, d
f, d
f, d
f, d
f,a
f, d
f, d
f, d
f, d
f,a
f, d

Q

Example:
SUBWF VAR1,0,0
SUBWF AD VALUE, 0, a
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PICI8-#5 MCU i 1%
Ik s tﬁ]ﬁé[ﬁiﬂ\laﬂj‘

OP CODE_ b /b /bl a| f | f f f|f|f|f|f]

b = 3-Bit, ] ff5 &
&R Bk u gy b -
(Bit Number)

a = Access Bit

= 1 #EEfot il BSR f = 8-bit E'fj‘?g*ﬁ Sy

*ﬁ’ 8-bit fuErT Y b T RY

Fl
Example:

BTFSC STATUS, C, 0
BTFSC FLAGS, BIT 0, a
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PIC185 MCU #55
Literal Operations (7 '[ (ﬁé[’":)

11101110 0,0} f | fik k] k| kI

f = 2-bit FSR {0388 i 7

11110000 JK| KKKk k| k|k ]

= A4 FSRn {9 12-bit = [ fi

k

k
k
k
f,
k
k
k
k
k
k

OP CODE Lk k|k|k kik|k|k!}
Example:

MOVLW Ox5A k = 8-bit Immediate Value
MOVLW CONST
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PICI85]| MCU §57 %
Control Operations

OP CODE__.s|nininini|n.n|nin}
DP CODEn|n|n ninin nin|nininin}

s = 1-bit ZERLA Y| fast
Save/Restore [~7)/F<

k = 20-bit & #Hv J]fili A0=0

OP CODEn ninin ninininin nin !

k = 11-bit & Hi9 )il
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PIC18-%%|| MCU aPF, —.AJ &
Control Operations

OP CODE _ dk kik|k kik|k ki

CLRWDT e
DAW H
NOP

POP

PUSH

RESET

SLEEP oPcoDE
—EURL] . OP CODE s /!
RETLW

k s =1-bit,, EERLAFH]

RETURN s Fast Save/Restore fiU-]s5:

RETFIE s
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TBLRD*
TBLRD*+
TBLRD*-
TBLRD+*
TBLWT*
TBLWT*+
TBLWT*-
TBLWT+*

Microchip Technology Taiwan

PIC18 5[] MCU ;]

Data Memory <> Program Memory

16-bit Instruction for TBLRD* or TBLWT*

. _OPCODE _ .n,n
nn=00 * #F,TEJTTEJ\
nn =01 *+ ( ﬁ‘[i&ﬁ[%’ﬂ[“ )
nn =10 *- (7 F & )
nn =11+ (ke - FIg#)
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PIC18F XXX 4t 3% 338 i»
Access BANK 3 1 45 43

oo | 3% MOVF FREG,W,0(1)

080h
FFh GPR OFFh Hi I,,EIIIIIEIJ ;rHaa 0,
00h 100h BSR i WL B Tl

GPR Virtual RAM jmkE[pﬂfvr:JL

I(:)EE ;gOFE Access Bank ] :{‘f[f F'1Bank 0

FFh EIFR 2FFh i rj[]I} ﬁ ﬂrgg e

I PR B8 (SFRs)
00h GPR 300h E Al (fromFlank 15)
FFh 3FFh

Access Bank

Access RAM
Access SFR

Access RAM =2 Access SFR
Bank 12 FEI R ;f;?lj il Jﬁﬁlj
Ay
Bank 13

Bank 14 GPR or SFR
GPR or SFR

F"l T FIpE m‘w a=1,
I!Q’HLF' * [c[ E %F[|}"I—L|;|Jr+{ll—

Bank 15

- &R 12 b| fRETE -
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PICI8FXXX #t g e33R im

TEVBE | L PR PR 4

> 3 [EVRIR, & F S BIR s

RI7H @15 %1 #53fY Table Read/Write 7J/f<
> I'| Byte t@ﬁé|ﬁ:1ﬁ‘ﬂr+

> pﬁ"guﬁ IR IFEECE

H TR & R IR S

> F{iV MOVFF > BRA - I'| % X055 454
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PIC18FXXX “r 3g e73R in
7 . 4p #=( Data Pointer )

W AR R = PR AR
> FSRO, FSRI, FSR?
> ffi 12 Bits, ¥ ak 4K hFRLE
> 32463 & B4 H Eed (6): PSROL , FSROH)

m SR (T SRR )
» INDFn  : E&¥Fiedpifrrdpep 7
» POSTINCn : #k i®dpihordg M % 1o #dp e -
> POSTDECn : # fedpthordg M % {8 #dp ¥ip -
> PREINCn : #dpifsbic— {8 f $ipihordy ubdk (F
» PLUSWn : #- WREG eop % it 5 Offset E# FSRn 4p 4cfs
UH SR ZpER PR
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MICROCHIP

PIC18xxxx

=S
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PIC18 = if BiZ ##

T | Standard roquency cystal ascilator | 10kz-aMHz
s | Wigh mequency cystarasctlator |G -4tz
HSVPLL | High requency crystawitn4x PLL_| iz towrz
1P| Lowheauency oystaoscilator | e 200z

EC External Clock, OSC2=f /4 DC - 40MHz
ECIO External Clock, OSC2=RA6 DC - 40MHz

B M AT EE T %,,%F%%Elﬁpﬂgﬁ'[@;
> LP Py i SR e
> RC % INTRC RS (SAh 2 frossas
> XT - JBF0EIpv T (efss
> HS HHf s T (S
R S YR = e R AT
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ik Z_Configuration Word =3 3t

] EI # =+ MPLAB IDE ™ 37t
> “LfiE MPLAB IDE {2 |95 [ /78
» MPLAB IDE [ & ™ : Configure 2 Configuration Bits
> ZVif] Configuration Bits Set in code

Bl Configuration Bits E.g
@@m nfiguration Bits setin code.

Address| Value Category Setting
Cscilllator

Watchdog Timer Off

Power Up Timer Off

Brown Out Detect Off

Low Voltage Program Disabled

Data EE Eead Protect Off

Flazh Program Write Write Protection Off
Code Protect Off
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#2 7\ 2% 7_Configuration Word

N - G HEA P PEFT ) Config. “‘J?“ﬁéﬁ%i‘—;
> Alehae i 0 HEX A v{“EJ%%‘?\L_’['@EIfJT&'T‘i
> RERSRERFRY b LR MR
B ES MPASM [ "] _ _config H=V » FS=IRTUTEY
CONFIG [

» =¥ C:\Program Files\Microchip\MPASM Suite\Template\Code !
49 18£4520tmp.asm K9]

> ﬁlﬁﬁ%ﬁ{g’ﬁl?ﬁ{g’%ﬂ“%ﬂ% inc Fft

p=1814520 ; list directive to define processor
<p1814520.inc> ; processor specific variable definitions

OSC=LP, PWRT =0ON, WDT = OFF
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' Execution

POR: F{RIFIAFE
> MCLR Wl ] VDD > i VDD A [ % £ eI % (Reset)
PWRT: Fifl. b Fric 5 2
> (IR PR %IQ(POR) I3 72mS ! ERMCUR' )7 7 [EEHE #ho
OST: ﬁﬁf#““ﬁ%’niﬂﬁ%ﬁ
> HS > XT - LP = FEP=imisi=ty J?yﬁ}ﬁ@té > FIEEHE? 1024 i Cycles =t
YU (5553 MCU © (7™ 7 RCAREY) Ui PORFHER i = R 25 &
[iglmsid) Epgiﬁi VAR E
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O
t& pEfR ;¢ (Sleep Mode)
BRI R Sleep 15 45 T PREUIERETHIEE I

>>-$§ﬁ§¢%ﬂw§ﬁﬁﬁ@ﬁﬁ§f—
>’fﬁzﬂﬁgﬁgjfgﬁgﬂQ#kﬁ:-'gﬁE”W?ﬁjfﬁi

> Watch-Dog Timer FHff] E'J’:If\ﬁ THY RC P= ' I') ]ﬁkﬁ'@: BNE%%
> RTIEIBEE T i f:;‘i%:""?l?ﬁi?c — @ﬁﬁﬂ?ﬁ?ﬁﬁfﬂ (0.1 - 2.0uA typical)

— B RS S g R R )
Master Clear Pin Asserted (pulled low)

Watchdog Timer Timeout

INT Pin Interrupt

Timer 1 Interrupt (or also TMR3 on PIC18)

A/D Conversion Complete Interrupt

Comparator Output Change Interrupt

MCLR
WDT
INT
TMR1
ADC
CMP

CCP Input Capture Event
PORTB | PORTB Interrupt on Change
Synchronous Serial Port (12C Mode) Start / Stop Bit Detect Interrupt
Parallel Slave Port Read or Write

Microchip Technology Taiwan Slide 63 102_ASP-TW




L pF AL B (Watchdog Timer)

P R S R B R i

U PR Y RC Pl iy

WDT pup B3 1) 2] CLRWDT #4815

%] Config TETTEY WDT S0 2 [ JE ™ = i)
WDT 3 & ?ﬂﬁ?}f? P E?*] "{fflf‘ﬁ'[' r%”(*&“},i’ﬂﬁjﬂ%ﬁ (Reset MCU)
ARSI PE G FE] © 18ms to 3.0s

f'I'J7: SLEEP Mode ™* ﬁﬁ?ﬁﬁ*ﬂi{[@ CPU

WDT Ripple
Counter

WOTEN AR11111%

SWDTEN 8:1 Mux

Postscaler

P WDT Timeout
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-
t& szl

In-Circuit Serial Programming ™

Funcuon

T IO O | oganming votage= 13V
i
B EEY) | Voo | Supply Voltage

RE Ve Graund
> RB6 2 PGC Clock Input

> RB7 > PGD
Vpp | 13V Ay 5T FEgE;

’ F;[fEI Fi IOK Ohm "‘_' Fg‘:’%{* Vdd Application PCB

 BIF T RIF| f TU*J"5 M BiEY
2 Vop HH i

-

A PEVEER TR TR 7
Microchip F’?E“EIJIE JEL =)
» ICD2,ICD3, Real ICE

> PICKit2 , PM3

PIC18Fxxxx

Isolation
circuits
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}:l? (ARIBYETE

BOR —Brown Out Reset

HiZ (ERERINE A G (SR ESTHER » PICKf
E7El FI’FEL

BEG ~ A B B TR (e (R AR R S Y
=GRy

TIRE (- 4RS! G RY Reset FrRE o & (RO RS
HERLF I ROl | £ 78T (et

BOR Zfsfj- mfﬂ*‘ﬁwamiﬁ;aﬁﬂ YL T 1 R (R o
BT :Eﬁﬂﬁf ] BOR /5=

({0 BOR TV 04 L2 AR T Lo 1HP)

> ﬁEﬁF | On, Off, On, Off, OnEﬁF?Tﬁ:fﬁﬁJFIJE{&
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@l £+ Configuration 3L ( %ﬂ%ﬁ:)

> PR PR = TR R
i1 | R ETTHEB Vi -
> 2.5V-—H I'E'%E"{FIH)[%%VDD , — 3%5']7} 3.0V T [EEEx
> 2.7V -5 3.3V T [ERES
> 4.2V
> 4.5V —fH |5 5V T [EFRES

YPIB) FOTESF 2 RLAOTE » 910 Reset
7 i

» Microchip’s supervisor : MCP1xx, MCP8xx/TCM8xx, or TC12xx
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A Vo F%’Eﬁﬂ E ?Uﬁﬁﬁ#%ﬁ’%{!ﬂ‘}fﬁ?j ’ Fj:ﬁfﬁl'ﬁiﬁfiﬁl E'I'(Reset)}[“’iﬁ",‘: ) j%ﬁ
2mS PUETTER E%

Internal
Reset

Internal
Reset

Internal
Reset
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ARSI TR O R A
PLVD - Programmable Low Voltage Detect

Voo LVDIN
EE=BOR Rl () e LVDCON
ES BRIV R
(EEPROM)
16 78 I 2 5 RS o v
> 1.8V Z[ 4.5V 5 [ 0.1 E|
(| WAY ElfJ-Hjifg%%E&@
> R R
= %%ﬁﬁ VRer
o= EVRIE I 2R
> YU RCIE B R *“Fﬁﬁf

PR o LVDIN @)
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MICROCHIP

PIC18Fxxxx

/0 i S e2:&*
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%% : I/0 Ports

RB7:RB4 PINS B %J hN /ﬁ%] il R :‘11.\ — i MCU &
' A1 0T
B PICI8 45enn [/0 %7 - B
2/+-%13] Read-

Modify—Write P SRA N

B =@ [/0Port %7 = Bl
iy 8 B
» PORTx

> LATx
woslcpulkups. o TRIS b > TRISx

the KBFPL DIt (]
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i%‘ /0 e ﬁaal DS %ﬁf S

Internal Data Bus

Write PORTXx
iy ATX’ ‘ Read LATx k Read PORTX

LATX ?‘% T

77
PORTX fiH! 77

[

PORTx I/O Pins i i i i ‘ ‘
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S P At~ LATX R4 E

1. 4r% 1 FARMIFS & fo]hf £77%8
BSF PORTx,PINy { BSF PORTx,PINz
‘ | Q4 | Q1

PRV B
PORTx,PINy V,

Read-Modify-Write #{ ‘Eﬂdj‘ Elfjlﬂ’vﬁ%[!,—
2. 4wk 1 ITARBIF & KA FEPRFRE

BSF PORTX,PINy : BSF PORTX,PINz
Q4:Q1jQ2/Q3|Q4

qu*@tp JE T
PORTx,PINy Vi

Read-Modify-Write # ‘Eﬁ ElfJ?VJI‘%%Jr
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4o v % ;4 Read-Modify-Write

WY RLSEHARIEIFY PORTX A (=
> B SEARL TSR (F BSF/BCF 4741901 ™ 3 i i NOP
i ]
« BSF PORTA,5
« NOP

 BSF PORTA,0
> B C18 HIF* i ™ Nop() fu=Zi&

O @%@lj‘%fﬁl Bl LATX pu¥ 3V i PORTX U &
> E R B SRR IR R (S - T T oRLEIE 1Y PORT $
(B | PR g O
- BSF LATA.,S
- BSF LATA,0
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B TRISx fiu&— B i 7 1 BRI ﬂﬁlu I PORTX HIAY
oF 7 BV TR ] (Reset HV I EAELE T TV

H 1=ﬁ790=ﬁ{'“
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R RRLE P =R P [l SRR (e
i

KIEfa E| ADC i * SRR A

ADCON1 -El—;ﬂTT%e%E'E'J ?%ﬂtﬁﬁﬂ o RLIEE a7 BRLE 1/0

Bit7 BitO0

-] ] o x ]ox ] 1] 1] 1] 1

VCFG1 VCFGO0 PCFG3 PCFG2 PCFG1 PCFGO

F%%;ﬁi [ 4 bits 3“1 [ - E‘J%ijfﬁ“é | ADC iy HI-fog
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% i% : 1/0 Ports

7 68 'Eﬂ-f?@a]%/ﬁ% ’.Jf%%‘" (PIC18F8720)
TREE R 3,%1 gv — AR & Hgr
25mAmr§ L2 (SRt (smk & source)
o 3 B LEDs A 52 AR i
F-RHFFERREAEL P NZ- BHIFRE
& - FZHYrink 5 T 5 A
B E LT RS P T
TR EY (FEEEF read-modify-writes & it)
> TALE S B e
B = - dg%r3 B2 ESD %FE - &
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-
(N

55

APPLY 5

i

7N

W s

H ﬂqr Blenthie 222 it k2
= IER 4 B HETEIF
B— B 4 X 4 duprdgdizo

B RB0 - RBT é%ﬁfﬁfﬁﬂjﬁvﬁ;ﬁﬂ! ’
RAO - RA3 ##lacAt BE % e &
B BiE o

B =5 OomS BR- B- 88T X
» 2 20mS A - % o

B AER - ST B Bl s
RAO~RA3 :Hiéj%?séﬁg—“ o BT R
100uS ™ FFpaddiz o

B RBO - RB3 = ”]:'i pins * RB4 -
RB7 %4> pins ( M § pull-
up® re )

Microchip Technology Taiwan
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. 1/0 Ports
_-.t'J '5’/7}% & % )

MICROCHIP

PIC18FXXX
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PIC18 ,x3]e% 8 1/0 Ports
PORTB 375 7 5¢ : Interrupt on Change

B PORTB [y RB4 = RB7 Ji' £} fﬁ?ﬂﬂ?ﬂ%%ﬂ%‘@ el g
P 2 p[1gr > T fEPICmicro
Port Read

Data Bus
Internal

Pull-up

’ Wake-up

Port Read >
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PIC18 ,x7|en% ¥ : /0 Ports
PORTB o7

Interrupt on Change

RB4 - RB7 [*[® E| pull-up }

SRV
4]5]6]B RBO-RB3 £l I [Fil i e[S
@ 7dslolc, B
Mlc:a\o\cHlp anan N I'#\r.a R IEE -
RB4-RB7 f fijf0F 773 & pEp
PIC18FXXX iU
Ji - 4k [ » RB4 - RBT
F“rf"éj— FF%TL"T_[‘ Elijl'sr?@i%ﬁlJT}*EE H ks
15 FEMCU
STEE = i P SRV ST

* Optional resistors for ESD protection
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PEEI'Jjji%Q = (— )
B ~ B (37 )F ek

B AT Decimal):  D<] SEHIGE> & . < ERHE >
\% (0AY B\%" D’100° ° ES; E FE’E?‘IOO(IO) to W Reg.
\% (0AY B\}\" 100 ° ES; E FE’E?‘IOO(IO) to W Reg.

Constl EQU D’200° ; Constl =200 (1 &)

m f;"_ﬁj[]?w? (Hexadecimal): H’<-{ f;"_ﬁj[@rﬁ > ‘& Ox<- f;“_ﬁ][JEl?‘E >
& < + ER{HE 1> b
MOVLW 3P 85 Hi§r3Fqe to W Reg.
MOVLW 0x3F 85 HiBr3Fqe to W Reg.

\% (0 MY %Y OFEh s ES; 3 TFFJEJ'T FE(16) to' W Reg.
Constl EQU H’5A° ; Constl =5A (H =+ i%ﬁ][])
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[ R ()
Bl B ()R

- f?&-ﬁj”?“:] (Binary): B’<Z f;"_ﬁjﬂglr FI> °
MOVLW B’11110000° ; iy FﬁJEfZ‘ 0xF0 to W Reg.
Constl EQU B’01010101° ; Constl = 01010101 (= :Ef)

B 7 (ASCID): A<FRn> ‘& <FRn>
MOVLW A‘R’ s EY P 3 “R” to W Reg.

MOVLW ‘¢’ sEY I “¢” to W Reg.
Constl EQU ‘a’ ; Constl = /[ By pu3' 7 A
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O F R R 4

LIST - f '%&ﬂfﬁﬂ (Listing Control)

> list p=PIC18F4520

#INCLUDE - 1% — RUEifi ~ ESAUED =l
» #include <18f4520.inc>

EQU - ¥¢ Hille~ Ay (T grmEid)

» memory equ 0x3f

» count equ .100

> 10 set equ B’11000011°
ORG - F%?‘L;Eﬂ A e ﬁf' Ldile

> org 0x00 3 e e P HHE- “00h”F'EJi1F"

> org 0x30 s e g e HE “30h”FE JiIF

END - FH =45 T
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B 4 it Y b

list p=18F4520 ; EEAMIHIPY MCU KL PIC18F4520
#include <pl8F4520.inc> ; [fI®] 18F4520 FURRYELAM
.« koK ok kK {_}ya@@ ﬁ@?“}*@(ﬁﬁ * % % K k k

T_DELAY EQU D’100’ ;R H R

dly count EQU H’ 00 ;g gl gk

;**********************************************************************
ORG 0x000 ;AR AP IHE “00007 %JH
clrf PCLATU
clrf PCLATH

goto main

ORG 0x0008 ;o R BR ELE A
g KK KKK KK HI%EE;EIF[[J%E?kgﬁ * kK Kk ok K
retfie s AL Gl

movlw T DELAY ; ~4%E*“$JH
movwit dly count

;** remaining code goes here

END ;o AT
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BY - 1O engk iF

] i%ﬁ?”,’ﬁlfﬁﬁﬁ Ex1.asm ¥yt
> .\102_ASP TW\exer\Exl.asm
Bt T IF;‘ ['[E',%W??EIU Project 753} Ex1.mep
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MICROCHIP

Timer & CCP Module

vy
4’i vSF?
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PIC18 xzjen®% :# : Timer(

Timer0 f’ r%}“%‘_t‘ﬁ 8-Bits i f& 16-Bits fEi=t
16-bit mode Eji TMROH FII %‘Fﬁ, TMROL E:*]‘j/ EL L—F' R
F’j, * Timer
> [ _fff’p’ép JEl1 8-bit iV Data Bus 312V 16-bit i Timer i
=T 3 % 2 1S FFh to 00h  (FFFFh to 0000h) - S[J & f[ g+

FOSE — )

- Sync with Set Interrupt
D— Orernal TMROL hEvia = Flag bit TMROII
MK pin Frogrammable 1 " ) LIz on Ovarflow
-

T -
Frescaler {2 Tov delay)

TOSE *
a
Read TMROL
| ToPSZ, TOPS1, TOPSO
WS PSA Wiite: TMROL
!

TMEOH

v Drata Bus=7:le=

Note: Upon RESET, Timeard is anabled in 8-bit moda with clock input from TOCK! max. prascala.
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PIC18 & 7)e% ;

Timerl and Timer3

16-bit F17° FOFH A D 3

P e Y R/ O pr 8-bit FHEEHR E e

IR BE PR -1 220 240 or 8

= RS © R FREEE - JHA R
B (PEFSB 02 2 H I )

ﬂf ISR RS (R TR R R B3 R
5~ ( System Clock ) 3 5

HFH DR B %15 % FFFFh to 0000k - 517
£ g
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Timerl and Timer3 (continued)

Data Bus<7:0>

o TMRIH 275 85y Latch I'JJEH R IfETERY
[ Fi ; FEEF
GE e

CCP Special Even Trigger

il

<

TMR1H ZHiH R
High Byte e

TMRON J—

o0t TISYNC

T13CL1/ X

9 :

T10S0 :
f osc/t -
: A— T10SCEN

. Internal
. :  Enable Clock 2 .
T10s] B8 & illator O TMR1CS ’I’ SLEEP input

T1CKPS1:T1CKPSO
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-
I PICI8 i 7| 8

Timerl and Timer3 as a Real-Time Clock

*

1 7] 32.768 kHz VT | ¥=ify [ =) Timerl Fb Timer3

w%ﬁ%%‘

> ARV PRIAES B P (S ERY RC =S -

> EEEZ > Timerl (Timer3) ~258HELHT -

> Timerl (Timer3) & 15 - [ iR MCU > 2 ¥=
iy (RC) I J[[EP=

> TiF[]2] 32.768KHz iU §: A T- RC $53f -

Microchip Technology Taiwan Slide 90 102_ASP-TW




g PICIS i 5|3 i

Timer?2
8-bit L FUFHEI R - FTHIRE N IR B

PWM [l g1z > FLA PUSES I
TMR2 £~ F'7# ~ B2 FFIEYES * TPRepVRET R ay

TMR?2 ﬁfl‘;‘[ﬁﬂ[l— iﬁl‘_‘%ﬁf—‘%}‘?&ﬁlfj@ﬁlf&; RS ER

RIS RN 4 p[8r > 2 FIERE e ETRED
= EIFEE

MSSP (SPI") st
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PICI8 i 5|ch% if
Timer2

B Timer2 3 3.[H
> PR2 ehp % 5 Timer2 «ux# (0 = 255)

FIGURE 12-1: TIMER2 BLOCK DIAGRAM

Sats Flag
oit TMEZ2IF
4

“rascaler
1:1, 1:4, 116

’I/ . ‘Ur Fostscaler

Comparator 1116 1:16

[ZCKPS1:T2CKPS0 {} ‘P
4

TOUTPS3:TOUTPSO

Mote 1: TMRZ register output can be software selected by the 35P Module as a baud clock
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e

*\% ,‘ —
PICI8 /4 5|ch% &
Capture / Compare / PWM (CCP) Module

B CCP T APRIED : TR0 BIE 31 E s
- R FRER

BRI ENE R IR > R TMRI
7> TMR3 (16-Bit Timer ) H{FH [ 5L ¥ -
o VREPLE AR A5t TR TMR2 Hy Y
7% (Duty) I EHEH(Period)fV & Eﬁ %J, ¥
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PICI8 /& 7|cr% if
Capture / Compare / PWM (CCP)
Module (continued)

> Input Capture : %E,TFIE?J“ ﬁ’f&f_ﬁj?ﬁ"lfjﬁ\ﬂ]‘ ] ~ PR sk
I B [16-bit FY Timer1 £330 E ELYE o

> Output Compare : r%ihj 16-bit ElfJ%Eﬁlj‘ﬁf@E‘? 16-bit

A9 Timer1 FEIE= > ¥ A1 A F%%__—:}s El’sr%%‘vﬁ’za?jy', 0

» PWM (Pulse Width Modulation) : #F=% [iil py ™5 » Ffl
A5 IR (Duty) 32 B FpAoRH
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PIC18 & 7]er® 3
CCP Module: PWM Mode

W R 10-bit PUERTR (HET (RIS £ 40
Mhz )
> it s 39.06 kHz 5 - ST £T 10-bit

v' 40MHz /1024 =39.06KHz
> el s 156.25 kHz [ o BT B 8-bit
> sk 312.5 kHz [if - BT LG 7-bit

REPIY R AT 1

» (@ 40 MHz, high-resolution mode)
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PICI8 ,

%

L
3 )7'

'/

¥ i

CCP Module: PWM Mode

FIGURE 14-3: SIMPLIFIED PWM BLOCK

DIAGRAM

CCP1CON<5:4>

—

Duty Cyele Registers

CCPRIL

|I.='ir Tirmer,
CCP1 pin and
r5lr h O.C.

Note: & |l1|rr| ir 15 concatenated with 2

bits of the pra :Ir

=hit internal Q clock or
o creata 10-bit timea-basea.
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Period ¢ PR2 3k =

Duty Cycle ¢ CCPRIH /&=
PWM = 10-bit , #& e
=% * CCPICON & bit
<H:4>

& — Rrenik Hp B A pE
CCPRIL ﬁn;;:%; ﬁ}g
g

T RTAR
Ny E"g@ir)& = 1%] A
% TMR2 = Duty Cycle

(CCPRIH), R &

K %éﬁﬁ%]:'%g
;?Jii“fﬁ g
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PICI8 % 7|er’ :
CCP Module: Output Compare Mode

FIGURE 14-2: COMPARE MODE OPERATION BLOCK DIAGRAM

Special Event Trigger will:
Resat Timer1 or Timer3, but not set Timer1 or Timer3 interrupt flag bit,
and set bit GO/DONE (ADCOMNO=2=)
which starts an AD conversion (CCP2 anly)

Spedial Event Trigger

Set Flag bit CCP1IF

|CEl'H1—|| ECI‘IHL'

1
E Output [ {?
pin T L

R C3IOCP Logic Comparator |

TRISC<2> 1' T
:

Output Enable CCP1CON<3:0> T3CCP2
Mode Select

ITME1TH TMR1L IME3H

Special Event Trigger

Set Flag bit CCP2ZIF T3acCP1

T3CCP2 b1
,.-1 I v
g ‘T.] Output |
1

L - Comparator |
RCUCCP2 pin LOgic Match 7%
TRISC<1> ? [ccPran| copraL |
Cutput Enable COP2CON<3:0>
Mode Select
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PIC18 & 7% i
CCP Module: Output Compare Mode
% 16-bit CCPRx # 3 Behp %
TMR1 &8 TMR3F= » CCPx %r¥ & d

u’k‘f‘ﬁg;l - I

> High fagchs

> Low el

> H_‘EJL['T ol TR

LR EARE R S T AL Y

AT RO REAR S p ity TMRL 2
o A/D ®E&HE
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PICI8 & 7 &
Input Capture Mode

CCP Module:

FIGURE 14-1: CAPTURE MODE OPERATION BLOCK DIAGRAM

[MEZH

Set Flag bit CCP1IF
. racces TMR3

Frescaler
S e

CCP1 pin
and *

Edge LJ:'.::t

Cnable

[ ccprid

CCPRIL |

MR

Enable

| ™vriH | Twril |

f\""l MCON<3:0=
's

Set Flag bit CCP2IF

+ ric

CP1

Prescaler
S—{

CCP2 pin

and
Edge Detect

r3ccpP2

[PMR3IH

IME3L

TMRE3

LY
L™

% CCP2CON<3:0=

[3CCP2
M3CCP

Enable

CCPR2H

CCPR2L

| M=

Enable

ME1H

IMRE1L
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PICI8 4 5% 18
CCP Module: Input Capture Mode

WS 5 i RICCPXE » TMR
kL TMRS | 1o B T (16-Bit) 7 35
Y5187, 257 7 CCPRXH & CCPRXL &7 8

B- FREW (R Rlg =)
B- &%@FF

Pl AR S (EE

B R R (R

_IELNER SNk E e NEi AE Sl o
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18F452 ¥ %72

B 18F452¢ J[TT I[_{HI%TH:[ E %’!‘
> Rl —> 7R 5-0x0008
> [RiE 51;7@ ==> F[Ig‘rfﬂﬁ i+ H-0x0018

) flelpl @RS P A R (2 )
&) [l @RS E R B 18iEAS (Flag)

>
>
> FETEARETERR ==> 15 B IRE e
> E ([ 18FIIST’ Enable Fir Disable
O F[ P IRPIC18 =3[ F° I:%}"'%\E%?PIC16FXXX AV I"gf’%ﬁl?il'
(TR )
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PICI8F452 ¥ %+ 454
(High Priority Level)

Wake-up
(if in SLEEP mode)

TMROIF
TMROIE

TMROIP

%E%E Interrupt to CPU

RBIP Vector to location

INTOIF 0008h
INTOIE ® . P
INT1IF

INT1IE
INT1IP

INT2IF

INT2IE . '

INT21P

ipheral Interrupt Enabled bit GIEH/GIE

eripheral Interrupt Flag bit

pheral Interrupt Priority bit High Priority Interrupt initiallized

(Disable low priority interrupts)

itional Peripheral Interrupts @
[PEN ’ To (c)
GIEL/PEIE

From (a) IPEN .

From (b)
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Shadow #3 %

18F452%| “Shadow Register”ﬁ@?‘% ) Fj:?ﬁﬁﬁﬁ'%
S (O TR
A
> W BSR > STATUS pvix * VLI Y| Shadow Register
> FEFURUE[EL © retfie FAST
B R
> W BSR » STATUS pu# fEvaLl',EJ[JM%Tﬁ;l{gJﬁj'Fg—tﬁc
> FHFVAVE[E!  retfie 0
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| TICON EI\J#LTF[J b Ju s ﬁ%f Page 105 ( PIC18F452)
RCON ¥ <IPEN> n‘w TR~ AR O TR
GIEH : "¢ 5 IJI%‘Z CAREF[ 1T
GIEL : ¢ & B-Af| 18
TMRIIE : §7 B Timerl pyJf| I%'T%‘%—_

TMRIIP =1 > - Timerl ,.Nﬁ,@i@[l%

TABLE 11-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on
all other
RESETS

Ui uuauu
uduun uauauu
U-uu uauauu
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W= % Timerl &7 ¢ %7

f1 ] Timer1 vt ﬁ[ﬁﬁlfj 32.768KHz j’?ﬁ“ﬁﬁ Timer1 fUf[ 18
> ?xﬂﬁ?’ﬁj@?“ : C:\W400 workshop\Exercise\Ex2.asm
> F%‘q— PIC18F452 pyu (B8N g » 1& 7 2 FHZVAYp Xl
> s Timer]l FEEE 500 ms Fl1#rCPU — & (ffi*]Fosc /1)
v 0.5Sec = Timer Value * (1/32768Hz)
v’ Timer Value = 7?

> Timerl &%l 1§ » %K LED (PORTD ) fft! ffip—

1= EH ! e A JF%JL
JP2 fUEBERL 3,5 B 4,6 4% ;5 TP9 pUsBEL 1,2 ik
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MICRrROCHIP

AD &# &
&
TRV RE
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10-bit A/D & 3% X

AR T T SEA - 10 bits TR
St 2V ] - 20 pS () [ $R<10K)
K= S ¢ 19.2 pS (12 Tap)
10-bit FEA TR FF > FIF|— &7 PR
“FHIE] 912 B EES . VREF+ & VREF-
PN FEEIR S R F[éﬂfﬁf\l 2=
SRRV [ H 7 39.2 ps

> Yy RO R B SRBAES T F U - 29.2 s
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10-bit A/D = 3. ]

CHS2: CHSO

Sampling SW

N
oo

PICI8F
10-bit A/D o
bammaigs | PCFG[0:3]

Y,

VoD

r — — —

Reference
Voltage
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AfDCONO Register A/ D :Eliﬁlj %‘ I+ %

ADCS1| ADCSO CHSO | GO/DONE
bit7
ADCONI Register

ADFM |ADCS2 PCFG3

ERRRRE  10-bit Result [

7 076 54 3210 7 2107 0

A/DiE & & %

XXXXXXXX XX- =2 ,_'r N ré_, ,é' %)i ﬁ_p:_,r -XX XXXXXXXX
= P

ADRESH ADRESL ADRESH ADRESL

10-bit 10-but
Py b+
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A/D ## 3 2 A AR

| =g )

l

VBB

[ @gaA;Déﬁﬂﬁz ]

= A/D
fE
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g PICI8 /s 7 ¢7% if

Analog Comparator Module

VREF

i
AVAVAVAV

g = E= it S

PP PR R Y S
8717 [ERIZVIVELR

F RIS T (e PR O 5 4 I
i 2 1 R MCU

PR SSRGS TR 2 10 R
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PICI18 & 7)ern® ¥

Internal Veer: Block Diagram

16:1 analog mux

Veer £ 32 E&EIQ%E%THE%%—_’

YR flbfl = B RS I Veer £ F1E Y]
fi* ficER TRy D/A fHIELEY

ity e s (Veer ) i o e e i

Microchip Technology Taiwan Slide 112 102_ASP-TW




R Y= i AIDE#EE

m {{i"A/D 3‘@&%&}[1 VRI1 [iVF 5 FrESZEx ANO f Jﬁﬁﬂ
RS~ A/D PVEFESR -

> ,%W???E?” : C:\W400 workshop\Exercise\Ex3.asm

> Jréﬁ A/D Emr%t{g , f 2% ADCONO % ADCONI [y| ﬁF aE
A VR R

- PIC18Fxx2 Data Sheet ( Page 179 & 180)

> A/D BERERN o [ PR VELE EEY 8-bits (3 (SAY

R T PRI ) o 2R R R R R 71 LED
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MICRrROCHIP

MSSP
&
USART
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e

APPLY

5
*0 feH B PR (-)

Master Synchronous Serial Port (MSSP)
F' D [EFTSPIRY I>C RPafgi=t -
B SPI (Serial Peripheral Interface) 5=

> R R

> B (@ 40 MH2) ({J{‘/ﬂm

Master 10.0 Mbps

Slave 4.29 Mbps
> TR (R B2 IR oyt
> L ERME @?ﬁﬁﬁiﬁ Microwire™ #I Motorola’s SPI
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SDO: Serial Data Output > Internal

SDI: Serial Data Input wite databus
SCK: Serial Clock
SS: Slave Select

Clock select
(SSPM<3:0>)

TRISA<S ‘4\L1

SSPM<3: 0>

Timer 2 ou

o

Data to TX/RX in SSPSR
TRISC<3>

Master Mode: SCK is the clock output pin
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P 8 IS
Master Synchronous Serial Port (MSSP)

B I’C (Inter-Integrated Circuit) 5=
> ERECRER > LET = EPCHUS

Master Mode
Multi-master Mode

Slave Mode
L $8 7-bit B 10-bit i HHEI
[E= P 5% :100kHz > 400kHz > 1 MHz
3 $23p] " | - (General call) f51=%  “address=0x00”
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I2C Master #-;" = 3L [B]

SSPM3: SSPMO
< SSPADD<6: 0>

Baud
rate
generator

K

Y

Start bit, Stop bit
Acknowledge
Generate

|
AN

"P [2>
|
|

Start bit detect,

Stop bit detect,
Write collision detect Set/Reset, S, P, WCOL (SSPSTAT)

Clock Arbitration Set SSPIF, BCLIF

State counter for Reset ACKSTAT, PEN (SSPCON2
end of XMIT/RCV
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[nternal
data bus

Write

RC3/SCK

RC4/SDA

Addr Match

Set, Reset S, P bits
(SSPSTAT Reg)

———
- —
e
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I2C Master }i-;¢ =
# X T AR

Set PEN =1

ACKSTAT = 0 ACKSTAT = 1
Set SEN bit ACK = 0 T
l_SEN =0 R/W=0 SSPBUF written with data byte l
A

: A6 A5 A4 A3 A2 Al1 lD7 D66 D5 D4 D3 92 D1 DO
T—SSPBUF written with control byte

T ¢leared in SN

. SSPBUF written t SSPBUF written

LAfter start condition SEN cleared by hardware

After stop condition PEN cleared by hardware 4
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ml‘.e PIC18 /;‘ 7
Addressable USART (AUSART)

L8 = S PR pI EE > A S5 TR VI R
8-bit F 9-bit ﬁlfjgﬁ}ﬁ[ﬁﬂ

YT 1522 B TR | SRR B Y T

A ol 3.

—_—

SRR P o N %5 a
i 20MHz [t sk

> [ EpEsst @ S Mbaud
> ZHR Vst 312.5 Kbps ((Siif5is)
1.25 Mbps (fliufs=")
B < 9-bit G YR ERRAYHFrgi

TRRIFUE IS ~ HZT) b0 ELET- b A
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PIC18 ,Z‘a 511.&??% ¥
USART % . . ]

TXD8 TXEN  SYNC

SREN  CSRC
T .
TXIE

TX8/9

. TXDATA
w0 — oo
TXCLK
m RC7/RX/DT
o

[nterrupt

RCCLK
TO RC6, RC7

ADDEN [/0 Port Logic

RCD8
RC8/9

Baud Rate

@ I ' |—
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TXIF & TRMT - i®

EIITXREGHUE YR BLEVE|TSR »
TXREGF? o4 H S EITXIF = 1
BINTSREVEYR] fl V)] s 85 1

TRMT = 1 -<_I -

BEZTXREGH[E! * 2PR[EF TMRT £% ﬂ

Zﬁ"Flfj(TMRT=1) El”:—;—?ﬂ*ﬁ[{«‘[ﬁ 14 EJ[

TXIF=1 RC6/TX/CK
TXIFRLE HRIF 2] > J]fIUSART piY

TXF| l%%il_ﬁi% ﬁfjﬁfj(TXIE=0)

FhIM | g fepe 1 {ERE] 35 EJL-IJ{'F&'%TXIF%?

FTMRT Ui
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RCIF s 17

B RSR £~ {HFEE A > FU58-bitsfu (]
TR & start & stop bit.

B U Z O IR ¢ ¥l * 2] RCREG
FIFO }[ﬁj’ SRS =7 RCIF

BEEE F— ZYR| 7 FIFO [ 14 Bl g
H~F - ETEVIIERRE I HlEE
EHUEVR] Igjpj;.; + 51= 7BFY FIFO f|1

B i FIFO $57% 30k Byl g 4
A 8T AREPR A o plIEHRCRIR R
577 5 FIFO pﬂ?r;[v[lg EIEEL S
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RC7/RX/DT

-<—N

ADDEN —»X

I-
2 deep FIFO
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PICI8 & 7e% ;
RS—485 P 5y TP

W RS-485 7 BTl - REEEHF 0 S1F)
£ 15 ;jﬁﬂjﬁj

> jE/ZFIJ——‘r- ]E"[}J::L @i-,&[ilé ) ;[:EI‘?%UARTFIQIE{?E?J.TF??C

W5 ST RIS A BRI (2RI
B3 TR B (BRI )
m PSR 5 (68 STV DL
> FbSELIRS o AT BARIA 4 - A 1)
B L e FER S~ TR
> D8O - FHEITEVR] £l HEAUTR]
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PIC18 s 5en’ ¥
RS-485 ez 5y 3

—_—

B ADDEN f 5 53{#1 USART 4 FI{F]/5 0] po s uit

Ef\l Eg,,;zr, _Ell B 2P PR IR

> PRV ER IS 2R ERR = SRR ERN
> ik 8

B B RRE TE S AT e R
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B PICISF452 '€ UART 9 iz

> BRGH =0, [ZHif§i=', Baud Rate = Fosc/[ 64 (x+1) ]
> BRGH=1, ﬁgjiﬁﬁi?“ , Baud Rate =Fosc/[16 (x+1)]

B ') 16MHz fuZ (S EL] ¢ 4R 9600 bps FUsfiss
> Baud Rate=Fosc/[64 (x+1)]
> 9600=16MHz /[ 64 (x+1)]
» x=[(16MHz/9600)/64)—-1
> x=125.025
» SPBRG =25
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RS EPRIF R T

USART #p B ch¥r 35

REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

TABLE 16-5:

Name

Bit 7

Bit6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Value on
POR,
BOR

Value on
all other
RESETS

SARI R RS
BRGH = 0
v

([Hiz =2 R
=R
9600  N>8-1

INTOIE
TXIF
TXIE
TXIF

CREN

REIE
SSFIF
SSPIE
SSPIP

ADDEN

TMROIF
CCP1IF
CCF1IE
CCF1IF
FERR

INTOIF
TMR2IF
TMRZIE
TMR2IF

OERR

REIF
TMR1IF
TMR1IE
TMR1IP

RXxaD

INTCON
PIR1
PIE1
IPR1
RCSTA
TXREG
THETA
SPBRG

GIE/GIEH
pspIFt)
psPIE!Y
pspiPt | ADIP_| RCIP

SPEN RX9 | SREN
USART Transmit Register

CSRC TX9 | TXEN | SYNC|
Baud Rate Generator Register

FEIE/GIEL
ADIF
ADIE

TMROIE
RCIF
RCIE

0000
0000
0000
0000
0000
0000
oooo
0000

000x
oooo
ooon
ooon
-00x
ooon
-010
ooon

0000
0000
0000
00a0
0000
00a0
00ao
0000

000u
0000
00ao0
00ao0
-00x
00ao0
-010
0000

| BRGH | TRMT | TX9D

TABLE 16-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

iz dika < ag UG IRl

Value on
all other
RESETS

0000

Value on
POR,
BOR

0000 000x

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bitz2 Bit 1 Bit 0

Frh s
CREN =1

INTCON | GIE/GIEH| PEIE/
GIEL
ADIF

ADIE

TMROIE| INTOIE | RBIE | TMROIF] INTCOIF | REBEIF 0oou

PsPIFY
pspPIE!
pspiP™M| apip | RCIP
SPEN RX9 | SREN

USART Receive Register
CSRC | TX9 |TXEN| SYNC'

Baud Rate Generator Register

FIR1
FIE1
IPR1
RCSTA
RCREG
THSTA
SPBRG

RCIF
RCIE

TXIF

TXIE

TXIP
CREN

SSPIF

SSFIE

SSPIP
ADDEN

CCP1IF

CCP1IE

CCP1IP
FERR

TMRZIF

TMRZIE

TMRZIP
OERR

TMR1IF

TMR1IE

TME1IP
RX5D

oooo
oooo
Q000

oooo
oooo
0000

o0ooo
o0ooo
0000

0ooo
0ooo
0000

ADDEN =0

Bt
9600 - N->8°1
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Q000 -00x | 0000 -00x

Q000 0000 0000 0000

| BRGH' TRMT' TX9D | gooo -o010| oooo -o010

Q000 0000 0000 0000
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R¥wr @ % USART

A FAHZY © C:\W400 workshop\Exercise\Ex4.asm
F%%—;USART FyZ (SRS £ 9600 0 N » 8> 1

*F%TFE;’[EKJ@F,H: s T.ﬂ[ﬁ&%ﬂﬁl“ COM1 Fy COM2 - FFH LT
> 9600 > N> 8 > 1 > Handshake : None

ERERR] ¢ PERP T

B USTRR] R0 IS 50

APP001 ”F_,,E,%{L_Q’T;H J6 iV 1&2 '~ 3&4 HjrF

#13#F 15-Pin Y RS-232 Cable Z]] PC ¥y ,r.J

*ﬁ?“ 2/ 17} (Timer1) J A/D FUIBIZE R (10-bit ) 1055 ASCIL {5 -
L_”%”Bf»x#‘r;&g I—-E!"—] (&% EGSF IE[{I iR 1S g7 )
PC S “P” & - 18F452 [ (HEGS A/D [ » # “C” SEHRER S
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MICROCHIP

PICIS8FXXX

Directive Instructions
Internal Data EEPROM
Table Read / Write
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-- #DEFINE

¥ e

#DEFINE

120

<name> <string>

list p=16£f74

#include <pl6£f74.inc>

ﬁﬂr[pn-$-+_ KL~ ﬁﬂztl ﬁ;@g‘
T PSR 0 <string> S Pl
Y 38| <name> ELIPE T o

count

e ST I <name> e ;
& FIHHFIF[ F J J _$I #define

val ff equ 0Xf8
val 250 equ .80
equ 0x20

count, 6

5 <string> 4 AR OB

SULIIE
#DEFINE S_CLK
#DEFINE S_DATA
#DEFINE S_FLAG

PORTC, 3
PORTC, 2
0x30,7

Microchip Technology Taiwan Slide 131

#define
#define

PORTC, 0
PORTC, 1
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¥ * hE k4, £ -- CBLOCK & ENDC

CBLOCK F@Qw VRIS o Rl T IR T BT aJ‘E[EI‘JE'iIFI'“ﬂ—
CBLOCK Frishfiu 51— W@EV(F,H §) bk 3] fﬂcﬁ*‘ﬁ—“lﬁ gk ™~
S )3l {IL«F{ 3 l"*np_ o

ENDC RLii fl PR G RS pU g 2«

00016 h'20'
000000 00017 count, count ms, led count
000000 00018 led index
000000 00019 led buff

00020

0042 3008 00081 0x8

0043 00A 00082 led count
0044 ODA 00083 loop right led buff, f
0045 0C86 00084 PORTB, £
0046 2054 00085 delay 250ms
0047 (0)27:N 00086 led count,f
0048 2844 00087 loop right
0049 283C 00088 loop index
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-- MACRO & ENDM

MACRO— 487V £4,=1 & rﬂg\’r ’ iL_EIJ—qéﬁ]U”—\L_E & IEIGJETJ; E'JEIGJ?F'I —'&J F' = xgﬁﬂ
'F*FHEQ_FLqﬁIJ

User 1nstru var inl, var in2, var out

@“:ﬁ{*ﬁ”#hjuﬂ?... - ERrPRRrE

TS T I GoTo $5 4T E] ST WIW“@’E%E%U@'“LHW
J['(f*“'#)ﬁ&?’?v*(yfi'#)ﬁl@ﬁ‘é;lf o
swap led MACRO

movilw h’ 8’

movwf led count
rrf led right,f
rlf led 1ift,f
decfsz led count
goto $-6

ENDM

M ENDM RLM[sndhiph 7 =0 & frit e

®m E| MACRO FI\JF‘,F[BBW\,FJ | ENDM Vit o
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MACRO & ENDM :hig * § |

portc bfr equ MACRO ,
w_buffer equ movf regs,w

s buffer equ movwf regd

ENDM
skkkkkkkokkokokkokokokokokokkkokokokokkkokokokkxk

PUSH MACRO

movwf w _buffer ’ Program start

cekkkkkhkkkkhkkkkhkkhkkkkhkkkkhkkkkhkkkkkhkkkkkkk
4
swapf w buffer,F

swapf STATUS,W
movwf s _buffer
ENDM

org 0x0
goto start

org 0x04 ; Interrupt

MACRO ) vector
swapf s buffer,W PUSH

movwf STATUS MOV

swapf w buffer,W :
- POP
ENDM _
retfie
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| mi\‘/e

BF DB <F7>,<Fff>

%4 8-bit R LIRS A R
I EYR 7] Intel’s HEX Code E[fRFHZVIE FA
[ﬂﬂP’ICISFxxxx Fll16-bit EIJ?E“LTJFF'J = PR RAER f@ﬁ[[JEff
F R Y R T (i EYBy te) € F BN F

B IEEER B R Hex code -~ ASCII F'7 - C‘J"PEH

00O01DE 5B1B 4A32 0000 String 0 , , , ,0x00 ; Clear Terminal Screen

0001E4 2020 2020 2020 String 1 " Microchip Technology Taiwan ; Workshop
400" ,0x0a,0x0d,0x00

2020 4D20 6369
6F72 6863 7069
5420 6365 6E68
6C6F 676F 2079
6154 7769 6E61
3B20 5720 726F
736B 6F68 2070
3034 0A30 000D
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i 28 F 4 EEPROM
PIC18F452

256-Bytes EEPROM
SE - PR REVR T RS
> Flash Program Memory £' % Fi-*AYE * ER{C]
jéﬁ 2 F AL %3‘@403
EEPROM F * /55 pyp| 15
EEPROM SEE ﬁ%@lguﬁ—f@&
»> PIC18LF452: 2.0V ~5.5V
B EEPROM ¥ * E\JJ‘ [ti] © 4mS
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*e®  EEPROM 4 M 4 % &
PIC18F452

B EEDATA (0xFAS)
> H|I'| %57 EEPROM B * B @9Vioerh]
EEADR (0xFA9)
> H|I'| &% EEPROM fY Y& JVAYE - ( 0x00 ~ OXFF )

EECONI1 (0xFA6)
> EEPROM 3} / Ff& il 277 A5
EECON2 (0xFA7)
> FFRAOPE T o Ry
> FLPURH = £ <0’
> FJJ’ "|¥ EEPROM [V * "HEE oM (=
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EECON1 % 7

EEPGD FIllEE WREIRR WIREN

bit7

Bit7 : 1 = %3V Flash Program
0 = &3V EEPROM
Bit6 : 1 = &3V Configuration
0 = &2V Flash Program 59 EEPROM

Bitd : Flash memory Row Erase Enable
Bit3 : Write operation Error Flag
Bit2 : Write Enable

Bitl : WR Write Control Bit

BitO : RD Read Control Bit
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3} B~ EEPROM 1% #
PIC18F452

<812V EEPROM fi97 i EEADR #7755

(= EEPGD 7 » EECON1<7>
gl= CFGS i+ 7v » EECON1<6>

ZERD A+ EECON1<0>

glﬁ}_JFﬂfHTﬁ 1 rfl | F[ JE%F % _E%‘f“fl‘?-lﬁ“&

EEDATA -‘El—;ﬂ,**r; B3 Fl 1Rl
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3§ B EEPROM 7 #L ez 3¢

READ EEPROM: EEPROM FVEFH=N
I

Data EE Addr,EEADR ;[;Tﬁi'%ﬁzgvgej w47 7 EEADR
EECON1, EEPGD ¥E& EEPGD 7

EECON1, CFGS W& CFGS 7

EECON1, RD ?%‘E[*J%ﬁ?v EEPROM Vgl (&
EEDATA, W FIVEI B RS }[ﬁj’?m[a[?;,iu W Reg.

pHAE= &
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& » 7 5] EEPROM
PIC18F452
#lﬁi;ﬂ@ * EEPROM fuft - Z[| EEADR %ﬂ?ﬁﬁﬁ
#Iﬁxﬁf@ 7 EEPROM [YEYE| B1Z] EEDATA -‘%ﬂ,ﬁﬁﬁ
W& EEPGD 7 » EECON1<7>
¥EE CFGS 7 » EECON1<6>

=€ WREN #7 - EECON1<2>

V&% WREN % » EECON1<1>
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? 74 7| EEPROM
PIC18F452

EEPROM H * E[FE=" Write EE Data:
) I

N . Data EE Addr, EEADR
LA * EEPROM fiufd 28R S
EAF R Y B S5 Data EE Data,EEDATA

& EEPGD 7 EECON1, EEPGD
_ EECON1, CFGS
&= CFGS fF 7u
- EECON1, WREN
1 » I\’ = ~ Es Joe R _'\:
?&_\L_‘_ WREN ## Ju ]JSIEEJ Fﬁ, gyl i

?Eﬂ%il_}‘\,%ﬁj; R PIR2, EEIF

LOOP

B Ay FéfJF%fJ EEPROM Hf * Z)f< EECON1, WREN

PIR2,EETF
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3F B4 3N s R A
PIC18F452

Table Read jf’F'[—.&J 712V Program Memory [| I[FY%EYE[ = Data Memory [/
> FHFH %, PICI6Cxx 5120 P g
> PIC16F87x > 16F7x » 16C78x F[[#| Table Latch F2Vi:

Program memory I'] Byte (& 7 55) E;,,?f [t » I'] 22 bit ¥ Table pointer

s fF'[ LE & 3-( TABPTRU: TABPTRH:TABPTRL )

B VRl T TABLAT -‘EI—QUT ==l

PIC18Fxxxx H{fl — H PU7EE|FZAY Table Read T'F'[ g
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oY

APPLY .5

PIC18F452 = Table Read 1 4

B [“* TABLE Read Elfjjﬁé =iss
> TBLRD* : 2 &3 Bodp ik onh #rdp ep 3
> TBLRD*+ : 3 B~dp % tonk #dp e 7 15 #dp iR be -
> TBLRD*- : 3 Bodn 4tk i dp e % 18 3 Hip -
> TBLRD+* : it e — 18 £ 3 Bodpff oy #7dp 65

P %
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%E-f U'T%B'Eﬁ Fg B’s?g Lvl
PIC18F452

FSRO, RAMBUFADDR ; F%q‘__ 22-bit AVAHFUA -

UPPER (PROGMEMADDR)
TBLPTRU

HIGH (PROGMEMADDR)
TBLPTRH

LOW (PROGMEMADDR)
TBLPTRL

IV E ] HHIE R - SR -

TABLAT, POSTINCO ; ﬁj*ﬁHﬂvq' ¥Z[ FSRO ﬂﬁrﬁﬂﬂj
pUfd i » FSROY[— FIE[™ - fFi-
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B~ fE s Ril
PIC18F452

Table Write ?F"_'AJ “FF YRl Data Memory F
Program Memory

Program memory '] Byte (F 7t 32) £3E{ > '] 22 bit
F~J Table pointer ‘*FT'FT@}H At

» TABPTRU : TABPTRH : TABPTLL

TABLAT -E%”T [EE =212 ﬁiﬁj, * Program Memory fNEYR]

PIC18Fxxxx HL{H 47 :)_fr'J'Fj\E F[fj Table Write :JFFI_IAJ
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PIC18Fxxx 7 Table Write ip %

P76 TABLE Write [iUf {E+ 70

» TBLWT*

> TBLWT*+

> TBLWT*-

» TBLWT+x*

Microchip Technology Taiwan

TP TR DRt i
B~ T P4 1R 97dp chihk 18 4 4 4 -

B FRI o4 et (8 g R -

: j‘z"#ﬂ’@-’tét“ fﬁ-ﬂﬁz- L a%#ﬂ’@-"ﬁ‘#ﬂ > ht
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e Big g ~ % |
PIC18F452

; N ARPER AN Long Write
GL A Rras s

FSRO, RAMBUFADDR ; ;{;“J'Fgléﬁﬂﬁfﬂj'iﬂ—%ﬁ“ 22 Bits
UPPER (PROGMEMADDR) ; [Y Table Pointer [[I
TBLPTRU ; TABLPTRU, TABLPTRH, TABLPTRL
HIGH (PROGMEMADDR)
TBLPTRH
LOW (PROGMEMADDR)
TBLPTRL
POSTINCO, TABLAT ; }lﬁ%l%ﬁj“*@?“?"rﬁ@p’m@aﬁﬂ

TABLAT EFT’TT;%E

B * = holding register
POSTINCO, TABLAT ; Hy * 912 [ byte

B * = MSB (odd address)

n\“—_'ilF", long write pYAHH-
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3 . Table Read

,%W??*E:“ : C:\W400 workshop\Exercise\Ex5.asm

}[—] %+ ROM pyu3 fH"’hH E|Table Read fuH=VZgH X > ;ﬁ;};} RS-232 {Hi;:=
Sl

PR E - 9600,N, 8,1, None Handshake

ifg:k‘g%:[fﬁ 1 #} (Timer1) 4 B35 f[l, “The A/D Results are : « Tuaif‘ffv}%
R i F PR A/D OEESEE§I (10-bit) $055 ASCITE i - S E[R
RS (DOVESSEIE T gS )

PC SR “P” &g » [ [HESS A/D [ i"’r}[%]’i‘l"f[l, “The A/D is stopped
conversion !” {E [Jw’s‘#"”[%‘yw -

PC SR “C” £H|"E8 ELs A/D i j"r}[ﬁj = fH “The A/D is running !”

IR
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MICROCHIP

45 A

2 i R
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Microchip Technology Taiwan

MICROCHIP

Bl B4

APP001 % # &t 7 &k 5x
MPLAB IDE v8. xx
MPLAB ICD2, ICEZ000
MPLAB Real ICE
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J6
(RS-232)

J2
(32768Hz)

g amen

/

APPO01 v1.0 &

o ~

A/D VR

U |

800
000
-
- - n
‘.“u:ﬂ
n"i L LT
gems

y
P
¥

L

= .
= =
-
o

- =

1

H
g
o

5

" _"u.

(=)
L
w
w
-

a1
VI (P
f

ek I%‘;[EZ PORTD LED
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2 X 16 LCD Module
Slide 152

»

# ICD2
Connecter

0 U~ = “a00C200000C00000
0000000 wWLIAQLUOO0O0000
000000000000000000000
[eRelel X201 ESEF T ()] boooooou
000000000 00000000000
000000000000 0000C0O00T 1

S 0000000000000 000DO00Q
0000000000000 CO000000

SN 0000000000000 00000000

SO O00000 LI oCNC ' waiNo0OO

CrT L U00UEG000000U0000
o ooooooonoooooonoooq

0000000000000 0000
C0CC0O0C0000C0000000
OGOOﬂQDOOOOOOQOOOG

POOOCOCOOOCOCO0O0OCOO00O0
BN 00000 LonI5l00C0CcC0000
> oooraooeaoodnooooaoo

(oo~ 0000000000000 0 }

0 J0000000C000000000 \

0000000 COC000000

CCOC0CO0COO00000000 m
-'00000009090000300

171180
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APPO01 F 2% 1+ #* s

A H PICT6F877A [* [l =17 3 2 AU BV 750
40 Pin v PIC16Fxxx=" PIC18Fxxx %] T‘El”flfkl'
LI = MPLAB-ICD2 i , T F5E | Header Board §E13F

RIS Bt R

> LCD Module , #$5E! » I*C EEPROM » IPCif% %3V
> SPI > RS-232, RS-485, CAN Controller
> AD #j51, PWM % 1/O £ |
101ASP FAHFH [FU= BreyR
> PORTD * J,I‘J;@'ﬁju 8 (R} fY LED
> RAO : fjli B 20 i iU Ee il (ANO)
> RA4: fj P R (SW3)
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MPLAB-IDE # 5 /1 5

gj @Flﬂ%ﬁm@é‘éﬁi’ﬁﬂ/’ﬁl O fE[Fa[;ggﬁj £y
gl > ICE2000
FRE IR E*%'T;) ( Project ) > Real ICE

O S AU ;o > MPLAB ICD2
%7 ﬁ@a@#ﬁéﬁ NEEE ¢
m EEJ > MPLABICD2 LE

El i FL&FI%‘;@% » PICKit2 Debugger
WEW%

> E| AT m RS L

< R RUEPEE (EA > PM-III

< MPASM - MPLINK » PICSTART Plus

4 C compiler » MPLAB ICD2
» PICKIT2 Debugger
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MPLAB IDE - £ £ 7 crog £ B 5

MPLAB®

Integrated Development Environment
—- FAREIZ ’F@F’i’l‘ﬁifi’fi;l?“
| P
]
R TR W RSB ’F&féﬂ

MPLAB SIM IAR, Hi-Tech,
Sofware CCS,

Simulator ME Labs,
Green Hills

MPASM™
Assembler

Real-time Operating

™ Systems
MPLINK CMX, Vector,

MPLIB™ Realogy, Express
Logic

MPLAB C18  MATLAB
MPLAB C30 Live Devices, CMX

Momentum Data

MPLAB C32 Systems

Uniquely supporting 8, 16 and 32 bit MCUS within one integrated development Environment!
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MPLAB - I1CE2000
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MPLAB - 1CE2000

+FEHTE| PICmicro® MCU +7[[Hut5iE-
= R 1

> Up to 25 MHz ( PIC18CXXX )

> JEE L 40 Mhz '] HRUAN £

18 (S5 R ESRURAO RS-
> B[ER=25V

=2 PC {{i¥'] Parallel printer port f¥ ji =
Software programmable clock (7 MPLAB-IDE f|IF’ il
$5 R )
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\cye
MPLAB — ICE2000

d5 UF %AY Trace 'F'jﬁ‘li

> F }[%]’ Fl I%’%‘%@LHFPE? internal registers/RAM
> FIJ I'l Trace internal registers/RAM

> 32K * 128 bits Trace Buffer '] 5 Logic analyzer
> F 7 el SR = [fR R JEH’TF ' ( Time Stamp )

B Four level conditional break/trace/trigger

m ﬁPEEI?EU?T:]*FFF F“EJJ:F Bﬁ

(Time between intervals )
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Microchip Technology Taiwan

MPLAB ICD 2

q’j%‘ FS-USB A F;'[
Y2 PIC16F #/5! %] ICD =/
fi= MCU [y

< # PICISF » PIC24 -
dsPIC30 > dsPIC33 & PIC32

USRS G A
A SRR

32K Bytes (PIC18F4520) it
RSV 3 Fp bk

Slide 159

h
ll 'In"cil"cul't
B = Rl L LG Y, v e _E{E:bl.lgge
RN
T e S
iMEw LY

IEEEEY

T
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S LT T T Ty

= ) - -
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Real ICE £ & fie ¢
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B 5L ICE $jist ensig g

> ICE By e i dp
¢ Hi’ _’\E[l '
- ﬁ&‘ﬁ-?' - I P
> [ S TR ST YRR
. CPU/q: K gl 20MHz (R HN “TVB?LﬁE[J
« ICE Ef’: [ﬁ%“ﬁm'%\“[,,{*“z&"ﬁw F J FEl J%EUF?T Bl
> ICE "?]'fr‘f‘

IR [ ﬁé,\_ )

Vrf‘ I\J;,EJ RO R - FPGA &
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REAL ICE 7 5

E XNk

> % Z W47 MPLAB IDE fuzif™
> BB T (esD o

> FE

> BE R TR
> RS ]

e Run » Step into
« Halt » Step over
» Single step * Reset
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REAL ICE & F# #

B Advanced Features
> Breakpoints (F{ F== R[] 'ﬁ’TF‘UQL)
> Stopwatch (FH=VEh = 5P %)
> Real time watch (J[]f ‘@@\7@ D
> Trace (E%)
* Program execution GEI™EFE=VER )
* Variable values (:f1%5@hgf i)
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REAL ICE # i; - F 4

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

Microchip Technology Taiwan
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APPO01 F 2% 1+ #* s

?W??’,' PIC18F452 [’ J‘ﬁ[ﬁ rﬁji%f'@fﬁl B4 3 T 00 AR [0
40 Pin v PIC16Fxxx=" PIC18Fxxx %] T‘El”flfkl'
El }%‘E‘H—t MPLAB-ICD?2 :LE:_EI%

RIS Bt R

> LCD Module , #$5E! » I*C EEPROM » IPCif% %3V
> SPI > RS-232, RS-485, CAN Controller
> AD #j51, PWM % 1/O £ |
WORKSHOP 400 ffi 2 [f9= fole¥F
> PORTD * J,I‘J;@'fﬁu 8 (R} fY LED
> RAO : {12 [ 020 R giis pu e il (ANO)
» RA4 & RBO : ffi* Jﬁ?ﬁ%@ﬁjﬂ (SW3 & SW2)

Microchip Technology Taiwan Slide 165 102_ASP-TW




-

N

MICROCHIP

& * MPLAB IDE
V8. XX
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APPLY .5

% % MPLAB IDE V8.xx

B ' 4E MPLAB IDE v8.xx

> Vi|~E I HEEATY MPLAB IDE > Fk AR

> B > BIEI4E ICD2 19 USB FEEMHI
* C:\Program Files\Microchip\MPLAB IDE\

ICD2\Drivers\clnicd2.htm HIfYEEH

> JIEE| | ICE2000 BIEIF ) 3 SRR AR =S
¢ C:\Program Files\Microchip\MPLAB IDE\

ICE 2000\Drivers\DDINSTXP.HTM #IpUz

Microchip Technology Taiwan Slide 167 102_ASP-TW




VIl AR AN L @ EkE

F:le Edit  View Proje-:t Debngzer Programmes Coifizire  Swadodw e

ﬂl%mﬁlg?

=

P PE e

I %clemns_wemmmm o]
|:—| S-:uu.‘rce File=
; { ~exd e (:

IR 4 A2 3
: pl3LCD_201 .
... Header Files unsigned char Set BCD ASCTT (unsigned char EBCD Data)

Ohiect Files i

. Library Files if [BCD Data==0]
=} Linker Scripts : =
i 18452 Ner

if (DS _Zero FLG) return

| ELTE
M O SRR else return '0'; R — e
Build | Find in Fil=s | MPLAE 5D 2 | 3
Copright () 2002 Microchip Technology Inc. ?1se __I
Errcez 20

B E S
MEEE] a3

D5 _Zero FLG=0O:
return (BCD Data +=

® A drm

l.."ll."1:ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'1f1r1€1:1:*ﬂ'ﬂ'ﬂ'1f1r1r1:tﬂ'ﬂ'ﬂ'ﬂ'***ttt******ttt*******tt

Leoaded C:M21 MAnswerdnsd Bxd cof e FEE punhEann: -E

ch
e R " 7°| addskR [[s0COND <] Add Symbol|[_parameter_t

Address I Syrmbol  HName I Talues

[« |
=10 x| Q09 AD Temp

oo9n D3 Zero FLG

MEPZHEE 31006, JOFF o HEX File Converder
Copnrizht (2] 2002 Micrechip Technelosy Inc.,
Boors (0

[ —— T .'_ — :"—1_, _. __..:."; __,:__.
Addreszs © I SFE Namne

Decimal

I Binar *

OF LD
OFal
OFAZ
OF &G
OFAY
OFAS
OF 4D

ST A T

FIE:Z
PIRZ
IFERZ
EECON1
EECCH=
EEDATA
EEADE

]

]
31
125
]

T

00000c
oooooc—
oo0111
10000C
00000c
00000c

ooso B LCD M3G2

ooso
o031
oosz
0a3s3
004
ooss

TARAD Value——3

DDDDDET 0086
ﬁ I"-.-'-.-"atu:h'l ‘wWatch 2| Wwatch 3| wiatch 4|

movedee 3 = |_j§
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% ¥ 72 ( Project Management )

W MPLAB IDE fL{R % 8 = ok b P = st
» 57171 {1 ¥ | MPLAB IDE Eﬁ B")‘E“‘}—ﬁﬂ — &
Project °

B Project PUffI 3 £/ kL xx.mep > ﬁﬁg&x’ﬂrflﬁ (Egia
el R E ) TR -

- {i# Project [i' SIFRE! 233
> BRI R AT
» TE'%?J@’&’%’EI@ 7 "‘__l"fﬁll'
> A TR R
> EEE ﬁ%ﬁmﬁﬁ%ﬁﬁ
B '] Project & 4. H;ﬁ ﬁ%’?&’l@ﬁj’?@?ﬁ > I'] fEIE NES
I}E_J—e p Jméﬁg iZds o
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TenE % (Project)

B 34 {7 MPLAB IDE , #% 7 - #~4-0Z v 5 o

s MPLAE IDE

File Edit Wiew Project Debugzoer Programmer  Configore Window Help

[ = A - =
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(N

EXPLORE ' A8
APPLY

Select Device

M #* “Configure =2 Select

Device” % 4p % MCU % PIC18F452 |[EEeC¥E
FICTEF457

Microchip Programmer Tool Support

e B 2 0 @ PICSTART Plus @ MPLABICD 2
| 1] l—ﬁ?ﬁ i @ PROMATEI @ PICkit 1

\\’r_,j%grpg
R %B‘J{’ SAR @ MPLAB FM3

Microchip Debugger Tool Support
: lﬁ;}ﬁl}%%‘ﬁ@ﬁ 3 @ MPLAB SIM @ MPLABICD 2

5 DS Y el BT MFLAE ICE MFLAB ICE 4000
[Jfrq/ EI%CIEI Jéﬁ T = @PCM18XC1 @ PMF 18w

@PCM18xHD @ PMF 18w 1
@PCM18xH?

Ok ] | Cancel ] | Help
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i €_IC & e fiC
7\
] ‘,f Background Debug % %_% Enabled 2 i # * MPLAB ICD 2
fu % 38 > 3920 2 D
Edit Aiew Confignre  3Windew  Help
0 =

m Configurarion Bits

Eddress Walue Categorw Setting
200001 FA Oscillator
Osc . Switch Enable Disabled
J0000=2 FS Fower Up Timer Dizabled
Brown COut Detect Disakled
Brown ©ut WVoltage 4 25
2000032 Watchdog Timer Dizabled
WMatchdog Postscalecr 1:1Z8
200005 CCPZ Mux EC1
200006 Low YVoltage Program Dizabled
Background Debudg
Stack Overflow EREeset Dizabled
200008 Code Protect Q0Z00-01FFF Dizabled
Code Protect 0Z000-03FFF Disabled
Code Protect Q04000-05FFF Disabkled
Code Protect 06000-07FFF Disabled
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Project Wizard

Select a device

7 [ AofiEr VR
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ticrochip MPASK Toolsuite

Language Toolsuite” iél%
T ] MPASM 7= &

Select Langnage-Tool Executable

falalalu}

Set Language Tool
locations” ?Ffféﬁﬁ'ﬁ‘ﬁ@
Eﬂ:EF%igbriﬁhjrf[F[
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B E Project {I[iV source code = [Ef 15

Project Wizard

Step Three: i , %
Mame yonr project f[?ﬁ E X 1 10 Cp

Froject Mame

Ex1

H| Browse “HF’F',%—;E 528
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B 17 source code Z[| Project iU~ [Bf I6&

FProject Wizard

Step Four: Eﬁ
Add any existing files to vour project \:/{:;}

=1 Ans ”~ CoM NAYWAAD0 workshophanshex] as
| ex].asm

Ex1.COD

ex1 err

o1 HEX
ex].lst

ex].mcp

exl.mcs

exl . rmcw

exZ.asm

ex? err
ex? st <

Exz.mcp Check the box to copy the file ta the
project directory

e e e P e e T

[<E—#® | [T—Fw-]| [
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s 33
H

A)
»

B Project & F5y % TFEF,

Project Wizard
Summary
Click 'Finish' to create the project with these parameters.

Froject Parameters

Toalsuite: crochip C18
MYy
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G N

File Edit ¥iew Project Debngger Programm File Edit View Project Debugger

o' e © 8 ?

- CAWANY workshop\Ans'ex l.mcp*
Header Files

Header Fi m
Obpect Files Obect Fil .
Library Files

; 1 Filte
Library Flee "

Linker Scripts Linker Scripts

Source Files MPLAB IDE
TRT R R4 BB RG4S 2 %
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+ okl B j\})_?l 1> B
— P )1

Baild Options For Pregeet “oxlme”
B 7 R B B f{i®] “Project >
Build Options -
Project “’?%‘Eﬁﬁiﬁﬁ” i)
P
_/JfFJ BreliEr * 2R

: F' AR R
T’ﬁplﬂjm& m’—l‘F‘F  — BB

T A

Build Directory Palicy ilﬁ[ F' Tﬁ'{
(@) Assemble/Compile in sourcefile directary, link in output directony Ji I
() AssemblafCompilafLink inthe project directary i F[Lj?rl /\I = I I _j/ 3:‘%[
4\
o
\» />
. I AR

e [HJ o R

102_ASP-TW

[ e || ®m& || =Fw || =8 |
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Y L eFEN

i * Project 2 Build All & Ctrl+F10 % = :F4% ;¢

«» MPLARB IDE

Edit Wiew Projgct Debugger Programmer

=

- [OX]
= CAWA0D workshopVAnsyex 1.mcp
= mource Files
ez l.asm

Header Files

Cbxect Files

Library Files

Linker Scripts

-

Build | Find in Files | MPLAB ICD 2|

Deleting intermediary files... done.

Erecuting: "CA\Program Files\WIFLAB IDEWWIC
Loaded CAWaAMK warkshophAnser 1L.COD
BUILD SUCCEEDED

[ )

e oEo N

Microchip Technology Taiwan

Confignee  Window  Help

[ BE e
-

WA00 workshop\Ansiex].asm

.I*******************************************************************;
The exl.asm is exercise one for the I/0 contreol

Press the SW3 (RR4) the PORTD will show b11110000 on LED
Press the SW2 (RBO) the PORTD will show b00001111 on LED

v e o e o e o ok o ke o ke o ke o ke o ke o ke o ke o ok o ok o ke o ok o ok o ok o ok o ok o ok o ok o ok o ok o o o ok o o o ok o ok o ok o ok o ok o ok o ok e ok

LIST P=18F452
#Finclude <P1BF452 .INC>

;rdirective to define process
processor specific variable def

v e o e o e o e o ke o ke o ke o ke o o o ke o ke o ok o ok o ok o o o ok o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

PORTB, 0
PORTA, 4

#define SW2
#define SW3

g e gk e gk e ok o ok o ok ok ok ok gk o ok ok ok o ok o ke o ke o ke o ok o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke o ke ke ke

Reset vector
This code will start executing when a reset occurs.

ORG 0x0000

goto Main rgo to start of main code

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A b A A A b A A b A A
JL‘
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;Start of main program
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Ex#> % 2 MPLAB-SIM

22 “Debugger = Select Tool > MPLAB
SIM? I' R [ O s =

Eile Edit Yiew FEroject 1eb " FProgrammer Configure Windew Help

M= £ select Too Mone
Clear All Memory MFLAE ICD 2
-
Eun v MPLAB SIM

_[C:\HI'D'DW'DTKShEIDHHI'D{l'P T

5. Source Files Stap Into MFLAE ICE 2000 Exl . ASH

EKI.ELSTTI Step Crver _ - —im is for edit i
Hﬂ'&lldﬂ'[' Files Reset : a delay results on the LEI
Obpct Files : Please make sure that the
Library Files Breakpoints. .. ;* switches in the ON positi«
Liﬂkﬂrggriptg = ek ok ok R o ok e e i e ke A R R R i o ok e ke Ak R o R o ok
F— Stopwatch list p=16F877A
- Stimulos Finclucde <pl6f8T77TA.inc>
Eefresh Fh :

Build | Find in Files |

— : _ VAL US qu .249
Deleting intermediary file Settings... VAL_MS . 100

Erecuting: "ChProgram Files\WIPLAE ID count i1 0%20
blessape[ 3021 CA1 WORKSHOPYW OO count_ms gur O0x21
Loaded T3 18 waorkshopt 10 Answeartfe :
BUILD SUCCEEDED

« ol ool e ol ol e ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol e ol
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MPLAB SIM 14k & ' 4 54 i;

m MPLAB IDE U .- e

File Edit View Project Debuvgeer Programmer Configore o 'ndow  Help

O = S ¥

i CACIEVAnswerAnsdiend .c T =10 x|
2

ADCONOhits. GO=1
while (ADCONObits. G0
Inztruction Cycles 119516

=[]
AD Temp=ReadlDC Q Time [mSecs ] 119.516

AD Result.iD 10bit=1D T

SetDCPUML (4D Result.aD | FProcessorFrequency  [MHz ]
AD Result.AD 10bits»=2
FORTD=AD Result.AD[D [ Clear On Beset

4] # mouse s+ 4 4)% Stopwatchit &
AR TP S8 k£ RIARH T
TR EPE
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Watch Window € & |4

Lt RAM Vit EIRLgEd FFF‘ J
IR ﬂ'ru EIZU’@E\’?‘J[
MPLAB IDE | JJFE‘;}TI 1@5\7@%@ i

i Yatch

~ =10l x|

Address

Add SFR [|PIR1 Ldd Syrmbol

mybhol Narme

T~ 0098
ag9n
OFES
OFs1
Mnr4
OF9E

I “Wwatch 1

Microchip Technology Taiwan

ATy Temp

DS Zero FLG
WREG
PORTE
ALEBESH

FIR1

Watch 2| watch 3| “Watch 4
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SE R K

B 7Y Build All (Ctrl + F10) —“FE’\JEIZ}%”IE?Q

> i/['fjffﬁ?’ﬂ . ﬁ?%:%%ﬁ?ﬂ?*ﬂfﬁ['” Ei

R f?ﬁ?ing* RV R~ - b~ = %?*—FU:’
B 7|2 [Watch Window | El£s7g gy
L] %[JE'JMouseEIfJ‘F S F%%_’H I 'gﬁg[![—

> FuEReset * Run > HaltZ}fe

> Step » Step OverﬁJﬁi

> RAM - SFR B A A

o=,
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MICROCHIP

iz * MPLAB ICDZ T
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MPLAB-ICD2 # 5

= ET

Fﬂ‘Hj_iﬁ =

1/ % %ﬁ?{l?ﬂﬁl'ﬁ%

BEEIE > FU T RS
[HogdEy ARSI
H”‘,sl,ﬁi#%ﬁ R 2

_ "':F{T*’Eit . 2.5V to 5.5V
PRl 5 32KHz to 40MHz
RS-232 {5 USB /i [

itk

Microchip Technology Taiwan Slide 186 102_ASP-TW




MPLAB-ICD2 iz 4 ]
NS S S g P T e

- ICD2 Module '

My

R
_ ETm :

Ly

1 A

|"'"
- —q,,._g:
o, 2
'ﬂ:-"liﬁ t:
{I_f'g In- L

4
h- %
.I - 1
: | AT
il -
t -
=~ | Lol

[lr

ey

[
N -
L
.

APPOO1 Ef Fe Hy
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fr#e 1ICD2

] @Eﬂf_ “Debugger - Select Tool > MPLAB ICD2” ||
TR [ O R

File Edit Wiew Project Frogrammer Configure Window Help

O = & =alect Tool
Clear Memory v MPLAER ICD 2

P ———

==
e

Eun

MFLAE SIM

- CAWAKY workshopV/
MFPLAE ICE 2000

-1 Source Files Step Inte

ax l.am_"rl Step Orver ) &
Header Files Reset Press the
Obect Files Press the
Lib'['ﬂ'['}." P‘-‘lla5 BIE&kpGi]’ltS... B o e e o e o ok ok o o o ok oA ok

Linker Scripts

Connect LIST P=
Diownload [CDZ Operating Svstaim #inclucde <

ey
_—

Pru::-gram FEr F EE T T L

Build  |Find in Files |

‘Dﬂlﬂtiﬂﬂ mtermediary files  =etiings SH2 PO

L | Tl ol ﬁl?e =]
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MPLAB-ICD2 /i & ¥ 7
PIC18F452° 4 p*

ICD2 ;7] 18F452 f o= 2T (PSR (7 )

SR B R
AR EEPROM BYIP Kl » T3 [RERFUEAEF 1T
%’ﬁr FIEPRIFT ﬂ['ﬁﬁl%ﬁi‘)%ﬁ% Device iR 15T
ICD2 % JEHEAH R

RB6 & RB7 [jlF{35 ICD {2 5% |
MCLR pin E?H ' 13V ElfJ%*E’t(thru a 1kohm resistor)
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e

2 * MPLAB-ICD2

R R ICD2 [UREE R o AR

» MPLAB® ICD 2 In-Circuit Debugger User‘s Guide

B ] ICD2 & » 55~ 273 » FIENEAH ] MPLAB
IDEA% % p~ ICD2 Firmware I )ﬁél’ﬁi ICD2 HT'EE
MPLAB IDE 1%

> -LghiZE “Debugger - Select Tool > MPLAB ICD2”

> FJB[!,‘;LEE “Debugger - Download ICD2 Operating
System”
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