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”ﬁ\ Microchip PIC® MCU &:71%

el 16 bit 24 bits
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/ 16 bits
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”ﬁ\ PICmicro Architecture

MICROCHIP RISC-like Features
MASTERS

PIC H. i (L2 Bt AT AR = i P e e A O FE R 22 Ty
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PIC 5. 5 ML A4
T2 UKL

H IR MIPUT I A e I AT 1.
ﬂAﬁﬁ@hﬂ%ﬁTUﬂ%ﬁ

fE— a2 B N AT

% (ﬁu GOTO, CALL = jZEi%@E&PC),
Ne2 FE.

Tcy0O Tcyl Tcy2 Tcy3 Tcy4

MASTERs

>t
EE;

1. MOVLW 55h

2. MOVWF PORTB
3. CALL SUB_1

4. BSF PORTA, BIT3 elehnd; i Pl




PIC 1 )5 #1284
AV P =l A
MASTERs ﬁﬁﬁ
i st 0 RAMEF 1 4L ]
l_ [y 25 A7 5.
STATUS 0 SRS (/O) AR ) B

PORTA
_Other SFRs_

W Register

General Purpose
Registers (RAM)

14-H7 K )45 2.l
AR <7> HEHPEIE <7>

.~

1
) FATHR A Bl A
KPS 125 17 28,
) KR AR 4 T
EL 2 475



PICmicro 224
154 £

0 Zahd H— Tk

SRR $E 2

OPCODE k. k . k.k.k_ k,k k.



”ﬁ‘ PIC MCU 5.5

MICROCHIP

AR R SRR E—
%EIJEI/J 1/4 |—\_‘—\_‘—\_—> PIC MCU
4314/ 4 MHz o\
(250 ns)
0 BN R AR /
'ﬁ—ﬁfosc -
e
0 — P IEA Y Y

= 1 Tcy 1 MHz
(1 us)
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0 PICmicro %4

MICROCHIP itz

MASTERs

DAY e TR
0 FEFP
1 (RAM FIEEPROM)

0 ZH Ak
0 Pages - it (F&/pA7fifi o)
0 Banks — 41 (FHE (7 it 7%)



PICmicroZi

MICROCHIP 171t 2 2%
MASTERs
FLASH RAM
e AT i s Ao
PICmicro MCU K/ (words) GPR KX/ (bytes)
PIC12F675 1K 64
PIC16F877A 8 K 368




70 TR A7 it 2
(14bit 1%)

CALL or GOTO instruction

OP CODE _k (K k Kk k Kk ki k ki k k
\ NS W

~,
3 bits for 11 bits for
instruction destination

0 {E14-bit 1% 1284k
0 11 Ay 211 8 2048 (2k) =]
o A B 2 2 e, S 2 o
0 R s B o0 L PR X B vy

\I



14-bit 1% 424
MICROCHIP %%F?ﬁﬁ%%%

ASTER
CLATH<4:3> = 00 PCLATH<4:3> = 10

___Reset NI

A it ps i KBK S
S I )
0 A PCLATH<4:3>1;
7] 1
17FFh 0 A HuAE 0000h
1800h 0 gl 0004h

A

1000h []

0004h

Page 0

07FFh
CLATH<4:3> = 01 PCLATH<4:3> = 11

0800h

OFFFh 1FFFh

‘%{%%%%%%{\



PICmicroZis
FE AT 25 POt it

FACALLFIGOTO¥ 4151 PC

PCLATH Register 14-bit Instruction for call and goto
x  x x Lk K, x,x,x MMOPCODE k k k. .k, k k k k kik k

2-bits l
-rom : )
SCLATH I 11-bits From Instruction

ko ko k ko k ik ko k ki ki k ik k
1 30 H] 13-bithe e 17 fif s il

o~ m ms e~ rm\ B B e~ s . . - e » —
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MHAITCALL or GOTO $84-0 F2 1845 T
kAL B AN [E] B 01 B A 2o
A

[]

[]

L]

Ui

PICmicroZ2#4
3 TR A it e

4

A JN

- GOTO <Hit>
— CALL <#14>
- <lInstruction> PCL,F ;e.g. ADDWF PCL,F

12

H

N ANTS 25 8



PICmicro ZE#)
MICROCHIP PC #HXJ -1 (14-bit core)

MASTERs

0 EF I 5 APCLATH.
0 AREIRET S N PCL, %32 A\ 13-bit {52 PC.

Internal Data Bus <8>

moviw HIGH Delay

movwi PCLATH ~ 8
moviw _OW Delay —
movwf PCL

Note: PCH cannot be read

o~ m ms P Y . Y » r R ot e — . — . 4 P e~ Sl rm\ R R e~ 1



1 4 W) 2 A
(14 bit core)

MICROCHIP
MASTERs

Data Modifying Instruction

OP CODE f f f 1 f f f
. AN Y
Y Y
7R A G 74 F it

0 £E14-bit #1121
0 7 pivim 27 5% 128 ¥ A]
SR A G K A A
0 TR RS ) A 2 R A IX e A



PICmicro 281
MICRQCHIP INPEAAE P Tt

MASTERs

0 ARTAL B s bk B AR A P A
0 FE2PAESTATUSE A7 4 Y (LR FF A7 7 41 5 BANK)

STATUS & 1748 1447 K54
IRPRPIRPOITO PD| Z IDC| C f f f f f f f
247k B
STATUS
7 \;‘T_‘ B A
%?‘ﬁ%% LL?Q Q ibEl <
RPAFRPOR S S e e

$5 ) H 025 17 o AL A R it



PICmicro Z2#4
BYEAT 220 i

I 7 S |

0 SFRHBL 21 52 10 v
32 i A

1 JHIERPO,1 F1 IRP
Vi E |

080h

s 01Fh | s 09Fh
0AOh

OFOh
OFFh

07Fh

RP<1:0> RP<1:0> RP<1:0>
=00 =01 =10

)
{
)
)
)
)
)
)
)
)
)



File Address File Address

, (hex) (hex)
’ ‘ 00 | Indirect addr. (V| Indirect addr. ()| 80
01 TMRO OPTION REG | 81

MICROCHIP ] ey v e T
MASTERs 04 FSR FSR 84
05 GPIO TRISIO 85

0OA| PCLATH PCLATH |8A

§ 0B| INTCON INTCON | 8B

PICm iCro ;Jlg)lt/g 0C PIR1 PIET 8C

oD 8D

A1 s vy B OE TMR1L PCON 8E
AR A o oF [T o

10 T1CON OSCCAL |90

EREE g

15 WPU 95
16 10C 96 P|C12F675
B3 Unimplemented data memory location; read as '0'.
[0 Special Function Registers (SFR). 19 CMCON VRCON 99
[0 General Purpose Registers (GPR), user RAM. 1A EEDATA 9A
1 Not a Physical Register. 1B EEADR 9B
1C EECON1 9C
1D EECON2(") |9D
1E ADRESH ADRESL 9E
1F| ADCONO [  ANSEL oF
20 General A0
Purpose accesses
Registers 20h-5Fh
5F (64 Bytes) DF

Bank O Bank 1



PICmicro MCU%’M"J

MICROCHIP PCAHX <-4k
MASTERS
moviw HIGH Decode ST A ‘
movwf PCLATH : 7& ) EHZ%% {EJ J
movf DisplayValue,W B0, a
call Decode "
movwf PORTB - Bl bl N EW
goto  Continue r \€ = . c &
ecode ’»F_--:f B3 | d
shaasd W B
retiw B’00111111’° ;decode 0 Ll
retiw  B’00000110’ ;decode 1 B5,  f ﬂ
retiw B’01011011’ ;decode 2 g
rettw B’01001111’ :decode 3 E8ss. A5
retlw B’01100110’ ;decode 4
retiw B’01111101° ;decode 6 01101101
retiw B’00000111° ;decode 7 :
retiw B’01111111’ ;decode 8 W Register /O Port B

retiw B’01101111’° ;decode 9
ontinue

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » — . o~ —



PICmicroZE

MICROCHIP B] 4% -1k
MASTERS

0 JHESRZ A7 asAF N 8L HEFR 4]
0 BAMAIAESTATUS H ik

STATUS i f7-3%r 8/ FSR #1775
RP'RP1IRPOITOLPD) Z [DC} C fof f f f f f f
1 i3k H
STATUS 847k HFSR
T4

RP f f f £ £ f f f
A XL S HkE

o~ m ms P Y . Y — — — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



PICmicroZZf:
8] ¥ 55- 41k

0 FSR 1 INDF H Tt
7 FSR ZHulEf5%l
0 INDF PRAF 3 HIME

Writing
BT 2 |
22
FSR 23
| 5 =
INDF
moviw 22 moviw 22
movwf FSR movwf FSR
moviw 5 movf INDF,W

movwf  INDF movwf 5

R 4 rm g e~ e~ rm\ B B e~ s



PICmicroZEfy
CHIP ElEzES Sz

0 V5% 0x20 to Ox7F[FIRAM.

Data Memory
(i) INDF movlw 0x20
movwf FSR
04h LOOP clrf INDF
— A incf FSR,F
\ -— btfss FSR, 7
~~
y{11;§ 0000 0000 goto LOOP
-—l <next instruction>

[4331 0000 0000

o~ m ms — e . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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”ﬁ\ PICmicro MCU 3544

MICROCHIP (14-bit core)

0 35 %5152

0 S

0 BKiEE
0 HEFRES
SRS A




PICmicroig & %2

MICROCHIP
AR

MOVWF

1407 A% 5 BRAE TR 1
CLRW
CLRF

OP CODE d Af f f f f
SUBWF

DECF _ . .. :
IORWE d = Destination Bit J

ANDWF d = 0 for destination W
XORWF d = 1 for destination F

ADDWF

an‘ﬁi f = 7-bit Register Address

INCF
DECFSZ
RRF Example:

e ADDWF REG, W

INCFSZ ADDWF f,d

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —




1% BEh KR LE1%, W and F

MICROCHIP
MASTERs

incf MyVar,F

= H <5 >

2
W or WREG | movi MyVar, W
File Registers
moviw 1




MICROCHIP
MASTERSs

ADDWF
ANDWF
CLRF
CLRW
COMF
DECF
DECFSZ
INCF
INCFSZ
IORWF
MOVF
MOVWF
NOP
RRF
RLF
SUBWF
SWAPF
XORWF

PICmicrodis 24
1,

Add W and f

AND W and f

Clear f

Clear W

Complement f
Decrement f
Decrement f, skip if zero
Increment f

Increment f, skip if zero
Inclusive OR W and f
Move f

Move W to f

No Operation

Rotate right f through carry
Rotate left f through carry

Subtract W from f
Swap nibbles of f
Exclusive OR W and f

Bit-Oriented Operations

BCF f.b
BSF f.b
BTFSC fb
BTFSS fb

Bit clear f

Bit set f

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

Literal and ControllOperations

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

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 9-bit)
Move literal to W

Inclusive OR literal with W

Add literal with W
Subtract W from literal
AND literal with W

XXX XIXXITXXX!

XORLW Exclusive OR literal with W

f = File Register, k = literal value (8-bit), b = bit address <0 to 7>, d = destination (W or file register)




PICmicroig & %2
DA

1417 %2 BLARAE R A H
OP CODE Ab b b Xf f f f f f f

b = 3-Bit Address J
(Bit Number)

BTFSS f,b

BTFSC f,b ‘

0000 0000 ‘ f = 7-bit Reqgister Address
T r
Bit 7 Bito  i:

BTFSC STATUS, C
BTFSC f, b

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



PICmicrofs <-4
MICROCHIP ST B R+ il A

Ayl

1447 A 1% 2 ST BRI ZORFE il 45 42 1 e

CLRWDT - ko ko ko kik ki kik
RETLW

RETFIE - \
RETURN - | k = 8-bit Inmediate Value

CALL Kk

GOTO  k

MOVLW Kk

IORLW kK

ADDLW Kk

SUBLW Kk b

ANDLW  k MOVLW 0x2F

XORLW

MOVLW k



”ﬁ\ 14-bit Bl e A4

MICROCHIP AR SE
NOP No Operation 0 il
Syntax: NOP NOP

Operands: None
Operation: No operation

Status: None
Encoding: 00 0000 0000 0000
Words: 1

Cycles: 1



14-bit %15 22

2 e L
MICROCHIP T EI;I% 'f/]E
MASTERSs
Byte-Oriented

Operations

MOVWF

1407 A% 5 BRAE TR 1
CLRW
CLRF

OP CODE d Af f f
SUBWF

DECF _ . .. :
IORWE d = Destination Bit J

ANDWF d = 0 for destination W
XORWF d = 1 for destination F

ADDWF

MOVF

COMF f = 7-bit Register Address

INCF
DECFSZ
RRF Example:

v ADDWF REG,W
INCFSZ ADDWF f,d

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —




0

MICROCHIP
MASTERs

MOVWE
Syntax:

Operands:
Operation:

Status:

Encoding:

Words:
Cycles:

PICmicro MCUi54-4
SANE (s

Move W to f
MOVWE f
0<=f<=127
(W) -> (f)
No]g[=

00 0000 1

1

1

0

AW

MOVWF FSR
AT
FSR = OxFF
W = O0x4F
AT
FSR = Ox4F

W =0x4F



ﬂﬁ\ PICmicro MCUi4 4

MICROCHIP FERIE

CLRW Clear W 0 B

Syntax: CLRW CLRW

Operands: None AT A

Operation:  00h -> (W) W =0x4F
1->7

Status: Z PAT 5

Encoding: 00 0001 0000 0000 W = 0x00

Words: 1 Z =1

Cycles: 1

o~ m ms P . . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



”ﬁ\ PICmiclithU?Eé\ﬁé

WEBTE R

CLRF Clear f w7

Syntax: CLRF f CLRF FSR

Operands: 0 <=f<=127 AT HY

Operation:  00h -> (f) FSR = 0x4F
1->7

Status: Z AT G

Encoding: 00 0001 1 FSR = 0x00

Words: 1 VA = 1

Cycles: 1

o~ m ms P . . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs

SUBWEF
Syntax:

Operands:

Operation:

Status:

Encoding:

Words:
Cycles:

PICmicro MCU3

Subtract W from f
SUBWEF f,d
0<=f<=127

d ={0,1}

(f) - (W) -> dest
C,DC,Z

00 0010 d

1

1

TR

0

B AA

H X >

AW

SUBWF FSR,W

AATHY

FSR
W

C

Z

AT G

FSR
W

C

Z

= 0x03
= 0x02

=7
=7

= 0x03
=H0)'(0)

=1
=0



0ﬁ\ PICmicro MCUi54-4=

> - l:l':l
MICROCHIP TR
MASTERs
D]=(0= Decrement f 0 i:
Syntax: DECF f,d DECF FSR,F
Operands: 0 <=f<=127 AT HI
d = {0,1} FSR =0x01
Operation: (f) - 1 -> dest 2 =
Status: Z HAT
. |
Encoding: 00 0011 diff fff -
Words: 1 - - 1

Cycles: 1



0ﬁ\ PICmicro MCU#54 4%

- 4 I:I':t
MICROCHIP T ERAE
MASTERs
MOVF Move f w7
Syntax: MOVF f,d MOVF FSR,F
Operands: 0 <=f<=127 AT HI
d = {0,1} FSR = 0x00
Operation: () -> dest 2 B
Status: Z AT
. &
Encoding: 00 1000 dfff ffff Sem o
Words: 1 - _ 1

Cycles: 1



0

MICROCHIP
MASTERs

DECFSZ
Syntax:

Operands:

Operation:

Status:

Encoding:

Words:
Cycles:

PICmicro MCU354-4

Dec. f, Skip if O
DECFSZ f,d
0<=f<=127

d ={0,1}

(f) - 1 -> dest
skip if result = 0
None

00 1011 dfff it

1(2)

AW

TR

15
Loop DECFSZ CNT,F
GOTO Loop
Continue
AT HII
PC = address Loop
AT A
CNT = CNT -1
if CNT =0,
PC = address Continue

else CNT =0,
PC = address Loop+1



ﬂﬁ\ PICmicro MCU#: 44

MICROCHIP T HIRAE
MASTERS
RRF Rotate Right f-> ¢ PV
Syntax:  RRF fd FRE GV
Operands: 0<=f<=127
P ) TR

| d ={0,1} CNT =1110 0110
Operation: __I'cT [ Register f C =0
Status: C AT

- CNT  =1110 0110
Encoding: 00 1100 dfff ffff W — 0111 0011
Words: 1 C =0

Cycles: 1

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



PICmicro MCUi54 &

1407 1% 2 DLERAETE 214 X
OP CODE b b b Af f f f f f.f

b = 3-Bit Address J
(Bit Number)

BTFSS f,b

BTFSC f,b ‘

‘ f = 7-bit Reqgister Address

Example:

BTFSC STATUS, C

BTFSC f, b

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs

BCF
Syntax:

Operands:

Operation:

Status:

Encoding:

Words:
Cycles:

o~ m ms P

PICmicro MCU#s4 4

Bit Clear f

BCF f,b
0<=f<=127
O<=b<=7
0-> (f<b>)
None

01 O0bb bfff frff
1

1

(P

(VAZ(B

0 il
BCF FSR,4
AT A
FSR = 0011 0000

AAT
FSR  =0010 0000



0

MICROCHIP
MASTERs

BTESS
Syntax:

Operands:

Operation:

Status:

Encoding:

Words:
Cycles:

PICmicro MCUi54-4

Bit Test f, Skip if 1
BTFSS f,b
0<=f<=127
O0<=b<=7

skip if (f<b>) = 1
None

01 11bb bfff ffF

1

1(2)

(T

(VAZ(B

1
Here BTFSS CNT,2
False GOTO Elsewhere
True
AT R
PC = address Here
AT )G
if CNT<2> = 1,
PC = address True
if CNT<2> = 0,
PC = address False

e~ rm\ B B e~ s P . . » —



PICmicro MCUi544=
AR E: YlE

1457 W2 STRVBERVETE A IR
OP CODE k k. k. k. k k. k. k

‘ k = 8-bit Immediate Value J

i
MOVLW O0x2F

MOVLW k

R . — . 4 P e~ e~ rm\ B B e~ s P . . » —



0

MICROCHIP
MASTERs

MOVLW
Syntax:

Operands:
Operation:

Status:
Encoding:
Words:
Cycles:

PICmicro MCU3i54-4&

S B2 A F
S EEGE S W 0 i
MOVLW k MOVLW O0x5A
0 <=k <=255
k -> (W) WAT )5
None W = Ox5A

11 0000 kkkk kkkk
1
1



(P

ﬂﬁ\ PICmicro MCU#:44
MICROCHIP aT7 £ |] ;‘E&ﬁé 'ﬂE

MASTERs

ADDLW W5 7Biciipn 0 Bk

Syntax: ADDLW k ADDLW 0x15
Operands: 0 <=k <= 255
Operation: (W) + k -> (W) AATHI
Status: C,DC,Z W =0x10
Encoding: 11 1110 kkkk

kkkk AT )
Words: 1 W =0x25

Cycles: 1



0

MICROCHIP
MASTERs

ANDLW
Syntax:

Operands:
Operation:

Status:
Encoding:
Words:
Cycles:

PICmicro MCUi54 &

W 557 BIZ0H S
ANDLW k

0 <= k <= 255

(W) AND k -> (W)
Z

11 1001 kkkk kkkk
1

1

RYAE g =
0 il
ANDLW O0Ox5F
AT HY
W = OxA3
AT J5
W = 0x03



CLRWDT
RETLW
RETFIE
RETURN
CALL
GOTO

PICmicro MCUi54 4
P 2R e
1447 N 1% 2 RETLW35 4 Bk

OP CODE k k k. k. k ki k. k

‘ k = 8-bit Immediate Value 4|

AWE

1447 %2 CALL IGOTO35 4 Bk
OP CODE  k .k ki k k. k k. ki k.k. k

| k = 11-bit Immediate Value —‘

4 rm g e~ e~ rm\ B B e~ s P - e » —
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MICROCHIP
MASTERs

SLEEP
Syntax:

Operands:
Operation:

Status:
Encoding:
Words:
Cycles:

o~ m ms Y e e

PICmicro MCUi54 4=
ISR

W\ SLEEP 0
SLEEP SLEEP
None

00h -> WDT

1->TO

0 -> PD

TO, PD

00 0000 0110 0011
1

1



”ﬁ\ PICmicroiz 44

ag=s| S B
MICROCHIP PRSI
MASTE Rs
CLRWDT 5 Watchdog 0 il:
Syntax: CLRWDT CLRWDT

Operands: None

Operation: 00h -> WDT
0 -> WDT prescaler

1->TO

1->PD
Status: 1O, PD
Encoding: 00 0000 0110 0100
Words: 1

Cycles: 1

o~ m & P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs

RETLW
Syntax:

Operands: 0 <=k <= 255

PICmicro MCUi:s44

S AE
RETLW k

Operation: k -> (W)

Status:

TOS -> PC

None

FE S

Encoding: 11 0100 kkkk kkkk

Words:
Cycles:

1

2

SHRIE
0 il
RETLW 0Ox5A
PAT 5
W = Ox5A



ﬂﬁ\ PICmicro MCUi4 4

MICROCHIP %%U%T% 'ﬂE
MASTERs

RETFIE &l 0 fi:
Syntax:  RETFIE RETFIE

Operands: None
Operation: TOS -> PC

1->GIE
Status: None
Encoding: 00 0000 0000 1001
Words: 1

Cycles: 2



ﬂﬁ\ PICmicro MCU:i5 44

wicROGHTP SRES A
CALL DR R 5
Syntax: CALL k Here CALL There
Operands: 0 <=f<=2047 AT A
Operation: (PC)+ 1->TOS PC = address Here
k -> PC<10:0> ﬁfgﬁ o
= aadress ere
PCLATFI,_ISj%BZ:T,I S TOS = address Here+1
Status: None
Encoding: 10 Okkk kkkk kkkk
Words: 1

Cycles: 2

o~ m ms P . . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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ﬂﬁ\ PICmicro MCU#: 44

MICROCHIP PR ERATE
MASTERs

GOTO o i

Syntax: GOTO k GOTO There

Operands: 0 <=f <= 2047
Operation: k -> PC<10:0>
PCLATH<4:3> ->

AT
PC = address There

PC<12:11>
Status: None
Encoding: 10 1kkk kkkk kkkk
Words: 1

Cycles: 2



( 41

| MPLAB®

Y . »
= 5%

5355 (IDE)

MPASM™ %% 32




0 o R4

MICROCHIP
MASTERs

0 #INCLUDE
0 VA #include “CAFEA T BU<CAES > B S BL 59
0 il



N/ /= =
9w 152
MICROCHIP

MASTE Rs

0 #DEFINE

0 T AR E R Be el i E
0 P RITFHIZ o R 2s w8, S ey B 2.
0 EREF Sk

0 il

1 __CONFIG

0 WE LA
o U Lab 2



1™ T 154

MICROCHIP
MASTERs

0 ORG
0 &y ORG <address>
I 7]
0 b 8 XGE LG HIEE(0x0000).

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1



N /] = &
L ZmiE =
MICROCHIP

MASTERs

0 EQU
0 vk <label> equ <expr>
0
0 HIR: E U B = R 4

O LA AR A

g moviw  SECONDS ; put 24 (hex) into W
I =1 == (== 2511

0 movwf SECONDS ; put value in W into

; RAM location 24 (hex).

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



{a -Gt %

MICROCHIP
MASTERs

0 BANKSEL
0 1574 BANKSEL [<variable>]
0 i

0 BCEAHICHT bank {7



1N a4

MICROCHIP
MASTERs

m = \|D)
o R
0 il RO AR S5 R

1%\ A AR SE oI S i Hh e — 4% ENDiE



0

MICROCHIP
MASTERs

2




0

MICROCHIP
MASTERs

e

Lab 1

EMPLAB 7.xH 6]

17




oW\ Lab 1
MICROCHIP MPLAB® 7.XX /1+Tf )%'

File Edit Wew Project Debugger Programmer Configure  Window Help
o] o J DEH| il 2 ? | cedB? || > 0B TFE

W MPLAB IDE

Buttons are added to the
Toolbar as features are enabled

Workspace

Buid | Findin Files | MPLAE 1CD 2 |

o HH T 1

NN
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7 Lab 1 Hs
B ﬁ JProject Wizard
% 'S faj B I MPASMAR AL

ﬁ/ﬁlﬂﬁﬁ%
4 F o % 1 fIProgram Memory %

1 PEBuUild L I

I ) [ N R
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MICROCHIP
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Froject Debugger Programmer  Configure

0 Project -> Project Wizard...

1 4T JT Project Wizard , 1% —
AN H




? Lab 1
MICROCHIP }‘A’ffﬁlﬁ E i :ﬁﬁ

MASTERs

0 {7l AP IR
nH:

0 S Next” gkZE.

0 EPEMCURL =

0 AT BRI
MPLAB IDE Jiii 4




f Lab 1
MICROCHIP }‘A’ffﬁlﬁ E = :ﬁﬁ
MASTERs

[ ﬁ_lﬁ.:,lrllﬂzm = _:/Eq:

- M PAS M /]: Q)F?H ge‘ Project Wizard
%,ZKL%/Iﬁ‘,Tﬁ)% . Step Two:

Select a language toolzuite

0 o E T HXK,
(ASECIRY

0 YRR o e o
“Help” &% “Show
au”ﬁﬁﬁﬁﬁ HIES
T A

Helpl My Suite lsn't Listed! Show all installed toolzuites

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » — . — ~
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MICROCHIP }‘A /EE x ﬁ\ E 9: :ZZILZT

MASTERs

I Vi =81 o
0 BEEANTNH 4

0 BEATH B

0 fi,u E AR A] gE
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MICROCHIP }‘A’ffﬁlﬁ E i :ﬁlﬁ

MASTERs

Project Wizard

StEI.]a.;; l:r'. existing files your project 5 i j]l:] i /f/——F

l C:hMastersy 7014 ab1%4ab1. azm

S E:Fﬁr:[:u_[u:uj ! [ jJI:I j ,ftl: ?U Iﬁ\f E

EH:l Labl

: E lab1. azm
{:l ozl 8 h o bo copy the file bo the

Canicel
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MICROCHIP MAE— I H H-45

MASTERs

Project Wizard

- ﬁlJ L EI/J Iﬁ E EI/J /J\ e summary
%ﬁmn‘ , IJ—‘T oh

”)—»

fl n IS h Click 'Finizh' to create the project with these parameters.

0 1d4F, Project
Wizard %ﬁﬁ)ﬁllﬂﬁ
e L

ace will be created, and the new project added
ace.
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L|I:r ALy F|I
“oLinker ':-n:r'||:|l::=

Lab 1
MAE—I1 H 45

0 AE R AR A LS AT AR
FS A < 1) SCAHE 21 T H
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MICROCHIP MAT—T01 H H- 45

MASTERS
0 EFE

0 N E s AR
0 R U O AR

0 BN AT Nnop’s
TIRE.
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MICROCHIP MAT—T01 H H- 45

MASTERs

0 PRAF B3O

Lab1.asm.




0 Lab 1

MICROCHIP MAT—T01 H H- 45

MASTERs

=l Lq_ah 1.mcp

i Source Fil
L i' add Files. ..

1 frsource codef i

0 BAnA T “Source Files”
EFE “Add Files”.

0 B Lab1.asm X 1




0

MICROCHIP
MASTERs

I Labl.mcw

=- Labl.mcp*®
E Source Files
... Labl.asm
Header Files
Obiject Files
- Library Files

- Linker Scripks

Lab 1
MAE—I1 H 45

0 LA RSN/ Project
[

0 ER” R S EA

AR

RPRAT-
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MICROCHIP
MASTERs

File Edit View Project Debugge

e Chrl-+H
e X
Jpen... Ckr|+i0 [] Iﬁj::li

Cpen Warkspace. ..

Save Workspace

Close Warkspace

Import...
Export...

Recent Files

Recent Workspaces

Exik



I A

MICROCHIP
MASTERs

Project Debugger Programmer Configure |:| iﬁj:%

Mew, .,
DpeEn. ..
Close

Set Active Project

Clean

E;l:j:::lal:Iilputin:nr|s. e |:| i B u i |d Al |” i%‘zlj‘_\‘ é‘—A /I\j /fti:
T W, PR T A T

Save Project a
&dd Files to Project. ..

Remove File From Project

Select Lanquage Toolsuite. ..

Sek Language Tool Locakions. ..

o~ m ms P Y . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . - e » — . o~ o~
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N AT F T

MICROCHIP
MASTERs

0 W E L s build i L AR

= Output
Build | Find in Files

Deleting intermediary files. .. done.

Exzecut 111-:r “CoPro JT 2 Fil ---"'-.IIE LiB IDE~MCHIF Tools-mpasmwin
Loaded C:“Ha=ter=~701~La ~ 5 0D

BUILD '_-T_TCI:EEDED. Fri Jun 06 || 28047 2003

— . 4 P e~ ——t o~/ B R~ 8
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MICROCHIP MAE—I01 H H- 45

MASTERs

wgger  Prog

Your Code

B Program Memory

ool aano

Unprogrammed locations (3FFF)

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . -



0ﬂ\ MPLAB® IDE

MICROCHIP wEE B
MASTERS

0 Workspace:

0 B RE R
MCUZ! 5
P T2 5w A
T B 7

1 IDE configuration [ &1{H

1 Project:

0 BE A RS

I T




”ﬁ\ MPLAB® IDE %

MICROCHII{E
%ﬁﬁ TR AR
Project - LA H
7 Output - R B
7 Disassembly - I G
7 Watch - A WL
7 Hardware Stack - MR HERRAS B
o Program memory - P2 A N 2
1 File Registers - AT e N
1 EEPROM data - EEPROMZHf; P %%
1 Special Function Registers - KRR D) RE Z7 AT 7%

There are often more windows, but they will depend on the device used and debugger/programmer tool.

o~ m ms P . . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP B Build £
MASTERS

0 f£Project Window 5 5 57 H
SCA (AT BLaE S ’

] = By - |}
i lean l N
[ Ewild Al |::|;r_|+F1|:| SNY/ $‘ )

L Make Fi0

Build Dpkions. ..

e i "TH

Add Files to Project. ..

Select Lanugage Toolsuite. ., X E

Set Language Tool Locations. . .




MICROCHIP
MASTERs

0 The Build Options

BESE RN
0 fEH N dr g g AR

Lab 1
% & Build 215

General  MPASM Azzembler | MPLINK Linker |
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MICROCHIP
MASTERs

i

e

0 [ A

[ —a

Lab1 -+ =2

H oA I H Bl A
asm A2 23 H
] Configuration =i # e £ =

I H AL % .hex 34

T

N
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”ﬁ\ JT45 Lab 2

MICROCHIP
MASTERs

7 Lab 2 Hin
0 4 MPLAB ICD 2 f1 PICDEM™ 2 Plus
0 B UE ISRk
0 G0 E AR IR e N



1™ MPLAB ICD 2 £/£(DV164006)

MICROCHIP
MASTERs
0 EFEE:

5 MPLAB ICD 2
0 A HEZ A REUSBE

=
b

0 HYE

1 CD-ROM

0 Rl

1 PICDEM 2 Plus J#E A

0 FEsh (PIC18F452, PIC16F877)
0 IhEe! (LCD, M B LR, 45)



10N PICDEM 2 Plus J# =k

MICROCHIP
MASTERs

A B )

DV164006 ICD 22=/4H 2
5 ICD 2 5 H:AHE

ICD 21 Fa i 72 L i
ANV 22 D) e

0 yEET] E BT DV 164006!
1 DV164007 At 2 PICDEM 2 Plus F1 £ 5
0 DV164005 Y2 1CD2, JC #4245, Hys FF i 2s.

I I e N R O B W



MICROCHIP
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0 E R

[

[

[

[

w1

L]

L]

SE N
&
Tk
GE I

o

BTESS
BTFESC
DECESZ
INCESZ

B

.
«QF

Bit Test File Skip if Set

Bit Test File Skip if Clear
DECrement File Skip when Zero
INCrement File Skip when Zero

— . 4 P e~ e~ rm\ B B e~ s P . . » —



B

T
Dela . Delay code using decfsz instruction
decfsz MyVar,F ; Decrement MyVar, skip if O
goto Delay ; since MyVar is not 0, go back
bsf ORISR - MyVar now 0, light LED and continue
U
MyVar
0 5
0 BTFSS Bit Test File Skip if Set
0 BTFSC Bit Test File Skip if Clear

o DECFSZ DECrement File Skip when Zero
0 INCFSZ INCrement File Skip when Zero

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs
N Ov Z DC C
STATUS
0 Status Bits 0 A ke A AT AR — AL
o N Negative 0  SFR
0 OV  Overflow 0 “4r& (GPR)
n Z  Zero 0 STATUS ZFfras
0 DC  Digit Carry
o C Carry

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » — . o~ —
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MICROCHIP
MASTERs

0 P B A
o0 ZPORTX,y
0 % EHIAA(BIPORTA )
0y e JLAL(0 B 7)

0 Rk
o imidbtfsc or btfss k%
I =08 SO A N UM N <R

0 IRIEBEFE fi5% LED

0 JHMPLAB® SIM, MPLAB® ICD2 #1 PICDEM™ 2 Plusi; i

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs

0 A R A\

#INCLUDE p16F877A.inc ; Include the standard definitions

clrf PORTB ; Initialize PORTB so that all LEDs are off by default
BANKSEL TRISB ; BANKSEL is used to get to bank with TRISB in it (bank 1)
clrf TRISB ; Clear TRISB to make all PORTB pins outputs

moviw B’00010000° ; Make pin RA4 an input (rest of PORTA pins are outputs)
movwf TRISA ; This is redundant as TRISA bits are 1’s by default (inputs)

; (the rest of the pins are set low)

moviw HO7 ; Writing 7 into ADCON1 causes all analog pins to allow
movwi ADCON/1 ; digital input. You must set ADCON1 when using pins with
; A/D functions as they are analog mode by default.
; This code isn’t needed in this example - do you know why?

o~ m ms P Y . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . - e » — . o~ o~
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MICROCHIP
MASTERs
BANKSEL PORTA ; BANKSEL is used to return to bank 0 (for PORTA, PORTB)
Loop btfss PORTA,4 ; Test RA4 on PORTA, skip if pin is high
goto On ; go to “On” code if button is pressed (pressed button is low)
Off moviw B’00000010’ ; “On” code is skipped so “Off” code runs - it writes a value to
movwf PORTB ; PORTB to turn on RB1 (high) and sets rest of PORTB low
goto Loop ; The test of the button happens again by branching to “Loop”
On movilw B’00001000’ ; “On” code writes a value to PORTB to turn on RB3 (high)
movwf PORTB ; and sets rest of PORTB low, including RB1.
goto Loop ; The test of the button happens again by branching to “Loop”
Here goto Here ; This code is not needed either. \Why?

=NID) ; All programs must have an END directive

o~ m ms P Y . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . - e » — . 4 o~ o~
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T

0 F7JF Lab2.asm
o ¥4 File -> Open

0 Gl H
0 ¥4 Project Wizard
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1 ICD 2544541
FHZE, Hist &
EJ,,MHCD 2 5

H A 1%

0 fiiE MPLAB
|ICD 2

Lab 2:
& MPLAB ICD 2

(2] Power Supply.
USB 0 Connect

Connect to PC HOWET
ICD 2

—
\ PICDEM 2 Plus
(3]

6 Pin “Phone” jack
to PICDEM 2 Plus

'rogranmmer aals IZZ::nnFigurEe Window HE=||:I

g gger FOgramme
Select Tool » Mone
Clear Mermory L v MPLAE ICD 2

MELAE TCE Sam
MPLAE SIM
MPLAE ICE 2000
MPLAE SIS0




ﬂﬁ\ Lab 2
MICROCHIP J 1 MPLAB ICD 21}%12&

MASTERs

0 fFREICD2, gmieA AL,

0 VRILAGCIRIE 75 17

B S =7 oot B Y L E8 7 =
0 & watch & .




Lab 2
Hife MPLAB ICD 2

MICROCHIP
MASTERs

- ; E /fﬁ ﬁ% / —i/tl: % iﬁlﬁ >I%: jD Debugger  Programmer Configure
—[/ . Select Tool

Clear Mermory:

Run
fnirmate

0 AR AT G R E I

0 104 % & Configuration
B ItS | MPLAE IiCD 2 Setup Wizard

_onneck

Breakpoints. ..

Download ICD2 Operating System

Program

Setkings

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs

Configure  Window Help

Select Device, ..

iZonfiguration Bits, ..

Exbermal Memorsy,..
I Mernary. ..

Lab 2
fic B A

PIC® MCU# Configuration
Bits

Configuration bits 722 i
s a e

FE.

7 Configuration Bits
R




__CONFIG T Bt A A

MICROCHIP
MASTERs

] CONFIG

" CONFIGS2A A AT il
4§ fi/INCLUDE(".inc)

0 Fki%E CONFIGURATION 7774




108N ___CONFIG# & it &1

MICROCHIP
MASTERs

0 :(PIC16F877A):

N

[ C:\Program Files',MPLABE IDE\MCHIP_Tools'P1

Configuration Bits

iy Bitwise AND (&) together any
H'SFFF! desired terms

S (may grow long on some parts)
H'ZDFF!'
H'ZEFF'
H'Z9FF!'
H'3FFF'
H'3EFF'
H'3FFF'
H'3F7F!
H'Z3FFF'
H'ZFEF'
H'ZFFF! .
H' 3FF7" Open the Processor Include file
Ej;;{f;j (. ) and scroll to end to see
H'3FFF" the configuration bit options
H'Z3FFE'
H'Z3FFD'
H'3FFC!

il
E
E
E
E
EQ
E
E
E
Il

s I B




1 FH Watch Window

MICROCHIP
MASTERs

0 View -> Watch

0 HEAMEL] ST en/ A =
| jiiAdd SFR” 5 “Add Symbol’
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MICROCHIP
MASTERs

1 MPLAB IDE 5t 1fi

MPLAB IDEifi&

Include

aining
all

mov 1w
movwE 5 B 1 1 PO high

cution

B Output

Build | Find in Fi

o~ m ms P . . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . - e » — . 4 o~ o~



MPLAB IDE

e Th PRI

{ U"-H

0 =R R B

0 F5 Halt - B
0 F6 Reset - BV
0 F7 Step - HOPIEAT
0 F9 Run - ST

0 B B R
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MICROCHIP
MASTERs

1 MPLAB IDEZjfeis K, Folbesk

0 ImiE Ay

0 iy

RIS e

0 5H'E T HR#E:O
0 ¥ Watch Windows AR 4 C A5G
0 JmERTSE R & configuration bits

0 Bk RS

0 btfss, btfscc, incfsz, decfsz
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MICROCHIP
MASTERs

0 Lab 3 H#p
0 Jr4E CCP HIPWM
0 g 2R Y



Lab 3: CCP

MICROCHIP
MASTERs
CCPR1L CCP1CON<5:4>
Duty” Cycie 00 /
CCPR1H

\

q

coMPARE W g oHEE [T

TMR2 \

‘ Output
Fosc/4 N proscaler NI >
Divide by ‘
1,4 or 16
COMPARE
PR2 Note:

\> These 2 bits can be ‘Q’ cyles,

Period (le'ie) or the counter divided by 4

R . — . 4 P e~ e~ rm\ B B e~ s P . . » —



Lab 3: CCP

MICROCHIP
MASTERs
CCPR1L CCP1CON<5:4>
DUty <—/
cch1 H i
Transition at 5 due to match of

CCPR1x and TMR2

e \

compaRe N R oH T L[ LT

TMR2
\ ‘ Output

Fosc/4 N prescaler 2

Output goes low and TMR2 is
reset after PR2 matches TMR2

LI LI L Divide by ‘

1,4 or 16
COMPARE

PR2 Note:
\> These 2 bits can be ‘Q’ cyles,

or the counter divided by 4

R . — . 4 P e~ e~ rm\ B B e~ s — . 4 4 e
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MICROCHIP C C P ?rﬁ ﬁj\ }/Fﬁ

MASTERs

FOSC/4‘ Prescaler‘ N /fi/ ~

[ 1.J 1LJ L Divide by

1,4 or 16

MR2 i3

0 1l
1 Fosc =4 MHz
1 Fey =1 MHz
1 Tey=1us

o~ m ms P Y . Y » O

N

T1CKPS1:0 Divides by Count Rate

00 1 1.00 us
01 4 4.00 us
1x 16 16.00 us




r’(\ Lab 3:

MICROCHIP 11 CCP 1H

MASTERs

0 ;880 Hz(4 MHz 113 & k)

0 EFTMR2 Tl i{E 16
0 1E PR2
0 (4MHz/16)/4 =62500 Hz
0 62500 Hz / 880 = 71.022727 - 1 = 70
1 1% CCPRI1L:
0 50% AL SE35.




MICROCHIP
MASTERs

0 A
0 FAIFEETT
0 P2 PR2

Lab 3:
Jr] 723

6 1EA TG4
Aﬁ:
WER(70 )

0 AR T PiE T4,
0 A PR2:

0 (4 MF

0 2

z/4)/4=250000 Hz
z / 880 = 284.09 =

=) 1) T o7 L B e




Lab 3: A&

MICROCHIP
MASTERs

0 wEPWMA 880Hz, 50% 545
0 XDER AL, VA
0 PR2
7 CCPRIL
0 B T2CON
0 TMR2 /7 PWM
0 EFFTMR2 750
0 RA4 f R gy
0 AZLAB 3 [T RA4 g A 17k
0 ECCP1CON #7755 FHPWM
o0 JHMPLAB SIM, MPLAB ICD2 , PICDEM 2 PlusZul- 1 i

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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0 1FPIC16F877A % H! 35 5

#INCLUDE p16F877A.inc : Include the standard definitions

Start
BANKSEL TRISC ; BANKSEL to get to TRISC bank (bank 1)
bcf TRISC,2 ; Set CCP1 as an output
moviw D'70' ; Manually Calculated Period
movwf PR2 ; loaded into PR2 (also in bank1)
BANKSEL CCPR1L ; BANKSEL is needed to get bank to bank O.
moviw D'35' ; Manually Calculated Duty Cycle (50%)
movwf CCPR1L ; loaded into CCPR1L
moviw (0)'(0[5) ; Turn on TMR2 (for PWM)

movwf T2CON ; and /16 prescale

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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MICROCHIP
MASTERs
CheckButton
btfsc PORTA4 ; Test the button - if pressed, its a low signal.
goto ButtonOff ; if high (not pressed), go to “Button Off” code
ButtonOn
moviw H'0C’ ; if low (pressed), fall here to “Button On” code.
movwf CCP1CON ; this turns on CCP1CON by writing 0C (hex) to it.
goto CheckButton ; go check the button again (back to CheckButton)
ButtonOff
clrf CCP1CON ; Turn off CCP1 module by writing 0 to it
goto CheckButton ; go check the button again (back to CheckButton)

END ; All programs must have an END directive

R . — . 4 P e~ e~ rm\ B B e~ s
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MICROCHIP
MASTERs

0 ik —
0 SRR, BEAR 5440 Hz?

i =
0 Timer 2 T3 4ifE (1,4 or 16)
0 PR2 1, 285 1
1 CCPRA1L 1EH

0 I
0 {#H ‘ICD 2 and F7, F5J4T k.






0

MICROCHIP
MASTERs

Lab 4

1 FH AID Converter
(PIC16F877A)
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MICROCHIP
MASTERs

0 Lab 4 H#p
7 A/D Converter 7& PIC16F877A# 4T A/D%: #t
0 AR s LEDs
0 A E A




A/D

1 A/D
0 A L7 (TRISX )

0 W E AR IEIE(ADCONT 8 ANSEL)
0 & EAD B4t (ADCONO / ADCON1)

0 PATEARAEH




A/D

MICROCHIP
MASTERs

0 wa A/D
0 I ADCONO
(W #ERC 5% Fosc) ADCON1
0 i@iE (ANO, AN7) ADCONO
1 4TJFA/D (ADON ‘1) ADCONO
0 WEZZHE (Vob 584 EE.) ADCON
0 RPN 5T ADCON"



w B TRISx

J3 Al

0 A TRISA, TRISE 3 & 4 % N\ 5l dar i .

0 AHZR AR IO Fai N

L



A/D

MICROCHIP
MASTERs

0 T B A R 2 T
0 TR oA B,
0 JHTIADCON1THMIANSEL R &

This chart is a sample of modes, there are 15 modes for this part

Bit Setting Channel Mode Options Voltage References
PCFG<3:0> | AN7 | AN6 | AN5 | AN4 | AN3 | AN2 | AN1 | ANO || Vref+ | Vref- | C/R
0000 A A A A A A A A VDD Vss 8l
0001 A A A A A A A AN3 Vss 7l
0010 D D D A A A A A VDD Vss 5/
We will be using mode 1110 (1 A/D channel, VDD and Vss reference)
1110 D D D D D D D A vdd Vss 1/




MICROCHIP
MASTERsSs

0 WL 5 F
0 Z%F
0 B AU AN S | R S [R]  1 E

R/

A/D

1 A] A Vob Viss B4z

A/D 1#15 /

Bit Setting Channel Mode Options Voltage References
PCFG<3:0> | AN7 | AN6 | AN5 | AN4 | AN3 | AN2 | AN1 | ANO || Vref+ | Vref- | C/R
1110 D D D D D D D A 0 1/0 |
[ =
(=



A/D

MICROCHIP
MASTERsSs

0 eE A/ID A
0 I EEEI- NWHRC A Fosc
0 Fosc AV % 573 Mz i
0 NHERC ZMAL ) A/ID Hki7 2
1 ADCONO (&5 ADCON1) #&& A/D i




A/D

MICROCHIP
MASTERs

0 A/D BEf Tl
0 fEix 4 MHz 353, PIC18F877A
0 WTosc = 250 ns
0 Tap W71 1.6 us 2120 us

Bit Setting Clock
ADCON1 <ADCS2> | ADCONO <ADCS1:0> Mode
0 (0]0) Fosc/2

50 NS /1.6 us = 1164 _

i

A It % F<Fosc/8 0 10 Fosc/32
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
X 11 Frc (internal RC)

— . 4 P e~ e~ rm\ B B e~ s



A/D

0 ZRE10 LT
0 ZHI7F ADRESH ADRESL

ADRESH , ADRESL ADRESH ., ADRESL
0000000 00000000 | 9999 YUYy
ZEXT 5% ZED s
[ ] EI:T P, A/ D

7 ADCONOHJADON/ .1

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



A/D

MICROCHIP
MASTERs

0 EA T

0 R ABURER TR (TR ACES)
TR . (GO/DONE & 1)

0 Z5£7GO/DONE 75 % (5{ADIF=1)
0 $A/D {E(ADRESH / ADRESL)

L]

j S E GO/DONE £  PICi%[*GO/DONE fi.
T BRI 1] AD%}@/_)
LI ESEREL TN A

ADRESH ADRESL




——
i a

IMACROJT145 ,JHENDMZ5 7R

Name_Of Macro MACRO  Variables
nop ;My Code Goes Here
ENDM



——
i a

MACRO Input

Input
ENDM
PR EIACHS

AddW 5 ; Add 5 to W
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MICROCHIP
MASTERs

oz A/D{E, ] ADRESH {8 i LEDs
0 él@/J\? (00
0 A2 LED O Fi5SH] LED 1
0 H{E KT 100
0 /A2 LED 1 fi2<4) LED 0
0 s T B TE]
1 GO/DONE ‘& 1HI L NGERT, 1 msEis
5 fi: Dly32 D’50° %L1 ms




Lab 4: %5
MICROCHIP
MASTERS

0 AlE R AR
10 LEDEnable <bitpattern>
01 %A, 0 Fil.
0 FLED 0 A1 1, 4 H:

0 LEDEnable B'11111100° or LEDEnable
HFC

0 LEDONn <LED number>
1 <LED number> i #0132 [,
0 fl, A= LEDO
0 LEDOn 0



Lab 4: 7~
MICROCHIP
MASTERS
o LEDOff <LED number>
7 LEDOff 5<4 LED
0
o LEDOff 2
o Dly32 <Cycles x 20>

0 JERTARFP
0 HIZERS 1 ms (1000 cycles at 4 MHz) :
o Dly32 D'50° ; Delay of 50 x 20 cycles = 1000 Tcy

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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#INCLUDE p16F877A.inc
#INCLUDE 701PIC.inc

#DEFINE

Start

LEDEnable
BANKSEL

moviw
movwf
moviw
movwf

BANKSEL

moviw
movwf

CheckAgain
Dly32
bsf

TESTVAL D100’

B’11111100°
TRISA

H'01’
TRISA
HOE’
ADCON1
ADCONO
H'41°
ADCONO

D’50’
ADCONO0,GO

LAB 4

: Include the standard definitions
: Include MACROs from MASTER’s 03, PIC 102 class
; High Value to compare A/D reading against

; MACRO to setup I/O port to drive LEDs RB1 and RBO

; BANKSEL to TRISA in bank 1

; Initialize PORTA so that RAO (analog channel 0) is an input,
; all other PORTA pins are outputs

; Initialize the A/D to be analog on, partly selects clock mode
; channel 0 (RAQ), all other pins are digital mode

; BANKSEL to ADCONQO in bank 0

; Also, A/D clock is Fosc/8 (good for up to 5 MHz, 5V) and,

; A/D is turned on but not yet converting and ready on Ch 0.

; MACRO to Wait 1 ms (at 4 MHz)
; Start the Conversion

— . 4 P e~ e~ rm\ B B e~ s P . . » — . 4 &~
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PollAD
btfsc
goto
ConvertDone
movf
sublw
btfss
goto
Ok
LEDOn
LEDOff
goto
Over
LEDOn
LEDOff
goto
=\ID,

ADCONO0,GO
PollAD

ADRESH,W
TESTVAL
STATUS,C
(O)V/=1¢

0
1
CheckAgain

1
0
CheckAgain

LAB 4

: Wait for Conversion to finish
; go back and poll the A/D GO/DONE bit again

: Move A/D result (high byte) into W for later testing
; Test A/D result against test value

; go to “over” if A/D result larger than test value

; value is too large, run “Over” code

: MACRO to turn on LED 0O
; MACRO to turn off LED 1 (this shows “Ok” condition)
; Do A/D read and value test over again

: MACRO to turn on LED 1

; MACRO to turn off LED 0 (this shows “Over” condition)
; Do A/D read and value test over again

— . 4 P e~ e~ rm\ B B e~ s P . . » —
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MASTERs

0!
0 E T AT ZERAO. LEDs AR 2




Lab 4b — 1 Z=!

MICROCHIP

MASTERSs
0 22 P AT RE: New Lab 5
0 S’E [Lab 4 fCAZ %L 21 Lab
' < Ok

s Lab 5 (A/D Test)
0 WRMEK T “TESTVALRGRY |1 = Over

0 f#HGOTO or
CALL/RETURN %54

'\\ “w| ButtonOn (start beeping)
Lab 4 (Beep)
ButtonOff (stop beeping)

/”
A
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MASTERs

Lab 5

7E I iy S H AT
(on the PIC16F877A)
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MICROCHIP
MASTERs

0 Lab 5 B H #i
0 22>2JTMRO
PR ) A A

]

]

]
0 H—PETr
]

Lab 5/7]

i}

AT S IR

LED DJ 5 I8 15 5 11 35 B TA) 5k




f’(\ Lab 5:

MICROCHIP TMRO 7)1

MASTERs

A s

M FF 3] 00 (hex)v H i =4 A by

T4 n] ik FE 2, 4, 8, 16... H1] 256

SE AR B OSC/4 (3T 20 MHz Rk i /25 MHZz)
AN =R B =G T T B e m] ARk

TMRO 137 5 28

O O O o o o

TMROIF
>< overflow flag output
E’ft clock - 57 Hn — 8-bit timer/counter J
input
Divide by
Internal 1,4 or 16

clock (Tcy)

o~ m ms P . . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



% H TMRO

0 TMRO B85 2 Fosc /4
0 1 iDemofi A

MICROCHIP

4 MHz Bf#1 (Fosc)

Y

0 A DU R, AR PR 1 2, 4, 8,
16... H2I 256.

5 TMRO M 00 2| FF (hex)ial bit4k, 1 2IFFI
Vit ANOO 45 E g T4

llmll

0 e L ISR R A 1 DAL A W e v A



P4 TMRO s Hy

MICROCHIP
MASTERs

0 f#iH 4 MHz B4
0 TMRO £ #iidi % & Fosc/4
0 4 200 ms (0.2 second )i % 4,

0 BT iL . TMRO B T4 450

0 TMRO YMEE % /D72
0 ZE5E:

0 VR B usT R T, e, Rerl 22 2
Time = T34 x maximum count (8 bits) x rate
Time = 256 x 256 x 1 us
Time = 65536

N I I R

{HEA'17% 200000 >R7§ %] 0.2 B!



”ﬁ\ P TMRO (93 Hy

MICROCHIP (56 —=%E7)
MASTERS

0 R B TRIAE 2 T

A5 50000 us

DLAEEL 520 (4) T EURAS 2] B[]
R E H e T 2150000 ushy; ?

0 % (256), IiE (50000) 75207

7 500000/ 256 = - counts
e SO

0 AR /N RZE (195 * 256 = 49920 us)
0 oA T ek DLAS 21 HE A
0 AR REL, 35 EﬂLﬁ 1%&77/2

[ S 1 e




”ﬁ\ P4 TMRO (i s

MICROCHIP =#i7)
MASTERS:S

0 A ERATR ﬂjm\ﬂfl%iif’iﬁ‘]/ﬂf, A ONAEAE 11 N H
TiE=A—FF
0, XHETMROAZ:
0 256 Tioran
0 195 T HUE
0 4 Mt

0 XA, Bl Q’SEHT e HME, €I A I AE TR
Fﬁlifr@J%GEﬂ“ 25 Wi 5

0 X MER 256 - 195 = 61
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TMRO - I8

0 YEMN SRS R, 2SS hR AL EA
0 234N, TMRO S TMROIF &1
0 W AL xxIFFE A kR, BEA] kA,

E S A —

72 = A R A

EASEI B F bR ez, DR 2=

A I

/Q‘\



Lab 5 - 187

0 HRT
0 A CPUESAT 2 7 B B i s A7 HoAtA T 55

0 IR 2
0 EREE
0 Jhik
0 I s o

0 BEE 5
7 NTCON Zffse
0 HoAth B A7 (B AN R A R — 1538 020 )
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MICROCHIP
MASTERs

1 il
(tn 4% SLEEPHR)

TOIF
TOIE —

y

INTF
INTE

RBIF
=]]=

U U U

EEIF
EEIE

GIE

There is often a “PEIE” bit which enables/disable further H i sources

o~ m ms P . . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . . e » — . 4 e~
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INTCON REG
PIC16F877A

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

U= Unimplemented bit, read as ‘0’
- n= Value at POR reset

GIE PEIE TOIE INTE RBIE TOIF INTF RBIF R= Readable bit W= Writable bit
bit7 bit0

bit 7: GIE: Global 7' l¥7 Enable bit
1 = Enables all un-masked [
0 = Disables all I

bit 5: TOIE : TMRO Overflow ¥ Enable bit
1 = Enables the TMRO It
0 = Disables the TMRO H It

bit 2: TOIF : TMRO Overflow i Flag bit
1 = TMRO has overflowed (must be cleared in software)
0 = TMRO did not overflow

— . — . 4 P e~ e~ rm\ B B e~ s
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ERs

i
R
EZ
i

EL
j_I_‘

I CPU %
JHL ]

155

7 H BN L S0 17 8] o Ak 2
b PE

AT A ZR:
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259

0 HERATE W

0 IR R A T

0 AR

I

3]j<ﬁ

%‘:—‘»

L2

1 [ A, 2



0

MIEIS{%%HII{IQ IS R Ey_l :[:;J 'f% EI:F
Saving
Push MACRO ; PUSH W and STATUS
movwf W_TEMP .
movf STATUS,W ; (swapf will also work here)
movwf STATUS TEMP ;
ENDM
Restoring
Pop MACRO ; POP W and STATUS
movf STATUS _TEMP,W ; (swapf will also work here)
movwf STATUS :
swapf W_TEMP,F ; movf changes STATUS bit Z, but
swapf W_TEMP,W ; swapf does not change STATUS

ENDM

o~ m ms P Y . Y » O —



ISR f)” iiﬂ%it)j

;, PUSH W and STATUS

W_TEMP )
STATUSW ; (swapf will also work here)

STATUS_TEMP ;

sSaving STATUS

w W_TEMP
| 34 | 34

STATUS STATUS_TEMP

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —



g Bk :

ISRFLZ L4

MASTERs
Pop MACRO , POP W and STATUS

STATUS_TEMP,W , (swapf will also work here)

STATUS ?
W TEMP.E ; movf changes STATUS bit Z, but

W_TEMP.W ; swapf does not change STATUS

w W_TEMP

|

)| A

)4 et

STATUS STATUS_TEMP

R . — . 4 P e~ e~ rm\ B B e~ s P . . » —
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0 TMRO T4 4 %%56 FAEFA 1195 Yk PAF=4£0.05 7

[]

o i

(50000 us)

0 BEPUAMEFE (0.2 seconds) filt & LED O.

LED 0 (RBO) A M5 2 A 5%
0 TB&GELEDJ}(*HM SRR S ERIRES, Yﬂtﬁﬁ/ﬁ\ﬂﬁﬁﬁ
0 W% S SR, AN RZ 25 A7 e bsf/befis 4

MPLAB SIM MPLAB ICD2 ).} PICDEM 2
PlusHAEAk [ 4




MICROCHIP
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#INCLUDE p16F877A.inc
#INCLUDE 701PIC.inc

ISRCtr EQU 0x30

ORG 0
Start
goto Initialize

ORG 4
ISR

LAB 55— 45

: Include the standard definitions
: Include MACROs from MASTER’s 03, PIC 102 class

; location for ISRCtr variable (countdown for ISR loops)
; Reset Vector Location (0)

; On start-up go to Initialization code

; H1lbT Vector Location (4)

: Macro to context save in ISR

; Clear the TMRO H l§i condition

; Reload the Timer for accurate timing

; Decrement the ISRCounter (from 4 to 0) and test for 0

; if the counter is not yet 0, then toggling is not needed
; if the counter is 0, run toggle code

— . 4 P e~ e~ rm\ B B e~ s P . . » — . e o~ 2
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ToggleLED

SkipToggle

LAB 5 = —#i7

; put 4 into W to reload into the
; I counter (after 4 counts we need to reset it)

; write 1 to W in order to,
; toggle LED 0 of PORTB - XOR with 1 will toggle the bit

- Done "1 #7, so restore and exit

; Macro to context restore when leaving ISR
: Return from 117

— . 4 P e~ e~ rm\ B B e~ s P . . » —
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Initialize

goto $

LAB 5 &= =%

: Ensure LED O is off

; MACRO to setup I/O port to drive LED RBO
: Write 4 to W to

; preload the ISR counter with

; Preload the timer for appropriate time delay
; Turn on GIE and

; TMRO 1187 (TOIE)

; Set up banking to access OPTION_REG in bank 1
; Set up TMRO for 256 prescale and

. internal clock mode

; return to accessing BANK 0

: Wait forever for 1147

— . 4 P e~ e~ rm\ B B e~ s P . . » — . 4 o~ o~
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: Subroutine to reload TMRO
DoReloadTimer

END

LAB 5 = |IL

%ék
>

: Preload Timer to
: count 195 times before roll-over
: return from subroutine

— . 4 P e~ e~ rm\ B B e~ s P . . » —
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MICROCHIP
MASTERsSs

0 ER RS
0 PIC g% il iy T o9 A wl 3de (1) 22 /2D 841
(TMRO) 7E I 2%
0 T E A E DL AT 21 1A EE s ]
0 A Pl v L exdss B PAAS 21 3HH 2E B[]
0 T
0 AW AS 2 N A P R e, i R e
0 AEE TR E I
0 EHGIE, K HAt xxIE 7K +T TFH i
0 T R AR B 0004h I 4
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Lab 6

I 8] 5 R 58
(SR 2 41:55)
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MICROCHIP
MASTERs

0 Lab6 H #x
0 TR ELA I TA] B 22 25(Time -Slicing Systems )
0 AR AL A (B DL _E 1) 55




Lab6: £4%

MICROCHIP
MASTERs

7 LED 0L10.15 7} fi==, 0.25 FP4E Kk N 4% 31 B g
2% LED 14 15) 210. 580+ TT, 1505 4]

0 EFRNIER 2T AIE:

Time O 0.5 1 1.5 2 2.5

LED OanannOann Off ﬁ Off m

Piezo of| ...




0

MICROCHIP
MASTERs

0 7B

L]
L]

UEAE

Lab6: {1

Tt} B /) ) I T FL G

0.15, 0.25, 0.5, 1.0

0 0.05 FIR FPTE XL E ] R B (fF ) GCF
Kl 5)
0 WEARSE (AR E): 2

R R BB N S R B
ey ]

Note: GCF stands for “Greatest Common Factor”



Lab6: 77 Bf (Animated)

TMRO i & 0.05 s fER NI FF4 74— IR

Piezo it 3%
0: ON

10: OFF ¢
30: B30

LEDCtr

OFF

Lep [ L[ L [ 1L T[]
Piezo | | B




MICROCHIP

Lab6: 1%

0 TMRO%E0.0570 H i — Ik DL y= A= i 3
0 AL T
0 AisesidEek LED O & LED 1 (RBO /2 RB1)
0 FTFECRH] Piezo
0 J5%E LED X Piezofit A 5 2s
0 502 LEDs Jiifigns 28 7% 7= (BL 500 Hz):
0 RBO #TJFHS[E] 0.15 #, S<HImS[A] 0.25 75 (1£0.4s)
0 RBA1 $TFFEf[A] 0.5 72, MR TE] 1 # (3£1.5 s)
1 Piezo ' 0.5 7%, KHI1A (JF] RB1)

0 72 45 R
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MICROCHIP
MASTERS
#INCLUDE p16F877A.inc : Include the standard definitions
#INCLUDE 701PIC.inc : Include MACROs from MASTER’s 03, PIC 102 class

#DEFINE DEVICE_FREQ_HZ D'4000000° ; Needed by Piezo series macros

LEDCtr EQU 0x30 ; Counter for LED timing

PiezoCtr EQU 0x31 ; Counter for Piezo timing
@] {€] H'00' : Reset Vector

Start
goto Initialize ; Jump to Initialization code
ORG H'04' . T Vector

ISR

;: Macro to context save in ISR

- Clear the TMRO 17 condition

; Add 1 to LEDCtr

: Add 1 to PiezoCtr

; Reload the Timer for accurate timing

; Macro to context restore when leaving ISR
: Return from H b

— . 4 P e~ e~ rm\ B B e~ s P . . » — . 4 — e~
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Initialize

LEDOff
LEDOff
clrf

0
1
LEDCtr

Lab6: —#7)

: Turn off both LEDs

: Initialze Task Couters to 0

; " (both LED and Piezo)

; MACRO to setup I/O port to drive LEDs RB1 and RBO
; 500 Hz Beep when PiezoOn is used

; Preload the timer for appropriate time delay

; set banking to access OPTION_REG in bank 1

; Set up TMRO for 256 prescale and

; internal clock mode
; Return to accessing BANK 0

 Turn on GIE and TMRO H ¥t

— . 4 P e~ e~ rm\ B B e~ s



MICROCHIP
MASTERs

LEDTest

NotEqual1

TurnOnLED

TurnOffLED

Lab6: =4

; Test LED1 Counter Value for overflow

; by subtracting 8 from it. Leave resultin W

; Test for O to determine if equal

. If counter is not 8, test if LED should be on or off
: If counter is 8, it is resetto 0

; Test LED counter against "On" time

; by subtracting 3 from it. Leave resultin W

; Test for negative value to determine if less than 3
; if 3 or more, goto LEDOff Code

: else, Turn on LED 0 since counter is less than 3
; LED Testing done, goto PiezoTest

; Turn off LED since counter is 3 or more (up to 7)
; LED Testing now done, so fall into PiezoTest

— . 4 P e~ e~ rm\ B B e~ s P . . » — . - 2
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éjk

%ék

MICROCHIP
MASTERs
PiezoTest
; Test Piezo Counter Value
; by subtracting 30 from it. Leave result in W
; Test for O to determine if equal
. If counter is not 30, test if LED should be on or off
. If counter is 30, it is reset to O
NotEqual2

; Test Piezo Counter against "On" time
; by subtracting 10 from it. Leave result in W
; Test for negative value to determine if less than 3

; if 10 or more, goto LEDOff Code
TurnOnPiezo

;, Turn on LED1
; Turn on Piezo (by turning on CCP1)

; manage tasks by returning to top of list
TurnOffPiezo

: Turn off LED1
; Turn off Piezo (by turning off CCP1)
goto LEDTest ; manage tasks by returning to top of list

o~ m ms P Y . Y » O . — . 4 P e~ Sl rm\ R R e~ 1 . . - e » —
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: Subroutine to reload TMRO
DoReloadTimer

: Preload Timer to

: count 195 times before roll-over

: return from subroutine
END

— . 4 P e~ e~ rm\ B B e~ s
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Microchip Hv.

www.microchip.com
HARFN, M, Bk

nd

7th Annual
-‘MASTERSs Conferenc%

— e
July 16219, 2003
“The Pointe South Mountain Resort
Phoenix, AZ

FEATURED PRODUCTS

MASTER's Conference 2003
I
a‘ PGA Technology

:ﬂ PICKkit™ 1 FLASH Kit

-
g e s - Tk o d i i s |
B RN fRA OpelEd Rl e
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¥
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vy et |
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= C.....f6 75temp.asm

reguir

ion on

d

5

—y o~

t ke 37 3

b b

AR e By s PR gt a7 A
0 File -> Open
0 BEABARUES AL

PRSP 7 13 — S04 oy
[t 5 851G UL 745
&1 PIC12F675 B, ( ),
X4 2

——t o~/ B R~ 8 P . . » — . 4~ o~
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MICROCHIP
MASTERs
[ C:...\F675temp.asm D ‘Lj\é‘ EU%
i b 0 RIEGEH

on on

D i/fti:f—zl;[? J%\
o SO IR, A

0 P S

] }ZE}EU%ID? H A B 280 ) HAth S
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D % _E/E‘[ Hﬂiﬂemp.asm

0 R

7 Include, List e
_CONFIG 154 A

7 Includes #xEE X
0 WERLEAN

DEFIMITIC

T AR
0 EQU & X2 &
0 iy IR AR E A
EDe

o~ m ms P . . Y » O . — . 4 P e~ ——t o~/ B R~ 8 . . . e » — . 4 o~ &
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PR AT 2 A2

MICROCHIP =1
MASTERs ] f@ H
= C,...\f675temp.asm* D E/fl\_[q l:Ij t*ﬁ l_ﬂ %&4% 6_‘%

P - r

0 HE PRI kR

e o AR R BRI
R 8

swapt
retfie

S ——— 1] AR
' o e 0 M3 BT 4G

to O

1 EEPROM #J451t

8 o END3E4

— . 4 P e~ ——t o~/ B R~ 8
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MICROCHIP PortB%i A\ H 8

ASTERs

S Vﬂiﬂ’ih(iﬁ'\#;@%) (i
RB4-RB7 I

Hex keypad RBO-RB3 {4 ‘0’
Si88 P (T RE
deee jCE{EE}:rL%#EP%ﬁ

{ 127 FH T A0 A 25 A
2 SLE E P nif fi

i T A B

‘—t

ANSS7

o~ m ms P Y . - » O - — . 4 v e~ Sl rm\ R R e~ 1 . . - e » —



AT SEPE B R
WEAEE T 10

A B3 AR A I e st

RS Bl RCIR

WDT ANfE H 4k o< $i8

WDT 3 BS80S 7 R A

CLRWDT #5435 WDT

A g AR e 3] 18 ms 21 2.5 7
SLEEP# At T4F

7E Y B e CPU

"CLRWDT"
l Resot Overflow
RC [ Y resets
8-bit ripple counter pummmms Postscaler chip
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S AR BA
MICROCHIP BAEE 1M

MASTERs

[]

[]
[]
[]

L]

WA, BT AR

A HAER —7 CLRWD
¥ CLRWDT 452 UE £ H

AEL CLRWDTHe2 0 7E ISR Bl HAth 552 73
|

EFE EIABE R A B B/ DWDT Y H

LLGOTO wdtresetis 4 (H G HILGHAN

E[/J |j‘:l ﬁﬂ%éﬁ%[”ﬁn L

o/

il 3]




™ FTEEPEBLHOR
A L 22

MASTERs

8 ‘/él@ 1T 1R, R B IX E3E 25 GOTO wdtresets

A
0z BES IR IEA ST
0 R PC TAERH, MR AT RE ST 4484
0 E WDT sl ARG N 1%
0 fEdl ANz TR Rl FFILL
(Tl <AL e i hk+1> 2 400h):

|

0 FILL (GOTO  wdtreset), (400h-$)
N ORG 3FFh



nﬁzﬂp ‘{jE/J WDT E’LL

MASTERs

0 _EALBf s WDT BEAL:
0 _EERG A RAMA
0 AR AN IR
0 Hliatt RAMAR
0 gt WDTE AL

0 AIRACHEEE 2R F R X sk fWDT AL
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MICROCHIP %%%F?“V‘%&

MASTERs
BOE TREFP A v s b R g A T T2 as

B IR TRE, TRER U v e E

FERE T RE P TR AT TF s H 35 1

& AR T4, Aor A FH v B AT o 2l 2 A A

ATAN

N S [ A B

=7

0 IRAEE, sndi WDT 247
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TMRO - 8-bit timer peripheral
w/8 bit T4

5340 - peripheral which delays
the TMRO count by a prescale
ratiol.e. 1:1, 1:2, 1:4

Page - memory organization for
program memory

Bank - memory organization for
data memory

Pipeline - hardware architecture
for prefetching an opcode while
executing the previous opcode

Orthogonal instruction set -
Instructions work on ports and
registers the same way

ZNGES

OPTION_REG - #i fr-#sof contro
bits for configuring tmr0, INT, an
pull ups

INTCON - 77 17#¥of control bits
for configuring peripheral H [§

STATUS - Z7 fr-#vof bits indicatin
the results of an operation

RP1&RPO - direct addressing
bank selection control bits

IRP - indirect addressing bank
selection control bit

PORTB - 1/O port B
GPIO - I/O port on the 8 pin part:
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Lab 1
Projects the Old Way

0 ¥ Configure > Select Device =K

WAL P 2%

o AR TR —
[ ’ffﬁﬁ H%ﬂjéﬁ E]/‘J MPLAB IDE 6%1%?%“%”% 3 MP {3 PICSTART Flus

@ MPLAB SIM30 iy PROMATEI
£ MPLAB ICD 2 £ MPLABICE 2000

U SCHF

Q Select Device
Device:

FIC18F 452 w7

& MFLAB ICE 4000

icewou need is not

o~ m ms P Y . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . - e » — . 4 o~ o~
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File Edit “iew Project Debugger

= k|40

QIpen. .. Chrl4+0

Import. ..
Export. ..

Recent Files
Recent Workspaces

Exit

0 s File > New =439
51 H S

o WALl File > Open £7
A58 et AR

0 A IR A R fFworkspace
LI Az import F1 export A4
AL 5 s .

4 rm g e~ e~ rm\ B B e~ s P - e » —
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0 i Project > New
Project 7& Workspace
LT R I H SO

0 EGNINH 2 M B




VR s v ot
TE N\ Lab /%5 5
MICROCHIP B~
MASTERs
1 Qcy = Fosc
0 Instruction cycle = Fosc/4

Q1,02|Q3’Q4 Q1lozlole4 Q1; Q2| Q3| Q4] Q1,Q2,Q3|Q4 R
pc< PG >< PC + 1 >< PC +2 PC+3 >  AHIEsH PORTB W54

! : 5 ! B A
InStCtion | \OVWF PORTB MOVF PORTBW | | ! | LS SR
: write to : ; ' NOP ! NOP -
' PORTB | L : LR
e —— : — : L BRI = (0. 25Tcy-Tep)
S i i T i x| Tov= R4 AN
| E : spgr%tglg]d here: E Tpo = fABaLity
i i — |4— | : V=N SO
Instruction i E !TPD . i NOP i DRIt 8 v T B I
executed ! A 5 B RS A AT BE o HY I i)

! 'MOVWF PORTB ' MOVF PORTB, W i
: : write to ; !
; . PORTB |

8 0 B35 1IN 2225 8 ) 4 3
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MICROCHIP
MASTERs

Check_key
;poll for key press
btfsc PORTB,1 ;
goto Check _key ;

: call Debounce_delay ;debounce signal
btfsc PORTB,1 ;check for bouncing input
goto Check _key ;
return

; Routine to give delay for key bounce routine
Debounce_delay

delay routine here

return

AN 566 contains debounce

o~ m ms P . . Y » O . — . 4 P e~ e~ rm\ B B e~ s . . - e » — . 4 o~ —



Exercise #1:
37 PICKit™ 1 #ft

PYPICKit(tm) 1 FLASH Starter Kit

File Programmer Tools  About

L)

N—

MICROCHIP
MASTERs

IFFF 3FFF 3

FF
FF
FF
FF
FF
FF

1 Step 1: BT e
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i, Exercise1.hex 2|2z

File Programmer Tools About

Import HEX  Chrl+I

MICROCHIP ﬁPIEkit(tm)l FLASH Starter Kit
MASTERs

1 Step 2: S —
1 $k 2| Exercisel.hex
FFEE N 2%
!

0 E:/PICKit1/Exercise/
10 C:/Program Files/Microchip/PICkit1/Exercise/
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Exercisel: I E5 A

fWPICkit(tm) 1  FLASH Starter Kit

File Programmer Tools  Abouk

1 Step 4: IRESH
0 YIS AN | e

MICROCHIP
MASTERs

JFFF 3
3FFF 3
3FFF 3
AFFF 3
JFFF 3
JFFF 3
JFFF 3

1 Step 5: Ak 5 w5 N

Board Controls

. 0o FF FF FF FF :
TM 0s FF FF FF FF v Device Fower
10 FF FF FF FF

FF FF FF FF [ 25kHz
FF FF FF FF

7 LED DO v LL200msH] mEEE
T4 BT A

Write Successful
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M =2 IE X
MICROCHIP ZFOFE &
MASTERS IO ‘
\"/»]»)
Data Bus
—
Write Port " —
Data Latch —
1/0 Pin
W Reg [ Reset
Vss
Tris Latch

)

Read Port

o~ m ms P . . Y » O . — . 4 P e~ e — . . . . e » —



