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IE:[ B ﬁj\ 0 gl

> MPLAB IDE v8.00 (ﬁ‘)‘ﬁl%j{:)

» MPASM , MPLINK , MPLIB
® fflF R 2!

> MPLAB ICD2

» Microchip APP001 Workshop Board (PIC16F877A inside)
* BYTTE]

» Microchip PIC16F877A Data Sheet

» MPASM User’s Guide with MPLINK and MPLIB
» APP001 Workshop Board & ;ﬁﬁ%ﬁ'
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Workshop 101ASP F{AH | 148

?H%& Microchip f~¥ PICmicro
ffli® ] Microchip HfH pvEFEE— =

L

FLREVAH R (=

> 110 Auffh®]

> Zjﬁ'—ﬂﬁﬁﬂiﬂ?c (Delay Subroutine)

> M gt @ (ADC) i
MPLAB-ICD2 & %ZﬂJF’j:Ej’&?ﬁFlfjﬁé =
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. PIC16Fxxx Mid-Range 7 #
]‘}l /» &w

2 F

¥

MPLAB IDE v8. xx

MPLAB ICD2 *s 4%

L AR 1/0 44
T AR RS 2

8. BAEAVAFNBEEERY
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Microchip Technology Taiwan

V2V Lant=? Lad Kant S | =3

PIC16Fxxx Mid- Range
(14-bit §7167)

/
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R e

¢ Embedded Controller :

>

TR P

® - ﬁQ"EIfJ%} g ;C;p_[:ﬁjﬂﬁ.g E“:‘FFI jﬁ {153

YV V V V V V V

Y

Microchip Technology Taiwan

CPU core

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

Data EEPROM

1/0

Fffrrjm i ADC > PWM > TIMER - I12C » USART ... &

%1 (Watch Dog) - 1, JFIE"F[ (T3] ( Brown Out Detect) » (%
EXfEIH] (Low Voltage Detect) - 7Jv jﬁf;l (Internal RESET)

LCD Driver

Slide 6 101ASP




IVt LIt ) TE[ 8 J M C U lélfj f’f\éz_g{%’![‘

2 @‘m [ -
RS (S RS £ IR
> irg‘ﬁpr,%'néﬂgﬁﬁ , fp;@ Fﬁ[}l"é JEI’;ﬁ-’gk'/—F[ B I 2 ]
> RESRY A (KB
> - I
> TEIH B
> BIECE [ B AR SR b B BTSN
) P More & More

* E—B‘@ﬁ
> e r[‘T bﬁ[ﬁ”“"ﬁlj’?&ﬁlﬁj“]’{l?ﬂrﬂ,n
- PR R
> ”FW‘HI ASIC py7 [fr[‘F,LJ
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Q PICmicro® MCU Zf Fﬁ‘

¢ [Z{# RISC Microcontroller Elffﬁj%[r
L 4 ETSEF H PICmicro 2. RISC Microcontroller

H fﬁ] 7, E 2 BIRVIE gﬁ/[n .
> ffi®] Harvard Ay HE)[%

> L ISR B I R

> VIR EJJ:F.J—H’VJJF

> E’?’Ejjf’F',-ﬁ £% “Single Word”

> Long Word § J}", ,& TJF

> KRS & gl?ﬁéﬁ b
T B
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Q PICmicro ElfJ?,{lT%‘ [ 3
allesinierr r
T i PIC [F[I FI'| Harvard Architecture
Von Neumann (= ¥MCU)

> ,-‘Ei]g[lﬁ'ﬁjﬁ?“ﬁﬁn‘%}‘ﬂé?&ﬁ?ﬁ—?JELF?T??V‘EWI
> AT RRRE R PR VIR B
> MCU v (B S g iy T s

Memory

> IR RO R s TR A

=R

— > HRETR s
— Data > [UEMCUR TS E T IR E[fﬂﬂ?‘:%l']ﬁ
— -Bi Memor Teg ol S

e 12/14/16-Bits y th;g%[r' fi

Memory
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Q PICmicro Architecture

e ;%Elfjjr‘lg,-ﬁ;@ﬁ% (Long Word Instruction )

® Nip =Rl R EET RIS s PICmicrofi I (A
e <fs Fr =S £
ﬁTTJ‘? Fﬁ@"’l’?ﬁqﬂ Jaf'F'[ ] P

¢ PICmicro %‘F}—ﬁ}"r@ £, 12 » 14 or 16-bits » FE— (i
Instruction Word » &j— jf‘F’,—?J F,\'['F'? i Word (16Fxxx)

& PICmicro puerR| K Data Bus)}"f@ii_ 8 bits

& F5° PIC16Fxxx 5! fffj 2K x 14 words pfﬂg?“ﬁt‘"lﬁ%%ﬁ‘ F
Ry Ry f_,%aﬁ“lglf,?ﬁé‘ifl (974K F%l‘[ﬁ?EEmMCU

o - RO 4 B MCURACRIRE T i FF %
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Q PICmicro Architecture

NlisRssEL LLong Word Instruction (con’t)

é PICmicro

g movlw  #imm<8>
N L100XX KKKKKKKK <_\ - fHWordd]

R
% MC68HCO05

g Idaa H#1mm<8>

e —
§ F

k k k kKKK k Hi

Microchip Technology Taiwan Slide 11 101ASP

AN PIC ik
Sliesisci Pipelinin
®EFAHGTEIMCUTF,, 714 POV R
IR e G AR el
¢PICmicro ffi*| Harvard %7[%_5' ffl E'Jiﬁ‘ﬁj“ﬁ?
(Pipeline)p~3Ei [ E451 =
®Pipeline %ﬁa "AJ iNEE s A [ﬁjﬁﬁj‘g =3
454 PR R
ST pVE | (B0 GOTO, CALL §
Write to PC) EU%TE'F]‘J l’[ﬁf;r’l;,-,bj Fﬁng_J
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Instruction Pipelining

Sllesinie s i A
moviw 0x05 -
ﬁﬁﬁ%
N M
i [y A = (o ]
. 1| MAIN|movlw 0x05 REEE
2] ' movwf REG1
3] call  SuBl
4] |addwf REG2

@]
@]
o

51 SUB1|movF

PORTB,W |

52| | return

53| SUB2 | movT

PORTC,w |

154 | | return

Microchip Technology Taiwan
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Instruction Pipelining

Pallninicr o RSV ﬁ“:fﬁ"bj
call SUB1 movwf REG1
Rt
- I Iy
R > [ 7o [ 11 [ 12 |
| 1| MAIN | movlw 0x05 REERESE et il O T
2]  movwf REG1 | i
. 3] [call  SUB1 |
4] | addwf REG2
o
o
o
51| SUB1 movf PORTB,Ww |
A | return |
53| SUB2 | movf  PORTC,w |
154 | | return |
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Instruction Pipelining

WV L= G L T }‘E’lﬁw’;”l?aé‘v iﬂﬁiﬁ-ﬁ
addwf REG2 call SUB1
HIRIEC LS
. B S I N R
# [ [R = [To [ 11 [ 12 [ 13|
| 1| MAIN | movlw 0x05 RS
2]  movwf REG1 | i
3| Jcall sue1 | (e [ 67
4] addwf REG2 | v
[e]
5
'51] SUBL|movf PORTB,w |
52| | return |
53| SUB2 | movf  PORTC,w |
154 | | return |

Microchip Technology Taiwan
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Pallninicr o }‘ﬁﬁwﬁ?ﬂ‘ﬁv

movFf PORTB,w

Instruction Pipelining

74

call SUB1

B[P
| 1] MAIN | movIw 0x05 |
2] movwf REG1 | oA
El ‘call SUB1 | %'@"‘?i”@f[l'@gﬁ
4] ‘addwf REG2 | P

o
o
o

51| SUB1|movf PORTB,w |
A | return |
53| SUB2 | movf  PORTC,w |
154 | | return |

Microchip Technology Taiwan
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Instruction Pipelining

Sllesinieup SR R
return movf PORTB,w
fri 73]
e BN S I [ B I S A
PR [ To [ [m2] 1] 4] 15|
. 1| MAIN|movlw 0x05 REEA
2] ' movwf REG1
3] call  SuBl
4] | addwf REG2
[e]
[e]
o
'51] SUB1|movf PORTB,w |
52] [ return |
53| SUB2 | movf  PORTC,w |
54 ] [ return |

Microchip Technology Taiwan
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Instruction Pipelining

WV [ LIt AT TR T
movf PORTC,w return
fri4)
(BN [ B B R
B [y R |70 | T2 | T2 [ 3| 14| T5 | TE |
. 1| MAIN|movlw 0x05 REEE
2] ' movwf REG1
3] call  SuBl
4] | addwf REG2

o
o
o

/51| SUB1 | movf

PORTB,W |

A | return

53| SUB2 | movT

PORTC,w |

154 | | return

Microchip Technology Taiwan
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Q Instruction Pipelining

Nl sinier o TR i
addwf REG2 return

f5i-) 8
I N U [ B I R

|
A (R = |
|

T0 | T [ T2 | 3| T4 | T5 | T6 | T7 |

| 1| MAIN | movlw 0x05 REEE
2]  movwf REG1 |
3] call SUB1 |
4] | addwf REG2 |

5

o
'51] SUB1|movf PORTB,w |
52| | return |
53| SUB2 | movf  PORTC,w |
154 | | return |
Microchip Technology Taiwan Slide 20 101ASP

PICmicro Architecture
PIC16Fxxx [ﬂ?ﬂﬁjiﬂﬁ%ﬁ'

I'l MOVF PORTB,W ?F’éili}lp

MOVF PORTB,W iOR;EB F‘f{fTJ:}’%? W ;J ¥ F'J_‘F
001000 |0 0000110 P ] AR il (7 == LPRIVE Timer/Counter

FLASH ——— DataBus ‘[
Program : _)__@

Memory

RAM TOCKI

A\
PrO\graT File Registerg
Bus
RAM Addr 1/0 Ports

Instruction Reg ﬁ Addr Mux Indirect Data B 01010101
| 001000 00000110 | || Direct Addr ;fr 0000110 % i
(oo | | | e

Aqdre
FSR ‘
STATUS Reg < Ports
I T T
oo o % ipheral(s)
. 4 Peripheral(s
MCLR | Instruction Brownout ﬂ v
@—» Decode & Reset
Control Watchdog

OSscC1 Timer
osc2 Power-on

IE:& Timing Reset
Generation OSC Start
-upTimer

—

[

Y=

eg
o




Q TEH | Register File fufs4.

Pl minie o

Data Memory
(Register File)

° EFUTT&%%?_‘; (Register Bank)
SN i ol &g P2

ﬁ-ﬁl—?,ﬁn%ﬁ (SFR) it 5
@ TTERIE (O ¢ 1/O) P

0Bh

<:T> och F:F = %EI)FEII-FH
o @ EIF - TS SR o]
oFh KT SV Reglster File fi J?'F'[

10h

Data Bus

A F’?]ﬁé
e elele . P
] ° Long word FI\J;HF‘I—,JH{E[T.}TEE,“&
| () 4 AT
‘ Opc‘::)de ? Address iﬂ__fg(r;_ I'[E{ word EJI-JF‘IJ ?ﬁ:‘:]‘
A8 —— g may PR #$ Ll i
PR
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lg# RAM fy55 &
4 SFR : Special Function Registerﬁﬁﬂﬁ%ﬁ%%’é‘
NE Tl i ﬂrﬁé‘%ﬂﬁ%’ékﬁ Fﬁf}%é
* - lﬂ&ﬂl 2 [pv RAM
¢ 1 Y| RAM : Share Bank RAM
» Share RAM | Fﬁ?[ﬂi EAOE

» PIC16F887A ’EJ 16 Bytes Shard RAM - E{[E 5
0x70 ~ OX7F

> Bankl OxFO ~ OxFF » Bank2 0x170 ~ Ox17F » Bank3
Ox1FO0 ~ OxlFF =k R ﬁlﬁ’ HPEZ] Bank1 0x70 ~ 0X7F

> Share RAM £, Flﬁ.‘rBank AN AR fﬁﬁflﬂl'ﬁr}ﬂp S/r
FE=EIRIF J‘%‘E‘ﬁf@, =

Microchip Technology Taiwan Slide 23 101ASP




il minie o

PIC16F876/877 Register File Map

Data Memory %’«E?Fﬁj

368 Bytes of General Purpose RAM Plus Special Function Registers

000h 080h 100h 180h 4+
SFR SFR SFR SFR
10Fh 18Fh
110h 190h
01Fh 09Fh
020h OAOh
128 Bytes
GPR GPR GPR GPR
96 Bytes 80 Bytes 96 Bytes 96 Bytes

06Fh OEFh 16Fh 1EFh

70Fh | Share Bank | <——— | Share Bank | <——— | Share Bank | <——— | Share Bank

07Fh | 70h —7Fh OFFh | 70h —7Fh 17Fh | 70h —7Fh 1FFh | 70h —7Fh v

Bank 0 Bank 1 Bank 2 Bank 3
Microchip Technology Taiwan Slide 24 101ASP
SER 4k 5 S By B
) 7 - FJ'-' lg [ =+ AN
W LR LSt
Bank 0 Bank 1 Bank 2 Bank 3
000 INDF 080 INDF 100 INDF 180 INDF
001 TMRO 081 | OPTION_REG 101 TMRO 181 | OPTION_REG
002 PCL 082 PCL 102 PCL 182 PCL
003 STATUS 083 STATUS 103 STATUS 183 STATUS
004 FSR 084 FSR 104 FSR 184 FSR
005 PORTA 085 TRISA 105 185
006 PORTB 086 TRISB 106 PORTB 186 TRISB
007 PORTC 087 TRISC 107 187
008 PORTD 088 TRISD 108 188
009 PORTE 089 TRISE 109 189
00A PCLATH 08A PCLATH 10A PCLATH 18A PCLATH
00B INTCON 08B INTCON 10B INTCON 18B INTCON
00C PIR1 08C PIE1 10C EEDATA 18C EECON1
00D PIR2 08D PIE2 10D EEADR 18D EECON2
e e

Microchip Technology Taiwan

Device Specific Registers
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pllesinierup
IWVAY Lod=3 Lol Lt | =3
PIC16Fxxx Mid-Range
{ﬁ “C
Q PICmicro Architecture
IV [C=HLIt=FT ;E;;k :t[lﬁ\f:?,a [ er_L.[l[_
® i 8-bit ﬁJ[F{ Hy (Literal) [ JE?‘?F}—,&JEKJ
bﬂO*bm;
o fl | PIFilfY OP Code}lﬁj’gﬁlﬁm‘&ﬁﬁw
° %ﬁq Vtg SEET
° [FBF' [FEh 4 ‘F'[ 1, J[' moviw, addiw,
retlw,, =

14-bit Instruction for Literal Instructions
OP CODE

Microchip Technology Taiwan Slide 27 101ASP




Q PICmicro Architecture
IV E=HLIt=FT = —E‘«r%ilF‘:gllﬁ\FE : ﬁlg%—iﬂ_

Mid-Range (14-bit ﬁa—ﬁPIC) pu&)— ﬂa‘?’?ﬁ%ﬁ’{a‘f £% 128 Bytes
PIC16Fxxx fiuft~DATA RAMA-] £3 4 {iid BANK (512 Bytes)
PRIFRIBIIUE 0 45 O bits

7-bit By A FEEE e F R

2-bit 1 STATUS X8 % » I EHHEREERY 4 i BANK

A

L 2R 2R 2R 2R 4

STATUS Register 14-bit $;
IRPRPIRPYTOJPD

Hi STATUS

W BV
FJ']} 2 bits

7-bits & ! i 46 H

Eji“;pljg it T gg'ﬂl#

Microchip Technology Taiwan F Slide 28 101ASP

x‘.#llgi-u:ﬂ [ )ZJ;L-EL[_‘ E‘l}%‘{{:ﬂ_‘ '7]

& PR

MOVLW h’80’ f’] J Bl 0x80 &Y * WPF“*TQ%EHI
ADDLW h’3F’ f’JE H OX3F 22 W AFIp > E5HE
= IIW B ARl
¢ miFaa:
MOVWF h’80 /K W T;%E'HIIEIJI' K HEY
: 7 Z[f j‘F41P0x80 By RAM #
MOVF h’80°,W }[—J RAM i 'ﬂj_FOXSO NIk ?» fﬁ_‘lﬁﬁ?“
UW e
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Q PICmicro Architecture
pllenisierup ml%[lﬁ\lﬁ% . FEEH%‘ :\L_il[_

¢ Mid-Range (14-bit PIC) E{@?ﬁ[&[ﬁcl'rﬁ‘l&%‘? |35 HEEE 9 bits - A ThHEERL
512 Bytes ( 4 BANKS)

¢ 8-bit puft i1 FSR (File Select Register) &4

¢ FSR ' HfH 256 Bytes ftibgE s (2 BANKS)

& R EHIUETO 5 fl STATUS 9 IRP bit ]

STATUS Register 8-bit FSR Register
RPJRPIRPOITOIPD) 2 Joc C |

1-bit From
STATUS
Register

8-bits From FSR

IRP
E[F5HY 9-bit EFUTTE«EE' b g1k
Q PICmicro Architecture

IV LS Lt S 1) '—E%}I‘:\IF:EII%\FEA[ EEH% ;\L_’ill—ﬁfjfﬁl E'Jﬁj'ﬁfﬁj
® JENF I H-0x20 to OX7F Emgﬁslzfnmgg

o EP?ETFEH% i hHET 7 FSR I
FNDF PRy ETET (Operand)p, # FSR

. A l’l»
%ﬁ» B ?1 ﬁjf’F‘[ Z[pu b b RLE T RS

Data Memory

00h mov Iw 0x20
movwT FSR
04h LOOP clirf INDF
= incf FSR,F
. btfss FSR,7
Oh [ 0000 0000 » goto LOOP

<next i1nstruction>
7Fh ! 0000 0000
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PICmicro Architecture
IV = CSt=HTE) ?E}\‘::EI[%\JI@E : iﬁ?kéfgfea%g (PC) FILJ;T!E?QE‘T:\L}]_I“

ﬂWE*CAquGOWDAPWﬂP,
Fiplidi@ PC (Program Counter) < R IelA =4 prudgh = i -
e CALL #I GOTO # F' 4 ﬁl}%}ﬁ 11-bit rﬂﬁﬁﬁi" 1] il
Eﬁ@@ﬂﬁZK%“mw @%“MEWSKF?I@%
EE] bit 12 & 13 s yfi)
o G 2K RV EI AR R PCLATH fiop [y

MOVLW  (HIGH) TARGET ADDR ;ZV# bit 12 & 13 k-

MOVWF  PCLATH ; L1 PCLATH fifif

CALL TARGET_ADDR ; {14535 13 bits 95 Bk 4
14-bit Instruction for call and goto

OP CODEJK KAk EKIKEKIKEKEKEK] K

Microchip Technology Taiwan Slide 32 101ASP

Q PICmicro Architecture
shemmsne R SIREE: AR (PC) puRE -

o EFFI AJ “PAGESEL” Fl " 12 Jr'jjlz%m—L Program Page * (&
PCLATH PF“’**

° ?'[ﬁ* Call 55 Goto fiuft fi: 2K i Page #fd v 9t B Tt
RLA [l Page - fi "] PAGESEL PR A R

o ﬁ@ﬂﬁ3ﬁmﬁﬁ@ﬁﬁﬁTARGE[ADDR
> Rl

PAGESEL TARGET_ADDR
CALL TARGET_ADDR
- A
MOVLW (HIGH) TARGET_ADDR
MOVWF PCLATH
CALL TARGET_ADDR
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Q PICmicro Architecture
IV E=HLIt=FT = IE?\F_:TE[E“T%EI(PC) E(—Jﬁpjzj‘;\[.:iﬂ_ (gxl ?;()
o A pUR)FIH(High Byte) H* PCLATH.

° FJ}I%"’J low byte #7* PCL > v[llﬁﬁfjﬁ#lmm}&t iy
i SR FEE (PO)

£ Internal Data Bus <8> ,

5

o ¥\ IFEZV PC pYf

- PRV PCL $HZ]
PC v Low Byte PCLATH <5
> FZV PCLATH me”@'
=0 €1 U EH R Y PCH
AYfiE' (Bit 8 - 12 of PC)

13-Bit Program Counter

Microchip Technology Taiwan Slide 34 101ASP

Q PICmicro Architecture
IVTE-HILIt-HTE e Sy | I ' :
st FEEFEE  (Relative Addressing)
cirf  PCLATH PY ZF e = i
movf DisplayValue,W g\[ - j H F B IEU Iﬂ
call SevenSegmentDecode
movwf PORTB
goto Continue R
SevenSegmentDecode Q Y
addwf PCL,F e s s
rettw B’00111111" ;decode O PICL16FCL:XX ;: sl
retlw B’00000110’ ;decode 1 9714SA'|-' e c
retlw B’01011011' ;decode 2 /@
rettw B’01001111’ ;decode 3

retlw B’'01100110' ;decode 4

rettw B’01101101' :decode 5

retiw  B’01111101’ :decode 6 01101101 | 01101101
retlw B’00000111' ;:decode 7 :

retlw B’'01111111' :decode 8 b RS HellPer &

retlw B’01101111' ;decode 9

Continue
Microchip Technology Taiwan Slide 35 101ASP
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PIC16Fxxx MCU Architecture

Interrupt Overview

L 4 —E'EB”I{EI'CJI-‘X ?z]'@(ﬂ?zl'ﬁl:[[%%—gkirfj
> i&& rEﬁEJ r[ J;%’F“ EJH@TMCU F,JFJ“
> EJEf‘ 1/10 Fl U [ i ?Fﬁ!—}‘ylz[@ﬁl%[ﬁr (PORTB)
> FrRIREEE R | SRR
¢ ﬁz?ﬂk' HU bRkt ﬂﬁrﬂlm

¢

—k?‘[ﬁrmlglllzll%flil "] B _I‘Flkrfknﬁh SLEEP}[JKF& IEU PIC

¢ HIETHEEREL 3 fi cycle
> B B PR AT R

Microchip Technology Taiwan
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PICmicro MCU Architecture

s s Interrupt Comparison
@ PIC16CXXX @ 12MHz ® MCS-8X51 @ 12 MHz
> &- ﬁ.i#m \ 10r26ycle ® - ?,. ﬁj-ETto4cycle
>}J‘I|JF[JE }‘F},&Jrﬂﬁ k/12
; word/cycle
Int_Srv: ;0/3
& : : byte/cycle
MOVWF  tempW 7 1/1 Int Srv: . O%_J) to g
SWAPF  STATUSW  :1/1 >V :
BCF STATUS,RPO ;1/1 PUSHPSW ; 212
MOVWF  tempStatus  ;1/1 PUSHACC ;212
MOV PSW,#08h ; 3/2

Microchip Technology Taiwan
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Q PICmicro MCU Architecture

LSS =1 Interrupt Comparison (con’t)
o T SR P
PIC16CXXX MCS-8X51

l[%f'\ i1 4 4
Fl 1%471, g(mln) 3 cycles/1.0 us 3 cycles/3 ps
Fl l§‘r§'uf %(max) 3 cycles/1.0 us 9 cycles/9 pus
Fl l'g‘r]& B IEJIEEEFEI 4 cycles/1.3us 6 cycles/6 ps
—l’?:jﬁ%ﬂﬁﬁij’ ] 7 cycles/2.3us  9-15 cycles/
9-15 us
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IV L LS Lt T

V2V Eant=3 Lad Kant S | =3

2 S MR A

APP001 % # &t ¢ %%
MPLAB IDE v8. xx
MPLAB ICD2, ICE2000
MPLAB Real ICE
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@ \
S .. APPOOLVLO H RS

\ _ L ICD2
Pl mimie o A/D VR

Connecter

J6
(RS-232)

J2
(32768H2)

000O0OOCOCOOO0OOO
00000000000 QO000

o

o
-]
]
]
o
o
o
o
o
o
o
o
o
o

)O00000000000000000

39543

LCD

?&@%ﬁ?& PORTD LED 2 X 16 LCD Module (LED) Button 16Mhz OSC
Microchip Technology Taiwan Slide 40 101ASP

IV L LS Lt T

Q APP001 E’:ﬁ?ﬁﬁﬁt

2

EWPH PIC16F877A ! JTEB fﬁja‘%ﬁfj OB [ B AN EpuER =
40 Pin pN PIC16FxxX=" PIC18Fxxx ﬁﬁ[]rj?[‘tlfk,
[E#= MPLAB-ICD2 313 , 7 I 1 Header Board ¥
R BT R
> LCD Module , #4552 » 1°C EEPROM » 12Clii 4 & F
> SPI > RS-232, RS-485, CAN Controller
> AD i, PWMZ 1/0 1|
¢ 101ASP FHAIH [PV RIENR
> PORTD ®|I'[#& 8 Bl iy LED
> RAO: {2V s e [l (ANO)
> RA4: il E'Jﬁ?ﬁ’%ﬁ“ﬁjﬂ (SW3)

L IR R 4

=m
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pllesinierup

. %ﬂz"@ﬁlﬁf&nﬂ%ﬁﬁi?ﬂ/’ﬂ
BT 7]

¢ FRE[EIF %@ﬁ'j“ ( Project)

*  ZrE p%ﬁ@‘“ﬁfﬁ%{ > e

¢ AR AR

¢ ﬁ?ﬁ%—

o R

* LIRTUAE (i

¢ 13 MPASM - MPLINK

¢ I Ccompiler

Microchip Technology Taiwan

Slide 42

o
ICE2000
Real ICE
MPLAB

MPLAB

YV V YV V

& VR
> PM-III

MPLAB-IDE “ﬂJFj:) "F

Et
=

ICD2
ICD2 LE

PICKit2 Debugger

et .

» PICSTART Plus

> MPLAB

ICD2

» PICKIT2 Debugger

101ASP

o |
Q MPLAB IDE - &2 ;V g 5

IV L LS Lt T

P

E== =3

=
] Compilers
MPASM™ MPLAB SIM MPLAB PICKit 1 IAR, Hi-Tech,
Assembler Sofware REAL ICE PICSTART® CCS,
Simulator Plus ME Labs,
Green Hills
Real-time Operating
MPLINK™ MPLAB ICE Systems
MPLAB PM3 CMX, Vector,
MPLIB™ 2000 & 4000 Realogy, Express
Logic
MPLAB C18 . MATLAB
MPLAB C30 PICkit 2 Live Devices, CMX
M t Dat.
MPLAB C32 MPLAB ICD 2 Ogsgtgnf:s ata

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

Microchip Technology Taiwan
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Q MPLAB - ICE2000

pllerinierun
S x e
Iglj%jost %] Pod fiuCable *Emulator Pod

*Processor
Module

Flex Circuit

*Device
Adapter

Transition
Socket

" S RO R
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D
— ICE2000
IV LS L S 1) M P LAB I E2

2 "s{»jf%gfl’%“éj PICmicro® MCU = 3j|[pufsifg-
& ZihpumEE g
> Up to 25 MHz ( PIC18CXXX )
> }lij’“éjér%g 40 Mhz I'] Fpops2
& RIS RSO
> ®&= 25V
¢ == PC fii?| Parallel printer port i~ i
¢ Software programmable clock (i MPLAB-I1DE [ I El
L)
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Q MPLAB - ICE2000

Pl minie o

& O5HLEL AV Trace {9
> }[‘i’] F[l%’%%ﬁ%wgfﬁ? internal registers/RAM
> p'I'] Trace internal registerssRAM
> 32K * 128 bits Trace Buffer I'] 5» Logic analyzer
> F %Elé,&%ﬂ = BEIF&E@E?TFE?J%?EI ( Time Stamp )
€ Four level conditional break/trace/trigger
® FREEE IR ORI

(Time between intervals )
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D
CD?2
WV Lt G Lt T M P LAB I D

> TEFS-USB fifl

> £ PICI6F #I5 %] ICD s
o MCU fuias

> LI2PICL8F » PIC24 >
dsPIC30 » dsPIC33 & PIC32

> Fr%%:’ﬁr%&{’ TR BT
W E% K= ST

> 32K Bytes (PIC18F4520) it Includes %
%-E;—T-‘C‘FIJ% 3 ;.J,m}%{ﬁ%@ for the MPLAB

Italled separately
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IV Ll L Ll

Real ICE

ICE =

USB
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Q R 1CE $ 5 P

IV L LS Lt T

>|CEE F'ng II'EF?TF‘fJE
e | .

. . RS ES
'J%J:%‘E@WHT&IW ) HEER
- [ T

e CPU/= f' [EHF}E; %lﬁ} 20MHz Eﬂﬁﬁu ﬁVNﬁEU

 ICE Hf[Rpmslis FpEE= 7 [ I [ J%EJ)FF(T B

ICE (3
fa@Hv s
ivrﬂ I 3: ﬁﬁﬂiﬁ%’%ﬁﬂ
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mng;u:: REAL ICE T_JJFJ:

& LA
> % Z W MPLAB IDE O3Bl ™
> FHEBUL  | (EEL5ERa
> F[l'ﬁ’rﬂjﬂt
> BE R fiTTg -

> TR
* Run » Step into
* Halt » Step over
* Single step * Reset
W e o
V= I L=t S 1) REAL ICE EB‘E’T,_)JHD

€ Advanced Features
> Breakpoints (i S50l l'ﬁ‘%@)
> Stopwatch (== 5 )
> Real time watch (EJHE\J]‘?@‘EKT@‘JEH)
> Trace (GE1%)
» Program execution (EIRERE =V )
- Variable values (%@ g
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@

REAL ICE Tjc— [

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

IV L LS Lt T

V2V Eant=3 Lad Kant S | =3

# * MPLAB IDE
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Q Z/[lfFﬁ [fli*] MPLAB IDE v8.xx

Pl minie o

L 4 F FE5F MPLAB IDE El“]ﬁuﬁ; %%Eﬁﬁj

» MPLAB IDE User’s Guide

»  “www.microchip.com”
& ICD2 P 4E USB BREAES R (7] :

> [ 1CD2 [@%FFEﬁ fel ¥4k ICD2 FREVAEZY » EREE Y™

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

. %’%‘Wﬁkﬁ?f&ﬂ%ﬁ clnicd2.htm & ddicd2.htm %7 | S

> R P ICD2 V- TRIRIFTEE MPLAB IDE RS 4 FUpY (e 5255

L 4 n’f'?‘“ = (MPASMW!IN.exe) :
> =IP[g7 MPLAB IDE #! » 5508 HpR’ {1 2] MPASM &3
» C:\Program Files\Microchip\MPASM Suite

T T
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Y 4%t MPLAB IDE

IV L LS Lt T

& 5% MPLAB IDE = #3H
> VH=E A EEEASEY MPLAB IDE > A PR
AR YRR IR S A IR
FEEER
> ~ EB AL LER Microchip [ L0 @
> BlIR o B 5E 1ICD2 iy USB EREMH
> YHUE[fIE] Real ICE BIEIF |4 SEERE A
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i File Erllt Wiew Project Debugger Programmer Configure Window Help

PN sy hil@?“um@a‘?|@

H» ?}WEI}HD::G 1 E BT %

O] x|
B
- K C e ho A2 3N
t=1=1 unsigned char Set BCD_ASCITI (unsigned char BCD_Data)
t=1=1
: a7 { if (BCD_Data==0)
t=1=1 1
| — Bg if (DS_Zero_FLG) return ; A4 [EHEEING
I ] 2 | L=l else return = /i BETm— R
Build | Find in Files | MPLAE 10D 2 | 2 3
Cosyright () 2002 Microckip Tochnology bie. =] | [ e _|
Errorssie: CERE DS Zero FLG=0: /4 BRIHE A E
MPQH_EX&IO.%,CDFFK?HEXFHECO})W 2.2 S : return (BCD_Data += T 14 jﬁﬁ@l g1
gzp;)l;ngh:téc)MMmodupTachnology Ine, z; , ;":K ié ‘&’?’g‘l}.
=i /"/***ﬁﬂ'ﬁﬂ'******** T T AT AT AT A FTAFTATATAAASATTASTNSS
| m§§01msmm§mmamamf 100 /4% Function: 1| S ol x]
1
“‘g;énf: "h_l;l e - Fol addsFR [[ADCOND =]  Add Symbol|[_paramete 1 =]
! -‘J_| ﬁ il I‘l | Address I Symbol Name I Value I £
[ | Function. ~=1al =| ooss AD_Temp 03ES
Address I SFE MName I Hex I LDecimal I Binar = ggg;‘ a EgBZ;;gEFLG na/D Val DE
oFan PIEZ oo 0 00000C S Lo B
OF&1 PIRZ oo 0 00000C Sas [1] A |
OF 4z IFERZ 1F 31 000111 onsz [z] D
OF 4G EECCON1 =1u] 128 10000C ongss [3]
OFAT7T EECONZ " ao _ 0 oooooc o0s4 [4] . . W
oo mem o wpmaps oo | RO pERBRE
o - [~ T [[wratch T wiatch 2] watch 3] wiatch 4]
MPLABICD 2 [PIC1EF452 pesdel [ 033 movzdee K Bk BB ST 71| 6b7E | T
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9¥e MPLAB IDE
IV [E=HIt SIS 1) | ]EI
—A Ly /- N o) ~
4 EJFIE MPLAB IDE F[‘JEJ.?[:[EIEIJ_{]:‘ ’ ﬁ%?f%‘:%
LY
MPLAB IDE (v IEI SERY
» MPLAB IDE User’s Guide
» http://wwl.microchip.com/downloads/en/DeviceDoc/
51519B.pdf
s = Et B A T
IEI Bl MPLAB IDE £538 5.~ Ejj ‘5FJ:L§§?17’
I sz = 1. [ » 5L
[[jafEJl H|pY Project » T Project &~ HpYAH
—3 -
Ef»,_T\ I:I | HEJ.}E‘]
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Q Eﬁiﬁkﬁ?ﬁ' ( Project Management )

pllesinierup

* I\/IPLAB IDE fjﬁsgj & =SB ﬁ%ﬁj?ﬂﬁﬁ?ﬁ%ﬁ
» Brl') % ffi 2| MPLAB IDE Eﬁ W'J%‘*ﬁ* ffet
PrOJect o

& Project PUBffpii% €78 5L xx.mep > ﬁt[ﬁ‘%ﬁrdkpﬁiiﬂw’v
7l WE T8R0T -

¢ - {li Project 7 I SRS 2y
> g~ ol [
» ﬁ'%éﬁ'ﬁi’ﬁﬁ ARG
> ﬁl%élfﬁﬁ Flpj%igﬁ
> RN ‘*ﬂﬁ%ﬁ'ﬁl %&?E

. J Project 4 [~ WA U MRER! - I IOE &

L[EIJ T~ S o
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@

pllemimie o

B -

TEI HE] MPLAB IDE
o FHVRSR (Project)
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R |
AW\ T MPLAB® IDE  #7%1

Pl minie o

IRTEGEL N

«~ MPLAR IDE v8.02

Debugger  Programmer Tools Configure  Window  Help

J DE?"H|3$\H|QMW‘? J e == JShecksumOxZEﬁ |
m [ntitled Wor... |:||i“g| = Output [ [0

| Find in Files

21 Files I“g SYme|5|

PIC16FE87 WO zde e
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R |
Q F ' — [l New Project ##2

IV L LS Lt T

¢ F]¥] Project Wizard & - — [ New Project pu+#/ER :
> Project Wizard g Project EFJ*F'L‘I‘

PLAEB D 5.0
File Edit View Debugger  Programmer Toolz  Configure &
| D E | % ™ s i |

m [ntitled Wor NG

Cpen...
Close »
Set Active Project »

Cuickbuild (o .asm file)

—
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Project Wizard 37 #B83

mh::m:i-u::x F
%E’?ﬁ“m@% £ - PIC16F877A
> ﬁ%np F:' £! . Microchip MPASM Toosmte
> "ﬁgi‘—_ MPASM 7' 3& E'F\Jqﬁ_ﬂﬁ”& ZeEFE U (MPASMWIN.exe)
Project Wizard g|

Step Two:
2 =T
Select a langnage toolsuite =1

Active Toolsuite:

Toolsuite Contents

St =g IFI\JI;I_# g

;h_ ! luls] _ 714
MFLIB Librarian (mplib.exe)
\’/M
C:\Program Files\Micrachip\MPASM Suite\MPASMWIN axe

[ Help! by Suite lsn't Listed! |

[ Show all installed toolsuites

[<t—s® ]| [T—2#w-] [ @& | [ =8 |
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Project Wizard g%  #E8 4

IV L LS Lt T I:I

2 I%%‘—' Project Puflf{ 8% === €74 : exl.mcp

Project Wizard E
Step Three: Eﬁ
Create a new project, or reconfigure the active project? /{é}

() Create New Praject File

CARTCVDT _ASPYAexT\ex] mcp

Browse..

(<@ [T2w-]| [ =& | [ =9 |
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Pl mimie o

Project Wizard I%{L_

2 }Ié"] exl.asm I * Project #!

Project Wizard

Step Four:

=0 RTC
=01 101_ASP

=0 Aexi
exl.asm
ex1.COD
ex] HEX
el mep
exl.mcs
exl.mow
el mptags
el tagsre

21 Aex1

B0 Aexd

Add existing files to wour project

%

EE}@

A CARTCYID_ASP Aex]ex] asm

(<t—#® | [T2w-]| [ me& | [ =5 |

Microchip Technology Taiwan
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IV L LS Lt T

Project Wizard 372

[

¢ Project g &l fﬁlaﬁ"gﬁa’: o

Project Wizard

Summary

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

Project Parameters

Device: PIC16FE87
Toolsuite:  Microchip MPASM Toolsuite
File: CARTCVI01_ASPYAex]\ex].mcp

A new workspace will be created, and the new project added to
thatworkspace.

(%o [ =% [ ®ms | [ =8 |
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pllesinierup ;"r'j %ﬂi@ ;—r‘.\?‘%_f_‘ Iz’é}%

¢ F[|¥| Build All (Ctrl + F10) % r}—?‘j@

> '{/[l"ﬁj%? %%%% EEHEL ) fET-

T SR KRR SIS B L

¢ F||¥'|Watch Window ¥ & aghgle
* F E'JMouseEﬁﬂF,%T{sF%:@_}[ lrgrg[j[—

> FuEReset > Run Halt/f=

> Step > Step OverZj/g=

> RAM - SFRIET A2 £ FF ™ T RLEVREI 02

> E ffi:f ?
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A A= — Build All

IV L LS Lt T
w exl - MPLAB IDE v8.02

File Edit ¥iew Project Debugger Programmer Tools Configure Window Help

0= EX.T - | Debuc v O B @ | & & Checksum0x98ch 2 [ R
™ _ |O|X = C:\RTCAIDI_ASP\Aex\ex].asm _
E\DBxl.mcp 15 r e
& (3 Source Files 16 ckkkkhkkkk kA A AR AR AR A AR AR A AR AR AR A AR AR R AR K
Da‘ad"elr‘f”’;‘s 17 3 Program start *
(3 Object Filss 18 « e e e ok ok e ke ke o ok e ke ok ok ok e ok ok ok ok ok ok ok ok ok ek ke ok ok ok ok ok ok e e ke ok
gt::g;"si'f:t 19 org 0x00 ; reset vector
(21 other Files 20 = nop ; Reserve for MPLAB-ICD
21 Initial:
22 clrw ; W =0
23 clrf PCLATH
24 banksel TRISD ; Select to bankl
25 clrf TRISD ; PORTC = Output
Cares [ meoe] g banksel PORTD ; Select to bankO
27 clrf PORTD ; Clear PORTC
28 ;
Eﬂ:“ U\U/?:mncm‘m' il | Y] ckkkkkkkokkkkk Main FRkkkokkokokkok ok ok kokokkkokk
Executing: "C:\Pragram Fi 30 - 2
Massage[301] CAPROGE. :r;‘ R 3
Message[302] CARTCITI|

Loaded C:MRTCYIO1_ASPVAsxltvexl.cod.

Debug build of proect "CARTCHG_ASPYAex Iex lmep' succeeded.

Preprocessor symbol *__DEBUG' is defined. 7 aé'___L:f"_l = U "I‘iJJ
7

—

BUILD SUCCEEDED
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Pl minie o

S‘Eﬁﬁlﬂ_[: MPLAB-SIM

& [Elb5E “Debugger - Select Tool > MPLAB SIM”
FIRRAD [ PO Fbdeed =

Configure Windew  Help

File Edit Wiew Froject

Frogrammer

O = & Select ) Hone
I Clear All Memory MFPLAR ICD 2
Eun Fo X
= [C:\lﬂﬂworkshop‘\lﬂﬂf—' it T T S S
2 Source Files Step Into F7 MFELAER ICE 2000 Exl .ASM
EKI-ESTT' Step Over F2 m is for edit 1
HE:EIldE',I’ 1:_"1135 Feset y | 7* a delay results on the LEIL
D_bﬁctFl!es ;* Please make sure that the
Library Files Breakpoints. .. =) :* switches in the ON positic
L—iﬂkﬁl’ SCI’iDtS = e ke ke o o ke ke o o ke ke o o s ke ke o o o ke ok o e ke o o ke ke
Stopwatch list p=16F87T7A
Stimulus #include <pl6£877A .inc>
Build |Find in Files | Retresh PM :
. - . VAL _Us egu .249
Deleting intermadiary fils Settings. .. VAL_MS equ .100
Erecutmg: "ChProgram Files\WIFLAB 1D count egu 0x20
Ilassage[ 3021 CALEY WORKSHOPY 1OD count_ms egu 0x21
Loadad CA1KY warkshopy 130 AnswertAe 5
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MPLAB SIM 5514 45

e mimie o

A

EAHRF

Make Project

» MPLAE IDE
File Edit ¥iew Project

Debogger Programmer Configire

JDB"H\MM%@J SEB TS

\\ 4
S
A

[e—

_ Step Over

ADCONObits. Go=1;

while [ ADCONOhits. GO
= Instruction Cycles I 113516
59 o AD Tewp-ReaddDC () : Time (mSecs) | T
50 D AD Result.iD 10bit=iD T o
61 4
62 SetDCPUML (AD Result.AD Froceszor Frequency [ MHz ] | / 4
63 LD Result.AD 10bits==2:
a4 FORTD=AD Result.AD[O]: [T Clear On Beset
65
- [l e

41 * Stopwatchih &
REPARNR T
St s R
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Q Watch Window FYEifol {#

plleninierun
¢ Bt RAM pur’jﬁg'ﬁc%ﬁ—,l, ji[egu

o GHERTS LT
¢ MPLAB IDE | Ejl Lo TR ﬁl”F'i,l (View ->Watch)

_ Ol x|

%&F' %_ Add SFR ”F"IFH I &dd S_I,Iml:u:uI"DS Zero_FLG _I

— LAddress I Svmbhol MNanme I Value I_
AD Temp o004
ao9n DS_ZE]:D_I'LG- gol1o00o0
%% & f" OFES WEREG Oz
v F‘I OFs1 FORTE 3F
(nhalef:! -
arF PIE1 aQooooon -
i [watch 1 Watch2 [ Watch 3| Watch 4
RPN F
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Pallerinier 1o

V2V Eant=3 Lad Kant S | =3

PICI6Fxxx
Ej‘ifﬂ i 5
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14-Bits Core ?F,.AJ%

(35]F)

IV E=HLIt=FT =

5 (e 4 7 (Ed 4
NOP ; No Operation BCF fo Bitclearf
MOVWF f  Move Wto f BSF fb  Bitsetf
CLRW B Clear W BTFSC f,b Bittestf, skip if clear
CLRF f Clear f BTFSS f,b Bittestf, skip if set
SUBWF f,d Subtract W from f A B =K i A &
DECF  fd Decrement f !E{J e : # fﬁu i dl
IORWF  f,d Inclusive OR W and f SLEEP - Go into standby mode
ANDWF fd ANDWandf CLRWDT - Clear watchdog timer
XORWF fd Exclusive ORW and f RETLW Kk Return, place literal in W
ADDWF fd AddW and f RETFIE - Return from interrupt
MOVF fd Movef RETURN - Return from subroutine
COME f.d Complement f CALL k Call subroutine
DECFSZ f,d Decrementf, skip if zero MOVLW k  MoveliteraltoW
RRE f.d Rotate right f through carry IORLW Kk Inclusive OR literal with W
RLF f.d Rotate left f through carry ADDLW  k  Add literal with W
SWAPF fd Swap nibbles of f SUBLW Kk Subtract W from literal
INCFSZ f,d Increment f, skip if zero ANDLW k  AND literal with W

XORLW  k Exclusive OR literal with W

Fmﬁﬁﬁ&rﬂrﬁn‘% k = Higefh (8-bit), b= PR <0,7>,

d = SEETERYR E VP (1=f, 0=W)
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YR 4
WV Lt G Lt T ( MOVF MOE/V\)F)
MOVF MOVWF
L 2 ?—‘ﬁ?ﬁﬁ : MOVF f,d 2 ?F‘,?? : MOVWF f
¢ = ;E’?ﬁrﬂﬁw riy () ¢ e BT AR (W) BV ﬁ,
F“HF"[ AR I'AF' ¥ am (W) LS ’? ?UF“J '%"%g (f)
- -
movf h’3A’W movwf h’3B’
JLI—J +{1L‘3A(16) F"JF ﬁg[ | F'T'LB;{:L% }I‘j T (W) H[E‘J[ ] F"l P
_:E‘H_ I—‘F| %ﬁ (W) HI ¢ e '—HIHE 38(16) IEN?T %EIHI ¢ °
%ﬂ?‘ﬁ%ﬁ F [ e %E'
39 39
3a 55h —_— 3a 55h
3b o5h 3b ash &
A SIS




@

R RVR |

WV L= G L T (DECF DE FS )
DECF DECFSZ
L 2 ?—tﬁji' DECF f,d 2 E,—:ﬁ?i' DECFSz f.,d
¢ = }l%:’?af"ﬁﬂﬁi rres () . ﬁéf‘p}lﬁfﬁf"”ﬂﬁ“ iR (F)py
F”HFL? &[T E] (d) AW =[n [T(d) » PR
- iy BB EL T RLE R
Y] r =l N Y= R S & o
decf h'3A’, F 3*@}:!5};@? W -
ﬂﬂ@meAmﬂﬁfﬁﬁﬁrwﬁ—a, : i;l;i%;%: %ﬁf;
HE[R ; ° 8 F ok |
[Fil e Z]] b 447, 3A(16F‘* I B F
?Tr;«%ﬁ ]
29 ﬁ f55h4;]1 decfsz h’3A’,F
a | 55h/54 = A R
goto  FHNFEW
3b <\/ call %f#j&fﬁ%
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b I

IV LS L S 1) ( BCF |: )
BCF BSF
L 2 ;E‘—lﬁiak:BCF f.b 2 E,—:-r—l,?i'BSF f,.b
¢ BIEMHEAIOTSE (1) e e YR %ﬁ' M
{1935 (b) i = 4845 0 15T (b) 7
3l 3l
PORTA equ h’05’ PORTA equ h’05’
bcf PORTA,?2 bsf PORTA,?2
;{—J b 11F05(16) ﬁJF ¥ 8 (PORTA) gy }[-j i<k 1]1—05(16) FIJF ¥ (PORTA) gy
bit 2 {E&=EL “0” o bit 2 ?sH—t“ “17 o
bcf h’3a’,7 bsf h’3a’,7
}I—J b 415 3a ) VAT 1 ¥ BY PV bit 7 JERR }[ﬁj b 41324 EIfJEFﬂT’é«'%E' FY bit 7
K50 - RSN
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@

i 5 R 4

WV L= G L T ( BTFSC , B FS )
BTFSC BTFSS
L 2 ?ﬁji- BTFSC f.,b ¢ ?‘Fﬂi- BTFSS f.,b
¢ RIS R (f) | e BRI R (f)
93T (b) 90 P fi TRE ET(0) WY fi TRLE
07 P HER RS - W i1 RS -
fid) fid)
> Blt(b)ji’ﬂi" L~ (R > Blt(b)jﬁﬂr L~ (R
PSS ) PIE NN )
> blt(b) WS <07 1 HpET W‘F‘, 4] > blt(b) S 17 epre ”rlfF‘,.
LAl T R L ADMBRLL L R
RFE PR RS - RFE PR -
f31: 3
btfsc h’3A’,5 btfss h’3A’,5
goto  sH{ PIEWT 07 goto  FHQN IR 17
goto  AHHIHS “0” goto  FEPEWS «1”
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w f
( ADDWF ,

£ FI E[\Jﬁl —4:

£AL , RETURN)

Sllorinieun WE . GOTO ,
ADDWF GOTO
2 ?ﬁji' ADDWF f,d L 4 5—?3? GOTO addr
o BIESEERTIPOE A (F) Y & mRiE IR J'%”’#’*Umﬁ
e e (Wi L (addn) B
)F‘Elll:lpg( WI'F‘ EI%FIH‘ l(d)
SUBWF CALL
L 2 ?ﬁﬁ SUBWF f,d L 2 ?Hi;i CALL sub
* ﬁéf‘p}“]’:ﬁfrﬂﬁjmﬁﬁ‘g(f)ﬁ . ﬁéf"&._ FFF”E'E@WUF’EE
m%jﬁa‘a‘ ff‘,T;%E'(W)EJ[J FJ =0 i - (sub) T
B HE R T ) F =
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NussimsiE oy W! DDLW SUBLW |o L  ANDLW )
MOVLW IORLW
L 2 ?T;I?ii MOVLW H’3A° ?jﬂii IORLW B’11110000’
P AT s ¢ B
R I = = i == il
F! Gate FIJ BRI > Bl [E50r
By oo
SUBLW ANDLW
L 2 E:‘ﬁ?ik SUBLW H’3A’ 3-1‘ ANDLW B’00001111’
b ARG AR LA a?ri\ =
oy fdfrl Iﬁ‘%iWFW FL Gatgpuzijﬁn& ’FE(T[H A (==Y
Zr V‘[f_f—]el"’%g( ) (W) F'
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IV L LS Lt T

* i%ﬁjﬂ%&% (Decimal):

> MOVLW
> MOVLW
» Constl EQU

L i

£ ()

NERAVEE TR A

BT ~ B (37 )R

D'< > & . < et >

D100’
.100
D’200°

; By 7 fs{fj‘g!(f 100, to W Reg.
; Bl F{fj‘%\'f 100, to W Reg.
; Constl =200 (H f:fﬁj[])

¢ o H3EfAT (Hexadecimal): H'< &8 1> & Ox<1 + &0t 1>
& < + st >

>
>
>
» Constl

Microchip Technology Taiwan

MOVLW
MOVLW
MOVLW
EQU

H’3F’ ; By 2 TFIfJ’E(TSF(lﬁ) to W Reg.
Ox3F ; Bl fslfJ'E(TSF(lG) to W Reg.
OFEh ; By fs{fj’gb'rFE(m) to W Reg.
H’5A’
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Pl mimie o

* :i%ﬁjﬂ?w%\ (Binary): B’<Z i‘éfﬁﬂg’rﬁb‘

> MOVLW B’11110000° ;&%* ”r[fJ’Eh’TOXFO to W Reg.
» Constl EQU B’01010101° ; Constl =01010101 (= i;ﬁjﬂ)
& 7 (ASCII): A'<F RS> & < T >
> MOVLW AR’ ;EY * F7 “R” to W Reg.
> MOVLW ‘¢’ JEY S5 “¢” to W Reg.
» Constl EQU ‘a’ ; Constl = - § pud-7 A
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AN LHERVEERAE (Z)

IV L LS Lt T

&t by
= F I”lil [
o 54 CERE) &R

MOVF f,d ; Move RAM/Register to Destination

f FURE RS ﬁ& RAM pufb i
d SRR PR
d =0 > bl w%ﬂ*ﬁ'%’é' > R W
d=1f - flpi f l—?%ﬁ RS P B REE T R
g {31 var_count equ 0x3f
addwf var_count, 0
addwf var_count, 1
ﬁi";%iﬁii TN\, [ addwf var_count , W
{ addwf var_count, F
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il minie o

Q =y it 0 B s N T P v s A
S o

& LIST- E'é#}i_tﬁjﬂ (Listing Control)

> list p=PIC16F877A, f=INHX8M
¢ #INCLUDE - 17 — TRUIEHE ~ A 20 il
> #include <C:\MPLAB\16F877.INC>
® EQU- FF il Ay (T frpifrer)
» memory equ Ox3f
» count equ 100
> i0_set equ B’11000011°
¢ ORG - &A= A R VE I o -
> org 0x00  ; AERH O 4§ *00hRE
> org 0x30 ;%E%”fﬂ_"iﬁf{f—“BOh”FﬁJi{F",

& END - B0
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,"ia
e AN AT TRA i
Q R PV ST
Pallerinier o
list p=16f877A ; T{E%EB E‘JEIU MCU £% PIC16F877A
#include <pl16f877a.inc> U™ 16F887A frufeves LAt
;-k-k-k** ;&;&ﬁ@%fr ﬁﬁg{r‘ "‘Lfgﬁﬁ B R k.
T DELAY EQU D’100’
dly count EQU H’70’

B R R o R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R e e
’

ORG 0x000 ; I%ﬁt—’%?“ Fhu b ilP@‘O”F'#Jt{F’} (Reset Vector)
clrf PCLATH
goto main
ORG  0x004 ;MBS Ak
;******* H I%{rﬁ{{‘]ﬁrjﬁ?@ Ell-'l *kkkkk
retfie il GEdk
main moviw T _DELAY ;A F'ﬁjt/ﬁ

movwf  dly_count

; remaining code goes here

END , FHFGE TN
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@ R Tﬁ?f"*’mr}ﬂﬁ (EDIT)

pllesinierup
¢ HREEE (File) ¢ RERE]
Rl (New File) > Ctrl +Z - &Ry~
> BB (Open File) » Ctrl+C - ’Fﬂ%t
> MR [l M (Save) » Ctrl+V - E'ﬁrl*@@
> MR B bi- M £ (Save As) > Ctrl +X - [BI=EE
> Ctrl+A - 23&
> Del - s
. 423 _
== > Ctrl+G-5=5185
>  Home - JEEF2= % = EIgEH e aNe
> End -¥ERsz4 E;EF > Ctrl+ F- 537 A
> Ctrl+Lift - [ @4 » Ctrl+H- Fﬁziﬁ"’w;d:?_&ﬂ»'w gl
> Ctrl +Right - i &~ > F3 - AR B
> Ctrl+PgUp-#=71FI&p > Shift + F3 - 5&[p| &5
> Ctrl+PgDn-#=%4FI= » Mouse JF'%%'FTJ_“ i ég%?z’q
>  Ctrl +Home - 7224 3% &5
» Ctrl+End - =% #%=
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N ————
;'}w?zlL Ei'? [_{ﬂ\—'gg“ﬁr ;E

S Ve —- 1=
W E=H St T Ex1.ASM (57
;* This program is for edit test, the program also display
;* a delay results on the LEDs on PORTD.
;* Please make sure that the DIP switch SW3 has all
;* switches in the ON position.
list p=16F877A
#include <P16F877a.inc> ; Include file locate at default directory
VAL_US equ -160 ; 1ms delay valum
VAL_MS equ -100
count equ 0x20 ; Defined temp reg. for 1ms delay
count_ms equ 0x21 ; Defined delay reg.
e Program start *
org 0x00 ; reset vector
nop ; Reserve for MPLAB-ICD
initial:
clrw ; W =0
clrf PCLATH
banksel TRISD ; Select to bankl
clrf TRISD ; PORTC = Output
banksel PORTD ; Select to bankO
clrf PORTD ; Clear PORTC
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A= R R R
)

EX1.ASM (#1= E

s Main
start
incf PORTD, f ; PORTD = PORTD + 1
call delay_100ms ; Call delay routine
goto start
S 100 ms delay routine —-———-——-——- sTTTTIs Delay 5us
delay 100ms - D_short call D _ret
mov lw VAL_MS
movwf count_ms call D_ret
loop_ms call delay_1ms call D_ret
decfsz count_ms,f call D_ret
goto loop_ms 282
- return D_ret return
jo——————— 1 ms delay routine ---———————- ; d
delay_1ms: en
mov lw VAL_US
movwF count
dec_loop call D-short
decfsz count,f
goto dec_loop
return
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f'\ 7/[: c §:J =
Nlcsisici s H\w?l“ - F'“%;Tﬁ"éz

¢ A »?:W’g"ﬂ: ey FORUAEEY EXLASM e — ol
EX1.mcp £§ §p™ Project -

¢ JKExL.mcp & Build-All iz Fé‘d;‘ﬁﬁﬁ'%ﬁ;ﬁ?{@;ﬁ
FIH] “File > Open”}[—fﬁggbﬂfﬁi:i%f—]\ LT 1s
o BHMFLMETH > 5 R RO

2

B [?]X]

FESHTE D |2 Aex] ~ =f FE-
E=gic Ao HEHEL {Ec 5 8H

Elexl 2KB ASM Fik 20034023 F ..

Hexl 13 KB WPLab COD ... 200324 T ..

Hexl | KB MPLah Her Fi.. 206344024 T
Hexl.err | KB EER Fl= 20034024 T
[Hexl.1st 17 KE LST Fle 20034024 T L

ax l.ncp Il KB MCPFFil= 20034024 T L

[EHex 1.mow 24 KB MW File 20034023 TR L
tsEfman: |
fre=c Rl A 1] Files (*, ) Eoid
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Q MPASM

IVHC=H LIt =T ot A ___,: crrzmé,g

FR-I: I:I:IFI\ =5

¢ MPASM £l Microchip PICmicro Assembler Fu=ERY

& MPASM p@rﬁﬁ:ﬁ_}[—ﬁi” F’*‘,?ﬁﬁ B Intel Hex TF‘
= Fﬁj;ﬁ?ﬁﬁ%ﬁ&f&ﬁ? LAy F' IET_,{?FI ¥ OBJ ﬁF

& [ IF]101ASP R RLER H (BT - 32 ﬁ?ﬁfl%ﬁ%

H- hipr &3 o ids N

N f,?f;# § (PM-III)
Cc::ocilje.a;zm @ Code.hex —— ﬁf R ( MPLAB-SIM)
ode.inc — [s%ggg (Real ICE)

(ICD2)
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Q /i ,\F 1T MPLINK

IV L LS Lt T

(1 Bk LMPLINK?

»  MPLINK R &/ ”,EJ?”%J(Assembler)F? C-
Compiler i % pv obj #f0 [ Eiag #[;LFIE Y
YL - it R EGEY hex Bl

_|'T

¢ MPLINK FJ: f‘Efm’JrW ?

R IR 7Y (CODE) M YK (RAM)
% 3 [ i (HEX)

YRGS BORSG MPLAB C18

fiLfHt COD I FAE [{RA

AR F" BARSE [

FUAFEERR B (Library)
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® & & O o o




Q MPLINK JiAd =+ 54
e Tagsn] (o] Coane] fonan] £ '
MPI%BClS MPﬂASM MPQASM MPI%BClS MPﬂASM

~ ¥V —

**
/ O\ g
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< - - 1 ’o —a>
- Jul - SErERIE (1 —
A A pURTE
pllesinierup
—4 3 Lt .
¢ 7+ Build Output ;EFJEJ,[ :
> [1/fekl Make Project ?
> {7kl Build All 2
> A Pl RL “Build Failed” ﬁ& “ Build completed successfully” ?
< 1 2Ly < -4 7 [13 - 11 [13 7
> AUEPUAHEHIE| “Message” ~ “Warning” - “Error” E/iE
Srr =gy oA =R e
> IR 'ﬁ EEIER R R 4 2
Oty AE
d | Fit™Ng Files |
Deleting mtermedidzy files... dane.
Erecuting: "C\Progrm Files\WPLAB IDEMWCHIP_Toolsimpasmwinesrs” /q /o l6F87TA "exlasm" A'ex LIst" /e'enla”
Warning[ 2071 C:H K WORKSHOR K ANSWERNAEX 'EX 1LASK 21 : Found label after colurmn 1. (nitial}
Ermar[113] CHI WPHRKSHOPMGY ANSWERNVAEX NEX 1LASM 23 : Symbal nat previously defined (PCLAT}
Iessage[302] C:H100 WORK SHOR 130 ANSWERNAEX INEX 1LASNK 25 : Register in aperand not in bark 8. Ensure that bank bits are carrect.
Emar[113] CAIK WPDRKSHOPGY ANSWERNAEX 'EX 1LASM 33 : Symbel naot previously defined (delay_250m)
Halting build on firstAzilure as raquestad.
\EUILD FAILED
— —
Microchip Technology Taiwan Slide 91 101ASP




@ & A3 T R FIE
Sllorinieun _ﬁ;[ IJIE %%QI—IE%FE[J

This is delay subroutine for 1ms
Oscillator Frequency : 4MHz

**x jtfl fﬁ[ Fi J lGMHZFﬁJﬁé I"E»‘BF]}'\:E%? ” ;LE@ EI”H{LI- [?ﬁ

P4 £ g g

VAL _US EQU .249
call delay 1ms : 2us 2Us
- +
delay_1ms:
mov lw VAL_US ; lus 123
movwF count ; lus lus
+
dec_loop nop ; lus (1us+1lus+2us)*248
+ (Lus+2us) = 995us
decfsz count,f ; count=0, 2us
; count>0, 1lus o
goto dec_loop ; 2us
return ; 2us 2us
1001us
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D MPLAB SIM it
W E=H St T
¢ 7+ MPLAB IDE ™+ Z# ﬁﬂ%ﬁﬁiﬁ_
» Debugger - Select Tool > MPLAB SIM
¢ FESEEROT (i 16MH2
> Debugger = Setting ™+ F%@F;ijsgjﬁﬁjr
¢ - ™ Configuration Bits Rt

[ | Configuration Bits

[] Confiquration Bits set in code.

rddresszs| Value ‘ Category detting ‘
2007 3F7A  Oscillator H3
Watchdog Timer off
Power Up Timer off

Brown oOut Detect on

Low Voltage Program |§skEsisisaE=is! v
Data EE Eead Protect OIf

Flash Program Write Trite Protection off

Code Protect Off

Microchip Technology Taiwan Slide 93 101ASP




Pl mimie o

Q ?xﬁ?ﬁfr . ¥ Delay Elﬁﬁ'ﬁ@?

Ex5.ASM

MPALB SIM ™ S80S £ 16MHz
T e N T R M
elay FUF{PEZ
> Delay 0.5mS ElfJiji,fg;C
> Delay 10mS ElfJF,'J?E}‘T ( #[]¥] CALL Delay 0.5mS piu%=")
> Delay 200mS ﬁufﬁﬂ%ﬁg;&‘ (#[]¥| CALL Delay 10mS py=t )
> T Reset [ BHE T O I SRR BT U2 A

@ UNfF (s - W Delay FAE=" (0= I fRER)
» Reset, Run, Halt, Step, Step Over
> %@ﬁf{”ﬁ%ﬂ Ig’r%!r Watch Window gy <<
» Stopwatch Window , Files Registers Window ( RAM )

o
o
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Q Al T exd.asm

IV L LS Lt T

; FFII" IWatch Window gty &1 - 51 * JEaof -

VAL _500US  equ ??7? ; 0.5ms delay value

VAL_10MS equ ?7? ; 10mS delay value

VAL_200MS equ ??7? ; 200mS delay value

1. EQUPJpvHiBrfeE * 2 Dy /2 %] Delay pUpist -
2. ALIEVAL_S500US BB ETiptE & - Mg =]
500uS fUFTETLE | HE ¢ VAL_1OMS fufil -
3. EEER VAL_200MS pyfi -
Eﬂ;ﬁ,*& .\101_ASP\100 Answer\Aex5.asm
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@

IV E=HLIt=FT =
P|C16FXxXX
R
\ ik =S il
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-
AN PIC16F877A Sl it 7
pllesinierup
CP - DEBUG| WRT1 | WRTO CPD LVP |BOREN - - PWRTEN | WDTEN | FOSC1 | FOSCO0
bit 1 bit 0

* fgl'if'v’r‘i?,fgl?c it i 0x2007
* I%i‘—;ﬁ [T (et

> CP : Code Protection —%E?“ﬁ[%[’ﬁi%
DEBUG : Debug Mode — %%ﬁ’:‘
WRT1-WRTO : - F 70 R = [ =" g
CPD : Data EEPROM [#%’*7‘“
LVD : Low Voltage Programming — {% "HI*’E*['E BpiEll
BOREN : Brown Out Reset — F%ﬁf”lﬁalﬁ g‘iﬁﬂ
PWRTEN : Power Up Timer — F¥fi_H 3 s ﬁ?
WDTEN : Watchdog Timer — E,F'FJ?‘FJ-TBJJ‘%E"E"‘?\_
» FOSC1~FOCSO0 : Oscillator Mode — $=if8i =V =3t
,n_l\pj%{ jzsia‘fPIC = W TFIJ* (&
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@

PIC16 $=i 35 15

WV L= G L T
XT — PR T Y PR R R R T 100kHz - 4MHz
HS HER T PR B R A 4MHz - 20MHz
LP B L G i e 5kHz - 200kHz
RC 2 |93 RC PR3 DC - 4MHz
INTRC | 2] B RC =% 4 or 8 MHz + 2%

* HRHLRFORHIEA Y BT
> LP PRUSEHRA Y (R e
> RC 5 INTRC P=ifgfsi =" " (355 F pudsag
> XT -~ Jefle pys (e
> HS R R R R T (S
& S SR = R BT
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@

W E=H St T
* EI

»

>

>

r%q‘—_ Configuration Word piy+ =4

5[%‘7} MPLAB IDE _‘\J%‘i‘—_
ﬁL’FTgiL_ MPLAB IDE fﬁl H U7 [ £7E
MPLAB IDE [ g™ : Configure > Configuration Bits
ZVif} Configuration Bits Set in code

B Conf ignration Bits

[ ] Configuration Bits set in code.

Address| VWalue

Category

Oscillator

Setting

Watchdog Timer

Power Up Timer

Brown Out Detect

Low Voltage Program
Data EE Read Protect
Flash Program Write
Code Protect

off

off

off

Disabled

off

Write Protection Off
off

Microchip Technology Taiwan

Slide 99

101ASP




Q ?E“‘?F =57 Configuration Word

Pl minie o

¢ - J}JQ—‘ -,f;ﬂgn%;“n ~c 9_33 Config. ij:hj\lg}d—L
;Trj%&[_}l& » HEX fiff f E%LI;QEJH =2
> &éj/%fa%ﬂi]‘pu A e f Jﬁ%ﬁﬁﬁ
& (e 59'[ Fi4] __conflg B JF%Q‘__#F“, 9
> = C:\Program Files\Microchip\MPASM Suite\Template\Code ¥
Y 16f877a.tmp HIFVES Y]

> FHRHR S ERS 2 inc il

list p=16f877A ; list directive to define processor

#include  <pl6f877A.inc> ; processor specific variable definitions

__config _CP_OFF & WDT_OFF & BODEN_OFF & PWRTE_ON
& HS OSC & WRT _OFF & LVP_OFF & CPD_OFF
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Q POR, OST, PWRT

IV L LS Lt T

& POR: RIS

> MCLR Tll# =] Voo > FJ'I Vpp ( !
I 1% & F I 1= (Reset) Voo __ A
¢ PWRT: Fj“—‘i’FI ==y ’%‘I‘Eﬁ%ﬁ MCLR /:
IE]EUTU%W flj%M&(POR) EI oWRT :‘ Towrr .
Fl ;P%?st[ ]FE[J}MCU i ' \ | Teer |
Ii F;f JE‘Jt—I\ iﬁ( I OST ! ;< >
¢ OST: %ﬁ%ﬁ%ﬂaﬁﬁﬁ%ﬁ —
Reset Execution

> HS > XT» LP = ==y N

?SF]E[%J%%{—L b [IEDEEE 1024
HY Cycles laLJh?CﬁflﬁEF
MCU - ( T3"]7 RC ﬁ?“g b
: PORMYE i 7 i Pl PRS-
TR R AR

Microchip Technology Taiwan Slide 101 101ASP




@

Pl mimie o

Microchip Technology Taiwan

V2V Lant=? Lad Kant S | =3

% * MPLAB ICD2 T &

Slide 102
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@

IV L LS Lt T

L 2 2 2 R 2N 2 2% N 4

2

Microchip Technology Taiwan

MPLAB-ICD2 :‘jJ'F’J‘Z

= S

Fﬂﬂjﬁb =

IR

BEBIR - U PR
Es * LR

i BRSPS S

Z [EFRES 1 25V 1055V
FEF AR 5 32KHz to 20MHz
RS-232 F5 USB /i i
i

M 2% MPLAB IDE
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D MPLAB-ICD2 fiel5st

Pl mries =

ICD2 Module
£ o
: '
able
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D MPLAB-ICD2 1= # Hifi
WV Lt G Lt T
¢ ICD2 [lJ‘F' (HE A @Fl H B fﬁ]“ S el
& FG {lP(OxlFOO -OX1FFF) % a\ﬂg’ﬁﬂiﬁ:& filiE]
& FH b H-0x0 M7 “NOP”?’F’[ g
¢ RB6 & RB7Y [%F‘;(aiﬁ ICD l’ﬂﬁ,ﬁ?%E'J
¢ Data Memory 0x70 , OX1EB - Ox1EF = [ RAM}[%]’?HZ

finml
MCLR pin F} il 13V FIJFI:TJE’t(thru a 1kohm resistor)

¢
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Q [fi*] MPLAB-ICD2

Pl minie o

& FRARE] ICD2 pURAHRR SR
» 'MPLAB IDE v6.10 fl 1 flif | » 572

& [P ICD2 [ - #5 & AT4t » [IFTH{I " IMPLAB
IDE 45 % 9 ICD2 Firmware I'Jfifil ICD2 f==2
MPLAB IDE #fI%

> ifu%!rf:':j “Debugger - Select Tool > MPLAB ICD2”
> F|REE “Debugger - Download ICD2 Operating System”
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@

IV L LS Lt T

V2V Eant=3 Lad Kant S | =3

A~ 1/0 #4]
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@

54 10 ("

pllerinierun
e
e VDD
Data E’&ﬂ
D Q
(i VO] <
MOVWF PORTC
Reset
D Q
(F ™ /O Q
MOVWEF TRISC
RN
Reg

(FE2VIIOH)

MOVF PORTC,W
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@

IV L LS Lt T

/0O Ports

7

TRISB

/O il 5
0

1

i

0] O

PORTB

In In Ou1 In

In

¢ TRISX E’T’r‘;«%ﬁﬂfﬁ‘ﬂ% PPy PORTX il * Zlg= > [
= sty e )
¢ 1=Input, 0 = Output
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Q 527 1/0O Pin

il minie o I:l

=U#UR 1/0 (PORT) 51— [T B (RAM) 133 (=
¢ TRISX £} I/Oﬁ? ,ﬁ&ﬁ?“ pjaszﬁf[JEﬂ?

> mh- PORTX% TRISX Fﬁ?‘iFlJr‘Hﬂ—E N

> BIFE PORTX Xl - FIPRFAESH Y TRISK Rrts “07

> F;,l%{ PORTX ﬁﬁﬁ?‘ Eﬂj‘ HIK AP RERY TRISX F%Ltﬂ 6] 7

o0 : % PORTD ¢ RDO-RD3 3 # #1%° > RDA-RDT 3 #§ » %
# % RDO-RD3 i3t “1,0,1,0” & = o

clrf PORTD

banksel TRISD

moviw B’11110000’
movwf TRISD

banksel PORTD

moviw B’00000101°
movwf PORTD
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Q_ _ PORTD El}%’%@?{ﬁ LED

IV L LS Lt T

¢ PICI6F877A I/O Port 3L 5 4t%
» IC Vpp pin ﬁ*‘\?‘ﬁ’ﬁ : 250mA
> IC Vss pin ﬁ*%ﬁﬁu - 300mA
> L 1/0 pin & FEg /e %ﬁ : 25mA

4 Is{’E' 1/O Port fiy 7R iERE
l‘f%VOL
H%VOH
(7Rl ViL
[ /BERL Vin
(7Rl 1L

Min , Typical , Max Br{R AU &

\74—-—

YV V V VY
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Q ?WFP,H > 5L 1/0 Port ﬂﬁjﬂ

plleninierun
Ex6.ASM

* ;Fi:\—l—% HS $=#1%i=" - ffi®'] 16MHz Crystal
» 16 MHz Crystal 4% £|= fls Jumper

> JP1(XTAL) & JP2 (XTAL) % » JP3 (OSC) %4
* R W?ﬂ* FRYEY 200mS —I%FQ'J%E;‘ » [EE ‘r?yf—’%iéﬁﬁF E
gl v
® FF- AU PORTD [iv LED 3% Biff =
Fﬁ 200mS F Igerip-
& F|H|ICD2 ﬂéi‘%ﬁ[ﬁi&%
> FEH R PR
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Q ?’Wf’ﬁ ex6.asm

IV L LS Lt T

shkkkAhkkhkikhkikikk Mal n *kkhkkkikkhkkhikikhihiiikkx
’

start:

banksel TRISD ; Set PORTD for output port
27?7?77
27?777
banksel PORTD ; Clear PORTD
27?77

Inc_ LED

; 27?7 ; Call Delay 200mS subroutine
27?7 ; PORTD =PORTD + 1

goto Inc_LED

EJQFAT“& .\101_ASP\100 Answer\Aex6.asm
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OV e

WV L= G L T
X ZPORTD
ER Sl
A 4 l
#-0x01:% 3| #-0x403% 7
PORTD LED PORTD LED
Delay 200mS Delay 200mS
#-0x02:% 3| #-0x80:%
PORTD LED PORTD LED
Delay 200mS Delay 200mS
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R
“J,—?zﬁa?ﬁ LA o [751°) 200mS ;&;@ﬁq@;&‘
r:}iﬁfﬂ%ﬁ, pﬁ;'ﬂuﬁﬁf

& - [AZVEK] PORTD fiY LED & % 380
(b0) 2% 200mS FIE[pT F2—

¢ H{LEDJLZ[# i F(b7) - EFTIEDORHIL;

¢ F"] 1CD2 Y& S [R5
> R YR
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@

pllesinierup
- 3 NI %& [ PaNg. . X )]:a )}'_ c4
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Y SREET 5 (B9E)
z DC

IV L LS Lt T
IRP RP1 RPO TO PD C
bit 7 bit 0
IRP: E{sﬁﬂ@iﬁﬁ?jﬁ@ BANK & b 5 (E{@]E\HT Em?fh BANK£:;256Bytes)

0=Bank0, 1 1=Bank 2, 3
RP1:RPO: ﬁgf; WIS TR A A
_00=Bank0, 01=Bank1, 10=Bank2, 11=Bank3
TO: P[Pt HE o s
—0 = AWDT time-out occurred, 1= Power-up, CLRWDT or Sleep Instruction
PD: %ﬁ?ﬁq}“ﬁﬁ =R
0 = SLEEP instruction executed, 1= Power-up, CLRWDT Instruction
Z: FESR
1 = Result of arithmetic operation is zero
DC: &=
1 = Carry out of 4" low order bit occurred / No borrow occurred
C: 30/ BB (V1% 4R 2's SEIRT )
1 = Carry out of MSb occurred / No borrow occurred
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Q ﬁg%d{pfjﬁjl—éj:

il minie o
Fl s

: PC fif W i IESRTRE
Device ‘ ‘EH L\E ‘ j
PICTEFE77  |poiOsle  |we0xBd |-~ zdcc |Bk|:m|%|4MHz
2 Il = T TR | T - [
o B Fohe)
> AR5 2T e
> FFGp JnL[ﬁ'PLJL
> ][:{JKFJ:IEIJJ—[ '!éJr[ j:k IE—‘E iﬁl—fﬁjﬁlﬁt 70
> A i [3@1 F EAk oS l‘f‘ JE Gk
gﬁLﬁﬁy?ﬂg s Jj} TJ s
¢ MPLAB IDE FIJEE’F%E—] ("\F‘:{,?ﬁﬁ Eb 1) :
» Clc - &0 &Y lﬁ’*FH’?‘—

> Zlz - FIEWE
> DC/dc- FE&ErbiER
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Y of i ints

e mimie o
& C - ErbiEl

> SRR (R ERER R C=1)

bl- ¢ B Wreg = 9A BF > 2 7 “ADDLW  0x80“ i
Bk Wreg = 3F p%> 44 “ADDLW  0x80 % » C = 29

> ESTRE (%F'A'ﬁ?\l'ﬁ b C=1)

b= fE Wreg. = 9A P& 247 “SUBLW  0x80* {5+ C = 22
i® Wreg. = 3F p5 > #¢% “SUBLW  0x80* # » C = 22

(U702 B L LR~ R )
> S B

#= @ 3K Reg.30ehp = AL & C =1 B> 4413 “ RLF 0x30,W * £ >

C=2?, WReg. =7 bitd = 7?9

B3k Reg. 30shp =AA & C=1 >4 “ RRF 0x30,W “ & >

C=727, W Reg. & b1t0 = ??
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Q Z HEBRpdSE

Pl minie o

2 BYE Z wEsEpin i EH A - Qﬁl C WSS
ﬂﬁl4§|+:1p F’EI J I : FIFF;IFT Ea

IO BT 4 © B 4 - S R
MOVF COMF, DECF, INCF

* - U E R R SR Z=1

bl o B3R W reg.
B3 W reg.

¢ TR Z ETRE

FY0: MOVWF, SWAPF, MOVLW

P ANDLY  OxAA® 1 0 Z = 99
)44 ¢7 “SUBLW  Ox3F“ 1 » Z = 92

55 P
3F p*

plleninierup DC Eg’fﬂ\]tlﬁg

& — EFEEL g EEERTT 5 5T S AVEPERL
E: M ETRIE B fY € 38 2 i [P b 7 32 (03:00)
qu—r“fﬁ =3 Eﬁ E'[J DC 1o
» ADDWF, SUBWF, ADDLW, SUBLW

¢ = JI” ’ 'ELJ’?E'H I EFER - |
“E ﬁ!ﬁf E VELET Y @] FF Dcﬁﬁ%'ﬁ
ﬁdﬂ'a’i"%’ T%lgﬂl [H pﬁﬁa&l 'iff,ﬂ &
fliforsg -
B 1 BCD e ~ 2




il minie o

S e

& FP RS T e
> T, Freg. & W reg. (SUBWF F,W)

T > = W, R C = L (2 )
© FRIHEF<=W @R ERES C =0, Z=1 RyfEiF FIF S

& F[F [hfilge 4 e IR C BERE > 11 ET B  fVAEnE]
& S 8 bit FUy[ ~ FEE L i =l C EESRRVE S
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Plleninie o ;RWTEL / ) ﬁlijfgﬁﬂ ﬁj“
T Ex8.ASM
¢ /E[ﬁj’;l\ FL% F[\J@:\?clsrlﬂj,
> ¥j PORTD LED g Vs [zl €7 -
A SO BEBERLY, < B o
S UNY \,f,l%’?{a ##i5- ¥
> Delay 200mS 77
> AEFIP-IRE - TS AL A ]2




Q ?’W?ﬁ' " ex8.asm

Pl minie o

LED_ Start bcf STATUS,C
moviw  b'00000001'
movwf PORTD

o A B TS oo

LED Next

: 22777 J3E200mMS
29777 =i#l PORTD
22277 HIFE C =%
29777 JriElC= OF'LJ:{[

goto LED_Start

E@FAT“& .\101_ASP\100 Answer\Aex8.asm
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Q L T:Pfl - T

IV LS Lt S 1)
Ex9 ASM

> r%{u_ PORTA fiy RA4 £ il (F5E)
> =& “PORTA & PORTE” TﬂpF'l%‘—Ltﬁ AID fj

> }[ﬁj’%ET-T [# “b’00000111” ﬁI?H'.ﬂI PORTD -
RA4 =1 (5295 ) E'[J_JBIEZJ 0.1SEC [rlj Fi—
b (- P28 HET ) > RA4=0 (HEH™ ) H|
5[ 0.1SEC [F’[J*F[%‘h fb o
= Carry BB RLA O H LA YR L 2
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@

plleninierun

start:
moviw
movwf

test_rb0 btfss
goto

o HIETRL > FERRLT 2

Ied_Ieft

: 27??

; 27?7?

; ???7?

led_right

; ?7?7?

; 27??

; ?7?7?

?’W?ﬁ,’) L ex9.asm

SHIFT_VAL
PORTD

RA4
led_right

; Check RA4 press ?
: Yes, RA4 closed, b0-->C-->b7

; No, RA4 is open, B7-->C-->b0
; Call 200mS delay routine

: Yes, RAA4 closed, b0-->C-->b7
; Call 200mS delay routine

Jé’ri =5+ .\101_ASP\100 Answer\Aex9.asm
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D
pllesinierup
NIVAY Lad=t Ll Lt S | 3
< R 28 2L
éﬁ 33
i e Ry
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Q PICI16F877A 10-bit A/D s F

Pl mimie o

8 it Pl 2 ﬁ?“ = > 10 bits BZTE
?}fgfbﬁ?“ E‘Vﬁgﬁ\iﬁ : 20 S (ﬁiﬁM =" Hii<10K)
il i @E‘iﬁﬂjF'E ] +19.2uS (12 Tap)
10-bit 2773, Eﬁ E— AP UEEE
se=arikl ﬁfrf%:%?q*’ﬁ:t. VREF+ & VREF-
HBSOREB S T U ISP ST
5&@[ Jiﬂ;@gﬁf fei . %1 39.2 ps

> Y Rl I > FTERGEES TR U ¢+ 29.2 ps

® & ¢ ¢ ¢ ¢ o
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AW 10-bit AID 4l

W L= LSt T
CHS2:CHSO
| L]
—o X any
Sampling SW L o X ANG
e o ~o——X ANS
oo _O\O_—IZ AN4
16F877A . N X Ans
10-bit A/D :12“(‘)’;?: NN S Ano
Converter PCFG[0:3] > 5 ANt
‘ VDD —o\o iX[ANO
VREF+ | 3 °_T
Reference o e
Voltage ; ;
VREF '
- — Vss
EEC 3"&;1__ SAR pv% E B RIE | SV FJF[LJ_";L"" ‘ﬁr_jqﬁ%%é@%
7#“&%77 Y lg I"" :I i@lﬁ
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@

See Data Book

Q ! - Z ED;“_){‘—) l: \l
Yalleninie o D EE[‘IEF IE | = Eul;
ADCONQO Register ‘
ADCS1| ADCSO | CHS2 | CHS1 | CHSO | GO/DONE ADON
bit7 bit0
ADCONL1 Register
ADFM | ADCS2 | ----- | --—--- PCFG3 PCFG2 PCFG1 | PCFG1
lADMFZO 10-bit Result ADMF:ll
7 07654 3210 7 2107 0
A/D#E 3 % %
XXXXXXXX |XX| 00 0000 A 2 4: 0000 00 (XX [ XXXXXXXX
TP %‘E
) ADEESHJ\ ADEESLJ ADI;TESH ADREEL
10-bit 10-bit
R 9. w A
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D
I L:l N} ~
WV Lt G Lt T A/D ig‘lg\ﬁl 71: ﬁr“%g
| =g e |
v sz
| @ADL |
No
g
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Q AID JELEIHR T

W E=H St
main banksel TRISD
cirf TRISD ; Set PORTD for LED Output Port
mov lw b~00000111~ ; Disable the Analog Comparator
movwf CMCON
mov lw b"00001110° ; Select ANO for the A/D input

movwf ADCON1
banksel ADCONO

mov lw b"10000001° ; Enable A/D converter module
movwf ADCONO

Loop call Convert
movwf PORTD ; Put the A/D result on LED
goto Loop

Convert:
call Delay_20uS ; Delay for sample hold
bsT ADCONO, GO ; Start convert A/D

AD_Loop btfsc ADCONO, GO ; Completed?
goto AD_Loop ; No, loop test.
movF ADRESH,W ; Yes, save the A/D result to W reg.
return
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A‘Jllgﬂlﬂ ;[\ ?’7’[—[ }VR —Fﬂﬁrﬂﬁj&?— Ej
BHBIHUE (Ex10.ASM)

S l%:ﬂ VR VR (AT ) St
%E\,\ﬂ *Jp\J @@ ?
» HFFEIOERI LED X - 1 bz
« VR #7% A/DfY CHO (RAOQ)
o EFBANK U

O =Hi S PORTA F"JP@E“E%%EF

« CMCON [CM2,CM1,CMO0]=111
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Pl mimie o
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