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%@ 201ASP AL PE

o LAY VB I 0 RS ~ 959 % A MCHP =
o [[IFEPICORAL ARy 18T
= Sk
° %Jgﬁ‘ﬁ
-
—%ﬁf
e Timer0
e Timerl
- Timerlﬁ”@??ﬁ
e Timer2
- TimerZEKWT’,'
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@29 201ASP S5 PE

i FETORE IR B /0= PWM f157 (ECCP)
« PWM A1 Hf l*ﬂiiﬁm?
- FHE R
- JprgEgs (ADC)
« ADCHii ]
- HORELR W P HA AV ER (EUSART )
» EUSART 3] iji
~ 12C #1 SPI Spj7H /i o1
- 12C SEiF 11

- Bl
. %Hllﬁ’ﬁ%?ﬂ » Internal EEPROM ?ﬁ?ﬁf » LCD E@E}ﬁw?‘[
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& I PIC B A

ﬁf — STATUSV 75
s J— FHE B < | |*| HEEEE
T s ==
| = =
W BRI T IR
N I e
P TIMERO
‘ 14-bit
\ . —
}Jﬁ,ﬁﬁrvfﬁ%g - ":EEFC’%E EUSART
: (W Reg.)
; | MSSP
v e
' s
fag@ IR
o & 8K Word : Reset Vector | 0000h
_ (8K x 14-bit) = 14 KB fiuAH=0 :
[l -
| g & 0004h
o EIfE([H|E! 4T 00000 T
FHEMRIE = Page 0 0005h
- | Efﬁ"iE‘QE'fﬁﬁf‘Eﬁﬁ » PC J 07FFh
AERHEN=E 0800h
Page 1 OFFFh
° ngrfﬁ El 57T 0x0004 Page 2 1000h
. 17FFh
- B2 PEE > PCHS
*Uﬂ—“ﬁﬂ— 1800h
Page 3 1FFFh
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&

\.\v"

AFETRdR (PC) it

o 13-bit FHFSEFH (PC)

PCLATH

|

- PR HVES T - 1 DIt ocherzes]  peL
_ ﬁﬁ IEN?T '[_{I—[‘j‘u £ %E:C_E[ ’ PC<12:0>
Vd CALL ~ RETURN
—[‘7‘0 ~ RETFIE #!
RETLW
o FPHPCLATH<4:3>Rfy 7 RI¥r ST 1 RHER
» fpTHFFIREOTIHLE (Page) .
e 8 Fgﬁ < HEE A i
FI Fir PC VMY FL 5T 8 fti
HE T A
- PERURPES /g
o T ?E?“‘%“PELE&
- RETURN -~ RETFIE Al RETLW
@‘@ Data Memory Map
I'} PIC16F887 fit 5iPH » BIE RAM /[ [ (4% Fidh [~
————000h 080h 100h 180h
b b SFR l1orn | SFR | 1gFn
-.-J \h L
1 il 110h 190h
Fie# [otrh | PP H | o9Fh
020h 0AOh
128 o
Bytes | " 58] Ej8] SH]
Fi -T—J’Tﬁﬁﬁ = Eﬁﬁgﬁ
OEFh 16Fh 1EFh
<= :ﬁ\ﬁl <= ﬁ‘ <= :ﬁ\ﬁl
07Fh OFFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3




@‘}@ qf\ﬁ’ﬂzrjﬁtr,aaﬁ (SFR)

° Flﬁ%’g’%ﬁ = RAM PUf=E. MW MAAAAA/

PORTB |osh | TRISB

T Iy H AR TR USET e PORTC |07h TRISC
-V J FVE R PORTD |08h | TRISD

£ Ty a — AR PORTE |0oh | TRISE
PCLATH |0ah | PCLATH

. INTCON |08h | INTCON

F o e PIRL |och | PIEL

Data Bank (PCLATH - PIRz_jooh | PIEZ
STATUS » INTCONE")  wwwaaad s

BankO Bank1l

86h
87h
88h
89h
8Ah
8Bh
8Ch
8Dh
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é}@ STATUS 7%
I3 G e I 0
—

® EIJI: 0 0 BANKO
- ALU[EIJTEVFFJ | 0 1 | BANK1
_ RAM iy BANK&%E 1 1 | BANK3
F H%E, '—J‘Eﬁl_%
Fle;’\[f T LH-FSR)

1 = Bank 2ABank 3

0 = Bank 0#Bank 1
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e 35 {fi Single Wordjf’F‘?J

o [RAZY] w\ﬂiﬁﬁ Jlﬂ » BT E TF ?’l}i‘_ﬁﬁ J
° p’@%}ﬁp\ Sl 3 FERHE [k [ -

A R 5 (R 4

ADDWF fd Add W arld f BCF fb Bit Clear £
ANDWF fd AND W owith f BSF fb Bit Set £
CLRF f Clear f BTFSC f,b Bit Test £, Skip if Clear
CLRW - Clear W BTFSS fb Bit Test £, Skip if Set
COMF fd Complement f
DECF fd Decrement f
DECFSZ f,d Decrement f, Skip if 0 , x|
INCF f,d Increment J[JQ’E ) I:I?Lﬁ:[ﬁﬁé Eﬁ J-JP’I |
INCFSZ fd Increrent f, Skip if 0
IORWF f,d |Inclusive OR W with T ﬁﬁgt& E iﬂf[') ':@::;Iaw'"%_lw
MOVE fd Move f w
M WE f Move W to f CallL k Call Subroutine
RLF fd Rotate Left f through Carmy i J .
RRF fd Ratate Right f through Carmy 1ORLW k Indtﬁlm OR literal with w
SUBWF fd |SubfractWw fromf gﬁg k Move 'ftff;a' t,fr’n" ot
SWAPF f,d Swap nibbles in - isturn om Intermy
HORWF f.d  |Exclusive OR W with f ﬂbﬁn k Hﬁhmrom ISF'BF-BI in w
- Return from Subroufine
SLEEP - Go into Standiy mode
L SUBLW k Subfract w from literal
g r k l ' ’ ‘ KORLW k Exclusive OR literal with w
[ E I LA
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PIC® : Bf5~ &
@ - MPLAB® IDE

@“

e MPLAB® IDE : ?ZF U J?E%ii;éﬁ

ﬂxﬁﬁ‘ %% Microchip A Third-Party — =!

- ?ﬁa\crigﬁ%ﬁ

—7@\mﬁﬁﬁé

- it' _]?ﬁ_r—:ﬁ\r'}%u%g

- JUREIRER (MPLAB SIM) - SLERRSEER(1ICD) A
sk 15 (ICE)

- R
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@@fw‘ PIC® . E;ZIFEJEE: _I;\l
! f MPLAB® IDE

* MPLAB IDE v7.40 =T
File Edit View Project Debugger Programmer Tools Configure ‘Window Help

JD@E|%‘H|@M‘? rj"g"‘l@,|@ JChecksum:l]erd4 lelglglzlzlzjq,_s
RTC Lab w =10 =
= 3 RTC Lab 1.mcp
EI (23 source Files
lab1.asm
main. asm MPLAB IDE Editor
=-I20 Header Files lab1.asm I
... [2] P16FEET INC 1
-
(21 obiect Files 2 finclude pl6£887.inc
[ Library Files 3 GLOBAL lsbl_isr, labl _main, lsbl_init
(23 Linker Scripks 4
H EISFSS?.II« 5 ;i These functions come from other files
"3 other Files 3 EXTERN lcd home, led display dec, delay ms
7
(=1 ; ==== LAEF 1 DATA MEMORY VARIAELES
10 ; name hbytes purpose
11 count res 1 ; count the number of button pushes
1z
13
14 PROE CODE
15 1 INTERRUFT SERVICE ROUTINE =====
16
17 INTZON, REIF ; test for port B interrupt
18 goto isr_end ; goto next interrupt source or end of —
19
20 movrw FORTE ; need to read the PORTE walus hefore t
21 ; flag can he cleared
hof INTCON, REIF ; clear interrupt flag _lLI
»

[ |MPLAE 1CD 2 |PIC16F887 [ w0 jzdce [ |barkao | WR

PR —— . f . . == — = ——————————————
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@g ICD 2 (FLHFAHiH )

e MPLAB® ICD 2 f£l— ﬁ[ifg}'rj El@fl[j]ﬂﬁ[&,%@sﬁ%gﬂl
SRR o T T
- FIEE AN PIC 285 pYProgram#/[IEEDATA
_ EJ[JE?T‘F‘J'%J [Sé%ﬁ (Real time background debugging)
. - e e g o
- VIR ~ RS T T E
- 7Z& Configuration Bits
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\Gb‘
l’@o“}o
‘.\‘?éf
ot %‘@" T »
APPO01 Hf &y
v MAX232. == ICD2
DC A/D VR Connecter
Input

- "— CAN & RS-485

0000000000000 0000000

. = 0000000000000 0000000

16 Ty S L 000000000000000000
P . R 00L70000000000000000

(RS-232)

SPI EEPROM
25L. Cxxx

OO O000000u0;
SON00000000c0
0000000000000
0000000000000

24L.Cxx : e " : | . 1007 cocococoocoggn
: : . 0000000000 =0
5 7 cccoooocoog el

32
(32768H2)
LCD
Bright PORTD LED 2 X 16 LCD Module 99 Button
(LED)
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@%@ e g

\-I/I

¥l

-“EJH 6P OB AL R
= (Polling) :
s FET R (e

- Hlﬁ’r(lnterrupt)
o [ETRE I TN TR

-éﬁéfj—j ilanEﬁ =5 PIAARL Y, LA
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bsf PORTA,1 :Set bit 1 of

;PORTA

RA<T> = 1

Start ;start label for main code
= FEHFAE

end v

FzAY ISR

btfss INTCON, TOIF ;Check Timer0
;interrupt flag in
;INTCON and
;Skip the next
;instruction if it %5
;is set
goto $-1 :Go back to
;previous
;instruction RA<1>=0
bcf PORTA,1 ;Clear bit O of
;PORTA
ﬁé@"g \ gée’ I:I l%’,'
Q’ﬁeset code 000h
goto  Start
int_vector code 004h
: H IR (ISR)
_ v
retfie ;return from
;interrupt
: = b -
main_prog code = 31-004h
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& £ B g

ie ”“i[”zz‘ﬁi‘%'é?@:“‘ﬁ siEURNL o
_ [E[El g [lgrﬁ"*jnpjé‘j Fl'*%ﬂ
F[l'ﬁrﬂﬁ‘ﬂ BF5 B8 (INTCON)
. ﬁmF[l'ﬁ’fﬁJ:Flﬁﬁﬁ 1 (PIE1)
. %J}é{“l%?ﬁj:lﬂﬁﬁﬁ 2 (PIE2)

fo‘fb -—/-
& INTCON (I #4173 )
§ Gl
GIE : [1% %ﬁju“lﬁﬂ [|fib
s i | PICR B £
PEIE : r[j;g,_HI[ 7— HL.HLTU
* 047 F[%‘l[ [EBFI ’E“[’ngr
TOIE : Timer0 mﬁrﬂlgrﬁju’\j’ﬁ
INTE : RBO/INT 9fHfif| e i 7
RBIE : PORTB &r Fufr ciiﬁﬁfil%ﬁj:@ﬁ
A
- ™
GIE |PEIE | TOIE | INTE |RBIE| TOIF | INTF | RBIF
_J
TOIF : Timer0 5 | I fes i 7
* 51 S mn ;
EEE[;F &Eﬂjﬂfg‘; £, 171; INTF : RBO/INT 4[| Az o 7
RBIF : PORTB & | 1grizig i 7




@‘}@ INT f| "8 (=

@“f
o

p\.\v"

Int_vect |CODE  004h l€——— “goto $" i~
:clear INTF to enable @;\:%E@ﬁ

“goto $"Fyyk THEdd

bcf INTCON, INTF

<ISR ER>
retfie

Main CODE INTCON
Start
<o PORTEA > 1JoJofiJoJoJ1i]o
y GIE INTE INTF
clrf INTCON
;enable an external 3% <4
;interrupt on the INT pin INTH [%’T‘tﬁ
INTCON, INTE “ RBO/lNT" %QEH
goto $ ;sithereand loop forevenk(—
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Cd

° “”1—*1 F Hl%rﬂjrx]x[[_{ =
il CEinine (PIEl)
rJﬁzHl'ﬁrﬁJ"F[aﬁﬁz (PIE2)

o curl \_r,oﬁfllgr”_ﬁ” FIJF]”[_{FI"J‘éﬁ:
F F[lﬁ TEEs 1 (PIRL)
ﬁmf[lﬁ Ty dy 2 (PIR2)

#[] @5{\ L 'ﬁﬁj‘
o5 Eﬂﬁ;ﬁ'ﬁ’%ﬁwﬁﬁffﬁ A |
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@o

PIElﬂPIRlFI FHES*

PIE1F kR 5D

ADIE | RCIE | TXIE | SSPIE |CCP1IE |[TMR2IE|TMR1IE
PIRI?’?‘@'%% CFITEmER)
ADIF | RCIF | TXIF | SSPIF |CCP1IF |[TMR2IF|TMR1IF
PR | i s i
ADIE |ADIF ADC ik 7Y
RCIE |RCIF EUSART $ [s38 E88 8 I Z 90k
TXIE TXIF EUSART 3iS78fEs s gl
SSPIE | SSPIF 12C™ &5 SPI | I
CCP1IE | CCP1IF |Timerl F[,ﬁgq@jwﬁwﬁugﬁ)l—ﬁﬁm&l
TMR2IE | TMR2IF | Timer2 qgfp PR2 5|5 fli T fisl
TMRIIE | TMRL1IF | Timerl B7% Hiad B s

=1y F e R = ]
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&
)

4
‘*‘?%y
.
< }Q
%‘:ﬂ
"'b,';

PIE2FIPIR2T?

PIEZF[H%E' CplEF==H D

oscrie| caie | cue | eeie | BeLie luLpwuie CCP2IE
PIRTT 8 (fli#E78)

OSCFIF| Cc2IF | C1IF | EEIF | BCLIF |ULPWUIF CCP2IF
PR A | ERG A &

OSCFIE | OSCFIF éﬁﬁﬁ%ﬁﬁﬁﬁ@

C2IE C2IF P 2 a5 e

ClIE ClIF P 1 i A

EEIE EEIF EEDATAH@ [R50 R

BCLIE BCLIF T+ MSSP 12C™ f#1=0% 58 4 0 ey

ULPWUIE | ULPWUIF | HR i paL s (o

CCP2IE CCP2IF | 324~ timerl /) BB A it 1 T

*

a1 E R ]
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FH-

rﬂJ«%H B

|Int_vect CODE 004h u goto $” b -
banksel PIR1 — R PR
bcf PIR1, TMR1IF ‘ ‘
<ISR FH=> “ L A S
retfie goto $” T iéﬂ'l
Main CODE INTCON
Start 0 1 | | | | |
banksel PIR1 D
bcf PIR1, TMR1IF |G— GIE PEIE
banksel PIE1 S PIEL
bsf PIE, TMR1E € | | | | | 1
bsf INTCON, PEIE (€
bsf INTCON, GIE |G PIR1 TMRI1IE
ﬁ, T Timer IfRE="> pa— | ] | | | | | 1
[ goto $ ; sit here and loop forever®d T| m erléﬁ 4- ?J:I—?T b TMRIIF
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@é"‘\"@oxo\ %)~ \ |
WO Fl g
Qf”
TMROIE I l;» -
TMROIF F §
]
RBIE
I ]
TMRZ2IE . GIE
TMR2IF ) .
ADIE .
ADIF
- - PEIE
v [ ]:|J
201ASP Slide 30

© 2007 Microchip Technology Incorporated. All Rights Reserved.




@2@ I
o [|IFE E%F
(G150 % T 4 IR 4 -0004h B
%T’FWE?*]FE?J
_ [ﬁjﬂ—ﬁfjf[ - (;ﬁ[ﬁlj E‘Tﬁ;mﬁﬂﬂ %7 2= Fosc [fl#)
PR 15 3Tey
: ;’Hﬂﬁfﬂﬂﬁl%’r (ﬂﬁfj’%‘ﬁﬁﬂﬂl%’ﬂ
BTEIER 4 3 5] 3.75Tcy
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@‘@@ FTFJ &~ (Context Saving)

o 1R

- BREPC I (JE7 H)

- 7+ ISR lei‘ulsrﬁj E}g[’y_]k&ﬂ\ 2 Byl shgh
-%@%qu%ﬁ‘ﬁ%:

- [ =Y R (W Reg.)

- Status F,r;f%E'

- PCLATH 27

- fr®] %Lﬂp T A
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& R 25

o [[IfE PIC® {%GFZL%EIEI\JF’?E“EI\JHI E
| AETRIPY AT i

o ffiH R ORGSR
- peiﬂlﬁrﬂ’ﬁl
- HREF @R R R
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@09 FI TR 5 B ]

NT ~ VECTOR CODE 0x004 : interrupt vector location
movwf temp w : save WREG
movf STATUS, w
movwf temp status : save STATUS register
btfsc INTCON, RBIF : PORTB change?
call PORTB_ISR
btfsc PIR1, TMR2IF : Timer 2 interrupt ?
call Timer2 ISR
btfsc PIR2, TMR1IF : Timer 1 interrupt %
call Timer2 ISR

Restore context:
movf temp status,w
movwf STATUS : restore STATUS reg.
movf temp w, w : restore WREG

retfie : return from interrupt
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(Lab 1)

& 5

o ¢$W?7El@ FIRERL

‘iﬁﬁ"?@‘ﬁiﬂ'BETPIC%*/U R AR OT
(MR

& P[5 E MPLAB IDE -~ APPOOLE¢ &y A1 ICD2
- R RRHATRE

- 071 1CD 2 Bl
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@2@ PIC16F887 Bt 5 il

+ FAHEEEHEW R Internal RC @ 4MHz
FOSC<2:0>
(Configuration Word Register 1)

External Oscillator SCS<0=
(OSCCON Register)

y

0sC2

LP, XT, HS, RC, RCIO, EC

>
IRCF<2:0=
(OSCCON Register)

MUX

System Clock
(CPU and Peripherals)

8 MH
L el111 INTOSC
Internal Oscillator 4 MHz
=110
2 MHz
- 101
2 1 MHz
HFINTOSC _ § ~ =100 =
8 MHz E 500 kHz ShL =
g .
260 kHz T
125 kHz
= (01
LFINTOSC 31 kHz
000
31 kHz
Power-up Timer (PWRT)
Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 37

@2@ H\W?ﬁh v Configuration 2]

e _CONFIG _CONFIGL, _INTRC_OSC_NOCLKOUT &
_WDT_OFF & PWRTE_OFF & _MCLRE_ON & _CP_OFF
& _CPD_OFF & _BOR_ON & _IESO_OFF & _FCMEN_OFF

& LVP OFF & DEBUG ON;
e CONFIG _CONFIG2, WRT OFF & BOR40V;

__CONFIG F@i‘—_ Configuration Words fiv Macro jf’F‘,—?J

_CONFIG1: fk4-0x2007 pv Configuration Word
_CONFIG2 : f#40x2008 pv Configuration Word

H gppu=2HeE =Y pl16f887.inc RIFYEAET Data Sheet
INEMI
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& g 1514 s

- = A
o BYE S
“debounce” *
SRR P e
* T“f”Fl PORTB
B E*E? *
=T ‘(LED) fﬁ'ﬂil@’r
HHIF bl

NOP
[

© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 39

O LR G

4,
%‘«/
).
G%(

>3

Vﬂ%‘y‘ ’%
%Q«
%,'

o AU AP FT C:\RTC\201_ASP\Lab1-INT
e S\W?2 @jf% 1+ ”"RBO/INT” PORTBT%’ HH
o (fI" IMPLAB IDE [Zel>Ad=" " 5 my A

HE(e > F9] ICD 2 FTH
PICI6FE8T i + .:——I%@:cgﬁm SW2
44 LEDSs [iufi! v [~
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@‘@@ %TQU’EJZ_&EKJ [l J*FL[
o INTCONRTE i 5 flf o6 fro- o=

~ [+ £74% “debounce”f JE R 5 Fﬁﬁﬂuvg%@[%
W“SWZ*@“WI?*J Sy (5] R O
F“ﬁjﬁi%E[ ﬂ$[>

o YifpiE MPLABF| l%ﬂgﬁi&ﬁ[l@“ | “Watch Window™
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& Lk

- bcf INTCON,INTF

- | bsf INTCON,INTE ; ### Enable INTO Interrupt

- | bsf INTCON,GIE ; ### Enable Global Interrupt
- Loop

- nop

- goto Loop

Int_Service_Routine
call Debounce ; Delay until switch stops bouncing

incf PORTD,F cincrements number of time button
; has been pushed

- | bcf  INTCON,INTF ; ### clears the INTO Interrupt Flag
retfie
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@%& 1

o i~ 7 1O B

o FHHE (01 2)

o SETSRIEIITI EHE/Fik/PWM (ECCP),
o KL= L
o Kl

e EUSART

o 12CHISPI f|FH[1
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%‘9 B 7100 ft
o % 35 445 1/O
-l BRI
° FJFJEE\EI*JH»‘
- 25 mA
o [ flHp) IR 7 BT
o 4§1/O 5F| ESD (7

o TP * U O UFEHIR A7)
R e 1= 3
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@2@ PORTx I TRISX 27

o &jjid PORT (A~B~C~- Dﬂ‘/ E) ?BE'J FEIET
TERVEYR[ [ﬂj £ S TRlSX

PORTBE f7ds

PORTB= [ 7% # TRISB
TRISB7|]TRISB6 TRISB TRISB TRISB3 TRISB2 TRISB] TRISBO

= &Ry PORTB 1 £ *
= #'jEpy PORTB j‘;ﬁﬁfﬂtﬁﬁl
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$®@ ANSEL A1 ANSELH P—F’* ¥ ES

o [T 1/0 S \@;ﬁﬁjﬁ e
B Eﬂfﬁﬁ%ﬁ[{—gfﬂf@#{\ 2 ﬂ‘lllo ) L—“‘?’ﬁbﬁ_x

BRSSPI (ANSEL)

0= Bt Il
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@‘ O ?’Jﬂf‘,?@ﬁi’ /0 Hll

o Ffy:
- ?Ji{l’;"lr%?ih_’ PORTB » Fﬁl‘f‘FfRB<7 4>, Ea?“ » RB<3:0> t‘":ﬁ&l'x

N configure PORTB for digital ----------------=------m-mmmmm oo -

banksel PORTB ;Go to bank containing PORTB
;register

clrf PORTB ;Clear PORTB

banksel ANSELH ;Go to bank containing ANSELH
;register

clrf ANSELH ;Set as all digital

clrf ANSEL

jmmmmmmmenne Set up direction of each PORTB pin---------==-=-=-=n=emnmneen-

banksel TRISB ;Go to bank containing TRISB
;register

moviw b’11110000° ;Value to set TRISB<7:4> high
;and TRISB<3:0> low move into
;W register

movwf TRISB ;Move value in W into TRISB
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@g@ PORTB f ¥&dsAgar| 18

o "t PICL6F887[[ 177 | PORTBE 15! | i vy
A R

| Bl PORTB 7% 3 (WPUB)

WPUB7| WPUB6| WPUB5| WPUB4 1 WPUB2| WPUB1| WPUBO

1= F’#JE%#M i

0= ETEI IR X »RB3

#7538 (INTCON)
| GIE [PEIE|TOIE[INTE|RBIE|TOIF[INTF|RBIF|

* A PORTB ~ 7% > SRi& Vo i (75 1% RBIF
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@g@ PORTB fib ¥&dsAgpvr| 18

o 7+ PIC16F887| 57 |PORTBHIHIL! F) it vsasighy] 17
FIGBHELA| I S

%@E&%F[I%ORTB %ﬁﬁ%ﬁ (10CB)

=1

IOCB7| 10CB6| 10CB5| 1 ICOB3| I0CB2| IOCB1| IOCBO

= PSR
- L]

et i

T | > > RB4

LF"[—

1
0

I IEHE 75 38 (INTCON)
| GIE [PEIE|TOIE[INTE|RBIE|TOIF[INTHRBIF

* I PORTB ~ 7% > SRV o [ 7% RBIF
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(9 =Y (T10SC)
RIS R atia 81 R BN 3bapfEE (<1 THFR B
(EEAT, ) (1:2>1:256) +2 ~ +4F9+8) (1:1~ 1:4551:8)
(1:1>1:16)
3 e it Bl TMRZZEPR2[ il
I EEAR & FFh->00h FFFFh->0000h (TMR2F#%:PIR2)
(ToIF%INTCON) | (TMRIF%PIR1)
L (D=5t )
*\'@&\ T. “f_ » l
imer 0 il
@ > ¥ e
Fosc/4 \ 8%
x— ") W F{TITIIIT]
TOCKI |_'r..m&_ = —=
HH = BN TMRO
. R
TR &S TMRO
PS2 | PS1 | PSO | HFRE
:WDTiﬁ?E%ﬁ
n I 0 0 0 1:2
OPT|ONEFUTCJ-‘%§ ! 0 0 1 1:4
RBPU |INTEDG TOCS|TOSE| PSA | PS2 | PS1 | PSO 0 1 0 18
1 U ) 0 1 1 1:16
v
5@[5?5&13‘_?%@7‘ 1 0 0 1:32
1 0 1 1:64
1 1 0 1:128
TMROF; I 3 Yt §5 1 7 1| 1 | 1 | 1:25
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| BESEEEE R
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> %) TOCKI MIERIR » [l | 2Rl s - ShaF 27
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© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 56




@‘@ Timer0 ¥4 (= (" I IT 435

TMRO

;Make sure the TMRO register is clear
banksel TMRO O[0]0]O[O0[0]0]O0
cirf TMRO|

INTCON
; Clear TOIF olololololaloloO
lbef  INTCON,TOIF

;Setup the following in the OPTION_REG
:TimerO increment from internal clock
;with a prescaler of 1:16

banksel OPTION_REG

movwf OPTION REa

;The TMRO interrupt is disabled, do polling
:on the TOIF overflow bit

btfss INTCON, TOIF
goto $1 \
<continue>

o
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B
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1= B&ETimerl

TICKPS! | TICKPSO e I—‘

1 1 1:8

[f [Sf %‘—Ll‘f‘
! 0 L llﬁf L«ﬁ%%%f T e
0 1 12 _ 1= 9t (TICKIPY_ =HI078)
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#FH B2, BE l HEEEN

[T ) TR
ner] PR B (TICON) .

<

1CKPS1|T1CcKPSo| TLoSCENE T1ISYNCR TMR1CS|TMR1ON
Timerl i gt 2 |

1= TimerlFE'.EnJ}I_LjJ%‘F‘r’J"‘i'%
0=F 1= R Essss [
0= EE%E‘JTinElerl

Vi 7 FAZHER
E‘iﬂﬁ%“ T

B EHTi 1 = 9} Fk
A Timert 0571‘;[5\

+ TMR1ONEZ0 »
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@2@ Timerl [ 1%

Main Code
Start
;Start by clearing the Timerl interrupt flag PIR1

banksel PIR1
‘bef  PIRL, TMRLIF |

;Enable Timerl interrupt
banksel PIE1 PIEL

TMR1IF

bsf  PIE1, TMRLIE |

TMR1IE

;Enable Global and Peripheral Interrupts
bsf  INTCON, GIE | INLCON
bsf  INTCON, PEIE |

; GIE PEIE
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Timerd ¥4 (~ (' AR EIRD

@e sure the TMRL1 registers are clear TMR1H
banksel TMR1H
clrf TMR1H 0[0]0]0[0]0]O]0
clrf TMRIL TMRI1L
;Make sure the TMRLIF flag in PIR1 O O O O O O O O
; is cleared
banksel PIR1 INTCON
bef PIRL,TMRIF oloJo|o|o]o]ofo

PIR1

;Setup TLCON register for internal clock with
;1:8 prescaler, Timerl is stopped and T1 osc O O O O O OIO 1
;is disabled TMR1IF
moviw b’00110000' PIEL
movwf T1CON oloJofo]ojo]ofo

TMRI1IE

:Start Timer1 incrementing
bsf T1CON, TMR1ON T1CON

oloJ1[1]0f0]0]1

; i is di ling
-on the TMRIIF overflow bit \_Y_I t TMR1CST\R10N
btfss PIRL, TMRIIF T1CKPS<1. 0>T15¥NC
goto $-1
_ il ﬂ’i‘ il
0 8 it FE (Fosc/4)
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¥ [~ Timerl
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o h A PR g
C:ARTC\201_ASP\Lab2-TMR1

e 1 lab2.asm HI%[LF‘}[‘P\ =255
- }H Timer 1 Eﬁ SRS ﬁ%fﬁ[' £ Fosc/4 (Fey)
- }H Timer 1 3= Fk F%t;r,
— Timer 1 &% * Ox3CBO (65,356-50,000)
- FIEY Timer 1
- Z{ﬂ*ﬂi Timer 1 Hl%?‘?%(GIE » PFIE & TMRI1IE)
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° INTCON T1CON ~ TMR1H ~ TMRI1L A PIEL
e B

o Lt 0x3CBO %D?El[ﬁé - 2 Tlmerl}[ﬁ’
-ELOO 000 lﬁﬁ[ T fd b —

o JEH 5l LED fiof] i Bl
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kkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkkkkkkkkkkkhkkkkkkkhkkkkkkhkkkkkkhkkkkhkhkkkkkkkkkkkkkkkkkkkx

;  Set code to Select clock source, Set pre-scaler to 2, load hex 3CBO into Timer1l
; and turn on Timerl

kkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkkkkhkkkkhkkkkhkkhkkkkkkhkkkkkkhkkkkkhkkkkkkkkkkkkkkkkkkkx

moviw (.65536-.50000) / .256 ; initialize TMR1L and TMR1H
movwf TMR1H

movlw (.65536-.50000) % .256

movwf TMRI1L

bsf T1CON,T1CKPSO ; set pre-scaler to 2

bcf T1CON,TMR1CS : set Clock source to Fosc/4
bsf T1CON,TMR1ON ;turn Timerl on

’
skkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkhkkkkhkhkkhkkkkkkhkkkkkhkhkkkhkhkkkhkkkkkkkkkkkkkkkx
’

; Enable Timer1 interrupts, Peripheral Interrupts and Global Interrupts

kkkkkkkkkkkkkkkkkhkkkkkhkkkkhkkkkhkkkkkkkhkkhkhkhkkkkkkhkkkkhhkkkkhkhkkkhkhkkkkkhkkkkkkkkkkkkkkk
’

bsf STATUS,RPO ; go to bankl
bsf PIE1, TMR1IE
bsf INTCON,GIE
bsf INTCON,PEIE
bcf STATUS,RPO : return to bankO
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Timer2 “birFJ(qfaﬂ'

TMR2
| i
- | TMR2
A e I LTI T T 1]
—— ——
‘ . . . ; |
Foscl4 | 1:1, 1:4,1:16 |
b e | BEE
1:1->1:16
TRZ HEEEEE
Timer2 =248 f745 (T2CON
e
T2CKPS1 T2CKPS2 Tz
0 0 11 TimerZ?%‘“EﬁJﬂi'i
0 1 1:4 1 =H5EATimer2
1 X 1:16 '
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Timer2 “BirFch%ﬁ'
“é(.'b
Qf TOUTPS3 | TOUTPS2 | TOUTPSL | TOUTPSO SCALE
0 0 0 0 1:1
0 0 0 1 12
0 0 1 0 1:3
0 0 1 1 1:4
TM R2 0 1 0 0 15
- TARRER N| | | | 0 1 0 1 16
Fosc/4 1:1, 1:4, 1:16 0 1 1 0 17
0 1 1 1 1:8
1 0 0 0 19
t 1 0 0 1 1:10
1 1} 1 0 111
1 0 1 1 1:12
PR2 1 1 0 0 113
| | | 1 1 0 1 1:14
1 1 1 0 1:15
1 1 1 1 1:16
Timer2 #2418 745 (T2CON
OUTPS3|TOUTPS2|TOUTPS1|TOUTPSO T2CKPS1|T2CKPS(
foursiroueszjouresafrouresaffueen
T2CKPS1 T2CKPS2 TR —1
0 0 1:1 Timer285gh i 7
0 1 1:4 1 =H5EATimer2
1 X 1:16
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Timer2 “birFJ(qfaﬂ'

TMR2
B
WL e IL_Twre
VEI= ]
T 1:1,E1:4, RN 8 B T N S O
Fosc/4
g . l—, B
- 1:1->1:16
PR2 | |
an PIR1
lalalalafololol MTT T
: TMR2IF
Timer2 =48 728 (T2CON)
TOUTPS3|TOUTPS2|TOUTPS1|TOUTPSO| TMR20ON |T2CKPS1|T2CKPS0
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c.*"b‘
é-*\'@@ I _’J AN A
4 Timer2 ¥ i[FII
%“&"
ysable TMR1 interrupts in the PIEL TMR2
Yregister that holds the TMR2IE bit.
;Make sure the TMR2IF flag in PIR1 is cleared 0 O 0 O 0 O 0 O
banksel PIE1
bcf PIE1, TMR2IE | PIEL
banksel PIR1 O
bcf PIR1, TMR2IF |
;Setup T2CON register for: PIR1 TMR2IE
; Postscaler = 1:15
; Prescaler = 1:16 O
;Timer2 is off
moviw b’01110010° TMR2IF
movwf T2CON T2CON
;Make sure the TMR2 register is clear
‘banksel TMR2 | OJ1f{1(1{0J21}11{0O
clrf TMR2 ~ ~— / ——
E\I;glzzc;the PR2 register with a predetermined TOUTPS<3:0> IT2CKPS<1:O>
banksel PR2 u
movlw b’10000000' R TMR20N
movwf PR2 FRIBLIS  Timer SR
;Start Timer2 incrementing 1551:16
banksel T2CON PR? %ijﬂ ]q§ F‘ b
bsf T2CON, TMR20ON |
;The TMR2 interrupt is disabled, do polling 1210101010101010
;on the TMR2IF flag
btfss PIR1, TMR2IF
goto $-1
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Timer2 Té’JiIF", (™
TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO V34 TMR2
0 0 0 o | u TMR2 = PR2
0 0 1 0 1:3 O
0 0 1 1 1:4 TMR2IE
0 ’ 0 0 155 PIR1
0 ! 0 ! 16 TMF\:’LZIF
1.7
S T2CON
0 0 1:1 18
: _ ojij1j1]of1]J1]0
1 1:4 1:9 < - o —
1 X 1:16 1:10 TOUTPS<3:0> | T2CKPS<1:0>
1 0 1 0 1:11 e TMR20ON
12'2 l*,h
1 0 1 1 12 . A N
FRFELELS Timer g
1 1 0 0 1:13 ‘[ ava
il (¥31:16
1 1 0 1 1:14 PR2 %ﬁ;f ]%E
1 1 1 0 1:15 11]0(010]0]0(O1]0
1 1 1 1 1:16
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é@ Timer 2 H\W?, EI\JE#FAT

shkkkhhkhkhkkkhkhkhkhkkhhhkhkhkkhhhhkhkkhhhhkhkkhhhikhkkhhrirhkhhrirhkkhrirhkkhhhihhhhihhhkhhihhhhiihhkhiiikdx

; configure Timer2 Prescaler of 4, PR2 of 250 and a postscaler of 13
; and turn timer2 on.

shkkkhkhkkhkkhkhkhkhkkhkhkhkhkhkkhhhikhkhhhhkhkkhhhikhkhhrirhkhhrrhkhhrirhkhhrrhhhhrhkhhhrhhhhihikhiiidx
)

banksel 0 ;setbankto 0
movlw 0x68 ; set 13 as postscaler
movwf T2CON

bsf T2CON,T2CKPS0 ; set prescaler to 4
bsf T2CON, TMR20ON ; turn on Timer2

FREKEIAARKAAAARAAIAARAAAAARAKAAAAAAAAIAAAAAIAAARAIAAAKRAIAA AR AIAAAdhdhdrhhkhdhrhhkhiiiihiikx
)

; Enable Timer2 interrupts, Peripheral Interrupts and Global Interrupts

B e 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 A R
’

bsf STATUS,RPO ; o to bank1
bsf PIE1L, TMR2IE
bsf INTCON,GIE
bsf INTCON,PEIE
bcf STATUS,RPO ; return to bankO
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ECCP f2i77 3

a'g EICCPUEHjW7% % (CCP1CON)

P1M1 PiM0 | Dci1B1 | bciBo |ccpims|ccrimz|ccrimi|ccPimo
b Ju *"JJF'F
ECCP fiztg 5 ()
CCP1M<3:0 e e
= M TP £ POMS® AT (A
ﬁt"%‘%ﬂi'ﬁ(“)
P1M<1:0> Jrs B BN /PR AR =Y = EIF'J ‘00~
SIS IPWM = $RLEH 4 S50 2 AR ORp A
DC1B<1-:0> PWM ﬁ’ﬁ@?ﬁf@ﬁl ZJfE{LSB (8 fE’M?B 'T_f"?ftCCPRlLHI)
* B F PRI B bt

T R
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D ECCP #1775

CCPxM3 | CCPxM2 CCPxM1 CCPXMO EREECPER
0 0 0 0 IR EE B8 /E Rk /PWM %Elflfj (;’lf';'fECCP i)
0 0 0 1 + 5] (BF)
0 0 1 0 PR TR S
0 0 1 1 5] (¥
0 1 0 0 R BN > B R TRIENRIER - &
0 1 0 1 R BN > B W TR ERRIER - v
0 1 1 0 TR ENRIERL - B A AR BRI -
0 1 1 1 TR ENEESY - B 161 | IR BNEIRS -
1 0 0 0 Pt o T R RS L
1 0 0 1 R Tl e el
1 0 1 0 Pt > TR R 2
1 0 1 1 P > BRETRE
1 1 0 0 PWMAESY 5 PLARIPLCHfEf: 213 ; PIBAIPLD Fyfht € 3
1 1 0 1 PWMEE ; PlAﬁlPlcﬁ“%ﬁb“Ejff; PlBHIPlD[;E%@“EJJ‘S‘
1 1 1 0 PWM#EF ; PlAf[PlC[;E?&fr'\j“Ejfﬁf; PlBﬂIPlDfé{J?&fr’\j?ﬁ?
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S Fosc
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Al £ A AR

+1’ 4, 16 3|RXEPH"] CCPxIF
CCPx
l TMR1H | TMRI1L
| ]
CCPxM3 | CCPxM2 CCPxM1 CCPxMO izt
0 1 0 0 B BT ENEIER - ¢
0 1 0 1 B il | SR B EES — R
0 1 1 0 B AfR YR NI - TR
0 1 1 1 B 16 _ A AITTENHIRE - *
r L N
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@Off CCP module
banksel CCP1CON

I E

cIrf

CCP1CON |

:Make sure Timerl is off

bcf T1CON, TMRION|
;Clear Timerl result registers

clrf TMR1H

clrf TMRIL

;Disable all interrupts for CCP

bcf PIR1, CCP1IF
banksel PIE1

bcf PIE1l, CCPlIE

;Set CCP1 pin for input

bsf TRISC, 2

;Initialize Capture for every 4% rising edge
banksel CCP1CON

movIiw b’00000110’

movwf CCP1CON

:Start Timerl incrementing

bsf T1CON, TMRI1ON |
; Test the CCP1IF flag for capture

btfss PIR1, CCP1IF

goto $-1

BRSO

TMR1H

TMR1L

CCPR1H
CCPRI1L
PIR1
o]
CCP1IF
CCP1CON

ofojJogofojig:fo

T1CON

TMR1ON
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@ @;
@Off CCP module
banksel CCP1CON

cIrf CCP1CON |
:Make sure Timerl is off

4,
3

bcf T1CON, TMRION|
;Clear Timerl result registers

clrf TMR1H

clrf TMRIL

;Disable all interrupts for CCP

bcf PIR1, CCP1IF
banksel PIE1

bcf PIEL, CCPlIE

;Set CCP1 pin for input

bsf TRISC, 2

;Initialize Capture for every 4% rising edge
banksel CCP1CON

moviw b’00000110’

movwf CCP1CON

:Start Timerl incrementing

bsf T1CON, TMRION |
; Test the CCP1IF flag for capture

btfss PIR1, CCP1IF

goto $-1

TR LS P8

f "F]r]Timerlf;E

- AHIE AR A !

fglr}’ﬁijimerlf;El

L]

CCP1IF

g RN

CCP1CON

I K3 K N N
T1CON
]

TMR1ON
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CCPRxg:EZ)CPRxL B ey CCPx
CCPRxH CCPRxL
TR AR
| PiM1 | P1MO | DC1B1 | DC1BO CCP1M3|CCP1M2CCP1M1CCPlMO
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TMR1L

PIRxHKICCPxIF

A~
tb%‘z%% 18]
TMR1H:TMRIL = R
CCPin:rC)CPRxL B 4y L
CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO K
1 0 0 0 PCHicis & 18 (CCPxIFE 1)
1 0 0 1 VCHeH Mt (CCPxIFELD
1 0 ] 0 VG R Hy 2E AEBR AP BT (CCPxIFE 1, CCP1 51
A
il SRR AT
1 0 1 1 (CCPxIFE1, CCPIEETMRIEKTMR2 , TE
BUEIADCIE# BUEIA/D HH#2)
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CCP1CON
;Turn off Timerl
bcf T1CON, TMR1ON
;Clear Timer1 result registers
clrf TMR1H
clrf TMRI1L

;Disable CCP1 interrupt and make sure
;its flag is clear

banksel PIE1

bcf PIE1, CCP1IE
banksel PIR1

boct PIR1, CCP1IF |
;Make CCP1 pin output

banksel TRISC

bcf TRISC, 2
;Initialize Compare to set output on match
banksel CCP1CON
moviw b’00001000’
[movwf CCP1CON

;Load half of Timerl full scale value into
;CCPR1H:CCPR1L

banksel CCPR1H
moviw b’10000000’
movwf CCPR1H
clrf CCPRI1L

bsf T1CON, TMR1ON

;Test CCP1IF for Timerl match with CCPRXx
btfss PIR1, CCP1IF
goto $-1

LR A T aa

TMR1H

TMRI1L

CCPR1H

ofoJofjoJoRolfol

CCPRIL

T1CON

CCP1CON

TMRLBH

ofojJoRoJiJojjoRo

PIR1

CCP1IF
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@2@ PWMJEizt
5 CCPx # ] Fi% & JRE R (PWM )

® it
i
) B AR Y IR
- PR2
- T2CON
- CCPRXL

- CCPxCON
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| IR EE ) (Duty Cycle) |
10

@2@ PWM ifFuﬁ%&'
%%_(I

2 BTG

I CCPRxH

10
N~

TMR2 = CCPRxH

1T

TMR? 5§ >
o CCPx
AV 4
TMR2 = PR2 #H
AN
o =1 : TMR2Z 2% 7 FOSCRy R By

_ 2 722 A 5106 74 B DUt
| PR2 (Period) | F F Y
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\Pb‘
4 ”IEF r [ »
@ PWM $ B84
D oint : ==
p.CPx pin by setting TRISC bit HIGH
TRISC TMR?2
bsf TRISC, 2 or1ot1ot1o010101O01O
;Clear Timer2
’ PR2
banksel TMR2 —
clrf TMR2 O 1 1 1 1 1 1 1
;ge‘m‘rrPgrindmuly Cycle using an 8MHz oscillator CCPR1L
moviw b’01111111° ; -
movwf PR2 ;Load a 64uS Period Value O O O 1 1 1 1 1
oviw b’00011111’ ;
- CCP1CON
7 (25%) of PWM period 0 O 1 O l 1 O O
\ A v
;Configure ECCP module for single PWM YIH@ M X
! BT PWM#L=t
; with P1A active HIGH and ﬁ’fr@:?& iy .
. ) 10 LSB CCP1M <3:0>
;LSB’s of Duty Cycle are '10 DC1B<1:0>
moviw b’00101100’ ; T2CON :
movwf CCP1CON ;ECCP module is configured
;for PWM and Duty Cycle 0 O 0 0 O 1 O 0
;LSB’s loaded ~— 7 W—/
;Turn CCPx pin back on B SIS [ o DA Ly =
bankset TRISC 'ﬁjFJB%f o FJ'J["{'}« ek
bef TRISC, 2 ;Make CCP1 output TOUTPS<3:0> T2CKPS<1:0>
;Timer2 starts when TMR20ON is set_beginning_ PWM TMR20ON
movliw b’00000100’ ;incrementing
movwf T2CON ;Prescaler and Postscaler
;are both 171
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(PWM) Lab4
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L Y LN R
IR R ] LS e—




& PWM ST
%
o Fih? EJM@i?ff&f& ECCP L3 U A1 PWM 14

N
Y

rp

° ‘J'EéEJE}%J T|mer2% ERURI pIFE
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@@@ PWM i s

® PWM 471 CCP1 # (RC2) s - i1
APPOO0L 5 _FRyliEELas 55 H1— ([l io,

o F gt o HIRIEG 256/(Fosc/4) ~ WRETHY £
50% f~ R fj’éﬁé 1P EL B (3.8KHZ)
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@‘9@ PWM ;smﬁgpuum%g

= A
#7 PR2 il

4 RC2 ZBf{ s

F%‘:J_—_ CCPR1L Elflﬁ’frf_ﬁ?%lf@ £ 50%

v

S CCP £&:£% 8-bit PWM

v

?%‘E#J Timer2 » F]RE1:1pv5f=E
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© A

o FSTPH 4
C:\RTC\201_ASP\Lab4-PWM

o KIS

- JK{ PORTC fi’RC2 (CCP1) I%tng?ur
- E‘%f?‘ CCP~ [E7 PWM fEi=t
- 5% DCB1#1DCBO (8-bitPWM)

_ ;H Timer2 fiUf3 FJB%&@%“E"H 1:1
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. TEA L PR2 (Timer2) %[1%50%5@ i

YR o i A S T

o +PIC16F887[|1 > CCP1% 1 EIRC2

-~

o SUAY A AN APV Uy EL ¢ TRISC -

T2CON ? CCHCCEN
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’

; Set CCPx as an output

shkkkkhhkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhhhkhkhhhkhkhkhhhikhkhhrihhkhiihhkhrihhhiihhhiihhkhiiikik

bcf TRISC,2 ; set CCP1 pin as output pin

; set duty cycle for 50%

bcf STATUS,RPO ;gotobank 0
moviw 0x80
movwf CCPRI1L ; set duty cycle

shkkkhhkhkhkkhkhhkhkhkkhhhhkhkkhhhhkhkkhhhhkhkhhhikhkhhrrhkhhrrhkhkhrihkhhrihhhiihhhiiikixik
)

) Put CCP1 module in PWM mode.
; Configure CCP to clear DCB1 and DCBO ( 8-bit PWM)

shkkkkhkhkhkhkkkhkhkhkhkkhkhhkhkhkkhhhhkhkkhhhhkhkhhhhkhkhhhikhkhhhhhkhkhrikhkhhrihhhiihhkhiihkikik
)

movlw 0x0C
movwf CCP1CON

R o R R R R R R R R R R R S R R R R R R R R R R RS R R R R R R R S R e
)

; Configure Timer2 Pre and post scale of 1:1
:and turn Timer2 on

rhkkkAhhkhkhkkhkhkhkhkkhhkhkhkkhkhhkhkhkkhihhkhkhkhihikhkhkhrirhhkhiihhkhrihhhiihhkhiihhkhiiiikik

bsf T2CON, TMR20ON ; turn on Timer2
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&Ed S T
o

?ﬁaﬁ,ﬁug I;F@i;f%rfw N EEE
ECCP = (e g =ittt
_ %Juﬁj TREVF AT JE{f‘F' Timerl
_ =L ECCP I') 7 Timerl ﬁLHEﬁEfF;i | 1
— [P P T FI VT e (e ] e Fe RO
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& B

Ak Gt = 7

A | iy AGCCPFEEES
FJ?* lﬁ F&t@:&
CCP1IF=0

FIg Tlmerl

v v

Dg;ﬂ:lccpﬁﬁ?'—l ?’Jtr", (*POERC
B v
‘ H5E Timerl
P

CCPRIL [ NOP
RETFIE
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@Q‘@ CCP B 18]
o AT it
C:\RTC\201_ASP\Lab5-CCP

° %"?‘}[‘Jmﬁfﬁ :
- AR CCPR-E LR LG5 > Pt U il o
%ilwﬁﬁffmp CCP1IF
- FE Timerl » }{ﬁj’ﬂ Eﬁﬁ’fﬂ\ ﬁ%fﬁ'ﬁ Fosc/4 » Sfifi=

P, 1:8 F
- B CCP [l
& FET BN

o FH A A HITTIIT B4G ¢ INTCON -
T1CONFICEP1CON

o Ll

o il CCPRIL K 1£-0 S OXFF iAE50 R
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FoN CCP HF1= i

Set CCP1COM to Output Compare mode with Special Event Trigger
to clear the Timer 1 register pair on a match

* % * k% * k% * % * k% * k% * %

moviw 0x0B
movwf CCP1CON ; set value in CCP1CON

; Configure Timer 1 for Fosc/4 operation. 8:1 Pre-scaler

* k% * k% * k% * k% * k% * k% * k%

moviw 0x30
movwf T1CON

; Enable Timer 1 interrupts, Peripheral Interrupts and Global Interrupts

’
B s e L L L S S S S S R T S 2 2 S S e e
’

bsf PIEL1,CCP1IE
bsf INTCON,GIE
bsf INTCON,PEIE
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-

. » 1) Y
B L LS T
TR N 1L Tee—

@2 R
o FHEBEAESE :

R FEELYEIRER . R
o Al

- PIC16F887% | 2=t (CLFIC2)

Vin

il
(Vin)

Ul B R E
(Vout) - -
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° DIHF*HI%E (C1HIC2) fﬁ Ak lp\thZLrﬂJFIH
- CM1CONO #I CM2CONO
- E&Hf{%'é' 2 }i’:_'l_"éj~ Bt CM2CONL1 » ® [F°=2 Timerl piv

- CMxCONO %7 Bl ™ #5t'=

. A
o ] EH
. %ﬂ%@*ﬁ%
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\Gb‘
&*@o“’ o - I nos -
@@@ PN 1 i T
4
< }f
4 CxCHI | CxCHO A

CxON
0 0 C12IN0-
C12INO
|Z 0 1 C12IN1-
c12ini[X] 1 0 C12IN2-
012|N2|Z — 4 1 ] 1 C12IN3-
) o
b

CxOuUT ;
CxR
CxPOL
CxON CxOUT | CxOE | CxPOL - CxR CxCH1 | CxCH2
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@‘}@ Pﬁ%ﬂmtfﬁl_;v,m B CM2CON1

MC1OUT | MC20UT | CIRSEL | C2RSEL T1GSS | C2SYNC
5 P
MC10UT CIOUTH 5 pugifgt! )
il S e
MC20UT C20UT fb 7 psgh e ! IR [
CIRSEL 1= CVREF i Z|t§t#C1pY CLVREF & &
0 = 0.6V 2 ¥ B Z] CIVREF
1 = CVREF§i# 5%t 5 C25Y C2VREF & 7 #
C2RSEL . ..‘Ej%’u’ '\% i 1 M
0 = 0.6VAEf2 ¥ FESif =] C2VREF
0 = 7 PEEaL R - Timerd 8367 5 1 = SR AR ROHE [RRRER] I -
T1GSS i
g TS F
[F‘:—.x_ SIS SR
CISYNG 1=Fd4F5 2 EE?L Tlmerldlﬁ’jh}ﬁJ ]@;@[ﬂ]*‘?
0 = PRt | Jfﬁ”lffﬂ S
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@89 P 1

o HHERSH IEIE PIR2 F,Hg'é,'ﬂlﬁ% (C1IF /
C2IF)
- MR R ES Jﬁ]?”' = A | Eﬂj‘%t“
- Pl 2HlpJC1IE/C2IEI }bINTCONHlpJPEIE
I GIE "J’EF%E
- FIBHER R IR U FE SR TRy
P S 1 & J

o T CLIFRY C2IFFEAR I Fij 4 v g8 )
BRI -
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@2@ A P

o I HTSLEEPS 4 ,,il“'/F'JF TR EEEE ) PR
5 P B |

° F“ﬂi%’éﬁiﬁj‘q VERP pq@ ["‘}[—J P.@Q'E% PIC #4345

e C1IE/C2IE (PIE2) A PEIE (INTCON) %%

1
- R T SLEEPH A B~ IR ISR (I f 5
fi-H &)
- 3= GIE (INTCON) #[fij#/5 ISR

_l'l'l

Lp J

® l‘ I’_IJJEZWFFJ‘EIEJ{F“&E“E ’ lﬁlrﬁﬁ?g Flrﬁn%’g[ﬂlrﬂ
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\Lk

° > :%F%IE S
o B =
- HH R I:E'E'”‘jlﬁff';*’g{ﬁgﬂi%’g%“@'
- EiE?J‘H'?*E%B;Lﬁ‘[J;U V/ss
- HH=Vvdd w@ﬁjﬁfjﬁﬁ
_ Lml—Léx—‘ElF—jafﬁfE it (0.6V)

_l'l'l
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T

!
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\Pb‘
4N - B 5y /2

Vrers VRR
DRSS L 8R R R R R
VRSS =0
| L]
Voo 15 §8R
CyREF é
ST Veer
Q VRSS =1 @
CVier 4 VR<3:0>
&_.\_ VRSS =0
VROE — VREN =
© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 119
c.*"b‘
P AN ke FH 4 o
e:«‘fdb
f‘fe
AN ;E:,Er wl‘l .
® ﬁj):% "l\— g
FVREN
Sleep
FT‘?J 0OsC
TS YEE o EN FINT
' [iil 2
= P B 4 FrE
ADCHIE Bk
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&*««@ -—»&
DES AT ’EP#ZLEFU ¥4y (VRCON)
VREN VROE VRR VRSS VR3 VR2 VR1 VRO
i<k Ju f‘]JFi:
VREN PRI SYHEEES 0 1=
PLER 2 B YT R
VROE 1= CVref B RL RA2AN2/V e /C2IN+ %ﬁﬁlflﬁtlz
0 =CVref ”ij“ﬂEk_;EL"‘ RA2/AN2/V g/ C2IN+ F &
CVrefaag!E# & & 7
VRR 1= (SR
0 = STy
R
VRSS 1= F&ﬁ ﬁ%ﬂ » CVrsrc = (Vref+) — (Vref-)
0= F*ﬁ ZHFHEJR > CVrsrc=Vdd - Vss
VR<3:0> CVref | |;E:IL_% ot
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%%%@ﬁiﬁj F‘q S (VRCON)

VROE

VRR

VRSS

VR3

VR2

VR1

VRO

T VRR = 15515 "EEF%EJ@E[E;I ;
CVref = (VR<3:0>/24) x Vdd

F9

¥ VRR = 0 fiy: 2 5"y Bl -

CVref =Vdd/4 + (VR<3:0>/32) x Vdd
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TADG”

. ?%T*ﬁ%%é
- SRR ’7%&3&%83&10%_ R
_ H‘ff’_pj[ Jﬁ[f&ﬂﬁfﬂfﬁ\ L R

o CAE RS TN el o

— IR G PIC AR (o7 FaUS = o e

\»I‘l

"I\—

ADC fsrt

o
FRE= ADC
2 L[t
L PN R Bt L
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@‘@@ ADC F,rj«%'g

o ADCH/ IR A T
- ADCONOﬂIADCONl
ADCONO
ADCS1 | ADCS2 || CHS3 CHS2 CHS1 CHSO0 |GO/DONE| ADON
5 Bl
ADCSxf# | AID H@Mﬁﬁ’f&e i Fu
00 = Fosc/2 » 01 = Fosc/8 » 10 = Fosc/32 »
11=FRC (J']#} RC =% )
CHSx @E@ﬁéﬁ { i5b U
GO/DONE | 1= A/D @B —3E =
0 = A/D 15 5Y
ADON ’?T‘Erb ADC #Ei5
& ADCITw 4
ADCON1
ADFM VCFG1 | VCFGO0 -
27 Vi
ADFM 18T ?T@ﬁﬁiﬂiﬁ'ﬁj?“ fb
L=[FpEf > 0= =3k
VCFG1 E i’zxﬂﬁlr@?&
1="EFVref- j%’jiﬂﬁ@%ﬁﬁ?:?ﬁ%i » 0=Vss
VCFGO T HME{
1="F lVref+j$ﬁElfJ<7fﬁB”Fq;‘ﬂg‘§@ » 0=Vdd
\
J




° ﬁ&ﬁk RS & o ADC g BB R || it U 2 F ¥
28 ADRESH #[1 ADRESLFI
o 10-bit ADC BT I'J [y = PP 7 [ 1 3

7
= 5%

MSB LSB
10-bit EEEH
Pl N
RIEEZ
MSB LSB
10-bit
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& ATDHE Sl

Qfﬁ —'& ér%%

- = 1Al S
ANO \ Fosc R
AN1 ‘
AN2

AN3
AN4 Vref+
ANS ‘
ANG \% \

AN7

ADC p—rp,

N
AN9 AT 1T 11
AN10 Vref- ADRESH ADRESL

AN11
AN12
AN13

ADCONO

ADCS1 | ADCS2| CHS3 | CHS2 | CHS1 | CHSO |Go/DONEff ADON

Vdd

© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 128




ADCON1

rt 5
\, A/DEELHE _*riFsJeq%ﬁ[
@ CHS3 CHS2 | CHS1 CHSO lﬁjﬁ
P 0 0 0 0 ANO | / —X] o
: 0 0 0 1 AN1 ADCS1 | ADCS2 @mq&
0 0 1 0 AN2 0 0 Fosc/2
0 0 1 1 AN3 1 0 1 Fosc/8
0 1 0 0 AN4 - 1 0 Fosc/32
0 1 0 1 AN5 1 1 Fre (B2
= RC
0 1 1 0 ANGB - Sﬁn PR
\'4 \
0 1 1 1 AN7 ADC
1 0 0 0 ANS / v
1 0 0 1 AN9 AT T T (T 1111
/ref- ADRESH ADRESL
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13 —X Vrg;
ADCONO 7
ADCS1 | ADCS2| CHS3 | CHS2 | CHS1 | CHSO Jco/poNE[] ADON
\_/SS
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< ref+
Q‘” ikl VCFGO = 0 [+— Xl
—- = =L ERER
ANO S Fosc kRS
AN [ |
AN2 Xp—r
AN3 < —4
AN4 <p—mi ref+ vdd
AN5 DXt 3 ‘)/
AN6 X p—ri
AN7 X
ANg <
AN9 X<
AN10 X [ITTITTTTIOTITTITIT1]
AN11 X<  ——
—_— ADRESH ADRESL
aN12 X ST
AN13 X<
—_ CFG1=10 ref-

=K

I

0

VCFG1

VCFGO

© 2007 Microchip Technology Incorporated. All Rights Reserved.

201ASP

Slide 130




@g@ ADC Eﬁ H= A

o ER - IR > LYY
PR T I AR P A R 7

o ¥t | 10-bit SIS H T 11 [ HIH

o 113 AR R 9 ADC o
~ (€% (Tad)
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%@ o LA
R fﬁ GRS ) b

EADCHEE

fur-F

- (2 TR Z ] R ?ﬁrﬂ T E

- U Wz ( ADC ) @[ FRp bl
F:&E’i ( PWM =4 1y ECCP )
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= AR
A Timer 2
L PORT C

v

JKjCCP Eketd
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é@@ ADC i+ it Ga)

= Sy

% ADC {lhvE]
M CCPR;E:1L
v
;{"ADC[;@pJ fib T Jay
'.?[J E%D J
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o Uy EI} IC\RTC\201_ASP\Lab6-ADC f| A=V
I ’aj 153
- F%JLADCI Hpl = 5P X p 2] ADRESH
- }H Tad %FF[‘ £, Tosc*8
- IE'EJI?Sr ADC R
— SRS PR ’gl‘grb ADC » &7 = @‘ﬁjﬂf’ﬁﬁﬂl%‘*ﬁ
s T
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& e T

® ;ﬁ T E[IF' H[Mﬁtj*hﬁh’rfADCﬁl i_[E[l
' ﬁﬁjiit °

1T

o ﬁjADC@mr Jadif (i CCPRIL I Rl
F[\ S (EITEILT r

o {fi"JADCONI/IADCONO %’ﬁaﬁﬁ:?ﬁfg%ﬁ%%
b
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& ADC g1+ By

e
‘;;}w
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkkhkhkkkkkkhkkkkkkhkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkx

Configure ADC , Channel O, left justified, Tad=8 * Tosc, turn on ADC

********************************************************************************

clrf ADCONO ; esnure default Channel is set to channel 0
bsf ADCONO,ADCS1 ; setTad =8 Tosc

bsf ADCONO,ADON ; turn on ADC unit

bsf STATUS,RPO ; go to bankl

moviw  OxOE ; Left Justify and set configuration

movwf ADCONL1

; Enable Timer 2 interrupts, Peripheral Interrupts and Global Interrupts

bsf PIE1, TMR2IE

bsf INTCON,GIE

bsf INTCON,PEIE

bcf STATUS,RPO ;return to bank O

loop

1
skkkkkkkkkkkkkkkkkhkkkkkhkkkkkhkkkhkhkhkkkkhkhkkkkhkhkkkkhkhkkkkkhkhkkkkhkhkkkkkhkhkkkkkhkkkkkkkkkkkk
1

; add three lines of code to start the ADC conversion and wait for the conversion

; to complete

s kkkkkkkkkkhhkhhhkhhkhkhhhkhhhhhkhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhhhhhhhhrhhhhhhhhkirhiixkx
bsf ADCONO0,GO : start A-to-D conversion on channel O
btfsc ADCONO0,GO : Is the conversion done?
goto $-1 ; No: Check again
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@@@ EUSART A&
o I 1O 57
- FRRE S “ATIBEE £ e SC
o — F;’}l:‘jjﬁt :
- [ Ry 2 HAAR S
- PR aEE
. 3 I ESA M Ix (UART)
o T R A
LA
- RS-232°% PC 4] i
. %;Jﬁgr H| RS-232 %ﬂfg@}ﬁiﬁdﬁgﬁg (Max232)
o Ig I LIN Bus /721

o JHAIH I | Ese (R
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@@@ EUSART EFUTTEK%E‘

o EUSART Friff ¥ [HU7 3 -

- T % W

« SPBRG #! SPBRGH
- BSPEA RTS8 (TXSTA)
B L['sr}[kﬁ&?[ljtgl;ﬁ‘]ﬂ Qf%‘g (RCSTA)
- BRI PTS

. FRTRTTE B (TXREG)

d %”'S[‘_Eﬁ"ﬂel F [7:3-’%5,' (RCREG)
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TXSTAE fr4s

CSRC TX9 TXEN | SYNC I SENB | BRGH | TRMT | TX9D

pr 7 IheE

CSRC P g YR IR SR A

1= F=HL (HAH BRGEAERSEETR)
0= (HAMN SRR TE A R R 5E)

TX9 SEONL FEIE BB AL

TXEN 1 = X RE)

SYNC EUSARTHER, 1=FPHEA, 0=IERHER

SENB 1 = B FP MR AR

0 = [FI25 ] PR A % 52 ik
BRGH TEFREN, =", 0=1K&
TRMT 1= BREBAEHFR (TSR) A=, 0=TSRFW
e B g — AL RS
TX9D FILE R ORI
@‘@ RCSTA T

SPEN RX9 SREN | CREN I ADDEN|] FERR | OERR | RX9D

" :“JJH:

SPEN FIYIZ F‘#E-r?%‘gwﬂfﬁ

1= B B CRRXIDTAITXICKE B LA/ i )
0= BRI AT (U v A )

RX9 1= ?%gw 9-bit R[#E 1% » 0= 8-bit T¥F
SREN [l — 2 N 1=H5EY » 0= PR RS
CREN ﬁg@gﬁ@fﬁ%‘g@@a

ADDEN 1 = T 9-bit Address f#] (<R f| 87 7 RSR<0> =1 B4 * 5580758

FERR 1=3% Frame %?&L (HEH[Z]] Stop Bit)
OERR 1= A NG SR (BRI S Eolpos g )
RX9D BRI ST 9-bit
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@‘9@ @}ﬂﬁiﬂi’gﬂﬁﬁg (BAUDCTL)

ABDOVF RCIDL ---- SCKP | BRG16 -—-- WUE | ABDEN
5 I
ABDOVF T AACE L )

1= Pk MR S 5
RCIDL | HUsEFPIEE - 1= BUsBEDH - 0= HIsm) St » BUrBTe s

o [ A 1 1 7
JHRFRES ¢ 1= VLS BB R B EIRBTTXICK
I © 1= AT S R
0 = T YA 5 ISR

BRG16 16-bit 51 * 3§
1= 3¥&16-bit BRG > 0 = ;¥ 8-bit BRG
WUE PP R ([ 8 IR
ABDEN FIER Rt 7 - 1= T
ok (RESUEISN T 5 HPST O R BLEEED 1B 5 3E SR
— © 2007 Microchip Technology Incorporated. All Rights Reserved. T Slide 145
& ok
e 7
T N - "N =
SYNC BRG16 BRGH BRG/ prARE N
(TXSTA) (BAUDCTL) (TXSTA) EUSART
==
0 0 0 8-bit /25l Fosc/[64 (n+1)]
0 0 1 8-bit /Z Hﬁj Fosc/[16 (n+1)]
0 1 0 16-bit /2
0 1 1 16-bit /[l Fosc/[4 (n+1)]
1 0 X 8-bit /[FIJH/‘
1 1 X 16-bit /[F[JH?

*n = SPBRGH:SPBRG 7% # 19
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TXEN

RS
LS

D_.

ti Jﬁwﬁ‘
MEREE
TXIE
TXREG L
— TXIF

JUNN wse

D Fl 1

EMTXW'%%WXW
L

|TX9D|TX9
5379-bit ¥ i R

BR3P Ty
(TSRg
TRMT

B S EE A
il

SPEN

TRMT @5 =1
ENSC s bR g

TSRf|1E 7R
TMRT 5 =

R A

L[] TX/DT

7
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é@g Bt Ul
é&ob
Q SR L
SPEN
FIFFE T E (RSR)
R%D%_; # ﬁggfﬁgﬂ"—b R R |—-> ke et
¥ 2] adalin
RX9
= JUUL fro
B+ A
RCREG ~ 7
RCIE RCIF RX9D
i RRREE
RRTH=901
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P% “EUSART #554" — [=4% 9600,N,8,1

- A B SRR 5 SRR
RS-232 Fr B e v

- 2T ST YRR B e Y
% EUSART
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é}@ USART #/g&+

«P‘:‘ )
a . .
- = %E =0
¢ —_ -

4. EUSART

v

L PORT C

v

= YR

4 LEDs

'

Eaehe - i
Fli 'jjﬁ:

<

P
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@g@ USART ¥+ I8z A

STl TG

Interrupt
Routine

Get RxD to
RxD_Buffer

1 YES

Output RxD value to
LEDs

1

RCIF=0
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@2@ Lab7
o A UIERAVAR T I AVE TR
C:\RTC\201_ASP\Lab7-EUSART
- F%?QL—_ USART % JE[F[JH?T;T
« 9600 bps, None Parity Check, 8-bit Data, 1 Stop bit
o 4MHz/16/(25+1) =9615 bps , SPBRG = 25

- Set PORTC for TxD & RxD
- Set PORTD for LEDs output
— Turn on USART module

- RS-232 ErR[FF USRI s FUSEE 0=
L (2% RS-232
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&@ o4 EEI T3 'E]EEﬁJfQL_
&

o FEUSHRAH & SE S IR > > IV polling [
1k

o [[IBHIDHIFE real-time flag 17t 20 A1 A0
HiF

o REIRIE RS-232 HF L

[ fg[lm PC Tg%bﬁfjﬂ [[77U,\E;[ El COMKX I fl ?F‘,’;R ﬂ\, ru)ﬁ&
( Hyper-Terminal ) fi Jﬁj JF}EW\ =51
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<4 \ = ,» £y
USART #ER- i3
%vl‘db
i
Vs

JRRE Initial USART as 9600,N,8,1

Tnit,_USART
banksel BAUDCTL ; Bank 3
movlw b'00000000" ; disable Auto-Baud Detect, TxD is RC6, BRG = 8-bit
movwi BAUDCTL
banksel TXSTA ; #HH Bank 1
movlw b'00100100" ; #iH# 8-bit data mode , ASYNC
movwi TXSTA ; #H# High Speed mode, Enable TxD
movlw 25 ; #iH# Set baud rate at 9600 with High Speed mode
movwi SPBRG ; #H# System Clock are 4MHz using internal RC
bef PIEL,TXIE ; #iHt Disable TxD interrupt
bsf PIE1,RCIE ; ### Enable RxD interrupt
bsf TRISC,7 ; #HH# set input for RC7, RxD receiving pin
bef TRISC,6 ; #iH# set output for RC6, TxD pin
banksel 0
movlw b'10010000' ; # Enable Serial Port, 8-bit receive
movwf RCSTA ; ## Continuous Receive, Disable Address Detection
bef PIR1,TXIF ; Clear TxD interrupt flag;
bef PIR1,RCIF ; Clear RxD interrupt flag

bt INTCON,PEIE
bsf INTCON,GIE
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XA
>
&
‘.\df'
A
&é‘é
Al
o
4

USART & [if= %

= ~'

[

0 < T R SR 7 2 A e i P

B PR SRR

Ry
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> [
(MSSP) #is

® MSSP FGEE | '] h fyFEi T {5
- IV (SPE)
_ |12CT™™
o v = 2 (Master)f5izt
o [E{(Slave)fsi=t ( e %;ﬁ%@p iy

o |°C )rl}lgmlﬁﬂﬂ TN LY

- = ji=t ((Master Mode)
- 2= BN (Multi-Master Mode)
_ [E4E=N (Slave Mode)
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@2 12C SHBETE
o f&fH .

- BEy (S

- E1E (P

- BE (A)

BENE (R)

- HEEEEE (ND
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@8@ 9 EB 12C EEPROM By (=

+5V

N
L~ & ®
SCL
SDA
g R rﬂ'e@?v ‘
. ] A =)
] [ i ik ] -
[
1 Pic || ¢ [l %F | E I
- = Lq%ﬁ? Hrrel = EE"F;'F%‘ b
- = I— 2 E
] [
] ] — [
| (GE e 2N |
g
ACK = B ACK |
LS = K
i = = E
- ]
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@‘}@ MSSP # i g B BY ()

Qﬁ 3 I8 AH 8 B R B A2
1.  MSSP ARR&&E 72 (SSPSTAT)

| smp | cke | DA P s |rRw | uAa | BF
- e L1 w7 (E)
7 i
SMP A
CKE 12C 8= P EH]
D/A Rx/TxpYE i~ i3RI R R LY
2) R R e
S R R e (% (4
R/W (e - ?%"?/?Fggﬂ‘* RN = T 5835
UA Dlmsmacaldbin
BF SSPBUFEFﬂTa B8 ¥
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SN
@Q@ MSSP jfZLfF[J ey (Z)

2 MSSPi ]
(sspcg\r )

[wcoL|ssPOV|SSPEN| CKP |ssPm3|ssPM2]ssPM1|SSPMO

g [ U7 (FLAGS)
5 P
WCOL R
SSPOV B ISR EH SSPBUF 38 & 5K T3
SSPEN HEY MSSP AELE
CKP 7 Slave Mode : =0, SCK ## Low ; = 1 fif » HSCK
SSPM3
SSPM2 — 7 —(gE By 2t =
I i :IJ;E—'EI l_l"
SSPM1 — | SR AN
SSPMO
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MSSP ﬂ-ﬁ‘

an(=)

SSPM2

SSPM1

SSPMO

G

SPI= &=t

» B4 = FOSC/4

SPIZ #15°

» [i4 = FOSC/16

SPIZ fiz0

B4 = FOSC/64

SPI= f=t

- [ = TMR2JE /2

SPIEES

» {8 = SOKE$ ) » TTHSSH ML

R, |O|l|O|O|O

oO|OO|(kR,r |, |O|O

PO, |O|FL,|O

SPIfEfgt
#H

> B = SCKEFH) » #IFSSHIIEH] > SST B[ 1/0

12C

» 7-bit Address Mode

12C Tzt

» 10-bit Address Mode

12C2 fgis

» [l = FOSC / (4 * (SSPADD+1))

il

kil

12C [l fFHEfIp= Bt (e a2 HD

il

kil

12C T =" » 7-bit Address » i"'%&ﬁt?—_lﬂf‘,"\j%fﬂ@ﬂ—r’»j’%F[@'r

0
0
1
1
1
1
1
1
1
1

R, |lr|lo|lo|lo|lo|kr|F

Rlr|lo|lo|lr|Rr|lo|lo|r~ |+

PO P|IO|FRP|O|FR,|O|FL,|O

12C f§48=% » 10-bit Address » L“??ﬁﬁ:@ﬂﬁf\j'ﬁﬂl@ﬂ‘f\jﬁ]:[l%
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ey
G
>
<4

XA
é’*
‘.\c?'
«P‘:“ch
b

&
p\.\v"

3. MSSP ;ciﬁf

MSSP i 8 ()

¥ay 2 (SSPCON2)

| GCEN |acksTAT| ACKDT | ACKEN | RCEN | PEN RSEN | SEN
O #fes O wges (k)

i “JE=

GCEN FBUFZ[H = | &b HHEE (0x00) & & 18 (1Ef5i=0)
ACKSTAT 0 = FUSE|$ I IRV F (Y (BEEEY)
ACKDT 0=ACK,1=NACK (#Bsfizt)
ACKEN L ACK/NACK [EiF (H:2ACKDTH)
RCEN BRI

PEN -

RSEN BEH'.E?EF’E*J %0

SEN Ll'tgsr;jb -y
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% 12C AT

4. MSSP #[5/58:378 &% (SSPBUF)
o EHRIRRAUEYRI EYMSSPHGE B I E VTR

. 'ﬁﬁfﬁﬁfﬁf SSPSTATF[T;%E,HIFIJ BF (3238

ﬁpr+

° lj: Bﬁj\_/i[%‘ll'ﬂ‘#ﬁ»*lﬁ}: FIEJ 511]':'[]%['_1: F; Fﬁr SSPBUE 7
IE' Jﬁé (&> 2" SSPCON Fi Hf’“[ﬁmﬁin fwv&’&lﬁ?ﬁﬂ"f‘

s

WCOL 45 1
‘4. 12C Slave Address (SSPADD)

o Slave Mode :

F%%\‘—_' PIC #%44-35p~ 1°C Slave Address
SO HHE T P

e« Master Mode :

BIFCFHET 1°C Fakpup st (Glsk)
Fosc
N 3‘: —
A 4x (SPADD +1)

“E: Fosc RIRMAIER, MiAFHESSRE Tey
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o)
<
o L4 I » PIR1Y T B F[ 1Y SSPIF fl g
b‘ﬁ*ﬁ fl%l
RO
- [
- TR [ R R

- RBE AVEA

- E rﬁ’?;@l#ﬁf

MSSP [ 18T

@

HiF & PIEISSPIE> &7 |3 INTCON i
[EAIPEIE &5 [ >} 1% & SSP[iop i




&
&

o 4 Hf

I’\

L4

E‘?HJ )351 0l FJZIL

\'I_[ —_

- 75

> - MSSP

o 7-bit 12C Master mode
e 100KHz bus rate

— _J'E]Zii |2C IE[JI:]H J?:E):f" ’y —

- F7V 12C [l ipaitg
+ LEDs

l N

1°C 2R

=0

Wi R

BV TCTA i fif B
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@Q@ TC74 i =
Read Temperature 12C command from the TC74-A7
S TC74 Wr | Ack | Read Temp. Ack |R| TC74 Rd | Ack | Temp. NAck |P
Addr Command S | Addr Data
1001111 1 0 00000000 0 1001111 0 0 00010011 1
Actual Registered Binary
Temperature | Temperature Hex
S0T.23 +130.00°C +127°C 0111 1111
5%* 5%‘ +127.00°C +127°C 0111 1111
+126.50°C +126°C 0111 1110
LEs +25 25°C +25°C 0001 1001
0 2 B +0.50°C 0°C 0000 0000
NC GND Vg +0.25°C 0°C Q000 Qooo
0.00°C 0°C Q000 Qooo
TC74 Package -0.26°C -1°C 1111 1111
-0.50°C -1°C 1111 1111
-0.75°C -1°C 1111 1111
-1.00°C -1°C 1111 1111
-25.00°C -25°C 1110 9111
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@2@ W P

° itg{fﬁpﬁpﬁgﬂij 3NN SIAE S
C:\RTC\201_ASP\Lab8-12C

- S MISSP ST T BT 7-bit 12C Master Mode

- & SCL & SDA f"fﬁ]aj R 4 [R¢
152 12C FIVIEE oy 4 2] TCT4A-AT I VRS
LE R F il

- RfIENE (8 7 LEDs

—3ajl|| T3
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§§g I AR

L R=TEI S yﬁli K TIHS 1°C EEPROM ( 24LCxx)
HY Random Igeaél ommand

o FI|F| SSPIF b fy & [k b

o L[~ 7 H“FA aYal /f\gk/NAck IO » S
- R IR 2 B

e Bus Collision interrupt bit (BCLIF) fivigE]
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SO USART #fE& 1" B2y

&
w"f
4

Init 12C_Master

BANKSEL TRISC ; Initial PortC,bit 3 & 4 as Input
bsf SCL :RC3=SCL , RC4=SDA
nop
bsf SDA

" BANKSEL 0
movlw b'00101000" ; ### 12C Master Mode, Clock Rate: FOSC/(4*SSPADD+1)
movwf SSPCON ; HiHE

" bamksl  SSPADD
movlw 9 ; #H This gives 100KHz I2C clock @ 4MHz
movwf SSPADD ; i (4MHz/4) / (9+1)= 100KHz

, movlw b'10000000' ; ###H# Disable slew rate control,
movwf SSPSTAT ; #itt and clear status bits

’ movlw b'00000000" ; Set SCL,SDA into Ready status
movwf SSPCON2
return
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ﬁg% (il L
° 7 ;W? e,qﬁ ;
- BE 2t CRyRI 2 ) [l 58 2 o] e

- il

- HEH (] T b
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%%@ g ik

2 A
FIFI6— £ K CCPER|
g T 1
v
fFlJ%WFf?& B i Timerl
HIPORTC

v
FJE‘W??‘P;TQ T PO%:TB
:n',l'\" :“"i o W2n : _f!.‘

o INTO 15 bl

v

[ NOP

- S
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INTO_ISR

CCP_ISR

S E
iy s z

i [“debounce”

HEIF
v

!

AL
WREGH]!

B
“push_flag”
el

push_flag

1

fﬁ'{l?

W

0% T

WREGH] |

v

SWREGE=
CCPRILA

v
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G
§°pf

iy
Fi3

FlTBr A =

T

iL-

v

CCPEEHHr

INTO®: & f[ 18 [ ?

£ [4
YE|CCPIRES"

FEINTO retfie
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@g@ HW?[IH‘E L
_E

°
- C:\RTC\201_ASP\Lab8-MXINT

gy

'“\

Al
>

o JHHH R R
(INTO_ISR #1CCP_ISR)

o KAL)
- [V = (R > E S| T RO AT AR
FVF @5 (ISR)

I%TEI SFR I'] ;pﬂ’F <% & INTO A1 CCP1 |1
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& 2 il e

o AAINS Y INTCON A1 PIR H 7R 55
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i

NT_VECTOR CODE  0x004 ; interrupt vector location

Save Wreg, STATUS, and PCLATH during Interrupt Service

call save_regs;

btfsc INTCON,INTF ; test for INTO interrupt

goto INTO_ISR

btfsc PIR1,CCP1IF ; test for CCP Interrupt request

goto CCP_ISR
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i BRI e SW2 Eﬁﬁ“ﬂ;ﬁ A 2

B INES [+H ArVIRaIpEpL ¢ "debounce”j [
{12+ GIE it 7 rnﬂﬁgﬁﬁf T\aﬁf‘f Efsi’?fﬂ;éi

MR FY CCPL fl 1« Tl [ L € 9 1 3
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%& AT G
[+ P SRR o 2 ARl el = 7

’*AT :
1r. o 2 A PP SW2 FF N Hi i 0 2k GIE F%
Fy 1 Eﬂb FL”debounce”Ei'[FE ="

z.lmﬂgﬁﬁﬁﬂiﬁ%P“?ﬁ
3. 7t INTO FlI8F RS = i B fl g
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ég@ 4 B. HER

=3V [E Y EEPROM

o FH=HT .\201_ASP\Lab10-
EEPROM\Lab10-EEPROM.mcp
o drked pyr] é
- {145 5% EEPROM [kl A5 1)
~ P EE TR * EEPROM
- fF 75-EEPROM HIFTVErf
o 1 HERIH | MPLAB SIM fii B st b
o {7 [ EEPROM 7 RAM [IUfLA 45 !
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&N i C. ]
éQ@ LCD Display Module

o FLH Y HDA4780 [y LCD FRERIAH= A5
APPO01 r@S5HY LCD 5 i =] -

o fii¥] global & extern Fgfﬁ,&] f{f’[  fr W
PEZEPER
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