W g SR [ g S P
ST

R ] A = L1 e
e e e e R A e
W e W ":.-.“WHFH




F 115

o SHE A PIUE ST

- Bl R PICY
= J?Ji[F[(°
-ﬁ%” sy

ﬁ'[%)%pJF EY
P = (1R s Tl

;I\—r‘

R LIRS e

TJ

— o, £ -
J EJZ_rL_

| I%ﬁ[lg‘[ SIINEE A

© 2007 Microchip Technology |

(PRI RO 1o 1T Rt

ncorporated. All Rights

Reserved. 201ASP

Slide 2




S P RN

U ) 1

A i R
s S BB 4

RIS SRR S R

MPLAB® IDE [  BU# [ {0 7]
Microchip ICD2 Bﬁ%ﬁa‘ﬁ

chnology Incorporated. All Rights Reserved

Slide 3




@g@ 201ASP A EE

o FILS TpVREIFI I [ B U PO ~ 454 S A MCHP T 2!
o [|IMEPIC®EIL S| 1%

- S TR
¢ %J@F:T«]‘%

- ] VR TR

L

o Timer0
o Timerl

- Timerl,%l;ﬁ‘g?ﬁ
o TIMerz2

- Timerz,%w??[l
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é@@ 201ASP A HE

- SRR B /e PWM A5 (ECCP)
« PWM %DFTJFE% Fﬂ@?
g‘égkiﬁ}—'@%&ﬁw
- HIE 5 (ADC)
. ADCTEZFH
- SR I HR IR (EUSART)
» EUSART 37 /1
~ 12C I SP1 Sp{FH /1 [
- 12C SR
- EhAd
» %f[1#righ #1 > Internal EEPROM i /1 - LCD ERgsii 1

N~
— RV
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H 'BEP|C®W'%§%EI7§] 2

STATUSV oy

AEH R

P 15 U8k R

A\ MUX / YO 7
TIMERO

T EUSART
?ﬁwﬁ"?@%ﬁ'
; MSSP
\ 4

¥ e
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CF'*
o"i\’: i§
£
e
‘*& %
DESIGN 4&’?
-

,y?

o i%i‘k~53k(\ﬁlortj

- (8K x 14-bit) = 14 KB pyAH="

]

—x |

o EIfE([f/&! £%F 0x0000

55+ (R ERIf =R > PC
;#? .ﬁ?frﬂi‘j55ﬁﬁ~ Eﬁ

_f

4

o f[I&ripEl 4T 0x0004

- B P EET o PCE
il

F R

Res

0000h

0004h

0005h
07FFh

0800h
OFFFh

1000h
17FFh

1800h
1FFFh
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\fog‘
4G \} VS g
& _— D
DF BN AR R
@‘6’“

o 13-bit FZSHgrH (PC)

B

— 11 bit

- TR T ST

I_f‘ 7.u

o RHPCLATH<4:3>Fyf 7 Rir
» I EHEFFIREVTHE (Page)

o 8 g
P v PC T
A
PRI g
o P

- RETURN ~ RETFIE Al RETLW

(PC) FifE

PCLATH
PCH<12:8> 'CL

CALL » RETURN
~ RETFIE A!
RETLW

57 8 "gHE AR

'ﬁ

;E:l‘ lZI =1 IVEL]E&

PC<12:0>
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128
Bytes

I'] PIC16F887 i3] » [ RAM X[ [ [ # | Frid

F%ﬂﬁ

Bank O

000h

O1Fh
020h

07Fh

Data Memory Map

’ﬁz

HE

Bank 1

080h

09Fh
OAOh

OEFh

OFFh

SFR

i‘E}FIJ

A

Bank 2

100h

10Fh
110h

16Fh

17Fh

W

—_—

SFR

A

Bank 3

180h

18Fh
190h

1EFh

1FFh
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HFFT B (SFR)

- H% RAM Foffsa,

Wﬂﬂ%'Wﬁwﬂﬂ

EIEDT';F HE El

DataF

B
T oan [l ISEHTE]

Bank (PCLATH
STATUS >

INTCON=")

\AVAVAVAVAVAV

PORTB

PORTC

PORTD

PORTE

PCLATH

INTCON

PIR1

PIR2

NNVVNVNV N
BankO

06h
07h
08h
09h
OAh
0Bh
0Ch
0Dh

\AVAVAVAVAVAV

TRISB

TRISC

TRISD

TRISE

PCLATH

INTCON

PIE1

PIE2

NNVVNVNV N
Bank1

86h
87h
88h
89h
8Ah
8Bh
8Ch
8Dh
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STATUS

P

3 CED i 3 I X

o EIJ—A»‘[ .
- ALURYET#=2
_ P[PF}[*KJ&
- RAM [i¥ BANK &

EIE

RP1 | RPO

BANKO

BANK1

BANK?2

RO |O0O
RO, |O

BANKS3

F T—J*%E[ B
B 7 % H-FSR )

1 = Bank 24Bank 3

0 = Bank 0A{/Bank 1
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fr14) 4 BT

e 35 ([ Single Wordjf’F‘, ]
o BRI IR o BEHA ERL T 4
o FJQH;}PF\ Ug%ﬁ‘l;:g?' ‘E:

bR A BT )

ADDWF fd |addw a.nd f BCF fb |Bit Clear f

ANDWF fd |AND W with f BSF fb |BitSets

CLRF f Clear f BTFSC fh Bit Test £, Skip if Clear

CLRW - Clear W BTFSS fb |BitTest £, Skip if Set

COMF f,d Complement f

DECF fd |Decrementf

DECFSZ fd |Decrementf, SkipifD , "

INCE fd |Increment f =t J[1EH 35[}1ﬁrﬂ}§g|ﬁ:ﬁ frjﬁ 7l

INCFSZ fd |Incrementf Skipif0

IDRWF f.d |Inclusive OR W with f ADDLW k Add literal and w

MOVE fd | Movef ANDLW k AND literal with w

MO W f Move Wio CALL k Call Subroutine

NOP _ No Operation CLEWDT - Clear Watchdog Timer

RLF f,d |Rotate Left f through Camry GOTO k| Goto address

RRF fd Rotate Right f through Carmy IDF'ELW k Inu:Jusu"_.re O Iiteral with w

SUBWF f,d | Subtract W from f EEF’FL"E" K ’%‘ET "ﬁ;ﬂl to -

SWAPF fd |Swapnibbles in f - m from Intermip

XORWF fd |Exclusive OR W with f Egb‘g‘m k xtum ;ﬂ;h liter;-rlﬂin;

- turn from Subroutine
SLEER - o into Standiy mode
L — .'_E..I SUBLY k Subtract w from literal
B - — gT_v‘{EFEIJ J HH [ XORLW k  |Exclusive OR literal with w
l —ia = E / l e e o
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PIC® : fflE T =
MPLAB® IDE
e MPLAB® IDE : ¥ = il 3 B
o LLJ&F—] 1" Z7E Microchip ! Third-Party — =!
- P TUAREE
- o VAR
- [ EBURES (MPLAB SIM) ~ 8485 (1CD) A1
sl 5 (ICE)
- AR
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PIC® : Bf5E~
b2 MPLAB® IDE

»[nrr

% MPLAE IDE v7.40 =] =]
File Edit W“iew Project Debugger Programmer Tools Configure  Window  Help

JD@H|5.B|QM‘?J@§F@E%|$ JChecksum: Dxe6d4 J‘k‘ﬂ‘&‘ﬂ‘:ﬁ‘#qu_ﬁ
e Lo & mew DRT=TE
= I RTC Lab 1.mcp
El[:l Source Files
~[2] 1ab1 asm
...... .[Z] main.asm
[—][:I Header Files labl. asm |
‘|2 PLEFEET.ING 1 =
----- (£ Objsct Files 2 finclude plEf887.inc
----- [ Library Files 3 GLOBAL lakl isr, lskl main, lakl init
[—][:I Linker Scripks L - - -
- EIE-FEHB?.Ikr =] ;1 These functions come from other files
..... [Z2 Cther Files [ EXTERN lcd homwe, lod display dec, delay ms
7
o ; ==== LAE 1 DATA MEMORY WVARIABLES =====
[ Files |0[: Symbols | Q BANED udata
10 ;  nErne hytes purpose
11 count res 1 ; count the nuwber of button pushes
12
13
14 PROG CODE
15 ; ===== LAE 1 INTERRUPT IERVICE ROUTINE =====
16 labl isr
17 btfss INTCOMN, REIF ; test for port B interrupt
13 goto izr_end ; goto next interrupt source or end of —
19
Z0 moviw PORTE ; need to read the PORTE wvalue bhefore t
Z1 ; flag can he cleared
bof INTCON, EEIF ; clear interrupt flag -
PI

[ [MPLAEICD 2 |PIC16FEE7 [ [t |z dec [ [ |park o | 'R

. — B — e " = " " = " = o T . I _—
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%%; ICD 2 (G HIASHE)

MPLAB® ICD 2 {1— & I'I;‘il":F']'r'ﬂ_“f Fl@f!ﬂﬁ:j-[ﬁ,%é;ﬁ%gﬂl
PR o $ALT N RS

- ZWELERPY PIC #3438 Program#[EEDATA

- flﬂﬁﬁ—rﬁﬂ Béfsﬁ (Real time backgrour}.c'l'w ggpggging)

- IR SRR Pt
- 7268 Configuration Bits

00000
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MAX232.

J6
(RS-232)

SPI EEPROM
25LCxxx

CAN & RS-485

APPQ001

A/D VR

™ m‘ e e

LA Ty an
LRI IR TR B 1 00 ]

a)

Bright PORTD LED

2 X 16 LCD Module

TR TR IR IR TR T

,8849T1DI1d

CRCRC TR BRI NN O N R

J9
(LED)

| ¢
.
€ “
e
4

1
v

nannnnllasannnrnyagd

Button

ICD2

|

ooo0 ©C0C0000C000
00000000C0O0C0O0000000
0000000000000 0C0C00
Q0000000000000 000
o0 N00000000000C000
000w 000000000000
-WOGOOQQOOGOOOOOOO
SS CcCcCOoOCCCO o
-oocooooa:ses goo
WHDOQODOO 0000000
“Ssoccoccoccoptitionccccoo
1-000000000000050 )
'j-GCﬁOOOGOGOGGDGOOGG

:g{j OOGQQOOOOOOO

v/

va 8

b
-

Cooc0O000
20000000000000000

CO000000OOOOO00O00OO0D0
CROQO0CCO0C0O0O00COO0O

.o

o
L +]
o
(]

ccoccoccoccococoo
OGOGCGDC

gooo00O0O0OO0O0000
cooo0bOO00O0O0O000

OODOOODﬁDﬁﬂUGO
o000 0DODD

00000 0Ns
o000 000O0OD0000
(*HalsRaloloRaloloRalalalallsl

Ldiunﬂwﬁnquqawm._
Mﬁ@ﬂﬂﬂﬁiﬂuLﬂﬁlﬁm_.

Connecter

oooooocdodooon
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V#\

& B
& i

o FEHTEIHR] + 75 PIRLY, 12

= =55

T d

 HRPT R (AL R

=t/ (Polling) :
. ,i%,@ ST Y 5 TR AR S 522 5 B

- fl lg’r(lnterrupt)
o ETEHIFHEE Eﬁﬂg’ﬁﬁ “rlrg Iﬁfj’ﬁ’l@’?‘fé?@ﬁ i~
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bsf

btfss

goto

bcf

PORTA,1 ;Set bit 1 of
;PORTA

INTCON, TOIF :Check TimerO
;interrupt flag in
'INTCON and
;Skip the next
‘instruction if it
‘1S set

$-1 ‘Go back to
;previous
‘instruction

PORTA,1 ‘Clear bit 0 of
‘PORTA
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& 18

¥ Reset code 000h

goto  Start
Int_vector code 004h
: TR (ISR)
. v J
retfie ;return from
;interrupt
main_prog code

Start :start label for main code
: = TR

.

end v

AP T

= it H-004h
Epv ISR
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57 BTl g

o RATIE ISR AR R Il

- (RS E e O e PSR T s

Ilﬁrﬂﬁfﬂ T 88 (INTCON)
rljoﬁf[fﬁ‘f;rﬂ*ﬂ Flﬁé"&l (PIE1)

» Rz 2 (PIE2)

3
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@8. INTCON  ( fl 7%

L2 O

"GIE : Hl%ﬁ:?ﬁﬂ [ i
s A BRPICo B el

PEIE : rlj,ﬁ,l:[léé f“*ﬁuﬂ“w
LR F S

TOIE : Timer0 i o | 13- i 7

INTE : RBO/INT 9} i[5 o 7

RBIE : PORTB i difeh| 1= i 72

A
a N\
GIE |PEIE | TOIE|INTE RBIE_
A\ /
Y
C IR

TOIF : Timer0 j& b [ Igih=4g i
iﬁpjfﬁ INTF : RBO/INT 9} _[HIWPFB@W B
RBIF : PORTB ”F-jq—’r’\_r cl g | 1T AS b

-

*H] ﬂ[ e E 'ﬁ’ﬁ‘r ,_,I+7‘U >
AR
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4‘3‘ INT e ()

Int_vect CODE  004h “goto $" ki

el A

:clear INTF to enable
further interrupts

bcf INTCON, INTF HHHHH‘HH
retfie £ ’ :
Main  CODE INTCON
<fE{ PORTBRVAHZ' >
i F7e GIE INTE INTF
- initialize INTCON
clrf INTCON

;enable an external
;interrupt on the INT pin
bsf INTCON, INTE

INTF[ 18
“RBO/INT” i[%ﬂ ¥

;enable global interrupts
bsf INTCON, GIE

goto $  sit here and loop forever€&=—
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@2 AR 1

o “EeT ) Ll H BV IR s 3
I 8 1 (PIEl)
SBFEEPEITE E 2 (PIE2)
o ty Aﬁj\_r, Fl T " IEAE" H Ry [[—{Flaéﬂgz
Hlﬁ—}ﬁiﬂﬂ@#’él (PIR1)
) %J%F[lgﬁj%%ﬂfﬁ%SZ (PIR2)

A

F__r:
—_ l:l..
JT-:':
—_ lzl,

—

gl e Hl'*"fﬂ“*ﬂ ’
Hy {58 & pk ;Ehﬁ F‘%p EEAE Jrﬁm%ﬁ

© 2007 Microchip Technolo gy Incor porated . All Rights Reserved . 201ASP Slide 26




<
o\'ob
\\\1
SKAN
A
Iy
@\d“'

a’@

" PIE1EFT

’%{}
0

PIEl‘?‘DPIlel FaNr

Y

Ay CEl8EH- )
ADIE | RCIE ' TXIE | SSPIE |CCP1IE [TMR2IE[TMRIIE

PlRlEf’*g win CFlI#rizAE)

RCIE

TXIE

SSPIE

CCPlIE

TMR2IE

TMRI1IE l’l Timerl EFUTT;%E' »—»rl‘

ADC 5k 75
EUSART i i [ [evh]
EUSART 313358 Bs s

12C™ 15 SPI [l 1T

Timerl 275 BURI B S0 0 I
Timer2 ﬁ!j?[l PR2 rﬁﬁq@m Fic

SRR = ]
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<
o\'ob
\\\*
SKAN
A
&
@\c?'

a’@

’%{}
0

PIE2AIPIR2 %

 PIE2TE B (IR
OSCFIE‘ C2IE | ClIE i

EEIE ‘ BCLIE

ULPWUIE% CCP2IE

PIRE 3y (Fl&rHEAR)

] cor [ cur [ eer oo oomwor]Jecrar]

OSCFIE
C2IE
ClIE
EEIE

BCLIE

ULPWUIE
I &

PN 2
PRy 1
EEDATA i 7 {8215 5%

i MSSP 12C™ #5150 3 & 0 SRGBUE
R

5% & " timerl YR ENFIRNEY T il

L3R A ™

CCP2IE
el = ]

s 3 .zf’
*Hlﬁxl E
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AN

)

Int vect CODE

banksel
bcf

<ISR A=\ >

retfie

Main CODE
Start
banksel
bcf
banksel
bsf

bsf
bsf

<l:%‘if€|l Timer 1pvAEH=> —

goto

004h

PIR1

PIR1, TMRLIF

PIR1 S
PIR1, TMRLIF G
PIE1 <

PIE, TMR1E e

INTCON, PEIE G
INTCON, GIE - qGm—

1] gOtO $n rf\j‘:tl_‘

e ZEa e

%J@

INTCON

GIE PEIE

PIE1

PIR1 TMRI1IE
TMR1IF

$ ;sithere and loop forever§§d T|mer1§§ 4 3,—\1
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Hl!&{*‘ﬂ

PEIE
e * I;t_, IE[J -
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s
= LN
M7

Fl 1S ey e

' T;%E?"- i

S S| F Eflpiﬂ';ﬁn*ﬂ*OOMh En’j’-”%

Hﬁ &

[ rl

TOF] i GG ST 18 22 Fosc [flH)

PR 45 3Toy

- ﬁﬁ“ﬁ Ol RG89 %0)

e B ] B 3 2] 3.75Tey
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JFTF | Fa~ (Context Saving)

o T lIETR

- [EREFPC @ (FE 7 T )

- ISR FIIF%E'?EWFIE“T W ey (U o PRl
o %ﬁ}lﬂ@i&ﬁ@?ﬁ%ﬁﬁ%ﬁ Eh

-z [EEI—Z“TTZ«%'S (W Reg.)

- Status ?’Tﬁ%’g{

- PCLATH ¥

- [ R SR

I
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ot Gl

== MR

o [[I[f PIC® f%('jfig”pm?gjpjﬂlg
DRSS
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| LS R ]
s“"’&&

R

“INT_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 9
call Timer2 ISR
btfsc PIR2, TMR1IF : Timer 1 interrupt 9
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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& 8l

o erﬁﬁﬁ?ﬁlpfjﬁ FEEL

o%ﬁ:’gf’@ﬂ (il F%%ﬁ'ﬁ' He LB PIC® =3[t g T
ﬁfﬁ | 1%

¢ P15 E MPLAB IDE ~ APPO0LEf &5 1 ICD2
- AR

- [f1H]1CD 2 P%{L_Hﬁgﬂgﬁ
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ry
[
&
\\\i

‘ PIC16F887 &= ey “BirFiLQ%ﬂ
Q"’  FHFE R [HE S T IFR Internal RC @ 4MHz

FOSC<2:0>
{Configuration Word Register 1)

External Oscillator SCS<0>
(OSCCON Register)

________

0OSC2 T |
| |
: I Sleep \w\
| |
001 0 N & LP, XT, HS, RC, RCIO, EC
IRCF<2:0> % -
(OSCCON Register) = System Clock
(CPU and Peripherals)
il AL Py INTOSC
nternal Oscillator 4 MHz =
T ™|l10 /
2 MHz
_ 101
@ 1 MHz
HFINTOSC 5 ™0 5
— & | 500 kHz =
8 MHz @ =011
0
250 kHz _ 010
125 kHz
= 001
| FINTOSC 31 kHz
31 kHz b

Power-up Timer (PWRT)
= Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
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@2@ A ?L ) Configuration 7]

e CONFIG _CONFIG1, _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& BORA40V;

__CONFIG F%{L_ Configuration Words fy Macro ?’F'[—?J

_CONFIG1 : fi#fF0x2007 p~ Configuration Word
_CONFIG2 : fi#fH0x2008 p~ Configuration Word

H grpv=ReEff= ¥ pl6f887.inc #lpyEEE" Data Sheet
EL STHE o
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A LB s
= A0

& &
e L BEE
“debounce” *

AR F% SW2 (RBO) iy
¥1f; PORTB

— ;@?
il CED) B

. I

?EQE’_—"?J!: IF uiE!%ln

.
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——

e SW2 iE

IEES

W LA G

H=UAb S C:\ARTC\201 ASP\Lab1-INT
7t ”RBO/INT” PORTBH Ji

o [{I"'|MPLAB IDE [Sel¥AH=4 ™ 50 Y A

- A

B FP] ICD 2R R
PIC16F887 5 - Aim%;':@gr}ﬁ’* SW?2

= HhE[ <
I/>L<Ill I?_h , -

LEDs [i%}

ﬂJLL[ II’E] [,

—h-l-r
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@39 fifel T

o INTCONI i it 7 o

o — ff# €47 “debounce”[IF[FE=Y » FFPH e E
%IPSWZ%W?[]‘EW ) %~|1 % & %[ |1 (?FU,XF[ Jﬂ\wgﬁ
H[/‘LIﬁJ/I:ﬁFI\EI FI\F[>

o ffP 7 MPLABY| =L/ i1 17| “Watch Window”
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oc'*
<
o5
<o \
K N
DESIGN &&#
-
<
G\oy
@_‘6

bcf INTCON,INTF

bsf INTCON,INTE
bsf INTCON,GIE

Loop
nop
goto Loop

Int_Service_ Routine
call Debounce
incf PORTD,F

bcf INTCON,INTF

retfie

W

, ### Enable INTO Interrupt
, ### Enable Global Interrupt

; Delay until switch stops bouncing

- Increments number of time button
; has been pushed

, ### clears the INTO Interrupt Flag

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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@® B 5102

o — JEfiELl 7 1O H K]
o FEE (0-1 - 2)
o HTOPUEIAEIEI VYR HPWM (ECCP) 2

o M FFET

o JFfHip

e EUSART

o 12CHISPI
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L[r i

—l-n-rl

o %35 [
+

o ¥ - FJFWFI/T\
o ZH1IO:'E
® ?S[EE}JE; v[llz/

I | L

e
110

rlj JF[Jr"f
ESD &

/0 M

- Bl R R )

T R(E

- ik

1/0 s

a7+ TR (E,B

IE"J

I_[P"'“

)
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@g@ PORTX %D TRISx &7 F [

e 5jfi# PORT (A~B~C-DH E) #is & HE
’_'@FILJ R [F[J P 2y TRISX

PORTBH 17 %s

RB7 | RB6 | RBS | RB4 | RB3 | RB2 | RB1 | RBO

PORTB= ﬁ:ﬂﬁ Py A8 TRISB

|TRISB?‘TRISBG‘TRISBﬂTRISBﬂTRISB3‘TRISBZ‘TRISBI‘TRISBOI

1 = APy PORTB £ 1 Ky *
0 = #VjiEpy PORTB %ﬁﬁfgﬂt"ﬁﬁj‘tl'




@ ANSEL # ANSELH F LUNESES

a’@

NIRRT S I/Of% L WF R o
AR PO « A

KEEEE 7 S (ANSEL )
ANS7 | ANS6 | ANS5 | ANS4 | ANS3 | ANS2 | ANS1 | ANSO

R 7 E R APV T et (ANSELH)
A / ANS13 | ANS12 [ ANS11| ANS10| ANS9 | ANS8

1:1%:%@ It" =S
0 = gyt I/B R
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@‘ ?’Jﬁf}?@?ﬁ" 110 ]

o mfy]:

- ?’Jﬁf@i{g PORTB > F%fﬁ'l'RB<7:4> KLy ¢ > RB<3:0> ALl

et configure PORTB for digital --------------=---m oo -

banksel PORTB ;G0 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

j=mmmmm———-= Set up direction of each PORTB pin---------========mnmmmmmemme-

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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@2@ PORTB b ¥EdsAghpur| ¥

o riP|c316F887HIF)%?JPORTB}%%;;;{B; E| fsb VSR 1
FLIGSHEF| § SiiE Fes R
AL T PORTB Eﬂ?ﬁgﬁ (WPUB)

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

1= B
0= Eﬁfﬁfjﬁj[ & RB3

Hl'ﬁrﬂfﬂj B3 (INTCON)
GIE |PEIE|TOIE|INTE|RBIE|TOIF|INTF|RBIF

*SIRALE E PORTB —~ 71{1&_]? HHT 47 RBIF
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é% PORTB  Yilsgiof] 1

o riPIC16F887HIF’?EJPORTB}%FL:%{BQ E| i YEEISRER | 1
FLIZE | § = Fehs pE

fift a5 (#iPORTB 754 (10CB)

IOCB7| 10CB6 IOCBS- ICOB3| 10CB2| I0OCB1| 10CBO0

1= Z:E,TFJ Saaiiz cl?@“l%‘l‘
0=2%1F %‘T"* ol SR 18T

RB4

Hl'ﬁrﬂfﬂj B3 (INTCON)
GIE [PEIE[TOIE[INTE[RBIE[TOIF[INTFIRENE

* M FAFH PORTB — 7 > SR TP it (4186 RBIF
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PIC16F887 ¥ i -1k
TIMERO | TIMER1 | TIMER2

(TMR1H:TMR1L)
(TR
(D) F=fds (T10SC)

i B R YRR 8% IR 3 30 RRAE (41 I B

(FEAT ) (1:2->1:256 ) +2 ~ +4H5+8) (1:1~ 1:4751:8)
(1:1->1:16)

8 & F I8 il e TMR2Z2PR2T" fie!
PR FFh->00h FFFFh—>0000h (TMR2F#%PIR2)
(TOIF%INTCON) | (TMRI1F#%PIR1)
A PICHLES fE7
L] 1t sz

© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 53




PR

.

.

.
L

-
-
-

-

.
.

.

-
.

.
.

i
4
-

.

-
-

-

-
-

i3

-
-

-

&

-
-
-

-

=

-

-

-

-

= I NRT AT

OPTIONET 7 88

. . B G e

- 1=T0

© 2007 Microchip Technology Incorporated. All Rights Reserved.

|
|
-

=
-
-
]

.
-
-

-

*
.
-

-
-

-
y

P

-

c
il

o,

o

.
=

.

- .
- — Ny I N
o e B -5

- s -5

=
-

-
-
-
.
-

-
.

-

2
-
-
-

-

-

.

-

i

-
-
-

-
-
e
-
-
-
-

-

2
-

2
-
-
-

-
-
-
-

-
-

-

-
-

-

-

.
-

-

-
.

=

-
-

pEE P

-
.
.
.

-

-
.
-

-

-

-
-

.

-

i
-

.
.
.

TMRO

-
.
-
.
-
.

-
-

i
-
-
-

.

-

-
-
-

-
-
-

-

.
_

-
-
A

.

-

-

-
-

=

-

i

rap|

O

K1 > 0 = Fosc/4

TMROPR 4% e RIS J2¢ 1 o

201ASP

Slide 54




pEE P

-
-

-
-

.
*

-

-

-

-
-

s AN T r ]
-

OPTIONET < &8

1= S[R3 7 el WDT
0= JE[= 58 77 ET:',%F[Timer 0

—_—

£y

|

RS
)

4/

15

YE

N

=t

1
7k
+
A

o
I
75
Al
R
%’E
<
Py,
o

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

Slide 55




@ Timer 0 ”BiFan%ﬂ‘

e

INTCON# 5 5

>3 TOCK1 E'JI”Eﬁﬁ’i’fﬁ@ | ARSI AR R 0 IR F SR
SR
> ﬂ@@zﬂéﬁﬁr%ﬁ%ﬁ@ Timer 0
» R RS IRTR e (B2 T ey )
»INTCON<TOIF> i Timer 0 El%}%rﬁﬁ T‘ffr%t‘} “1”
»FFh = 00h
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y
&
<
&

@é Timer0 ¥J45 (= ([ RT3

a’@

: : TMRO
;Make sure the TMRO register is clear
clrf TMRO

INTCON
; Clear TOIF
bcf INTCON,TOIF

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

banksel OPTION_REG
movIw b’00000011"
movwf OPTION_REG

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

btfss INTCON, TOIF
goto $-1

<continue>
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Timerl

ek

T1GINV

TMR1GE
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1 1 1:8
1 0 1:4
0 1 1:2
0 0 1:1

Timerl “BirFlLﬁ%ﬁ'

I
Timer 1 B{&E){7 7
1= RB@Timerl
9t ﬁﬂf (R L SR |

smpohmEm MIERREERER
: lgﬂfﬂ gﬂ%i‘z%%‘ﬁ . ?ﬁ“ (TICKIRS A1)
=T J.[BFOSCM
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Timerl “BiFlLﬁ%ﬂ'
TMRIGE

Timerli ¥ 74
REL ™ [ 5

Ty

2H J;ciﬁf[j
£ iy a8 1)
LlErs 3y (TICON)
1CKPS1[T1CKPSO

TMRI1H TMRIL
HH [TTTTITTIT]

TMR1CS|TMR10ON

Timer1 4 g5k L 15 | T TMRlONt 50 -

1 =& Timer1ff# i \’i”f‘tfﬂ il E'[J”’E TMR1GE
= 1 ¥ lJJ wF5 0 A Timerl 1— 71[ ; ﬁ*"HjF
EF“*JTl erl = e FRIF Jfr“‘ﬁ
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Main Code

Start

;Start by clearing the Timerl interrupt flag PIR1
banksel PIR1
bcf PIR1, TMR1IF

;Enable Timerl interrupt
banksel PIE1 PlE]
bsf PIELl, TMRI1IE

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

Timerl [ 1%

TMR1IF

GIE PEIE

TMRI1IE
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TMR1H

‘ﬁe sure the TMR1 registers are clear

banksel TMR1H
clrf TMR1H
clrf TMR1L TMRI1L

:Make sure the TMRL1IF flag in PIR1

IS cleared
banksel PIR1 INTCON

bcf PIR1,TMRIF

PIR1

;Setup TLCON register for internal clock with
;1:8 prescaler, Timerl is stopped and T1 osc

Timerl ¥4 (1" Jﬁﬂﬁﬁ PR

is disabled TMRI1IF
moviw b’00110000" PIE1
movwf T1CON
;Start Timer1 incrementing T1CON TMRI1IE
bsf T1CON, TMR1ON
:The TMRL1 interrupt is disabled, do polling
.on the TMRLIF overflow bit . t TMRICStyR10N
btfss PIR1, TMR1IF T1CKPS<1: 0>TlSYNC
goto $-1 dgg g
_ 4t JFFBE L%F[ ?‘/4
R R 8 il L [T (Fosc/4)
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@2@ Timer 1 ?ﬁﬁ?ﬁ'

o T H EVERLEGE Timerl fy= [=RCE

"] ko
o JZIH FIJ;%H AR




% TMRLIF
\ 4
E1FE) * Timerl

¥

~edl LED O

=il LED 3
v

gV[fl' ‘F‘J i

&«

o

ii¥ez

= T
—_— -

¥4 (*PORTB

¥

¥I05 (= Timerl

IR

Tlmerlfll

¥

'-r‘

«HEPHE

N 'J‘ii Timerl ~

b ROV Fl 1
FMRUE)

I: NOP = Sl
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@g@ - Aiay
o i MR A
C:\RTC\201_ASP\Lab2-TMR1

o it lab2.asm [[15 RS )™ (=355
- }"fj Timer 1 Ee*] SRS FJF%"LI’ £y Fosc/4 (Fey)
- i Timer 1 5[ E‘}F%R 2
- Timer 1 &% * Ox3CBO (65,356 -50,000)
_ ‘?%Ew Timer 1
- z{ﬂ*ﬁﬁ Timer 1 HI%*'F(GIE » PFIE & TMRI1IE)
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& R

e INTCON ~ T1ICON ~ TMR1H ~ TMR1L #[I PIE1
F[T;é‘ F[ Jﬁél’ﬁi

o Lt Ox3CBO A= Ft‘:) 2 Timerl }[ﬁ]’ ]
EOO 000 ffitf; 4 TRl O -

o R R fEl LED [iuf| 1| B A
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WES R

kkkkkkkkkkkkkkkkkkhkkhkhkhkhkhkhkhhhhhhhhhhhhhhhkhkhkhkhkhkhkhkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

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

- and turn on Timerl

KEEKKKXKXKAKXKAKIKAKAKAKAKAKAKAKAAAAARRRRRRRRRRRRRRRRRRRhhhhkhkhkhkhkhkhkhkhkkkkkkkhkkhkhkkhkhhhhhhhhhkhkhhkkix

moviw (.65536-.50000) / .256 ; initialize TMR1L and TMR1H
movwf TMR1H
movlw (.65536-.50000) % .256
movwf TMR1L
bsf T1CON,T1CKPSO ; set pre-scaler to 2
bcf T1CON, TMRI1CS - set Clock source to Fosc/4
bsf T1CON,TMR1ON turn Timerl on
: kkkkkkkkkkkkhkkhkhkhkhkhkhkhkkkkkhkkhkhkhkhkhhkhkhkhkhkhkkkhkkhkkhkhkhkhkhhhhkhkhkhkhkhkhkkhkhkhkhkhkhkhhhhkhkhkhkhkkhkkhkhkhkhkhkhkhhhhkhkhkhkkkkkk
; Enable Timerl interrupts, Peripheral Interrupts and Global Interrupts
skkkkkkkkkkkkkkkkkkkkkkkkhkkkkkhkkkkkkkkkhkkhkkkhkhkhkhkkkkkkkkkhkkhkhkkkhkhkhkhkkkkkkkhkkhkkhkhkkkkhkkkkkkkkkkk
bsf STATUS,RPO ; go to bank1l
bsf PIE1, TMR1IE
bsf INTCON,GIE
bsf INTCON,PEIE
bcf STATUS,RPO  return to bankO
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FHJ’ Timer 1 &% 7 [ 1% IHEEEEJ‘]F qug,;@j (9
Ijtﬂ 1 J\F,ﬁffjﬁ fol LT P EV A TMRILAITMRIHR fifi &
H ’ﬁﬁ%ﬁﬁg ?

-F .E/zg LA — ]E;[ﬁ/%f feds ,ﬁg Fg\g{%&—x

merl p | 1 TR

ngLT

J%F
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Timer2 =48 72 (T2CON

Timer2 “BiFJ:ﬁ%ﬁ‘

0 0 11 TimerZ’E%E[br'\j'v‘v
0 1 1:4 1= ?%“E;*JTimerZ
1 X 1:16
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o\ Timer2 “BirFan%ﬁ‘

0 0 0 0 1:1
0 0 0 1 1:2
0 0 1 0 1:3
0 0 1 1 1:4
0 1 0 0 1:5
0 1 0 1 1:6
0 1 1 0 1:7
0 1 1 1 1:8
1 0 0 0 1:9
1 0 0 1 1:10
1 0 1 0 1:11
1 0 1 1 1:12
1 1 0 0 1:13
1 1 0 1 1:14
1 1 1 0 1:15
1 1 1 1 1:16

Timer2 =48 72 (T2CON

0 0 11 TimerZ’?%E[*ﬂ\j'ﬁ
0 1 1:4 1= ?%“E;*JTimerZ
1 X 1:16

© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 70




JuiuuL

s

Fosc/4

:Liale

Timer2 “BirFan%ﬁ‘

TMR2

s

1

(I g

TMR2

el

T
= 1:16
PIR1
0f0
: TMR2IF
Timer2 #8748 (T2CON)
TOUTPS2|ITOUTPS1)TOUTPSO} TMR20ON | T2CKPS1T2CKPSO0
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Wregister that holds the TMR2IE bit.
;Make sure the TMR2IF flag in PIR1 is cleared

banksel PIE1
bcf PIE1, TMR2IE
banksel PIR1
bcf PIR1, TMR2IF

;Setup T2CON register for:
. Postscaler = 1:15

: Prescaler = 1:16

:Timer2 is off

moviw b’01110010’
movwf T2CON

:Make sure the TMR2 register is clear
banksel TMR2

clrf TMR2

;Load the PR2 register with a predetermined
;value

banksel PR2

moviw b’10000000’
movwf PR2

;Start Timer2 incrementing

banksel T2CON

bsf T2CON, TMR20ON

;The TMR2 interrupt is disabled, do polling
;on the TMR2IF flag

btfss PIR1, TMR2IF

goto $-1

Timer2 ?’Jt[f‘, [

TMR2
PIE1
TMR2IE
PIR1
TMR2IF
T2CON
\ ~ 7 \ ]

TOUTPS<3:0> T2CKPS<1:0>

iz b= TMR20ON
RS Timer) Eil
FLE| REELL:16
pr2 11 I
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0 0 0 0 1:1
0 0 0 1 1:2
0 0 1 0 1:3
0 0 1 1 1:4
0 1 0 0 1:5
0 1 0 1 1:6
1:7

1:8

1 1:9

X 1:16 1:10

1 0 1 0 1:11
1 0 1 1 1:12
1 1 0 0 1:13
1 1 0 1 1:14
1 1 1 0 1:15
1 1 1 1 1:16

imer?2 ?’JﬁF", [

\(}%&ii\ n T

TMR2
TMR2 = PR2
PIE1
TMR2IE
PIR1
TMR2IF
T2CON

h v N
TOUTPS<3:0> T2CKPS<1:0>

iz b= TMR20ON
RS Timer) Eil
FLE| REELL:16
pr2 11 I
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@499 Timer 2 5]

o 3 POUE HRRLIGES |
- Timer2 E?]ﬁ’fﬂé\]’ﬁ
- TR i
R
= ’:E%f;fw Timer2
- & Timer2 i % [ l%ﬁ%f%lﬁ%{gﬁ@{l l%‘é*'rifzﬁ'ﬁjﬂ@ﬁ
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= A

Fl & & = R

P ¥4 (~ PORTB

l I

HFH R FJH Timerz
Timer2=I5S gV gy PR2 ~ S[= 48 ~

EALEN
1 AL % S

SR T BT — } —
it = LED e

¥ ¥
WIHETR R [ NOP

( retfie )
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RIS H

C:\RTC\201 ASP\Labh3-TMR2

o LAY f{w
,‘“Tlmerz Ff=F F|E§r,4

~J% Timer 2 .xﬁﬁ'—%‘@'t" 10

F¥E *JTlmerZ

%ﬂ GIE ~ PEIE #I Timer 2 | igr3=p< i 7




& T

o ¢,§swc‘g»?ﬁﬁgrgifﬁﬁﬁﬁ: ;,T;%E' (SFR) £§
INTCON ~ PIE1 ~ PR2 #11 T2CON

o K PR2 GG 250 ~ SIRRLGERING 4 - 20
B%EF%“F%' £5 10 - ffi®] 4Mhz E@ﬁﬁgﬁﬁ ( Fosc/4
=1Mhz ) > Timer 2 510 msf| 15— &

© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 78




‘ Timer 2 %ﬁﬁ?ﬁlpfjﬁjﬁiﬁ

A
.?’}'k
@“'C'&.
7

LR R P R S P R S S P R S P P R S S P R R R P R S P P R R R P R S R P R S R P R R P R R S R P R S P P R S P P R R R P S S P P R S P P R R P P e e
’

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

LR R R R T P R S T R R R R R R S P R S R P R R R R R R R R R R R R R R B R R R R R R R P S R R R S S R P P R e S S
’

banksel 0 ; set bank to 0
movlw 0x68 ; set 13 as postscaler
movwf T2CON

bsf T2CON, T2CKPSO0 ; set prescaler to 4
bsf T2CON,TMR20ON ; turn on Timer2

LR R R R T P R e S P R e P R R e R P R R P P R S R P R R P R R R R R R R R R R R R R R R P R R R P R R R P P R R P R R P P R R R P e e R P e
’

; Enable Timer2 interrupts, Peripheral Interrupts and Global Interrupts

rhkkkkkkkkhkkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkhkkkhkkhkkkhkkhkkkhkkhkkkhkkhkkkhkkikkkkikkkkikkkkikkikk
’

bsf STATUS,RPO ; go to bankl
bsf PIE1, TMR2IE

bsf INTCON,GIE

bsf INTCON,PEIE

bcf STATUS,RPO * return to bankO
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FJ : Timer2 17\?“ Timerl — ﬁfip[l%%ﬁfiéifﬂﬁﬁﬁ il
ek S22 3

A ] SET T 9

1 ot pl YIS > Ly s R T 3
= HY Timer2 ?

FA{*; T\E

|

| PR VERL U e R o R 2
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@2@ ECCP f&rt

o TR g
“I‘mi [#Fﬁ@:’ﬁ% 7]
o MY
- ARG LR AR TRE T
o I ’ﬁ?’glii%%*%g ( PWM)
SIS s g ?“‘ﬁ BRI R ILEL
- S A R L IR

* 45 €1 0] Timer 1 F5 Timer 2
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ECCP fizi

Lh R Timer 1

PWM Timer 2

* wF[

EJ ='| Timer 1 Fl& Timer 2
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%ﬁ‘? Il JCCPljtZLﬁ‘[J

ECCP ELF[T -EI—QUTT“-

iy Yy (CCP1CON)

P1M1 PIMO0 | DC1B1 | DC1B0 |CCP1M3|CCP1M2|CCP1M1|CCP1MO
& I
=g A (1)
CCP1M<3:0> et A ECCP Rzt 7 Lo
ﬁq%ipa}ﬁl E&’/Fl‘fgﬁ = El@}@%ﬁzﬁﬁﬁ:ﬁﬁ’ﬂ' "\%)ﬁ%jﬁu
fyt ',r%}‘%\L_’;’j‘,ﬁ (i1)
P1M<1:0> VR EHE AR/ E A=t = 5 fi P[00
SREIPWM = fLH £ ARz FD = S o I
& Y 2 = A
DC1B<1:0> PWM ﬁ’fy@ﬁi@ﬁu 2 [WLSB ( 8 {#MSB " CCPRI1LF|!)

> P TR BN s

RN LN)

L T EE

i HFFEIPWM LR

[Fil 9t » CCP2CONZECCP1CONK(T]
+Jr ) F‘ﬁﬁlf\}[ﬁ]’“’—?/@”ﬁ?q'j%%ﬂﬁf
(ﬁ?ﬂ'%—b‘?w )
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ECCP 277 4

CCPxM3 | CCPxM2 CCPxM1 CCPxMO0 EHEEECPHEI
0 0 0 0 Y B 98 /E=E/PWM BEFf] (EiIECCPGE )
0 0 0 1 #5 (WE)
0 0 1 0 PRt T [ i
0 0 1 1 #21 CRFED
0 1 0 0 T B IR B [ BR TRV BN -
0 1 0 1 TR BRI > B W A AR TRV B - v
0 1 1 0 TR BN > A A IR BRI - ¥
0 1 1 1 PR BB - B 16 HF TV ENEER - >
1 0 0 0 PR o TR R L
1 0 0 1 P o R R
1 0 1 0 by 3B C ) L
1 0 1 1 PR - BRRR R 1
1 1 0 0 PWM#Z® ; PLARIPLCH et €% ; PBAIPLD e £ 95
1 1 0 1 PWM#SZ" ; PLAFIPLCH it |95 ; PLBAIP1D (St € ¥
1 1 1 0 PWM#SZ" ; PLAFIPLC(SF £ |95 ; PLBAIP1D) Frd € 9
1 1 1 1 PWMELZ® 5 PIAFIPICISF %35 ; PIBHIP1D(SFEH £ 35
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S el

P B A
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TMR1H [ TMRI1L

4 L
—Fﬁ’ﬁﬁ 27 _(Fosc) I ﬁ
e

~

P1IM1 | P1IMO | DC1B1

DC1BO |CCP1M3|ICCP1IM2ZICCP1IMLCCPIMO

CCPxCON

T PIRx+H K] CCPxIF
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il

DESIGN
=
Gl

SR

=
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o
£

Ezl ‘j?%fﬁﬁ TFWRW#%)CCPXW:

CCPx
l TMR1H ‘ TMRI1L

CCPxM3 | CCPxM2 CCPxM1 CCPxMO0 izt
0 ! 0 0 £ (AR IR B -
0 1 0 1 5 i SR B -
0 ! ! 0 AT A IRV BRI -
0 ! 1 1 5 16_F SR -
P S,

P1IM1 | P1IMO | DCi1B1 | DC1BO |CCP1M3|CCP1M2|CCP1M1|CCP1MO|

CCPxCON
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: {ﬁcf CCP module

banksel CCP1CON

clrf CCP1CON

;Make sure Timerl is off

bcf T1CON, TMR1ON
;Clear Timerl result registers

clrf TMR1H

clrf TMR1L

;:Disable all interrupts for CCP

bcf PIR1, CCP1IF
banksel PIE1

bcf PIEL, CCP1IE
;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, TMR1ON
; Test the CCP1IF flag for capture

btfss PIR1, CCP1IF
goto $-1

TMR1H

‘ TR BRI VI

TMRI1L

CCPR1H

CCPRI1L

PIR1

CCP1CON

CCP1IF

T1CON

TMR1ON
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: G?f CCP module

banksel CCP1CON

clrf CCP1CON

;Make sure Timerl is off

bcf T1CON, TMR1ON
;Clear Timerl result registers

clrf TMR1H

clrf TMR1L

;:Disable all interrupts for CCP

bcf PIR1, CCP1IF
banksel PIE1

bcf PIEL, CCP1IE
;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, TMR1ON
; Test the CCP1IF flag for capture

btfss PIR1, CCP1IF
goto $-1

P Bl ?E[j%g eI = E[f % Ji[F'[ (-

HrF T Timer1{

rimn4i

CCP1IF
CCP1CON

T1CON

TMR1ON
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B ER
TMR1H: TMRI1L =
CCPRxH:CCPRxL

?7?

CCPRxH CCPRXL

PEIRAR 2

—

CCPx

Rk SR 5 9%

' N
P1IM1 | P1MO | DC1B1 | DC1BO |CCP1M3 CCP1M2ICCP1IM1|CCP1MO
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PN L et

TMR1H TMR1L AN I S

L e , f

. _ X
TMR1H: TMRIL = | X /\
CCPRXI;:gCPRxL 7% %tﬂﬁﬁﬁ CCPx
1 0 0 0 ULHCHEE 18 (CCPXIFE 1)
1 0 0 1 VLHR S i (CCPxIFE D
i 0 : 0 UG g iy 2 AR BRI (CCPxIFE 1, CCP1 3l
ANZ )
fl SRR PR S
1 0 1 1 (CCPxIFE'1l, CCPIEETMRIEKTMR2 , fHR
BUENADCIE M BUENA/D i)
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LI A aR 4L

=
{he CCP module TMR1H
CCP1CON
CCP1CON
:Turn off Timerl
bcf T1CON, TMR1ON TMRLL
;Clear Timer1 result registers
clrf TMR1H
clrf TMR1L
;Disable CCP1 interrupt and make sure CCPR1H
;its flag is clear
banksel PIE1
bcf PIE1, CCP1IE
banksel PIR1 CCPRI1L
bcf PIR1, CCP1IF
;Make CCP1 pin output
banksel TRISC
bcf TRISC, 2
;Initialize Compare to set output on match T1CON
banksel CCP1CON -
movIw b’00001000’
movwf CCP1CON 1E|Ej5
:Load half of Timerl full scale value into TMRlE?J f[[

CCP1CON

;CCPR1H:CCPR1L

banksel CCPR1H

moviw b’10000000’

movwf CCPR1H

clrf CCPR1L

;Start Timerl incrementing PIR1

bsf T1CON, TMR1ON -
:Test CCP1IF for Timerl match with CCPRX

btfss PIR1, CCP1IF

i $-1 CCP1IF
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o flil P\‘?’Tif N
- T2CON

- CCPRXL
- CCPxCON

PWMEI

M E Xy

I%}*—Lﬁ@ (ETEIE

@ (PWM )

ML) P
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PWM 34l

IR &P [ (Duty Cycle)

SE 10

- CCPRxH

LATCH

10

T

VIR JETET

(1)

8

8

PR2 (Period)

CCPx
I

=1 TMR2E2 265 FOSCEY Sl B3y
2 &% 22 #5100k 71 iy Duty
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=
EPx pin by setting TRISC bit HIGH
> TRISC
bsf TRISC, 2

:Clear Timer2
banksel TMR2
clrf TMR2

;Set up Period and Duty Cycle usmg an 8MHz oscillator
moviw b’01111111° ;

PWM (it &

TMR2

~

PR2

CCPRI1L

movwf PR2 ;Load a 64uS Period Value
moviw b’00011111" ;
movwf CCPRI1L ;Load Duty Cycle Value CCP1CON

; (25%) of PWM period

\ A J
Y v~
;Configure ECCP module for single PWM A PW M#Ei =t
. : Rl z

; with P1A active HIGH and q@fj_rs?B CCPlMT%3'O>
:LSB’s of Duty Cycle are '10’ DC1B<1:0> |
movlw b’'00101100’ ; T2CON )
movwf CCP1CON ;ECCP module is configured

:LSB’s loaded ~—— - W_/
;Turn CCPx pin back on — Cop — s wosp —
banksel TRISC i TR B FJ'JB'A}[:—'T—F T
bef TRISC, 2 ;Make CCP1 output TOUTPS<3:0> T2CKPS<1:0>
;Timer2 starts when TMR20N is set beginning PWM TMR20ON
moviw b’00000100’ ;incrementing
movwf T2CON :Prescaler and Postscaler

;are both 1:1

© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 95




R ] A = L1 e ;
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@2@ PWM i #4)

o AR RELIE ECCP fEL iU LA PWM AL
i=

K H~J
e

° ‘J'EiiEJF%J T|mer2% pJE

7 “IRE.
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og*
&
o
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*\(?'
&&&
<
z“&y

APPOOL 15 FAii&fEL 28 55

PWM 7 1] A

i l[ﬁ@?‘ [

o PWM 47 £ CCPL £ (RC2) FE;H& i

o AR E’,' % » TGIIEL 256/(Fosc/4) ~ TREIE 1L

50% [i~ [F:[” O] bt

:ﬁ

F!

\{._

F=lEEL S (3.8KHZ)
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PWM 7 1P A

= A
#i 1 PR2 il

{

¥ RC2 B L

74t CCPRIL fU¥REIS £, 50%

?9(;‘17‘1 Timer2 » FRH |1 1pVFfR

[ NOP
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$®© A ETD A

o F T b4
C:\RTC\201_ASP\Lab4-PWM

o SuRy I Ao

- JFf PORTC iURC2 (CCP1) FHijit!!
- E%';}EEI CCP~ [Ef PWM fEi=t
- &% DCB1#1DCBO (8-bit PWM )

- K] Timer2 pugpie E el £ 11
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N

® A

o JEHEHPIPR2 (Timer2) i e
LA o [ S E g *“I’EI

o 7:PIC16F887[|1 » CCPL i FiRC2

o SR S FITEAOE 8, 1 TRISC -
TZCONﬁ*D CCF’!LCCI;N
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A

T T R T L T T T S U S S
’

; Set CCPx as an output

IR R R R S P R e S P R S P P R S P P R S P P R S P P R R P P R S P P R R R P R S R P R R P R R R P R S P P R S P P R S P P e e P
’

bcf TRISC,2 ; set CCP1 pin as output pin
; set duty cycle for 50%

bcf STATUS,RPO ; go to bank 0

moviw 0x80

movwf CCPRI1L ; set duty cycle

rhkkkkkkkkkkhkkkkhkkhkkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkhkkkhkkhkkkkhkkkkkkhkkhkkkkhkkkkkhkkkikkkkkkkkkkk
’

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

IR R R R o R e S R R e P R R e R R R R S R R R P R R e R R R R R R R R R R R R R e R R B S R R e A R e S S
’

moviw 0x0C
movwf CCP1CON

IR R R R S P R e S P R S P P R e P P R R R R R S P P R R P P R R P R R R R R R R R R R R P R R R P R e P P R e P P R R P P e
’

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

rhkkkkkkkkkkkkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkkkhkkhkkhkkhkkkkhkkkkhkkkkhkkkkkkkkkkkkkkkkk

bsf T2CON,TMR2ON : turnon Timer2
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2k Qi Be=n
FEE—— 5 CCPEtT,
CCP1IF=0 ng-gl,:rl Irr-s,-l-lmerl
¥ .
= fCCP&L FI9¢,{*POERC

7
‘ Y Timerl

CCPRI1L [ NOP
(RETFIE)
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989 CCP B Apel]

o 1; Tw-ﬁ@ﬂ b
C:\RTC\201_ASP\Lab5-CCP

o S‘IL"?‘}[‘}T%[U} :
- CCPRLE FRHH s > PR R 24
J;IEQH*TTE%D CCPLIF

- P%Ju Timerl > }[ﬁj”ﬂ E:*]’ﬁl':’eﬁ WF%TFIE" Fosc/4 > fifi=

=17 1:8

- ?t CCP Hf%frﬁf%%ﬁl’vﬂ fﬁ%@_
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@2@ LT A 2

o Fu Y A Sl TR AR 9N B CON -
TlCONE(EFC(J}Il’lCOIEI[

o $EfH R

o fifi CCPRIL K {0 FHEYE] OXFF ixazagry i
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CCP sl 1 e 7

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

rhkkkkkkkhkkhkkkkkhkkhkkhkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

movIw 0x0B
movwf CCP1CON - set value in CCP1CON

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

TR 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 R R R R R R R R R R R R R R R R R R

moviw 0x30
movwf T1CON

; Enable Timer 1 interrupts, Peripheral Interrupts and Global Interrupts

rhkkkkkkhkkhkkhkkhkkkkhkkhkkhkkhkkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkkhkhkhkhkkhkkhkikikk

bsf PIE1,CCPlIE
bsf INTCON,GIE
bsf INTCON,PEIE
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A T

o ;1|[%~Hiig=g (C1HIC2) ?’B Elclpjjtiﬁfu T AN
- CM1CONO A1 CM2CONO

- PeH 2 It~ [ CM2CONL » B [i#% Timerd [i9
xﬁd%

- CMXCONO 7% S | ™ $88('=

Est‘]a}l
o& -r—~
é\:%%rﬁr ALY

i
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F AR 7 35 CM2CONL

MC1OUT | MC20UT | C1IRSEL | C2RSEL e e T1GSS | C2SYNC

b 5 ik
MC1OUT CLOUT b 7 g s |

}rﬁwﬁ%m s

MC20UT C20UT b 7 g i |
1= CVREF i £t 3§ C10 C1VREF i * &
C1RSEL [
0 = 0.6VAE52 ¥ BBl =] CIVREF
1 = CVREFHIE Z| =t 8 C2pY C2VREF fi; * !
C2RSEL N ﬁ@%” C2 C A
0 = 0.6V %2 ¥ E S %] C2VREF
0 =" Py e > Timerl Y37 5 1 = S L (R BREREE JHAR
T1GSS Fi r
frofiar iF}if"Eﬁ' %
L[ rese T ‘ 15N B SR e[
CoSYNC 1= Fﬁf’Zﬁi? Timerl Eﬁﬁ’fﬂw [Smﬁ[fd :

0 = P L ',af;u&rﬂ [#20
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o Eﬁ%&'ﬂl%ﬁﬁi?ﬁ% PIR2 -EI—ZUTT%%E'HIEKJ (ClIF/
C2IF)
- AERHE RO (PR R
- PIE2[1FNCLIE/C2IETN | % INTCONF| IFYPEIE
A GIE S4B 1
- [T SR IR RS T
PR AR Fl 18
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o PR T AU [ T PIC R

e ClIE/C2IE (PIE2) A1 PEIE (INTCON) 'UV;EIF%'?l
- M@EﬁiﬂmSLEEPﬁ{, TRV~ AR ISR (P E 3

HeFl 18
- 2 GIE (INTCON) #lifi#% ISR
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Vier: VRR
VRSS =1
D R R
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pr—)
VRSS =0
1 % L]
Voo ﬁ §8R
CA\/REF y
7. e ¢
= PR A V
ADCHGE o
Q VRSS =1
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VROE — VREN ——
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LYFEGLHTSH (VRCON)

VROE VRR VRSS VR3 VR2 VR1

VRO

I

PRl S YRESET 0 1= B

VROE

PEE 2 B Y FE R
1 = CVref kL RA2AN2IV e/ C2IN+ O
0 = CVref FES? RA2AN/V per/C2IN+ 5 HIHTH]

VRR

CVrefduaZE i+ 7
1= (SR
0 = i FresaTy

VRSS

B
1= FRERZEHESR > CVrsre = (Vref+) - (Vref)
0= 2 ¥ HEIR » CVrsrc=Vdd - Vss

VR<3:0>

CVref {fZ & k7
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@2@ LY ALY # (VRCON)

VREN VROE VRR VRSS VR3 VR2 VR1 VRO

¥ VRR = LR & (REENIT

CVref = (VR<3:0>/24) x Vdd

r-

FiY

r-

T VRR = 0 iy 5 ﬁﬁzﬁ ST 1= U
CVref Vdd/4 + (VR<3:0>/32) x Vdd
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ADC 977 5

o ADC“E[’IFIF]I [_{ﬁ[‘rﬂjr l Iﬂ-

- ADCONO‘?‘DADCONI
ADCONO
ADCS1 | ADCS2 || CHS3 | CHS2 | CHS1 | CHSO |GO/DONE| ADON
bl byl
ADCSXf | AID BHIZH 88 8 2
00 = Fosc/2 » 01 = Fosc/8 » 10 = Fosc/32 »
11 = FRC ([*[¥} RC ¥=35)
CHSxfF | FHE Pl 5
GO/DONE | 1= A/D i 353~
0 = A/D 5k 5%
ADON

lP“E[*J ADC fiR"
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ADC; 7 i

rif‘: Ju :"’J =9l
ADFM ﬁ:‘}%’\?%\' ‘Ll%“'* FEREPR A
= [l > 0= |p =3k
VCFG1 Fri;f% PR
1=" ElVref-%‘ﬁﬁ]EﬁﬂﬁﬁfﬁﬁﬂEﬁ@ » 0=Vss
VCFGO EYRE
1="FFIVref+i# ﬁfﬁﬁﬁﬁﬁ[ﬁ%ﬁ’ﬁ » 0=Vdd
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o SIS RY i > ADC BB P BLGY L) et A 2 Fl ¥
75 ADRESH #[I ADRESLF]1

o 10-bit ADC FERHN ' '] [ = SR i [ 7 o35
P

&
D ADC 7%

|5 B
10-bit fEg S

[FIl 7 1 3577

 — —
———

10-bit s B
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A/DESE Al

£ —& Vref+
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ANO Fosc
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-
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© 2007 Microchip Technology Incorporated. All Rights Reserved. 201ASP Slide 128




Pc A/DAE S5 J;F'.}J?qgﬁl

oesion Lol
Qf“’& 0 0 0 0 ANO
0 0 0 1 ANL1
0 0 1 0 AN2 0 0 Fosc/2
0 0 1 1 AN3 0 1 Fosc/8
0 1 0 0 AN4 - 1 0 Fosc/32
0 1 0 1 AN5 1 1 Frc (E BT
0 1 1 0 ANG v JﬁBRC#; )
0 1 1 1 AN7 DC
1 0 0 0 ANS
1 0 0 1 AN9 HEEEEpEEEEEEEE
/ref- ADRESH ADRESL

1 0 1 0 ANI10
1 0 1 1 AN11
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1 1 0 1 AN13 (‘ — ] Vref-

ADCONO #H

GO/DONE k
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ADC [ % Hid 1

° iy - IFKFIF“@EJ'%E?? AT LA~ LY
R e L (L P F", fo B

o FrE| 10-bit FHEIHY5 55”3:]%' 11 ] Fil g

J# 1 YRR TS ADC 9
- r‘aﬂ; 1% (Tad)
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/7 ADC i
SR R ;fﬁw ADC - -7
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1

; Configure ADC, Channel 0, left justified, Tad=8 * Tosc, turn on ADC

vhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkhhkkkhkkhkhkkkkhkhhhkkkhkhhkhkkkkkhkkkhkhkkkkkkkkkkk
)

clrf ADCONO - esnure default Channel is set to channel O
bsf ADCONO,ADCS1 ; set Tad =8 Tosc

bsf ADCONO,ADON ; turn on ADC unit

bsf STATUS,RPO ; go to bank1l

moviw  Ox0E ; Left Justify and set configuration

movwf ADCON1

; 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
rkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

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

; to complete
skkkkkkkkkkhkkkhkkkkkhkkhkkhkkhkhkhkkhkkkhkhkhkkkhkhkhkkhkkhkhkhkkhkhkhkhkkhkkhkhkhkkhkhkhkhkkhkhkhkhkkhkhkkhkkhkkkkhkhkkkkkhkk
bsf ADCONO,GO - start A-to-D conversion on channel O
btfsc ADCONO,GO ' |Is the conversion done?
goto $-1 ;  No: Check again
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ég ADC jfi t17+ fHiT== A

e = A ST TMR2IF BT 1
eI BT VTR ADC i 2

PN

[
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@@@ EUSART #&
o fIVIE VO SR
_F ﬁﬂ*ﬁﬁtﬁ “H"/IJ“EJF; T w#y SCI
o — FE,IT‘}JF
- [l R 2 HRIF AR
- B R
o 2 & HAILEAIF IS (UART)
:{‘ [I:I‘H_‘ ?%L:iﬂlfu ::L
° fﬁp;;ﬁln

S 232= PC H Sl Uﬂlf[
. M| RS-232 %n‘gﬁg: BfVERAYE (Max232)

o gyl LIN Bus /7 I
o ZHIHAAR IS B R
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EUSART %77

o EUSART Hff #] FI\JP—E’T g
Rk
- SPBRG #[I SPBRGH
- RIS (TXSTA)
- BISER Y R (RCSTA)
- FUFHIE R TR T HY
. FETRITE S (TXREG)
.« BUSEYRITH (RCREG)

N
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TXSTAE 1725

CSRC TX9 TXEN I SYNC I SENB | BRGH ‘ TRMT | TX9D
7 8] 1
CSRC Ry SR YR FR AT

1 = FBEN (B A8 BRGE A REFE %)

0= A CHR AT e SE YR 28 AR RSB 50D
TX9 SO HIE BN L
TXEN 1 = SERE)
SYNC EUSARTHEZL, 1=RPHEA, 0=JEREK
SENB 1 = &% R0 [ B R AL

0 = R IR R 318 58
BRGH HEIEEN, 1= =ik, =1k
TRMT 1 = FEBALE A58 (TSR) A=, 0=TSRM
RN BRE AL RS

TX9D EIL BRI RAL T
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RCSTA 177

SPEN RX9 SREN I CREN IADDEN | FERR ‘ OERR | RX9D
I Ju pyl)=tot
SPEN fl'l?/ﬂ?* F'#E'I)’?%",E‘I*in'i
1= EIJ%‘FI*JHF‘][J i1 CHRXIDTAHITX CK%"-}&HF%%L_‘E%H?;[J{? EIEHD
0= %ﬁﬁﬁflﬁﬂﬁfi'l CF T EEOER)
RX9 1= E O-bit ¥rR[F > > 0= 8-bit F¥H
SREN AR — 2 0, 1= Erg,ﬁ 0= B FETAb AR RS
CREN SHEE qsrfr;,annﬁ
ADDEN 1= fTEﬁ 9-bit Address ] (ﬁ Hl%’r\‘“ +RSR<9> =1 Eﬁéﬁzﬁj& B USEESDS )
FERR = 5 & Frame %?EI\ (= HE]Z] Stop Bit)
OERR = 5 FIF0 ﬁﬁ?ﬁ( F PR3 & EdnpuzR e )
RX9D B IR pu ST 9-bit
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AR #Lfr 3 (BAUDCTL)

ABDOVF

ABDEN

ABDOVF FIEsaRaiRE (B I HRAREY )
1= FIEsRa R e st 2 e
RCIDL BUSREHIER - 1= FIHEHH - 0= FUsE El5c  HFUsRT I
SCKP [F' H A
JHAMAEY © 1= 3VDs R pveyR SR EIRBT/TX/ICKEH
fﬁﬁ?@r - 1= RS P R R
0= JHIRpy ™ g @ﬁﬁ?’vﬂ
BRG16 16-bit 5T =+ 85
= S {%/16-bit BRG - 0 = 3% 8-bit BRG
WUE FME TR 7 (B R FZHRBEY)
ABDEN grgmﬁﬁrﬁ%yﬁul?' Fth A o 1=
i (RS 5T 9 oF h BIEHL 1 0 52 A
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SYNC BRG16 BRGH BRG/
(TXSTA) | (BAuDCTL) | (TXSTA) | EUSART
r;.i?
0 0 0 8-bit /Z [E[ﬁj Fosc/[64 (n+1)]
0 0 1 8-bit /Z [E[ﬁj Fosc/[16 (n+1)]
0 1 0 16-bit /7
0 1 1 16-bit /[ﬁﬁﬁ Fosc/[4 (n+1)]
1 0 X 8-bit /fF[Jijf
1 1 X 16-bit /i #

*n = SPBRGH:SPBRG ¥+ i &fiv
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SR

RS
TXIE

TXREG I_—\ | 1

-

E[’lTXI F B=TXIF

AR — TX/DT

E

R

LS

WEF

i
(TSRE

TRMT /b =1
519-bit 2| F 7 Fe- %’n‘-‘ﬁl-gﬂT BN Ry

TSR IE e[
TMRT b7 =

TX9
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RSR)

S dlue

3 = A

H 18
RRTiE=901

FIFO

PR
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;
y

3
™

@2@ EUSART &/
o 41

wrr_n;hq

A [ SR 0L R
FReepr IR e

- EUSART #5155 7 =7~ 9600,N,8,1

va%\

P AR 2 R
RS 232 Fr{HSEVETR]

- A SR I W i Y
% EUSART
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USART Hige— = A

2 At
—_— -

Lt EUSART

¥

Lk PORT C
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@g@ USART #f&— [lI7FH- A
LI filecEa

Interrupt
Routine

Get RxD to
RxD_Buffer

l YES

Output RxD value to
LEDs

1

RCIF=0
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D Lab7
m

ot
C:

E{f, REEHVA T R TN P TR
\RTC\201_ASP\Lab7-EUSART

- P%Q[—_ USART =+ :’[ﬁr[ﬁﬁﬁj

» 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 TXR[FE USRS HIFRE L2 M
-V {HIR %] RS-232
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\\\

o FPUSFRE G E RN F > 2V polling i
Yk

o [P [RL real-time flag 1 =4 3py 1 A i
EeS

o LIRS RS-282 L

o ffi"| PC if‘ﬁ{fﬁpjpﬁ[l[ /“ﬂg—@)rf[COMXE[ %m 55 /ru}ﬁi“
(Hyper-Terminal ) Fji i s bieai
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USART &/

DESIGN /2
=
d?é’
g ;k*********************************************************************

HE

&;**** Initial USART as 9600,N,8,1
;***********************************************************************
Init USART
banksel BAUDCTL ; Bank 3
movlw b'00000000' ; disable Auto-Baud Detect, TxD is RC6, BRG = 8-bit
movw{ BAUDCTL
banksel TXSTA ; ##H# Bank 1
movlw b'00100100' ; #H# 8-bit data mode , ASYNC
movwf TXSTA ; #H High Speed mode, Enable TxD
movlw 25 ; #HHtE Set baud rate at 9600 with High Speed mode
movw{ SPBRG ; it System Clock are 4MHz using internal RC
bef PIE1, TXIE ; ##H# Disable TxD interrupt
bsf PIE1,RCIE ; ### Enable RxD interrupt
bsf TRISC,7 ; ##H# set input for RC7, RxD receiving pin
bef TRISC,6 ; #HHt set output for RC6, TxD pin
banksel 0
movlw b'10010000' ; #t# Enable Serial Port, 8-bit receive
movw{ RCSTA ; #Ht Continuous Receive, Disable Address Detection
bef PIR1,TXIF ; Clear TxD interrupt flag;
bef PIR1,RCIF ; Clear RxD interrupt flag
bsf INTCON,PEIE
bsf INTCON,GIE
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B SR R )
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Fimaged v "}
“F Py U 00 ol [ T R .
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o\'oé
L
<4
c?-éﬁ \
£ LA N
* T__:‘ Tp[_‘
S 1
&6
&}'

: I\/ISSPTELE' Jl‘ﬂﬁxﬁﬁ‘rj [EARL
_ |2CTM
o i = = (Master)fi=t
o [¢(Slave)fi=L (*““‘ E[ﬁ‘“ﬂﬁ% L)
o 12C /i i l?g,l INNES AN Ea
- = 17 ((Master Mode)
- 22 5N (Multi-Master Mode)
- (451 (Slave Mode)
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1-/%%%
1\%
q <694
s

1
- BEs (S)

O
—_
SR

N

~fZI1E (P)

- HEERE] (R)

- HEEMEZ (N

=

12C BRI

SDA

SCL
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9170 12C EEPROM Gt [ gﬁv
—I_

’, » ot 9

L
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MSSP 7 H (- )

ﬁ3 1B #H o] B9 1 B A7

1.  MSSP REBE f725 (SSPSTAT)
GV I 790 0 W 7 B0
S ey B e ()
&7 e
SMP S ER A s
CKE 12C =88 3 i
D/A Rx/TxpYs & — it 7 55 bLE R SR LB -
P A RIE ] (-
S_ AHIE e (%
R/W (e %7/?@13‘% B Es = T S
UA R R T
BF SSPBUF%UTT; B
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"‘z. MSSP{EZL
(sspcglxr )

MSSP il = a5 (=)

PWEOL]SSPOV SSPEN] CKP [SSPM3[SSPM2[SSPM1[SSPMO

1 7 — HEHMW 7 (FLAGS)
fb u g=
WCOL TR
SSPOV B2 ERS SSPBUF 58 2 ¥vR[ T &,
SSPEN TR MSSP 815
CKP 7 Slave Mode : = 0, SCK ¥ Low ; = 1§ » ¥F-SCK
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&D MSSP £ 877 #4(~ )

SSPM3 | SSPM2 | SSPM1 | SSPMOQO | f&i=t

0 0 0 0 SPI= izt » ﬁ% = FOSC/4

0 0 0 1 SPI= A=t » Eﬂf% = FOSC/16

0 0 1 0 SPI= izt » ﬁ% = FOSC/64

0 0 1 1 SPI= izt Eﬂf% = TMRZF?‘L[I

0 1 0 0 SPIFEEISS » [ = SCKEH » TrESSH ]

0 1 0 1 SPIFEAEI=Y » Wi = SCKER ) » 2 (-SSEF L] - S ] (= 1/0
B

0 1 1 0 12C &4 =4 » 7-bit Address Mode

0 1 1 1 12C {48t > 10-bit Address Mode

1 0 0 0 12C2 #8414 » i = FOSC/ (4 * (SSPADD+1))

1 0 0 1 (U

1 0 1 0 WE

1 0 1 1 IZC il |fH?Lﬂ“[JFIJ" Bzt (@ﬁ{gﬂ%ﬁﬁl{

1 1 0 0 W

1 1 0 1 7

1 1 1 0 12CfE4E =4 » 7-bit Address » ™ zﬁ:ﬁlﬁlr*ﬁﬂl@‘ﬂ*@%ﬂlﬁ%

1 1 1 1 12C 48 =" > 10-bit Address » ™ ﬁtiﬁltk b v A1 [ T Hl@%
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3. MSSP e

Msspgciﬁr T (2)

¥ 8y 2 (SSPCON2)

GCEN |ACKSTAT] ACKDT

ACKEN | RCEN PEN RSEN SEN

e B gy ()

b i ik

GCEN B USEH 2 | HEE (0x00) & & [ 18 (FE48=Y)
ACKSTAT 0 = FUSE P FIIERITIPUBEFE (FERHEY)
ACKDT 0=ACK,1=NACK (#sfi=t)
ACKEN FEH ACK/NACK [&iF (SE:2ACKDTH )
RCEN YRR 5B

PEN BRI

RSEN :;;“EH' HITR IR

SEN iy E?T‘EI*J iE
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= 1°C ﬁlﬁrngF[H

4. MSSP #1[¥/38 575 E2y (SSPBUF)
o W RIELERVETR Y MSSPAGE 3 ¥ £ pvere]
. ayf??%éiﬁﬁﬁﬂj SSPSTATF T B8 1Y BF (7R B =
ﬁ>*@ﬁ%ﬁ
o r+§ﬁ‘1_/§?ll’¢?rﬂﬁ IR > PSP e SSPBUF 27 8
o=, ™ X' SSPCON F,H%Hlpﬂ‘ﬁ@‘ ﬁ&;&g@”'ﬁ

WCO Lr%?t“
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& IR
4,

12C Slave Address (SSPADD )
o Slave Mode :
l%q‘—_ PIC #%$% 85~ 12C Slave Address
EF P A gHTRE S P
« Master Mode :
HIRCEHET 1°C aRpu el (G

Fosc

L 4x (SPADD +1)

*VE: Fosc iriasHR, MIAEFESHE Ty
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@@ MSSP |15

o S NE P PIRLET: #7119 SSPIF [l

~ TR 'ﬁlﬁﬁ%ﬁﬁgugggplgq&
_ ARiE ;JTEFA[

- IR IR

P 2y PIELI<SSPIE> 7 I'] % INTCON F1HY
[E I PEIE &7 - Tf&‘:gﬁ SSP RYp[ 18-
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é%? 2C i

o A HIER )

I%Ju MSSP i35 7 (BT
o 7-bit 12C Master mode
o« 100KHz bus rate

_ mﬁilZC E’JPAH J%EHE  — W - HFE

- #17V 12C PPkl ey TCT74 PR [ e g,
7+ LEDs
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TC74 7 il J

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
SOT.23 +130.00°C +H127°C 0111 1111
%“ 3%"‘ +127.00°C +127°C 0111 1111
+126.50°C +126°C 0111 1110
TCT4 +25.25°C +25°C 0001 1001
T B 13 +0.50°C 0°C Q000 0000
r% Glﬁln lil,: +0.25°C 0°C Q000 0000
0.00°C 0°C Q000 0000
TC74 Package -0.25°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 0111
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BiEw " B

REEHVA T T TN P TR

C:\RTC\201_ASP\Lab8-12C

- ST MSSP BLRE T BT 7-bit 12C Master Mode

- L SCL & SDA Hijfia * il

~ JiiE 12C FIVEE F“F‘H 2 I TC74-A7 ' ZVpZl e p
B o

- IRV [ T LEDs

Ef

A28

—N
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o FIVIEVE ity £ KT 12C EEPROM ((24LCxx)
H*J Random Igeaél Command

o F|[H] SSPIF iy = — B[ HN5 Y

o fLH[I- wHMF aTal Ack/NACk RN ’ﬁgﬁhﬁ“
I SR IR R SR

e Bus Collision interrupt bit (BCLIF) p*%x7E
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y
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USART g I* i %

a’@

c?'ods& \
@Q

Init I2C_Master

BANKSEL TRISC ; Imitial PortC,bit 3 & 4 as Input

bsf SCL : RC3=SCL , RC4 =SDA

nop

bsf SDA

BANKSEL 0

moviw b'00101000" ; #### 12C Master Mode, Clock Rate: FOSC/(4*SSPADD+1)
movwi SSPCON ) it

banksel SSPADD

moviw 9 ; ##H# This gives 100KHz 12C clock @ 4MHz
movwi{ SSPADD s ##H# (AMHz/4) / (9+1)= 100KHz

moviw b'10000000' ; ##H# Disable slew rate control,

movwi{ SSPSTAT ; ##H# and clear status bits

moviw b'00000000' : Set SCL,SDA 1nto Ready status

movwi{ SSPCON2

return
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L G
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¥
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ol -SW2 e
INTO [ 17

¥

[ NOP
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INTO ISR

=4H [“debounce”
JER

!

£
“push_flag”

El
El

1

BelF

2R R
CCP_ISR

BEH1F

v
-1
WREGH]!

push_flag
Bi1?

0B
WREGH[I

v
AWREGE=
CCPRILAM

¥
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& A
° ‘4: H\w—?—, o~ j“_f/\ .
- CARTC\201_ASP\Lab8-MXINT

o $EH R TS
(INTO_ISR #TCCP_ISR )

o SFURYFHTVHUT T ﬁb’}‘

- FITESE = [ B TR TR AR AL
1 @A (ISR)

- %3‘@ SFR I'] ;pﬂ*F - & INTO A1 CCP1 [ 1%r
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ry
\\“&00
0
AN
¢ N
DESIGN "é&’?
-
<
C‘\oy
@_‘6

o i 17+ INTCON #1 PIR H5k 1

Ex ?WFP’I'H '%TFZ' TERENTY ?T

N > A FLRI
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y
o
o\f
S
I3
RN?

& AT R R

_,?
&}'

H '%TTFI |El EJ%T’"’[TFIKJJ

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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fifek B. 21 B
% VP @ Y EEPROM

o F=UH T 1 .\201 ASP\Lab10-
EEPROM\Lab10-EEPROM.mcp
o Hif&H- pup JF@'
- T 3 EEPROM pueyf] v A=V
- Y vkl f * EEPROM
- Upifi 1§ EEPROM HIFIVE TR
o 1 HfE&{I" | MPLAB SIM i g 51
e J7 | EEPROM * RAM Elfjﬂ'r:!i,“@gjfg%ﬁgﬁlg\l
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ffifes C. drpee] —
LCD Display Module

o FR{EYE[Y HDA4780 19 LCD RREVF A =55
APPO01 k5 LCD LA ffli =] -

et E P A sl sge Rl AL
e {fi*] global & extern ngfF,-,Jth T g £

AL o
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- ECCP Ui (FHFFERE ~ fay * TR &R FIPWM )
- TR %Diiﬁl S L SPAR
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