PIC16F8&8. Caracteristicas

— Osciladores
> Osciladores a cristal: LP, XT y HS 18-Pin PDIP, SOIC
hasta 20Mhz
: RA2/AN2/CVREF/
> Oscilador externo hasta 20Mhz veer. == 01 g ] <= RAT/ANT
- Oscilador interno: 31Khz — 8Mhz AN e «= 02 17[] == RAG/ANO
— Periféricos AN D == 3 16[] =— RAT/OSC1/CLKI
> Modulo PWM/CCP RASIMCLR\VPP —=[]4 @ 15[1—= RAGIOSC2ICLKO
(I
v CCP (captura/comparacion) -> 16 bits Vss —-[]5 © 14[] «—VoD
+ PWM (modulacion por pulsos) -> 10 pgoinTicep1™ =[] 6 E 13[] <> ?P&gﬂiNﬁr’PGDﬁ
bits
: RB1/SDI/SDA <= []7 12[] <+ RBE/ANS/PGC/
> ADC 10bits 7 canales T10SO/T1CKI
., RB2/SDO/RX/DT 8 11 RB5/SS/TX/CK
> SSP (puerto serie sincrono) -> SPI e -0 1his
I°C RB3/PGM/ICCP1 =] 9 10[] <= RB4/SCK/SCL
> USART
. Note 1:  The CCP1 pin is determined by the CCPMX bit in
~ Comparador analogico dual Configuration Word 1 register

— Caracteristicas de bajo consumo
(tecnologia nanoWatt)



Organizacion de la memoria

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK: PIC16F87/88

PC<12:0>
e 4K de memoria de programa RETF1E, RETLW ji 13
(FLASH) organizada en 2 Y
, . . . Stack Level 1
paginas (accesible mediante Sk Lovals
PCLATH) :
. Stack Level 8
e 4 bancos de memoria de datos
(RAM) organizada en Reset Vector 0000h
registros, accesibles mediante : <
RPI/ RP2 (Statl,lS) Interrupt Vector 0004h
' 0005h
_ Page 0
RP1:RPO Bank grf;-é;_g'ra age 07EEh
a0 0 METT'I'DF'_"" ) 0800h
01 1 Page 1
10 2 OFFFh
11 3 1000h
Wraps to

0000h-03FFh

1FFFh
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Registros de control 1guales que PIC16F84

STATUS: ARITHMETIC STATUS REGISTER {ADDRESS 03h, 83h, 103h, 183h)
RN -x

REGISTER 2-1:

bit 7

bit 6-5

bit 4

bit 3

bit 2

bit 1

bit 0

RAW-0 R/W-0 R/W-0 R-1 R-1 RAN-x RAN-x

IRP RP1 RPO TO PD Z DC

C

bit 7

IRP: Register Bank Select bit {used for indirect addressing)

1 = Bank2. 3{100h-1FFh}

0 = Bank 0.1 {00h-FFh}

BP=1:0=: Register Bank Select bits {used for direct addressing)

11 = Bank 3 {180h-1FFh)
10 = Bank 2 {100h-17Fh)
01 = Bank 1 {80h-FFhj)
00 = Bank 0 {00h-7Fh)
Each bank is 128 bytes.

ﬁ: Time-out bit

1 = After power-up. CLEWDT instruction or SLEEP instruction
0= AWDT time-out occurred

PD: Power-Down bit

1 = After power-up or by the CLEWDT instruction
0 = By execution of the SLEEP instruction

Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

DC: Digit carryborrow bit {ADDWE. ADDLKW. SUBLW and SUBWF instructio nsj’“}

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

C: Carry/borrow bit {ADDWF. ADDLW. SUBLW and SUBWF instructionsjth2

1 = A carry-out from the Most Significant bit of the result occurred
0 = Mo carry-out from the Most Significant bit of the result occurred

bit 0

Mote 1: For borrow. the polarity is reversed. A subtraction is executed by adding the two's

complement of the second operand .

2: For rotate (RRE. RLF) instructions. this bit is loaded with either the high or low-order

bit of the source register.



REGISTER 2-2:

bit 7

bit €

bit &

bit 4

bit 3

bit 2-0

OPTION_REG: OPTION CONTROL REGISTER {(ADDRESS 81h, 181h)

R/W-1 RfW-1 RfW-1 R/W-1 R/W-1 R/W-1 R/AW-1 R/W-1
RBPLU INTEDG TOCS TOSE PSA P&s2 P51 PS50
bit 7 bit O

RBPU: PORTE Pull-up Enable bit

1 = PORTE pull-ups are disabled
0 = PORTE pull-ups are enabled by individual port latch values

INTEDG: Interrupt Edge Select bit

1 = Interrupt on riging edge of REBU/INT pin
0 = Interrupt on falling edge of RBOfINT pin
TOCS: TMRQ Clock Source Select bit

1 = Transition on RA4TOCKIIC20UT pin
0 = Internal instruction cycle clock {(CLKO)
TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4 TACKI/C20UT pin
0 = Increment on low-to-high transition on RAATOCKI/C20UT pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned tothe WDT
0 = Prescaler is assigned to the TimerQ module

PS<2:0=: Prescaler Rate Select bits

Bit Value TMRO Rate | WDT Rate
O0d 1:2 1:1
a0l 1:4 1.2
010 1.8 1.4
011 116 1.8
100 132 1:16
101 164 132
110 1 128 164
111 1 ;256 1128




REGISTER 2-3:

bit 7

bit &

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

INTCON:INTERRUPT CONTROL REGISTER {ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RAW-0 RAW-0 RAW-0 R/W-0 R/W-0 RAW-0 RW-0 RAW-x
GIE PEIE TMROIE INTOIE REIE TMROIF | INTQIF REIF
bit 7 bit 0

GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

TMROIE: TMRJ Overflow Interrupt Enable bit

1 = Enables the TMRD interrupt
0 = Disablesthe TMRO interrupt

INTOIE: REBO/INT External Interrupt Enable bit

1 = Enables the REBUfINT external interrupt
0 = Disables the RBO/INT external interrupt

RBIE: RE Fort Change Interrupt Enable bit

1 = Enables the RE port change interrupt
0 = Disablesthe RE port change interrupt

TMROIF: TM RO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRQ register did not overflow
INTOIF: REBO/INT External Interrupt Flag bit

1 = The RBU/INT external interrupt occurred {must be cleared in software)

0 = The RBU/INT external interrupt did not ocour

RBIF: RE Fort Change Interrupt Flag bit

A mismatch condition will continue to setflag bit REIF. Reading PORTE will end the mismatch

condition and allow flag bit RBIF to be cleared.

1 = Atleast one of the RE7:RB4 pins changed state {must be cleared in software)

0 = None of the RB7 RB4 ping have changed state




Registros de control distintos que PIC16F84

REGISTER 2-4: PIE1: PERIPHERAL INTERRUPT ENAELE REGISTER 1 {ADDRESS 8Ch)

J-0 R/W-0 R/wW-0 RAW-0 R/W-0 RAW-0 R/wW-0 RAW-0
— ADIELY RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE
bit 7 bit O

bit 7 Unimplemented: Read as '0’

bit & ADIE: A/D Converter Interrupt Enable bitt1}
1 = Enabled
0 = Disabled

Mote 1: This bit is only implemented on the PIC1&6F28. The bit will read '0' on the PIC16F&7.

bit & RCIE: AUSART Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TXIE: ALUSART Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 SSPIE: Synchronous Serial Port (S5P) Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR2IE: TMRZ to PR2 Match Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 TMRA1IE: TMR1 Overflow Interrupt Enable bit

1 = Enabled
0 = Disabled



REGISTER 2-5:

bit 7
bit &

bit &

bit 4

bit 3

bit 2

bit 1

bit O

PIR1: PERIPHERAL INTERRUPT REQUEST {FLAG) REGISTER 1 {(ADDRESS 0Ch)
-0 RAW-0 R-0 R-0 R-0 RAW-0 RAW-0 RAW-0

— ADIFtD RCIF TXIF ==PIF CCP1IF | TMB2IF | TMR1IF

bit ¥ bit 0

Unimplemented: Read as "0’
ADIF: A/D Converter Interrupt Flag bitt1}
1 = The A/D conversion completed {must be cleared in software)
0 = The A/D conversion i not complete
Mote 1: This bit is only implemented on the PIC16F82. The bit will read '0' on the PIC16F&7.

RCIF: ALISART Receive Interrupt Flag bit
1 = The ALUSART receive buffer is full {cleared by reading RCREG)
0 = The ALISART receive buffer is not full
TXIF: ALISART Transmit Interrupt Flag bit

1 = The AUSART transmit buffer is empty (cleared by writing to TXREG)
0 = The ALUSART transmit buffer is full

SSPIF: Synchronous Serial Port {S5P) Interrupt Flag bit

1 = Thetransmissionfreception is complete {must be cleared in software)
0 = Waiting to transmitfreceive

CCP1IF: CCP1 Interrupt Flag bit

Capture mode:

1 = A TMR1 register capture occurred {must be cleared in software)

0 = Mo TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred {must be cleared in software)
0 = No TMR1 register compare match occurred

PWh mode:
Unused in this mode.

TMR2Z2IF: TMRZ2 to FR2 Interrupt Flag bit

1 =ATMRZ to PR2 match occurred {must be cleared in software)
0 = Mo TMRZ to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = The TMR1 register overflowed {must be cleared in software)
0 = The TMR1 register did not overflow




REGISTER 2-6: PIE2: PERIPHERAL INTERRUPT ENAELE REGISTER 2 {ADDRESS 8Dh)

RAWY-0 RW-0 LJ-0 RW-0 lJ-0 LJ-0 LJ-0 lJ-0
OSFIE CMIE — EEIE — — — —
bit 7 bit O

bit 7 OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enabled
0 = Disabled
bit & CMIE: Comparator Interrupt Enable bit
1 = Enabled
0 = Disabled

bit & Unimplemented: Read as '0'
bit 4 EEIE: EEFPROM Write Operation Interrupt Enable bit

1 = Enabled
0 = Disabled

bit3-0 Unimplemented: Read as "o’

REGISTER 2-7: PIR2: PERIPHERALINTERRUPT REQUEST{FLAG) REGISTER 2 {ADDRESS 0Dh)

RAW-0O RAwW-0 -0 RaAd-0 -0 -0 -0 -0
OSFIF CMIF — | ek | — | — | — —
bit 7 bit 0
bit 7 QOSFIF: O=cillator Fail Interrupt Flag bit

1 = Systemn o=scillatar failed. clock input has changed to INTRC {must be cleared in software)
0 = Bystem clock operating

bit & CMIF: Comparator Interrupt Flag bit

1 = Comparatar input has changed {must be cleared in software)
0 = Comparatar input has not changed

bit & Unimplemented: Read as'o'
bit 4 EEIF: EEFROM Write Operation Interrupt Flag bit

1 = The write aperation completed {must be cleared in software)
0 = The write operation is not complete or has not been started

bit 3-0 Unimplemented: Read as '0'



B o=

MODOS El oscilador

LP Low-Power Crystal T = v |
i itor Values
XT CrystalfResonator ypical Lapact
ry Osc Type Crystal Tested :
HS High-Speed CrystalfResonator Freq o1 oo
RC External ResistorfCapacitor with
Fosc/4 output on RAE ;_T_ 32 kk:‘z 33 pE 33 pE
. . , 200 z 56 L 5]
RCIO External ResistorfCapacitor with v = pF = DF
O on RAG z P b
; ; 4 MHz 15 pF 15 pF
INTI1O Internal Oscillator with FOSCH4 ns 2 MHZ 15 pF 15 pF
output on RAS and If0 on RAZ YR T TS oF
INTIO2 Internal Oscillator with /0 on RAE 20 MHz 15 pF 15 pF
and RA7
ECIO External Clock with [/0 on RA&
FIGURE 4-6: PIC16F87/BB CLOCK DIAGRAM
;;rih'a;y'c;g;:mahr Corfiguration Word 1 {FOSC2:FOSCD)
OSCEE— . SCS:‘Ij]“i"IDSC:l
: I leep
: . [ LF, XT, HS, AC, EC _
osmgl cooICIn =
'SecondaryOscillato Peripherals
T1OSOE : o ‘aw: — % Tose, g it
: L T1OSCEN ———— ToTimer1
' ' Enahble
Tosl EI_ I S I Oscillator OSCCON=B4>  |ntemal Oscillator
& MHz [ "L chu
4 MHz
Internal o MHz 110
Oscillato
Block Z 1 MHz, e
" 100 %
& MHz R L PO
i}
31 25kH=z [INTOEC) o 250 kHz_
Zource =010
125 kHz____ noL
31.25 P’.Hz__ ann
Sﬂ NEEHRCH,Z .'/l WDT, FSCM




FIGURE 4-1:

conexi10on del oscilador

CRYSTAL OPERATION
{HS, XT,OR LP
OSCILLATOR
CONFIGURATION)

GSC‘I

PIC16FBT/BB

[;2{]-

[;1{1]'
1 XTAaL '
'DSEE "

cut crystals.

Mote1: See Tablke 41 for typical values of C1 and C2
2. A seriesreszistor (R2] may be required for AT atrip

3: BAF varies with the crystal chaosen (ypically
baetwean 2 MO to 10 MO

FIGURE 4-4: RC OSCILLATOR MODE
Yoo
RExT I
o
corL E
Ves = PIC16F87/88

Foecid

FIGURE 4-3: EXTERNALCLOCK INPUT
OPERATION
{ECIO CONFIGURATION)
Clozk from ~[>o—v- OSCFCLKI
Ext. System PIC16FE7/88
RAG -a—m=] /G (OSC2)

~— OSC2/CLKO

Recommended values: 3 k< REXT <100 k&2

CEXT = 20 pF

FIGURE 4-5:

RCICOSCILLATOR MODE

Yoo

RAS -a—w

Internal
OSG1
b—r Clock

PIC16FE7/B8

110 (OSC2)

Recommended values: 3 ki = REXT <100 kG2

CEXT = 20 pF




Registros de control del oscilador

REGISTER 4-1: OSCTUNE: OSCILLATCOR TUNING REGISTER (ADDRESS 80h)
U-o U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

RfW-0

— — TUNs | Tun4 | TuNs | TuNz | TUN1T | TUND

bit 7

bit 7-6 Unimplemented: Read as 'o'
kit 5-0 TUN<5:0=: Frequency Tuning bits

011111 =Maximum frequency
011110 =

000001 =

000000 = Center frequency. Oscillator module is running at the calibrated frequency.

111111 =

100000 = Minimum frequency

« OSCTUNE -> ajuste del oscilador

— Oscilador calibrado de fabrica
— OSCTUNE permite ajustarlo en un £12.5%

« OSCCON -> configuracion del oscilador

bit 0



REGISTER 4-2:

bit 7
bit &-4

bit 3

bit 2

bit 1-0

OSCCON: OSCILLATOR CONTROL REGISTER {ADDRESS 8Fh)

-0 R/W-0 R/AW-0 R/W-0 R-0 R/W-0 R/Aw-0 RAW-0
— IRCF2 IRCFA IRCFQ 0gTsin IOFS SC51 SCE0
bit 7 bit Q

Unimplemented: Read as "o’

IRCF=2:0=: Internal RC Oscillator Frequency Select bits
000 =31 .25 kHz

001 =125 kHz

010 =250 kHz

011 =500 kHz

100 =1 MHz

101 =2 MHz

110 =4 MHz

111 =8 MHz

OSTS: Oscillator Start-up Time-out Status bt

1 = Device is running fram the primary system clock
0 = Device is running from T10SC or INTRC as a secondary system clock

Note 1. Bit resets to '0' with Two-Speed Start-up mode and LP. XT or HS selected as the

oscillator mode.
IOFS: INTOSC Frequency Stable bit
1 = Frequency is stable
0 = Frequency is not stable
SCS8<1:0: Oscillator Mode Select bits

00 = Oscillator mode defined by FOSC«<2:0=
01 = T105C is used for systemn clock

10 = Internal RC is used for system clock

11 = Reserved




Temporizadores
TMRO -> 1gual que en PIC16F84 (8 bits)

WDT ->1gual que en PIC16F84 pero con un prescaler exclusivo
de 16 bits (ademas del prescaler compartido de 8 bits)

TMRI1
— Temporizador de 16 bits

— Puede usarse como reloj secundario en modos de bajo consumo
— Puede usarse como reloj de tiempo real (RTC)

— Genera interrupcion en desbordamiento

TMR?2

— Temporizador de 8 bits
— Prescaler y postscaler

— Genera 1nterrupcion en desbordamiento



TMROy WDT

CLKO (= Fosc/4) Data Bus
| L &
S M
AT Sync
T X ol V| 2 »| TMROreg
RAATOCKIC20UT = X Cycles
pin T
TOSE 1
Toes Baa Set Flag bit TMROIF
on Owerflow
Frescaler

r—— "= —= = — — A
r——— — — — — q g M I - 8-bit Prescaler I
| WDT Timer | U | |
. 1l x | |

| |31.25 kHz |+ _ 16-bit 8
FPrescaler | |
I f | T | 8-to-1 MUX -— PS2:PSO |
I WDT Enable bit I FSA L — — — }+ — — — — — — - 4

L — — — — — — — d
0 1

MUK [e—— F3A

'

WDT
Time-out

MNote: TOCS, TOSE, P5A and P52:P50 bits are (OPTION_REG<5:0=).
- Iguales que en PIC16F84
Prescaler de 16 bit en WDT -> permite

v Usar prescaler 16 bit en WDT y prescaler 8 bit en TMRO
simultaneamente

A\

v Prescindir de prescaler en TMRO y usar prescaler de 24 bits en WDT



Set Flag bit TMRI

TMETIF on
Overflow syhchronized
l_ TMR1 p Clock Input
TMRTH TMR1L —. .
TMF‘H_CH-—I —_—
________ anf Dfr TISYMC
» T10SC
: . synchronize
— . ] v Prascaler =yne ||
T10SOMICKI ‘f ; T10SCEN  Fosci 1,2, 4,8 A et
: / %mhlllle Internal ’1, I
i
— + Oscl ator'  Clock i EH ) 0 Clock
T108 e TICKPS1:T1CKPS0
TMRI1CS

Mote 1: When the T1O5CEN bit is cleared, the inverter is turned off. This eliminates power drain.

e Caracteristicas:
— Temporizador de 16 bits -> registros TMR1H: TMRIL, con prescaler 1:8

— Interrupcion en desbordamiento

> Flag TMRIIF (registro PIR1)
> Enmascarable con TMRIIE (registro PIE1)

— Modos de funcionamiento

> Temporizador (1gual que TMRO, pero con 16 bits)

> Contador -> funcionamiento sincrono/asincrono



REGISTER 7-1:

bit 7
bit &

bit 5-4

bit 3

bit 2

bit 1

bit O

Registro de control del TMR1

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U-0 R-0 RAN-O RAN-0 RAW-0 RW-0 R/AW-0 RAN-O
— TIRUN | TICKPS1 | TICKPSD | TTOSCEN | TISYNC | TMR1CS | TMR1ON
bit 7 bit O

Unimplemented: Read as "o’

T1RUN: Timer1 System Clock Status bit

1 = System clock is derived from Timer1 oscillator

0 = System clock is derived from another source
T1CKPS<1:0=: Timer1 Input Clock Prescale Select bits

11 =1:8 Prescale value
10 =1:4 Prescale value
01 =1:2 Prescale value
oo =1:1 Prescale value
TT10SCEN: Timer1 Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut off (the oscillator inverter is turned off to eliminate power drain)
T1SYNC: Timer1 External Clock Input Synchronization Control bit

TMRICS =1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRICS = 0:

This bit is ignored. Timer1 uses the internal clock when TMR1CS = o,

TMR1CS: Timerl Clock Source Select bit

1 = External clock from pin RB&/ANS/PGCIT10SOIT1CKI (on the rising edge)
0 = Internal clock (Fosc/4)

Note 1: Available on PIC16F88 devices only.

TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1




Modos de funcionamiento

— Modo temporizador
> Se selecciona con TMRICS =0

- En este modo el temporizador funciona con F . /4

— Modo contador
FIGURE 7-3: EXTERNAL

> Se selecciona con TMRI1ICS =1 ?I%WE“E?'EE'ESSCT&%E

> Puede funcionar con

v Reloj externo (pin TI1CKI) -> si
configuramos TIOSCEN = 1

v Reloj interno (con cristal LP) -> si =
configuramos TIOSCEN = 0

v En ambos casos puede configurarse en
modo SiIlCI'OIlO 0 asincrono Mote: 5See the MNotes with Table 7-1 for additional

C1 PIC16F87/88
] T10SI

é HTAL
_|_

32.768 kHz

] T1050

information about capacitor selection.
> Modo contador sincrono (T1ISYNC = 0)

v Sincroniza el reloj con el reloj interno
v En modo sleep se para el reloj
> Modo contador asincrono (TISYNC = 1)

v No sincroniza el reloj
v TMRI sigue contando durante SLEEP => puede despertar al micro



TMR2

FIGURE 8-1: TIMER2 BELOCK DIAGRAM

Sets Flag
bit TMRZIF | Bliea

Reset Prescaler

TMEZ re — FOsicl4
- 9 1. 1.4, 118 '
v
Post=caler *I/E
— . . Comparator
1:1 to 116 EC 1{}-.
/]/ 4 PR2 reg

Mote 1: TMRZregister output can be software selected by the
35P module as a baud clock.

e (aracteristicas:

— Temporizador de 8 bits -> registro TMR2 (cuenta) PR2 (limite)
— Prescaler 1:8 y postscaler 1:16

— Interrupcion cuando TMR coincide con PR2

~ Flag TMR2IF (registro PIR1)
> Enmascarable con TMR2IE (registro PIE1)

— Se puede usar como base de tiempos para el modulo PWM / CCP



REGISTER 8-1:

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

U-0 RAW-0 RAW-0 RAW-0 RAN-O RAW-0 RAN-0 RAW-0
— TOUTPS3 | TOUTPS2 | TOUTPST | TOUTPSO | TMRZON | T2ZCKPS1 ) T2CKPS0
bit 7 bit O
bit 7 Unimplemented: Read as "0’
bit 5-3 TOUTPS<3:0>: Timer2 Output Postscale Select bits
0000 =1:1 Postscale
0001 =1:2 Postscale
0010 =1:3 Postscale
1111 =1:16 Postscale
bit 2 TMR2ON: Timerz On bit
1 = Timer2 is on
0 = Timer2 is oft
bit 1-0 T2CKPS<1:0=>: Timer2 Clock Prescale Select bits
00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16
TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
value on Value on
Address | Name |Bit7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O all other
POR, BOR
Resets
OBh, 8Bh, JINTCON| GIE FEIE TMROIE | INTOIE REBIE TMROIF | INTOIF REIF [co00 000x|0000 000U
10Bh, 18Bh
0Ch FIR1 — | ADiIF® RCIF TXIF S5PIF | CCP1IF | TMRE2IF | TMRIIF |-000 0000|-000 0000
8Ch PIET — | ADig™ RCIE TXIE SSPIE | CCP1IE | TMRZIE | TMRI1IE |-000 0000|-000 0000
11h TMREZ2 | Timer2 Module Register CO0T 0000|0000 0000
12h T2CON | — |TOUTPSI|TOUTPSZ|TOUTPST |TOUTPS0 | TMRZON | TZCKPST|TZCKPS0|-000 0000|-000 0000
92h FF.2 Timer2 Period Register 1111 1111)1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented, read as "0". Shaded cells are not used by the Timer2 module.
MNote 1: This bit is only implemented on the PICT18F88. The bit will read *0" on the PICTGFET.



Convertidor A/D

e (Caracteristicas

— 7 entradas analogicas (7 canales)
— A/D de 10 bits

— Referencias positivas (V.. )y negativas (V. ) seleccionables

— Posibilidad de trabajar en modo sleep usando el oscilador RC
interno.

e Registros de control

- ADRESH -> parte alta del resultado
— ADRESL -> parte baja del resultado
- ADCONO / ADCONI -> registros de control

— ANSEL -> registro de seleccion de entradas analogicas



FIGURE 12-1:

A/D BLOCK DIAGRAM

CHS2:CHS0

A/D
Converter

Wi

(Input Voltage)

WREF + e

.--r.-"a M

(Reference ' 'y :

Voltage) . ”_
VWCFGTNCFGO

VREF- © :

1

(Referance

Waoltage) .
" AVSS

VCFGTWCRGO

RET/ANG/PGDIT105]

RBE/ANS/PGCITIOSDITICKI

RALANATOCKIC20UT

RAIANINREF +C10UT

RAZIAMNZICVREFNVREF-

RATANT

RADAND




Operacion del ADC

* Configurar el modulo A/D (secuencia)

— Configurar los pines I/O como analogicos/digitales (ANSEL)
— Configurar la tension de referencia (ADCONI1)
— Seleccionar el canal de entrada A/D (ADCONO)
— Seleccionar la fuente de reloj del ADC (ADCONO)
— Activar el modulo A/D (ADCONO)
e Configurar la interrupcion A/D (opcional)
- ADIF=0, ADIE=1, PEIE=1, GIE=1
e Adquisicion de un dato
- Fnar la sefial GO/DONE =1 (ADCONO)
~ Esperar a la interrupcion, o a que GO/DONE se ponga a cero
— Leer el dato de ADRESH:ADRESL

— Borrar ADIF s1 se esta usando la interrupcion




REGISTER 12-1:

bit 7
bit 6-0

FIGURE 12-3:

Registros de control

ANSEL:ANALOGSELECTREGISTER(ADDRESS9Bh)PIC16F88DEVICES ONLY
-0 RW-1 R/W-1 R/W-1 RAW-1 RAW-1 R/W-1 R/W-1

— ANSE ANS5 ANS4 ANS3 ANS2 ANST ANSOD

bit 7 bit O

Unimplemented: Read as "0’

ANS<6:0=: Analog Input Select bits

Bits select input tunction on corresponding AN<6:0= pins.

1 = Analog /012

0 = Digital /O

Note 1: Setting a pin to an analog input disables the digital input butfer. The corresponding

TRIS bit should be set to input mode when using pins as analog inputs. Only AN2 is
an analog 1/O, all other ANx pins are analog inputs.

2: See the block diagrams tor the analog I/O pins to see how ANSEL interacts with the
CHS bits of the ADCONO register.

A/D CONVERSION Tap CYCLES

Towto Tap, Tapl . Tapd  Tapd | Tand  Taphs  Tape | Tap? . Tapd . Tapd Tapl10 Tapll |

et GODOME bit J'

T bo b b7 b b5 b4 b3 b2 b1 b
Conversion stars
Holding capacitor is disconnected from analog input {typically 100 ns)

ADRES is Inaded,

GO/DONE bit is cleared,

ADIF bit is set,

holding capacitor is connected to analog input




REGISTER 12-2:

bit 7-6

bit 5-3

bit 2

bit 1
bit O

ADCONO: A/DCONTROLREGISTER(ADDRESS TFh)PIC16F88 DEVICES ONLY

RAW-0 RAW-0 RAN-0 RAN-0 RAN-0 RAN-0 -0 RAN-0
ADCS1 ADCS0 CH52 CH31 CHS0 GO/DONE — ADON
bit 7 bit O

ADCS<1:0=: &AD Conversion Clock Select bits

If ADCS2 = o

o0 = Fosci2

01 = Fosc/a

10 = Fosci32

11 = FrC {clock derived from the internal A'D module RC oscillator)
fADCS? = 1.

o0 = Fosc/d

01 = Fosci16

10 = Fosc/ad

11 = FrC {clock derived from the internal A'D module RC oscillator)
CHS<2:0=: Analog Channel Select bits

2000 = Channel 0 (RAQJAND)

2001 = Channel 1 (RAT/ANT)

010 = Channel 2 (RAZ/ANZ)

011 = Channel 3 (RA3ZJAN3I)

100 = Channel 4 (RA4/AN4)

101 = Channel &5 {(REG/ANS)

110 = Channel & (RET/ANE)

GO/DONE: A/D Conversion Status bit

If ADOMN = 1;

1 = A/D conversion in progress (setting this bit stants the A/D conversion)

0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the A/D
conversion is complete)

Unimplemented: Read as "o’

ADON: A/D On bit

1 = A/D converter module is operating
0 = A/D converter module is shut off and consumes no operating current




REGISTER 12-3:

ADCON1: A/IDCONTROL REGISTER1 (ADDRESS9Fh)PIC16F88 DEVICES ONLY

RAW-0 RAW-0 RAN-0 RAW-0 U-0 U-0 U-0 U-0
ADFM ADCSs2 VCFGH VCFGO — — — —
bit 7 bit O
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are read as "0
0 = Leftjustitied. Six Least Significant bits of ADRESL are read as '0".
bit 6 ADCS2: A/D Clock Divide by 2 Select bit
1 = A/D clock source is divided by 2 when system clock is used
0 = Disabled
bit 5-4  VCFG<1:0>: A/D Voltage Reterence Configuration bits
Logic State VREF+ \/REF-
00 AVDD AVSS
01 AVDD VREF-
10 VREF+ AVSS
11 VREF+ \REF-
Note:  The ANSEL bits tor AN3 and AN2 inputs must be configured as analog inputs for the
VREF+ and VREF- external pins to be used.
bit 3-0  Unimplemented: Read as "0’
FIGURE 12-4: A/D RESULT JUSTIFICATION

ADFM = 11

. A
7 2107
o000 o0 .
A '
ADRESH ADRESL

Y
10-bit Result
Right Justified

10-bit Resuk

I ADFM = o

--‘\H- ]
7 0765 0
. 000000
' A
ADRESH ADRESL

-\._\fa- ,

10-bit Resuk

Left Justified




e Tiempos en la conversion A/D
- Tiempo de Adquisicion

> Tiempo desde que se selecciona el canal hasta que se puede lanzar
la conversion (Activar GO/DONE)

> Tiempo minimo: T w = 19,72ps
— Tiempo de conversion
> Tiempo desde que se inicia la conversion hasta que termina
> T.=9T,
- T, es el periodo del reloj de conversion, seleccionable

TABLE 12-1:  Tap vs. MAXIMUM DEVICE OPERATING FREQUENCIES - STANDARD DEVICES (C)

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS<2> ADCS<1:0= Max.

2 Tosc 0 00 1.25 MHz
4 Tosc 1 00 2.5 MHz
2 Tosc 0 01 5 MHz

16 Tosc 1 01 10 MHz
32 Tosc 0 10 20 MHz
64 Tosc 1 10 20 MHz
RCH:23) x 11 (Note 1)

Note 1: The RC source has a typical TAD time of 4 ps, but can vary between 2-6 us.

2:  When the device frequencies are greater than 1 MHz. the RC A/D conversion clock source is only
recommended for Sleep operation,

3: Forextended voltage devices (LF), please refer to Section 18.0 "Electrical Characteristics”.



El modulo CCP y PWM

 Modulo de captura y comparacion. Contiene un registro
de 16 bits que puede trabajar

Sat Flag bit CCP1IF

— Como registro de captura jmcam (PIRT<2>)
+1,4,16 1
> Captura TMRI1 al suceder un evento:cF#" | CCPRIH | GCPRIL
-~ Cada flanco de subida/bajada J;; and y S “ﬁrf"
> Cada 4 flancos de subida { } | TMRIH ‘| TMRIL |
CCP1C0ON<310=
> Cada 16 flancos de subida =
— Como registro de comparacion Spedial Everd Trgoer
Set Flag bt CCP1IF
> Compara CCPIR con el TMRI1 (PIR1<2>)
|-C-CF‘FI1H|-C-CF‘FI1L|
> . : -
Cuando coinciden, el pin CCP1 mz]pm Tﬂ o |‘i'“a§.?1 i Cmpﬁfﬂ“f
v Se pone a nivel bajo Ul bl -::-::Pu:-::nm—an;- | TMFI1H| TMH1L|

Mode Salact

v Se pone a nivel alto Special Event Tragerwi:

y Se deJa como esté - FquT,.E:E” bt not sat imerrupt flag bit, TMR1IF

= Satbit GOVDONE (ADCONO<2=) which stars an AD

— Como registro de ciclo de trabajo PWM ===



e Registros

— CCPRIL y CCPRIH — parte baja/alta del registro CCP1R

- CCP1CON | |
-0 -0 RAW-0 RAW-0 RAW-0 RW-0 RAW-0 RW-0

| — — CCP1X CCP1Y CCP1IM3 | CCPiM2 | CCP1MA | CCP1MO

bit 7 bit O

bit 7-6 Unimplemented: Read as ‘o0’

bit 5-4 CCP1X:CCP1Y: PWM Least Significant bits
Capture mode:
Unused.

Compare mode:
Unused.

PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.

bit 3-0 CCP1M<=3:0>: CCP1 Mode Select bits

oooo = Capture/Compare/PWM disabled (resets CCP1 module)

0100 = Capture mode, every faling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Caplure mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit is set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is
unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set, CCP1 pin is unaffected); CCP1

resets TMR1 and starts an A/D conversion (if A/D module is enabled)
1lxx = PWM mode



Modo PWM

e Senal PWM con 10 bits de resolucion en pin

Duty Cycle Registers ,—— CCP1CON=5:4> CCPI
CCPRIL |
%IE e Programacion:
CCPRIH (Siave) cops — Se escribe el periodo en PR2
4_!:'- an .
mn::a.m R o X (Temporizador 2)
MRz [Nee )] || Se define la prescala con
v T2CON.T2CKPS1: TKCPS
Camparatar | | TRISBe x>
Claar Timar, . . .
7 CCP' oin'and Se escribe el ciclo de trabajo con
PR2 o

Maote 1: 8-biltimaris concatenalad with 2-bit intarnal O

clock, or 2 bits of tha prascalar, 1o craata 10-bil
liméa basa.

PWM Period= [(PR2) + 1]* 4+ Tosc »
(TME? Prescale Value)

FWM Duty 'I'.'.‘g-cle = (CCPRIL:CCPICON<S:d) »
Tosc = (TMEZ Prescale Value)

CCPRIL y CCPCON.CCPIX :CCP1Y

Se configura RC2/CCP1 como pin de
salida

Se activa TMR2

Se configura el médulo CCP para PWM
con CCP1CON.CCP1M]3..0]



Bootloader

start
TSER
hIain Program
Empty space
Without bootloader

ser code 15 11 colored 1 green

Start

ok B-:-_-:-ﬂ-:-a.dar

O:ER

hIain Program

Empty space

Whth bhootloader
bootloadercode 15 calored 1 red

q sarcrds
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