PIC16F88. 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/AN1
- Oscilador interno: 31Khz — 8Mhz RAJANSVREE <o [2 17[1 <> RAO/ANO
— Periféricos ' 16[] <— RAT/OSC1/CLKI
> Modulo PWM/CCP RASMCLRIVPP —-[4 @ 15[ —> RAGIOSC2ICLKO
. s . L
v CCP (captura/comparacion) -> 16 bits Vss —[]5 © 14[]<—VoD
., Q
v ‘EWM (modulacion por pulsos) -> 10 ppyiNTICCP1M <= [T 6 T 13- ?FS%BENBIPGDI
1ts
. RB1/SDISDA <= []7 12 - REONAEGLS
> ADC 10bits 7 canales T10SOIT1CKI
., RB2/SDO/RX/DT 8 11 RB5/SS/TX/CK
» SSP (puerto serie sincrono) -> SPI e L ]~
I°C RB3IPGM/CCP1 <= ] 9 10[] <> RB4/SCK/SCL
> USART
. Note 1:  The CCP1 pin is determined by the CCPMX bit in
~ Comparador analdgico 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 RETFIE, RETLW jt -
(FLASH) organizada en 2 o
paginas (accesible mediante =
PCLATH) :

Stack Level 8

e 4 bancos de memoria de

datos (RAM) organizada en ot Mok 0000h
registros, accesibles mediante . =
RP1/RP2 (status) | Interrupt Vector 0004h
0005h
: - On-Chi Page O
RP1:RPO Bank prf;gl_;ra 5 07FFh
oo 0 Men1gr}r y 0800h
01 1 Page 1
10 2 OFFFh
11 3 1000h
Wraps to

0000h-03FFh

1FFFh




£ yueg
Y441
y42-4yos
59559008
yod i
Y4314
$914d 08
larsiboy
asoding
[BIDLDE)
Uovl
U4t
s91Ag 91
lo1sifay
asoding
FENES)
yoe |
U481l | (pPeAlessY
yagl | ¢ poonasay
4asi cNOO33
yoslt INOD3E
udsi NOOLNI
Uval HLY12d
e8I
yssl
yigl
usgi gSiHL
ycsli
yrsl HS4
yest SNLY1LS
Uzsl 10d
HI8L | ©3H NOILdO
yogi (4PPE 103uIpU|
ssSaUpPY
a4

“Ie9|2 19181621 SIY] UBJUBLL ‘PaAIasal S| 10]s1B0l sIy |

¢ jueg
Ydil
Y42-4yol
SOSSI00.
UoLl
U494
$914d 08
1915160y
asoding
|elouUan)
yoct
4Lt
salAg 91
13s1Bay
asoding
[BI3UDD)
okt
U404 HHdv33
Yol Hlvd33
yaolt Hav33
Yoot ¥1lvd33
ygolL NOOLNI
Yol H1V10d
Yo
Yysol
ylol
ygot 8140d
Yysal NOD1aMm
UL HSd
Ueot SNLYLS
Yyzol 12d
YLot OHWL
YOOI | y1PRE Jo3dipu|
SSappyY
=

‘1 SloN

1915162) [eosAyd B JON ;
0, SB pE3l ‘suoljeco] Alowsaw Blep pajuawsdwiun - [

| queg
444
U42-yol
S955900.
4o4
U413
$914d 08
1916160y
asoding
Yoy |elaUSD)
446 FNOQOAV
436 1534Aav
4ae NOOJHAD
Uo6 NOOWO
4ge TASNY
Uvyo
U66 DHAdS
86 Y1SXL
Y6
uge
Useé
U6 IVISdSS
Uee aavdss
Uzcé cHd
UiLe
Uoé | INNLOSO
448 NOOJS0
438 NOOd
uas Zdld
4o8 L3ld
ygs NOOLNI
Uvys H1vV10d
U68
ugs
u:8
4as g3lHL
ysg V3IHL
U8 HSH
ues SNLYLS
Uzs 10d
Uig 934 NOILJO
Ho8 |, yIPPeE 103upu|
SSaIPRY
314

0 yueg
Y4z
s914d 96
191s1bay
asoding
[BloUDY)
yoz
U4t ONQOQAY
Y3t HS3HAV
uat
4oL
udi
Uv'l DIHOH
Usl DIHXL
ygl V1SOH
ULl | NOOLdIO
Ugl HLHd DO
ysi 1LHdDO
Ul NOO2dSS
uel dN8d3sS
Yzl NODZL
yLt CcHIL
yat NOOLL
Y40 HLHAL
Y30 TEHWL
4yao cHld
Yoo IHId
ygo NOOLNI
Uvo HLY12d
yso
480
yzo
yaso g1H0d
HGo Y1HOd
U0 HEd
yeo SNLV1S
Uzo 12d
YLo OHWL
HOO | ¢ y4PPE 1o8.pU|
SS3IpPpPY
a4

dVINl 3714 43151934 88491 01d

‘£-¢ 34NOH




Auo 801ABPBRIOLDId b
1, PESI SAEME ||M PUE J0ae OU Y 10 S¥S Y1 2yl Jo 2iFe syl Auo indul ue g1 5yyY
‘jUEq AUE WOy pesTRIpPE 8g UBD Sipleibel BsaYy | Z
1e)unoo Weibold Yy Jo alq leddn By} 0] pelIBISLIEI] BIE S1USIUOD
BSOUM '<q.2 1>0d Jo4 Jeisibal Buipioy B 81 HIV]Dd ®|qisse0te Ajoelp jou e lewnoo weiboud au jo eldg teddnay) 1 aloN
0, €E pEa) 'pelualus|duiiln 8IE SUQREDC| PRREYS
‘paalasal = 10, SE pEal 'pelualusidwiun = - ‘uopuco uo spuadap anEa =b 'pabueyoun = n'umouyun =% :puaBaq

FE

Q2L 'whi | 0-00 o000 | NOOV — |3ncagios | osHD LSHD ZEHD | 0SDOV | 1800V | ANCOOY U4l
gk | waac a0 Mg UBIH Jaisibay InssH O | HEIHAY|  u3k
— — pajuaw sl — a]
— — paawdwun — Fia]
— — pawawaduun — ygh
§0L | 0000 0000 Jysibay BEQ ana0aY LHYSNY 5340y Uyl
€04 | 0000 0000 iasBay BRQ YWSURI] |HYSNY DIU¥L LBk

66 '96 | X000 0000 | (BN HH3IO | Hu3d N3aT¥ N3WD NIUS &Y N3dS ¥180Y uak
€919 | 0000 0=~ | OWLHDD | WANLEDD | BWIdDD | BWLdDD | ADD | X4dDD — — NCD 142D YLk
58 'ER | 3000 000 {asm) | isisiBey kg siedw o minideD HLHEDD ugh
58 g9 | 3000 3000 {257 | s=ystfioy Wandauedwopminide] g[§"Elsle usk
5669 | 0000 0000 | QWdSS | LNJSS | 2WdSs | swase | 40 | nadss | acdss | Toom NCDHSS Uk
56 0B | 0000 3000 Jaysfiey NWSLER) | Jayng aNa0aY Uod [BUag SnouoiytuAS 4nadss gk
s9'ag | 0000 000~ | 08¥0aL | 1940zl | NOBHWL | 0sdinol | 1sdinol | gsdinoL [ssdlnoL| — NOJEL|  uZl
€9 '08 | 0000 0000 JysiBoy ainpop Ziew | ZHAL Ykk
£9 ‘2 | 0000 000~ | NOWWL | SOIHWL | DNASLL | NIDSOLL | 0SdWDLL | 8dMDLL | NNHLL — NODLL ok
g8 'tL | wnnx oo sasBoy LHINL 19-g4 au) Jo aiAg weouBIg 150 Su) o} sejsiBay Buipoy HAHINL 440
g9 'L | 3000 000 ey LML 1991 Su) jo sphg JueoyuBls jsea au o} eisibay Buipoy ThHML 430
bg g | vvev 0-00 — — — — 4133 — 4W3 | 41450 2Hid udo
A\E | 0000 000~ | JIHWL | JIZEWL | 412D 41488 dIwL 4104 | OV — iHid 430
L
B9 6L | 000 0000 | 419 JI0LNE | dioEwL 3134 301N | Jowwl | 33d el NODLINI|  zH80
SEL | 0000 0= Jauneg weboid 3Upjo spq §Jaddn aupopaung slm|  — — — HLIV1Od | g Hw0
— — pawawaduwiun — UBD
— — pawawaduwiun — 430
— — TN TN — L0
30000 W0 {9849 1.01d) PRa usym suid g 1HO ‘USHUM USUmM UD1E] BIBQ 91HO
g5 | onr oo {2849 1.01d) PEal uaLm suid g 1HO ‘USHM USym UD1E] BIBQ 91HO g1H0d 4go
0000 ooe {9849 101} PR usyM suid 1 YOS LSHA LSLmM UDIE BB0 Y1HO
25 | 0ooo oo {4849 1010} PRl usyM suid Y1 WO LSHA LSLm U2V BE0 Y1HO YLHO yso
§gL | 0000 000K IaluIog SS2UPPY AoLuap BYE(Q 10Ul HEd|  glro
L | 0aT Tooo 3 alel z ad oL 0y by 4yl SNLVLS| U0
0000 0000 SlAg juEayubig 15ea (D) Japno] weibod 10d|  muEo
B0 | 0000 3000 sasBey ainpoj giaw] OHML Yio
5849 | 0000 0000 {isysiBa | eoisAyd B jou) Alolsl BiBp SS2UPPE O} US4 JO SJUSIUOD S35 LOHEDY Si Bulssauppy dani| 400
0jueg
sbed HOF "HOd
w 110 angEA 0hg Lig Zhg gihg tig gig oig Lhg awey | ssppy
sigaq

AHYWANS H3LSID3H NOILONNA TT¥I03dE  -1-¢ 3149Vl



Auo e0lABD RE4OLTId it
"1, pEed SAEME ||IM DLE J0BYS OU SEY JiQ GWS YL 24} Jo #1EiE 2y} Ajuo indu| UE £ Gy
‘yueq AuE Woy paseeippe aq LD siejsibel asey | Z
Jainoo weiboid syl io alig Jaddn ay) 0] pelIBEUEI] BIE SIBILOD
asoum =g Z >4 Joj Jeisibal Buipoy B 81 HIW0d @(gissenoe A1oaup jou s seuno weiboid sy o aldg iaddnay| 1L ajoN
0, E pES! 'PRUSLS|dLLILN BIE SLUOJEDD| PRPEYS
‘panleERl = 10, §F pEa) 'pejuswadwiun = - ‘uopipuoo uo spusdep enEA =B 'pebuByoun = o 'umouyun = :puabaq

i

'gfffgg e goog | — — — — 0D4DA | 1D4DA | 2S00V | WAOY | miNODOY|  ud6
QgL | oo oo aiAg mon saisiBay ynseh Y|, 183HAY 436
g2l 'gek | Dooo -000 | QHAD was | auAD gHAD — HHAD | JOWAD | NIHAD NOJHAD|  4d6
%) ‘92l
1ZL | TTTO 0000 | QWD LD 2o 210 ANILD | ANIZD | Lo | Lnced NCOWD|  UDB
gzh | TTTT TTT- | asnY | SNy | asny SENY PENY | SSNY | S9SNV — @ ASNY|  uge
— — pouawadwun — U¥s
£0) ‘86 | 0000 0000 JS}E‘!&S‘H IQJElaU=D) slFY piEd aHads LUBE
6616 |0T0- 0000 | gexL | LwHL | Houg — INAS NIX L BXL | DHSD vis¥l|  ug6
— — PR AW dwiun = Ui
— — PR AW dwu = Lge
— — PR AW dwu = UsE
so'gg foowoooos | a8 | wn | muw | s | 4 | wa | o | ans IVISdS3| U6
GE | D000 000D 1515153 SS2UPPY (SPOW y, J,1) HOd [BUSS SNEUCILUAS (0vdss uge
cg'0@ | TTTT 1111 JzjsiBay polad giawi| ZHd UzZe
_ — paUswadwiLn — ULg
g | 0000 00+- | ONAL | INAL | @nnl gNML FNAL | SNML — — INNLDSO| 406
Or | 0000 000+ | QS0S 1508 240 2150 0404 e R — NCODSO|  ude
7 | Bo-- +-e- Loa Hod — — — — — — NODd|  u3s
P '@ | ve- 0-00 | — — — — 3133 — WD | 31450 @  uase
g 'z | 0000 000 | JbAL | JEwAL | oo | 3iwss 2I%L I0H | gAY | — 13| uog
7
'69'6L | ¥000 0000 | JIH | dlOlNl | dowwl | 3@ 3N | JigHAL | 313d 319 NODLNI| a8
cgl | 0000 g--- senen weiboid s o spq § Jadd ) supopieung am | — — — HINIDH | e 98
— — peuawSdwiun — g
— — peuawSdwiun — ugsg
— — PR AW dwun - g
cg'ss | TTTT TTTT sapsiBey uoysaI] BEQ 81HO asmL|  uge
gz| 'ze | TTTT TTT1 (<Q:p=¥SIHL) Jis1BaH uonoalq BE] ‘EU_HO«:I‘ EVSIHL | g¥sHL | IYSIHL vauL|  use
ggl | 000 oo JBUIOd SSRIPPY AOLISIY EjE(] 10341PU| US| ube
g [eerwoo| o | oo | oz | ag [ o | ww | wm | SNIVIS|  ue9
ggl | 0000 0000 SpAg Jueoyubls jsea (4] sepune] weiBoiy 10d|  muEe
69 'gh | TTTT TTTT | (Sd | 18 | 284 | ¥ad | 3s0l ‘ 8001 | Sa3LNI | Nday |o3Wnow=o|  ue
ee| 'gg | D000 0000 (1151651 |EoisALd & JoU) AIOLIBLY EJEP SSSIPPE O WS4 JO SBJLOD S35 LOYEDC i} BUISsaIpoy Jani|  H08
L jueg
abied ;
uo ”]ﬂ,ﬂm”gf oug L g zig gig g g ang | zig auey | ssuppy
LB

(QINNILNOO} AHYWIWNS HILSIDIH NOILONNA TVIDAdS  :1-Z 314Vl



Auo 80lABP RR4OLOId  F
"1, pEed SAEME |1\ PUE 1088 OU SBY I S¥S YL 941 Jo 81EIS ey} Auo indul uE 1 vy
‘yueq AUE Woy pessaIppe o UED sipisibel aeay | (2
Jainos weiboud syl Jo 814q Jeddn Byl 0] pRIIBISUEI] BIE SIUBILIOD
280U '<g.ZL>Jd Jo} Jeisibad Buipjoy B 8| H1¥]0d 2|qiseecce Aoedip ou s Jelinoo welboud sy jo sldgaeddnay ] i1 @oN
0, §E pED) 'pRiusWwa|dwiun SIE SUD)EDC| PRREUS
‘PoAlDSEI = 1 0, SE pEa) 'paiusWwaidwiun = - 'uop puoo uo spuadap anEa =k ‘pabuByoun = o 'umouyun = x  :puabBan

i

— | oooo oooo IESID UIEJUIEL 'Pah ssay — g
— | oooo ooop IES|D UEJUIEL ‘PN SRy — y3gl
-0 IREEEERERE {iaisiBal [eosAud B1ou) g seisBey |Quuo] WOWL3T ZNOD33 | uasL

b2 'gE | Dome - -x au HM NIUAM | WY3um | 33ud — — as433 WNOD3IT| U8l
7

'69 '6L | ¥000 o000 | Jiaw HI0LM | dIoHwL J1au JiodME | JoENL | 3iEd =1L NODLNI| zHEg )
cgl | 0000 0--- Jswno] weiboud auijo s3q § sedd ) aupiopiayng Sum | — — — HIVIOd | 981
— — peuawSdwiun — YBS |
— — pajawadwIun — ygel
— — peuawSdwiun — Yig|

£8'85 | TTTT TTIT Jas1Bey uoioald BB 31H0 asml|  ugsl
— — peuawSdwiun — ysg |
gg, | 0o xonne IB|UICY S5IPPY AOLISIY EYE(] 1084IPU| HSd| HFel
L | 0T Tooo a | aa | z | ad [ e | o | ww | SNIVIS| HERL
cgL | o000 ooo0 apig weayuBig 5Ee (D) Jeune] wrbod 10d| MHERt

699k [ttt mitt | osd | isd | @sd | wsd | 3so | soar | moa | ndad |eawnoudo| uis
§gL | 0000 000D {1eBa |Eoisiyd ® jou) AlowaL BfEp sS3IpPE O} Y JO S SjLeD 598N LoD i} Buissaippy H0aNI|  zHOSE

£ jueg

b | 0000 e 143 UBH Jesibey ssalpoY USEIWOHC3I| — — — = HHOY33|  udol
vg | 0o .. a1Ag uBiy Jesiboy BEQ USBEAWOELT|  — — HI¥ad33| 43ol
pe | wonoc wone a1Ag Mo JaisiBaY SSeIPPY USEI4NOHL3T Hava3| uaos
pg | wonoc 000 SpAg Mo sisiBeY BIBQ USE4NOHEL33 ¥i¥a33| uool
7]

‘%9 ‘g1 | *¥900 oooo | Jiaw HI0LH | dIoHnL Jigy JolM | JoewL | 3i3d =1L NODLNI| Ha0 1
ggl | 0000 0--- Jswne] weiboud aujjo spq § Jeddn aubiopiayng Sum | — — — HIWTOd | w0 |
— — pajawadwun — Ued
— — pauawsdwiun — usolL
_ — STETIET Iy — U0l

WHNH KX {8849 101d) PEaI UsymM sUId 5 IHOH LSHUM USUM USIE] BIBT 1HO
g5 | wonoc wone {4849 101d) pESI UsUM sUId 5 IHOH LSiim UsuM USE] BB 1HO giHOd|  usol
avt | o000t o--- | N3loms |ogdiom | 1sdiom | 2sdiam [esaam| — | — | — NODLOM|  uSOl
ggl | 00 onne IBjuICy SSRUPPY AoWS BB 103UPU| HS4| Hb0L
L | 0ot tooo ) 2a z ad oL Ody bdH ol SUVIS | H80+
gL | oooo oooo aphg weoyubiz 1ses {0d) s eunop waboy 10d| gHEt
60 | wonoc wane Jas1Bay SINpojy Qe | OHAL|  WLOL
cg| 'gz | D060 0000 (oo |Eoisiyd ® jou) AlowaL ByEp sSaIpPE Of Y3 JO SIU3jLoD S9SN uoieaq i} Buissauppy J0NI| U0l
Zjueg

E&d L]
uo ”]f’fm“g’f oxg Lhg zug eug rug gug ang | zua AuEy | sseuppy

SlIEa(

(QINNILNOD} AHYWKNS HALSIDTH NOILONNA TYIDAdS  :1-Z 34Vl



Registros de control 1guales que PIC16F84

REGISTER 2-1: STATUS: ARITHMETIC STATUS REGISTER {ADDRESS 03h, 83h, 103h, 183h)

RA-0 RA-0 RAw-0 R-1 R-1 RAN-x RAN-x RAN-x
IRP RP1 RPO TO PD z oC c
kit 7 kit 0
bit 7 IBRP: Register Bank Select bit {used for indirect addressing)

1 = Bank?2.3{100h-1FFh})
0 = Bank 0.1 {00h-FFh}
bit &-5 RP=1:0=: Register Bank Select bits {used for direct addressing)
11 = Bank 3 {180h-1FFh}
10 = Bank 2 {100h-17Fh}
01 = Bank 1 {80h-FFh}
00 = Bank 0 {00h-7Fh}
Each bank is 128 bytes.

bit 4 ﬁ: Time-out bit

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

bit 3 ﬁ: Fower-Down bit

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

bit 2 Z: Fero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

kit 1 DC: Digit carry'borrow bit (ADDWF. ADDLW. SUBLKW and SUBWFE instructio ns}“}

1 = A carry-out from the 4th low-order bit of the result occurred
0 = Mo carry-out from the 4th low-order bit of the result

bit 0 C: Carry/borrow bit (ADDWF. ADDLW. SUBLW and SUBWE instructions {12

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

Nete 1: For borrow. the polarity is reversed . A subtraction is executed by adding the two's
complement of the second operand.

2: For rotate (RRF. RLF) instructions. this bit is loaded with either the high or low-order
bit of the source register.
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Registros de control distintos que PIC16F84

REGISTER 2-4: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS 8Ch)

U-g R/W-0 R/AW-0 RAW-0 R/W-0 RW-0 R/W-0 R/W-0
— ADIELD RCIE TXIE S5PIE CCP1IE | TMR2IE | TMRA1IE
bit 7 kit O

bit 7 Unimplemented: Read as 'o'

bit & ADIE: A/D Converter Interrupt Enable bitt1}
1 = Enabled
0 = Digabled
Mete 1: This bit is only implemented on the PIC1E8FB8. The bitwill read '0' on the PIC1E8F&7.

bit & RCIE: ALUSART Receive Interrupt Enable bit
1 = Enabled
0 = Digabled
bit 4 TXIE: AUSART Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 SS5PIE: Synchronous Serial Port (55F) Interrupt Enable bit

1 = Enabled
0 = Dizsabled

bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enabled
0 = Digabled
it 1 TMR2IE: TMRZ to PRZ2 Match Interrupt Enable bit
1 = Enabled
0 = Digabled
bit 0 TMR1IE: TMR1 Cverflow Interrupt Enable bit

1 = Enabled
0 = Dizsabled
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MODOS El oscilador

LP Low-Fower Crystal = e v |
i itor Values
XT Crystal/Resonator TRl apah
Iry Osc Type Crysial Tested :
HS High-Speed Crystal/Resonatar Freq 5 e
RC External Resistor/Capacitor with
FosCi4 output on RAG L‘; 2 kk'f i p:z i p:z
. . . 200 kHz 56 56
RCIO External Resistor/Capacitor with R = DF E DF
10 on RAE i i i
) ) 4 MHz 15 pF 15 pF
INTIO Internal O=cillator with FosCi4 ns T 15 pF 15 pF
output on BAE and 11D on RATF T = TS pF
INTIDZ Internal Os=cillator with /0 on RAS 20 Mz 15 pF 15 pF
and RAT
ECIO External Clock with 140 on RAE
FIGURE 4-6- PIC16FB7/88 CLOCK DIAGRAM
;;rih'a;v'c;s‘p"hbr Corfiguration w_ord 1 (FOSCRFOSCD)
OSCEE_ : sc:safﬁ”iﬁosc:
: : leep
SAET g ,L___ e , % LR XT, HS, AC, EC &
'Secondary*Oscillator Feripherals
T1080g i rak % TIOSC g
: ; TIOSCEN b ToTimer
' ' Enahie
T EF 1 SptlEor OECCON=Bd= Intemal Cscillator
8 Mz [~ "L cru
4 MHz
Internal SR 110
O=cillato
Block b 1 MHz e
| # 100 2
GMHz | B p=lkHz ) . =
8
S1.25kHz| | (INTOSC) i 250 kHz_
Source 010
125 kHz L
51.85 I".Hz__ noo
Bﬂ NEEHRSZ / WDT, FSCM




FIGURE 4-1:

conexion del oscilador

CRYSTAL OPERATION

{HS, XT, OR LP
OSCILLATOR
CONFIGURATION)

DSC‘I

01{‘}|
[ xXTAL ;
osca

CE{]'

PIC16FE7/8B

Mote1: See Table 4-1 for typical values of C1 and C2
2: A seriesresistor (A=) may be reguired for AT strip

cut crystals,

3: AF waries with the crystal chosen (typically
betwean 2 ML to 10 MO

FIGURE 4-3:

OPERATION
{ECID CONFIGURATION)

EXTERNAL CLOCKINPUT

Clock from ~I>o—v~
Ext. System

AAG  s—e

CSC1/CLKI
PIC1sFB7/88
IO {OSC2)

FIGURE 4-4: RC OSCILLATOR MODE
VoD
RExT I I
nterna
Ooti — Clock
i = PIC1sFET BB
- OSC2CLKO
Fosefd
Recommended values: 3 k2= REXT <100 k2
CEXT = 20 pF
FIGURE 4-5: RCIOOSCILLATOR MODE
Voo
RExT
O80T [\\\ Internal
—TL g Clock
i lj il
CEXT
Vag ; = PIC16F87/88
RAG =—ml /0 (OSC2)

Recommended values: 3 kiz < REXT <100 kX
CEXT = 20 pF




Registros de control del oscilador

REGISTER 4-1: OSCTUNE: OSCILLATOR TUNING REGISTER {ADDRESS 30h)

RIW-0

bit @

U-g U-0 RW-0  RMW-0  RWO  RWI  RWO
— — TUNs | TUN4 | TUN3 | TUNz | TUN1 | TUNGO
bit 7
bit 7-6 Unimplemented: Read as 'o'

bit 5-0 TUN=5:0=: Frequency Tuning bits

011111 = Maximum freguency
011110 =

000001 =

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

111111 =
L3

100000 = Minimum frequency

* OSCTUNE -> ajuste del oscilador

— Oscilador calibrado de fabrica
— OSCTUNE permite ajustarlo en un £12.5%
* OSCCON -> configuracion del oscilador
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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

TMR2

— Temporizador de 8 bits
— Prescaler y postscaler

— Genera interrupcion en desbordamiento



TMROy WDT

CLKD (= Fosci4) Data Bus
L B
0 E"l 1 3
== M
N o= syne
1 4\\ | >_ X ) 1 - 2 » TMRO reg
. I - 1 0 5 -
RAYTOCKIC2OUT = bt Cycles
pin T
TOSE ?
965 Py Set Flag bit TMROIF
on Owverflow
Prescaler
R T i e s e S L e A
r—— — = — — — 1 2 M I ie 8-bit Prescaler I
| WDT Timer | U | |
: 1| ® | |
| | 2125 kHz [ _ 16-bit B
Prescaler | |
| 7 | T | Bto-1 MUX  |e— PS2PSO |
I WDT Enable bit I PSA Lt - - — — — - = 4
L o e i b L J
N | 1

MUY |—F3A

WoOT
Time-out

Mote: TOCS, TOSE, PSA and PS2:PS0 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

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



Set Flag bit TMRI

TMRETIF on
el . Synchronized
l_ TMR1 p Clock Input
TMRETH TMRIL f—— _I
TMETON e s
________ On/off TISYNG
L T105C ! o =
& i 1 — "
S : J E |2 Proscaler bj,rnc:hrc:unlze_
R £ Yo T1OSCEN  posci L5 S det
: », Enable - internal — o I
- v Oscillator™  Clogk L g 2 Q Clock
1 1 o
Ti0s] = ve-=eee T1CKPS1:T1CKFS0
TMRICS

MNote 1: Whenthe TTOSCEM bit is cleared, the inverter is turned off. This eliminates power drain.

* (aracteristicas:
— Temporizador de 16 bits -> registros TMR1H: TMRI1L, con prescaler 1:8

— Interrupcion en desbordamiento

> Flag TMRI1IF (registro PIR1)
> Enmascarable con TMRIIE (registro PIE1)

— Modos de funcionamiento
> Temporizador (igual 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

kit O

Registro de control del TMR1

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

u-0 R-0 RAN-O RW-0 RAW-0 RAW-0 RAW-0 RW-0
— TIRUN | TICKPS1 | TICKPSO | TIOSCEN | T1SYNC | TMR1CS | TMRTON
bit 7 bit O

Unimplemented: Read as "o’

TTRUN: Timer1 System Clock Status bit

1 = System clock is derived from Timer1 oscillator

0 = System clock is derived from another source

TICKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 =1:8 Prascale value

10 =1:4 Prescale value

01 =1:2 Prescale value

00 =1:1 Prescale value

T10SCEN: Timer1 Oscillator Enahle Control bit

1 = Oscillator is enabled

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

TMRICS = 1.
1 = Do not synchronize external clock input
0 = Synchronize external clock input

TMRICS = o:

This bit is Ignored. Timer1 uses the internal clock when TMR1CS = o.
TMR1CS: Timer1 Clock Source Select bit

1 = External clock from pin RB&/ANSPGC/T10SOIT1CKI (on the rising edge)
o = Internal clock (Fosc/4)

Note 1: Available on PICT&6F88 devices only.

TMRT1OM: TimerT On bit

1 = Enables Timer
0 = Stops Timer1




Modos de funcionamiento

— Modo temporizador
> Se selecciona con TMR1CS =0

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

— Modo contador

FIGURE 7-3: EXTERNAL
> Se selecciona con TMRICS =1 %?;E‘E?’EE“‘OTECT&EE
> Puede funcionar con » e
. . . 33pF
» Reloj externo (pin T1CKI) -> si y = 1081
configuramos TIOSCEN = 1 é CTAL
. . . . 32,768 kH
v Reloj interno (con cristal LP) -> si = T :
configuramos TIOSCEN =0 1 — 71050
33pF
v En ambos casos puede configurarse en d
modo Sincrono O asincrono MNote: See the Notes with Table 7-1 for additional
information about capacitor selection.

> Modo contador sincrono (TISYNC = 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 TMRI1 sigue contando durante SLEEP => puede despertar al micro




TMR2

FIGURE 8-1: TIMERZ BLOCK DIAGRAM

Sets Flag
bit TMR2IF | BiETm

Rezet Prescaler

TMEZ re — Foscid
d T:1, 1:4, 106
11
L Wi
Postscaler = " «I/E
— 11 to 1:16 e n:-mpﬁara or
L
4 PRZ reg

Mote 1: TMREZregister output can be software selected by the
5P 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 PIE])

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

e (aracteristicas

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

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

REF+ REF

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

* Registros de control

- ADRESH -> parte alta del resultado
— ADRESL -> parte baja del resultado
- ADCONO / ADCONT1 -> registros de control

— ANSEL -> registro de seleccion de entradas analogicas
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Operacion del ADC

* Configurar el modulo A/D (secuencia)

— Configurar los pines I/O como analogicos/digitales (ANSEL)
— Configurar la tension de referencia (ADCON1)
— Seleccionar el canal de entrada A/D (ADCONO)
— Seleccionar la fuente de reloj del ADC (ADCONO)
— Activar el modulo A/D (ADCONO)
* Configurar la interrupcion A/D (opcional)
- ADIF=0, ADIE=1, PEIE=1, GIE=1
* Adquisicion de un dato
- Fnar la senal 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 si1 se estd usando la interrupcion




Registros de control

REGISTER 12-1: ANSEL:ANALOGSELECTREGISTER(ADDRESS9Bh)PIC16F88DEVICES ONLY

-0 RAW-1 RIW-1 RAW-1 RAW-1 RAW-1 RIW-1 R/W-1
— ANS6 ANS5 ANS4 ANS3 ANS2 ANST ANSO
bit 7 bit O
bit 7 Unimplemented: Read as "0’

bit 6-0 ANS<6:0>: Analog Input Select bits
Bits select input function on corresponding AN <6:0= pins.
1 = Analog o2
o = Digital /O
Note 1: Setting a pin to an analog input disables the digital input buffer. The corresponding
TRIS bit should be set to input mode when using pins as analog inputs. Only AN2 is
an analog /O, all other ANx pins are analog inputs.

2: See the block diagrams for the analog I/O pins to see how ANSEL interacts with the
CHS bits ot the ADCONOD register.

FIGURE 12-3: A/D CONVERSION Tap CYCLES
Tn::w o TAD: Tapi :TADE :TADS ; Tand :TA[IE :TAI:IE : Tan7 ; Tand . Tang :TAD'ICI:TAD'I'I :
T b9 b b7 & b5 b4 b3 b2 b1 b0

Conversion starts
Holding capacitor is disconnectad from analog input {typically 100 ns)
et GO/DOME bit

ADRES is loaded,

GODONE bit is cleared,

ADIF bit is set,

holding capacitor is connected to analog input
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* 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 aco — 19,72ps
— Tiempo de conversion
> Tiempo desde que se inicia la conversion hasta que termina
g TC - 9 TAD
- 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=> Manx.

2 Tosc 0 0o 1.25 MHz
4 Tosc 1 0o 2.5 MHz
B Tosc o i 5 MHz

16 Tosc 1 01 10 MHz
32 Tosc o 10 20 MHz
64 Tosc 1 10 20 MHz
RCO.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”.



