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Abstract

This thesis presents study and design of Pitching Machine which use for practice hitting

softball’s skills. It can throw 3 styles — Fastball, Left-Hand Curveball and Right-Hand Curveball

and control velocity of softball as 3 level - 70, 80 and 90 miles per hour(variable speed from 40

to 100 miles per hiur). Each process is controlled microcontroiler.
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luTasneulnsamesd Mo gunsaBannsetindetimindginiolulsznoudeless
Buq Ma199THaE IS IAN 19U HieUTsuIaMaNa1e (CPU: Central Processing Unit)
MUIEAMUIMNNANAMAASIALa03n (ALU: Arithmatic Logic unit) 493808 Faun0s
(Osillator) MHWANUET (Memory: ROM, RAM) nesfudganudunpuasiviyn
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2.3.1 Iassahavedlulasneuinsames (F10)

Microcontroller PIC 5Tnssadhanatudnyaiz 1 8 pins, 14 pins, 18 pins, 28 pins 1A
40 pins =’§aﬁ“lﬁsﬁan‘l%’mﬂuwifuﬂgiwmﬁaﬂi%amm Memory thimsminzsudnumsani
m

Microcontroller PIC16F877 finesaldatusiadns 5 wosn Ala PORTA 6 iin, PORTB 8
in, PORTC 8 1in, PORTD 8 1in 4oz PORTE 3 1in iluwefauuud 2 Himme fe awnse
xflu‘lﬁ'ﬁq’ﬁ'unﬂ wazieng uazduiiunesafamiseuasdyana ADC (Analog to Digital
Converter) MBAA8 Microcontroller PIC ﬁf}mﬁﬂﬁm:ﬁ‘ﬁﬁﬂjﬂﬁ

=

- finesa Vo vua 3 din, 6 i, 8 Iin $1udu 5 wesa
- Hwdgad Isunsunuuaas 1 84 32 kwords
- T nuiidoyansn RAM 64 613 1536 bytes
- fmdoenudidoyaddws oy EEPROM 256 bytes
- Timer/Counter
- Timer 0 %119 8 UM
- Timer 1 YU1A 16 1
- Timer 2 %419 8 4N
- finTzuodatiaenszuawes (High Sink/Source Current) 25 mA
- Teesuilasdyann Analog to Digital Converter 10 i
- ﬁaa%iﬁ'amﬂmnaqﬂmﬁq SPI 148g I'C (Master/Slave)
- 112993 Pulse Width Modulation (PWM) r11iaziBuagsda 10 1in

- IMUeA UMY Flash snwsaleuuaza 1@unnn100,000 A5

impuﬁl IIRCE jI_| Lﬁm

< Data bus/address bus

minndrsunananan
Timer/countes @ K <:> ALU
CPU

TRTAIM

dynnanidng
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2.3.1.1 vuefssuaananas (CPU: Central Processing Unit)

CPU Usznoudaen995819e] Ha1waess (91 199IILRUNAMAZILUUM TN
(Timing and Control Unit) «'i?awﬁmﬂ1ﬁ5ﬂmsﬁ”’awnmmwmffqﬂs:mawmmzmnﬂmm
sdai 1850 mIdamsndiamaniiazanin (ALU: Arithmatic and Logic unit) 1aoesyi
wihfisauazlssuaranindinmaaiuagszuuassn  293neasHanIde (Instruction
Decoder) sgimiashdetmuaidiiumeinies (Machine Language) 2995AURUA1Y
NUYDY Counter (Program Counter) NITAWANAYYIUUIND (Osillator) AABAY
nironudn el Register, Adder, Subtraction, Buffer tazaus 719 lumsdudeyauazms

Uszranauss CPU Sudu

2.3.1.2 HUWANNE) (Memory Unit)
Ed
TumsdouTdsunsudenundldiulylasneuInsamefiiudosdiilsfariinvos
v o s ¥ Aq ¥ A a A o1 a o v
MUWANBIUDLITMIINNAW Fadennmatouuu PC naulufivsriinvasdmnlshes
¥
Tanudeyadszianla  dmiumisvanwiluszvululnsneuInsames PIC 1iu eedl
»
w1 lums1dem 3 dsznn Asdl
1 19Ny IsunsusuunWay (FLASH Program Memory)
b
wieanudwuuunay (Flash ROM) luflagtiumiennudwiiail ldgn
wun1diu Microcontroller wavuS¥nuatagn Tnsligueuiialumsileu Tsunsusazay
' o & 0 P 9 o w o
Tisuntuldnnd 100,000 ASe FanshmezlinnudsguiamuziunsNanaLd
YA Iney
2 w1 1Usuns s (Data Memory RAM)
¥
wissanuiid il Bladudeyavazdszamalsunsy  aunsesu
¥ 1 »
vaz@oudoyn lAvasii Ihdes uadie luselWidesdoyaney szamolyl winwibonnuin
¥ ’
danidl luwe 19z dosdontteanuswsunwuDmNK (External RAM %39 Data Memory)
ar -t 3/ 3/ tg = a ] ] ©
Pegiiuma TuTaodmihaunnFdunsieslinsussgiieanuiseinn  Data Memory
W i lugtay
3 HUWANUINLLDINT O (EEPROM Data Memory)

WileANud Y EEPROM  Wumieanuifmnsadouuaza
Tsunsudrenszua idhlumitsnnudioiisves PROM  (Programmable Read  Only
Memory) Tasnwlulimsnannld RAM (Random Access Memory) NUHUWANUITIRT
Widudeyaldaasuvumioonid) ROM (Read Only Memory) Tasauiiniauiazay

»
Tsupsudounaisg asela



2.3.1.3 HOSABUYAGINUA (VO port)

L. ¢ o v a0 4 LY '
TulnsnouTnsamesszlinesad miuAnaodoatdugilnsaimeuonudue

4

I 3/ o 4 a1 4 w o
Fagszaeniuns lFnunergumuiiveameia Taseunsofndedemiduginsainieusn

9

o 3 = o '
dmifidluduyaunziednald 15y Pushbutton, Keypad, Semsor, LCD, Timet/Counter

AaasIunsLUaId R Analog to Digital Converter 131y

U 40 '] -— RBT/PGD

OSCHCLKOUT ]
RCIYT10SOTICK] m—uw-
RCUTIO8HCCP2

RC2/ICCP1 = [

RCY¥SCK/SCL w-—-
RDGIPSPD

RD1PSPT w—m ]

—
-

27 [] =»—» RO4#SP4
26 [] =——wn RCTRNDT
25 ] w—w RCATXCK
24 : -—p RCB/SDO

23 [] ~—e RCA/SDISDA
22 [T w—» RD3PSP3
21 [ ] -+—= RD2PSPZ

MCLRNVPP ——= [ 1
RAJANG w—=[1 2 26 [} —w» RB&/PGC
RAT/ANT -=—[] 3 38 [ ] -—w» RB5
RA2AN2VIEF- -] 4 37 [ ] #—» RB4
RAJMANINVREF+ HE 5 36 j-q—-r RB3/PGM
RAYTICK] w—w E A 35 ;]H RB2
RAS/ANASS w17 < 34 ] -—» RB1
REQ/RDVANS <—=[] 8 t~ 33 [] =—= RBOANT
REVIWRIANG <—=[1o  ®  »{Je— v
RE2CGIANT »=—[110 o 3117 — vss
VGO s [ 11 ff 30 [] =« ROD7VPSPT
VES o [ 12 © 29 []-=— ROGPSPE
OSCHCLKIN —["] 13 5 28 [] «—» RD5P3P5
Y

- i oy
8@&1‘40”0‘

d‘ o 4
71 2.3 msdavives luTnsaouInsames PIC 168877

Tud CPU w84 Microcontroller PIC16F877 %ula 40 Pins fwidayanadi 14dade
Input/Output Port ﬁ%"maumﬁ'mumumf'\gﬁyu 33 Pins S48

I PORTA RAO-RAS 111U 6 Pins
- Bunwmezuinen ®3e dunMeARIRER
- Bunadygranniinnnneuenvesnees 0 1w RA4/TOCK]
- wwiwenffeuioudyanaezuioen

2 PORTB RBO-RB7 971411 8 Pins
- BunAeTNAATAGA

o o o
- AWITOYWABW (pull-ups) NNBSARLNTLVIUAITAIIBONAIT 1A



- Buwessdiiiosnndyenanouen (Extemal Interrupt) 141 RBO/INT
pzdumeildiiesnnnsuiasunlasdyga (nterrupt-on-change) i1 RB4-RB7
3 PORTC RCO-RC7 91474 8 Pins
- BunmeNtyARIAGa
- nTuga CCP Sunmaswiudygia enivanSeudvudoyn uazads
Aoy PWM
- 91Tuga USART Aomsdoynoynauiuy SPL, I'C uay RS-232 (UART)
4 PORTD RDG-RD7 911471 8 Pins
- Bunaeninadtaoa
- YIMBTAVUES Y (Parallel slave port)
5 PORTE REO-RE2 91434 3 Pins
- Buymeyuaen nie SunaeinaAIaee

- g mBrunesauuIy MU wduvINesa D

2.3.2 i‘uga Capture/Compare/PWM

luTasnouInsames PIC16F877 s2iiTuna Capture/Cofmpare/PWM 130 CCP 114
u'ld 2 é Al CCP1 (11 RC2) uaz CCP2 (N RC1) TaoTuga CcP wtisTnuamshian'ld 3
Tnua Ao as299udeynI® (input Capture) ufSouivudoyn (Output Compare) uaz ®319

doanmnad PWM (Output PWM)

3191 2.1 Tnue cCp Aums s Inwed

Tuuamsiramves luga ccp Tnasesi 1o
Trunasndudgga (Capture mode) nwes 1
Tnusanfs vuoude o (Compare mode) Twed 1
Tnuaadudyapamisanuniiaveskad (PWM mode) Tnises 2

¥ o
Truaadedoais PWM (Pulse Width Modulation) #1313015um1a @ lia (duty
» )
eycle) tdnnpamamauveaTlsunsu Tuuaii Tavszedenwes2 lunmsiinu meada

YN Output PWM




TaeHh

Period _
Duty Cvde i
T TMR2 =PR2
TAIR2 =Duty Cyele

i
TMR2 =PR2

71t 2.4 dyapauonine PWM

L4
Yupoumsaadagis PWM

o PN o o
1. MUUARIUOAIRS ST PR2 TRansmuianl ldeinauns

PWM period

]

[(PR2)}+1] * 4 * Tosc * (TMR2 prescale value)

PR2 = [ PWM period /(4 * Tosc * TMR prescale value)] — 1

PR2 Ao S3amei Al Fimusmunavesdyans PWM
PWM_period A1 MUNA0TRQIU PWM

Tosc A0 MUNAWOITUANUUIRAIHDD
TMR2_prescaler i 18031874 Prescaler %89 Mio3 2

2. fMUAAT Duty Cycle A39a@a3 CCPRIL : CCP1CON lufia# 5 uaz 4 mamiuom

»
A1 Duty Cycle Mu1saunt lAvInaunisse 115

PWM duty cycle = (CCPRIL:CCP1CON<5:4>)* Tosc * (TMR2 prescaler)

CCPRIL:CCPICON<5:4> = PWM duty_cycle/( Tosc * TMR2 prescaler )
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] ] ¥
Tauh  CCPRIL : CCPICON<5:4> fin Saanasn s muamvedinf lafavesdeyey i
PWM 1iAnwazdoa 10 s

PWM duty cycle fie A1unNevssdyn e PWM Nideanis

2.4 'lnleamaa(Power Diode)

TaToafds (Power Diode) Huninddifnnseindfidwiige aadnumzvenszud
wnzusem fhvazegluanzieog®y  (steadystate) o laTongn s lalmiy
(forward biased) 'laTonsedimmihnszunlasfiuseduiwfanasomintosszdunilslad
taziito'ln Toagnludadoundy (reverse biased) vefinszuasafounduvinaosinue
dold i hifnssua Inadudlaleasunseiadegaus sdu ihwsnanifoundy  (reverse
breakdown voltage) FelumatfiiezAnsonnuuuliialoamdelivkemmdgausedy
Iitusnanidoundufenuaenie

audnyazveInIzuaazus sty IdshaunseRnsanuuugaund 150 vz lalon
Mdshinsze  usadulihanasoulalensziinutiuguiluuvgeunauazvuz lnloali
ihnszuanieluyidlaloagnludadoundulalentzannsonuusshdounayldgann

?"fm%”mmﬁ'numx“luqﬂnﬂﬁlfu manzdmislilunmsinneimsiauvesduala
18 ue lilsdmiumssanuauldnuei

dolaloadninrzua  ewdnsanidiilunsaieflugaundimszaiunaisy
1ATENA (tun-on fime) im?'Jmnu'i"mﬁuun"mmnmm'Jz‘f;"mi (transient) 112993189 ua
TuthamGumgminszud  (um-off  time) szfinszuerlnToadeunduludran it
foundu (reverse recovery time, ) foufisznaudIgams Taonsftudafoundy @udhiaw)
snatnadszalulnlentdnua lietleauus sdu Indhdeundu 14 AR
dounduneiinamldidaus s AR (overvoltage) Tursesiinamudiudanilenin 1ees
fhu“lﬁnjﬁmnuﬂﬁuﬁ'sﬁaunﬁ'unz"lu'Fifmﬁwaﬁ'aﬂmﬁﬂymzﬁ’mn’fmazﬁmaanmmﬁauﬂm
fds ﬁu’fu"lﬂ’[amzﬂ;jﬁmsmLfluuuuqanﬂmmhﬁ'hjﬁmizuﬁ gazdminosuaiaviia
v991nlarsanmuaiudsamslumsissgnaldau wwuiseen 1@l 3 ngudoiuie

L. Schottky diode Tinezldiiiodasnisuseiuithanaseunasnardoundutiess Ty
Teytiuuseduvnmhnszuaszlinnlszna 0.3 Toad hvmsRnaiusdeundyTavial
slimeglumisui i Fauinezldhnssussiuiihdn daTeativsnuus sy Ivds
l872a 50-100 TaaduasAtanszua sz 300 woualy

2. ulﬂ]ﬂﬂﬁuﬁ‘)!gi (fast-recovery diodes %50 high speed diode) ‘?Nﬁ'ﬂilﬂ‘lﬁu')ﬁ‘iﬁ

fIadaniaudgediniuenalasfuiduas 19t uadatuuunivny Idndesmsnm
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fusdounsudos laleadidwmnanseduin 6000 Tand unznszuatrth 1,100
wounlfosfigitusabounsutlsznia 0.1-5 TuTasiurd

3 ulﬂii)ﬂm’mﬁlﬁh (line-frequency diodes N30 general purpose dicde) "lﬂiﬂﬂ%ﬁmfi)“ﬂ
ponuuudmsvlFoufinnudm  Wusnudihlud so @seduazdnesnuuu
ussenu Wshanasen'laTeadfigamiieshila navedlalealdandinudidnh1id
Frnmiufliounduen  wsrwmaiusfounduvedlaloagindnedudiomoudy
munawennid i luthy vSeanudd Tegiivialeaiifitaussdulnih 6,000 Toan

unennanszua i 4,500 wouals

2.5 wemwaiag

vomraning {Metal-Oxide Semiconductor Field-Effect Transistor) 'ﬁﬁ"lu
sidamsedndinds  dedesmsldueamiadidninszuaeiisdaifios  wieedinsdou
sy ifhssn havunatunsea (v,) eddeiiies Srnmmsaindivesusamaiig
vriifhagszv namanduveanluiuh 5aﬂﬁ'ﬂ§'ﬂuﬁmﬁ=’§q§uag:ﬁ'mfﬁmm:qmmﬁﬁmm
oA

ATMMUMUSEN TV NATUAINIEOT Ry, i)z‘ﬁ’uﬂéﬁﬂﬁﬁﬂﬂﬁﬁ1ﬂﬂﬂﬂ%lﬂﬁﬁ
Tminmus siu h I8zt e Bima s umusznhaiesufuvaoatsunty
Faaeiivnned1asgaydenna1niinssud (conduction losses) 19U uodHAfIGfiAAAAMS
Mamwesswduidh 1,000 Tiad  szlimanudumusznihsnmsudunzeainnh
wemmamdslimmnanshauvewssiuivdh 200 Taad ﬁ'q'ti"umsqsuusﬁuﬁnﬁﬁmnms

—_—

S e w o o o i = o J
inszuavpswomiaiidsinuld 1,000 Toad wxlimdgydendavinmminszuamnani

yosupmamaannuusau i 18 200 Toaa

L J

ANuAIUNIUIEHINIAs Ui wervewemMaids  sslimdullseAnigungl
ﬂ Ay R . ¥ 4 A 4L g o o o '
Huyn Aedgamgimuiumanudmimuniziiuyudls veatdamdsszaaniminige
L ) ] J : Y o hd Qe
vimiuldhemndssnsmsisounnssua iigeliu Mellueamnsidszdoslnuauiia
anqmileununigatessiunevuuiula
Tuilvpiiuseaamasimfdanisiauvesussiu i dnnndt 1,000 Trad ua
a e ool La o ] ' H o o = P
TAtanssua’ld ify 100 weuudd udgaruiigavewemraisiionsiinnuavesns

o ot =2 o 9 = = o
MIAFUANIND NS on Iaidsact
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2.6 HANMININNVDINRIATIATY

gUnIsiainde 5y womma i 16307 wimdhilduaiadadnnsenind flnua
mahaufio Tuuathnszua unsngminszug Tasauudld somddn wie To30AAN Wy
aIedaidnnsaiing lugaunaAndnmmauie

deninshnszna wsadu Iifhdweensedidumtuusduiihdnd v, = v)
unzioniad Wihnszua ussdu fhdueonselidwiduaud wis (v~ 0)

Funmlumainszuausssyminszuas lddaanaus iy iihdmeoniluwad

A L] : L or
FagsomaunasuIsaiveusn Infhassuanssdusenldoinauns

IT

— d

T‘!va(t)t

1T
v, TOI
V,=V.D

We ¥, = unasneidvhnszuaasa
= Cly o
D = @@ lia
vipgums sewumusaau Idihnssuagasanediuoonzganugu idnnandiy
L] d’ ~= . é -7 L 1] A' =y
maalmfa (Duty cycle 158 Duty ratio : D) &% D nisdedmainvsirnafiaia

o 3 ] = a A v o dar
UINTSUTADF IHIDHHIAI UM THIAYY I NuduNUEAIaUMS

St _tm
to+ty T
t =DT
t,; =(—D)T

e ¢ = vraniinssud
t,~ 31nm b nssue
A
T = namilany
9 ] = o ~ o P o o P |
dwmued D Tovvemduanidnuas Aollueuduniansvenidudesidud M
N ) & & = s & =1 o s o
Migaves D agegafoniwarivendlunlefdudzlimdgaiiugudnledduduas

' 4 4 @ s d o
AgIPRoniiag ol odrua
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1 (7] d
2.7 ngugmeIiunamans

2.7.1 MTUATIZHINSS
:!' = as o ' 9/
usafneItumaauveszvuna'le enautie1didu 2 dssan
= . o oo 4? [y ] ] -
1. 43989 (static forces) tunsaMRaduiuszuvae o Tagluswusuiosuazusa
=t 4 4 . a A :d'qv ' 3 2 3
doamuguiiuusesar! (dynamic forces) ussadaianiuussivuds lsuumasFudwunen
e q‘ qw 4 4 o 1] + = ¥ [ :?’ A 1 ' d' = Q’ 1
fu Tmoisunndude lesdndudwnuusiatane lldddugeudesien Fooq Tilwiadude
Toaduda
4 { a 1 1 4 - =
2. us99ay (dynamic forces) HlUusaBaIINITTUUAe lualimandoun uaziia
[ -~ 4 F Y = 1 o o ¥ a A J
ANUTY WeAIMTIUsEAoUNAULIaveITuAD 1B ez lvinausuRBein WONIINISY
A da & 3 - el & Aa 4 4 A A 2 v a a i
[RBuNaTHURY aTsuulimundsuniNaly AyenToNuRIANg dufausudsaniuiuy
b7 o A ;l ﬂ ' < & A a 3 r! s 1
A RausaRosiazisudeamuiiaraiiusaad miamneduseinadulusuae lvadeq
LA o 3 s A4 A ., 2 y 2 ;
¥0ana INIUTLINNIZABIN Ao 130U Free-body Diagram vasiuas lasusnzdu layizdos
8 + b » 14 ¥ ¥
naasdusnHuaiinszfuFude Toniug YuasuiidrAamn merdudivuusfinseiiiy
2
a ] [ Y I’ - L) ]
Fumplodlinsuudy mshnsizdazkanaialiviua (Mdnn1siou Free-body Diagram agly
3
= o,
ian1veaIBINamaas)
FEIaTeHusdives3t uanlFiulauiaUde
s o aa
1. 35 qules Ingvu

2. 33N TIZH TN

2,711 myimnensalasIBynlesING U (Force Analysis by Superposition)
2y .. A oW w o s a -3 a 1 o o o
7T Superposition UWANIT HAANTSINNARVUIZUAUMINUHD T INVOINAANTLDE9)
- ] = L4 a o - |
nalnngnnizmlasusavaionswegninzn  leouenJmsizvinasusimienasdssnm

o & = ¢ & o o i
udniwai ldnnmsimsiziypasansady  wzldwadniaundesms 33019 1ups

Finsreviutiuilu 2 35 Ao Analytic 183 Graphic

d

2.7.1.2 MIIATYuslasIs NI 121322193 (Foree Analysis by Combining all
Forces)
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#include <16F877A.h>
#use delay(clock=4000000)

#fuses XT,NOWDT

#definemll PIN_A0
#define m21 PIN_Al
#definem31 PIN_A2?
#define addl PIN_A3
#define minl PIN A4
#define setl PIN_A5

#define mir PIN_BO
#define m2r PIN Bl
#define m3r PIN_B2
#define addr PIN B3
#define minr PIN_B4
#define setr PIN_BS5

#define motor_left PIN_Cl1
#define motor_right PIN_C2

int8 mphl,mphr;
int8 check setl,check_setr;

int8 check speedl,check speedr;

void dutyr()
{
switch(mphr)
{
case 60 : set pwm2_duty(91); break;
case 61 : set_ pwm2_duty(90); break;
case 62 : set pwm2_ duty(88); break;



case 63

case 64 :
case 65 :
case 66 :
case 67 :

case 68 :

case 69

case 70 :

case 71

case 72 :

case 73

case 74

case 75 :
case 76 :
case 77

case 78 :

case 79

case 80 :

case 81

case 82 :

case 83

case 84 :

case 85 :

case 86

case 87 :
case 88

case 89

case 90
case 91
case 92
case 93

case 94

: set_pwm2_duty(86);

set_pwm2_duty(84);
set_pwm2_ duty(82);
set pwm2_duty(81);
set pwm2_duty(79);
set pwm2_duty(77);

. set_pwm2_duty(75);

set_pwm?2_duty(74);

: set_pwm2_duty(72);

set pwm2_duty(70);

: set_pwm2_duty(68);
: set_pwm?2_duty(66);

set_ pwm2_duty(65);
set_pwm2_duty(63);
set_pwm2_duty(61);
set_pwm2_duty(59);

: set_pwm2_duty(57);

set_ pwm?2_duty(56);

- set pwm2 duty(54);

set_pwm2_duty(52);

: set_pwm2_ duty(50);

set_pwm2_duty(48);
set_ pwm2_duty(47);

: set_pwm2_duty(45);

set_ pwm2_duty(43);
set_ pwm?2_duty(41);
set pwm2_duty(39);

: set_pwm2_duty(38);
. set_ pwm?2_duty(36);
. set_pwm2_duty(34);
: set_ pwm?2_ duty(32);
: set_ pwm?2_duty(30);

break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;



case 95 : set pwm2 duty(29); break;
case 96 : set_pwm2 duty(27); break;
case 97 : set pwm2_duty(25); break;
case 98 : set pwm2_duty(23); break;
case 99 : set pwm2_duty(22); break;
case 100 : set pwm2 duty(20); break;
case 0 : set pwm2_duty(199); break;

void dutyl()
{
switch(mphl)
{
case 60 : set pwml_duty(91); break;
case 61 : set pwml_duty(90); break;
case 62 : set pwml_duty(88); break;
case 63 : set_ pwml duty(86); break;
case 64 : set pwml_duty(84); break;
case 65 : set_pwml_duty(82); break;
case 66 : set_pwml_duty(81); break;
case 67 : set_ pwml duty(79); break;
case 68 : set pwml_duty(77); break;
case 69 : set pwml_duty(75); break;
case 70 : set pwml_duty(74); break;
case 71 : set pwml_duty(72); break;
case 72 : set pwml_duty(70); break;
case 73 : set pwml_duty(68); break;
case 74 : set pwml_duty(66); break;
case 75 : set_pwml_duty(65); break;
case 76 : set pwml duty(63); break;
case 77 : set pwml duty(61); break;



case 78 : set_pwml_duty(59); break;
case 79 : set_pwml_duty(57); break;
case 80 : set_pwml _duty(56); break;
case 81 : set pwml duty(54); break;
case 82 : set pwml duty(52); break;
case 83 : set pwml_duty(50); break;
case 84 : set pwm! duty(48); break;
case 85 : set_pwml_duty(47); break;
case 86 : set pwml duty(45); break;
case 87 : set_pwml_duty(43); break;
case 88 : set pwml_duty(41); break;
case 89 : set_pwml_duty(39); break;
case 90 : set_pwml_duty(38); break;
case 91 : set pwml_duty(36); break;
case 92 : set pwml _duty(34); break;
case 93 : set_pwml_duty(32); break;
case 94 : set pwml_duty(30); break;
case 95 : set_pwml_duty(29); break;
case 96 : set_pwml duty(27); break;
case 97 : set pwml_duty(25); break;
case 98 : set pwml_duty(23); break;
case 99 : set pwml_duty(22); break;
case 100 : set_ pwml_duty(20); break;

case 0 : set_pwml_duty(199); break;

void speedr()

{
check_speedr = (input_b()&0x07);
switch(check_speedr)
{



case 0x07 : mphr=0;
dutyr();
break;

case 0x06 : mphr =70;
dutyr();
break;

case 0x05 : mphr = 80;
dutyr();
break;

case 0x03 : mphr=90;
dutyr();
break;

case 0x00 : mphr=0;
dutyr();
break;

case 0x01 : mphr=0;
dutyr();
break;

case 0x02 : mphr = 0;
dutyr();
break;

case 0x04 : mphr=0;
dutyr();
break;

void speedl()

{
check speedl = (input_a()&0x07);
switch(check speedl)
{



case 0x07 : mphl=0;
dutyl();
break;

case 0x06 : mphl =70;
dutyl();
break;

case 0x05 : mphl = 80;
dutyl();
break;

case 0x03 : mphl = 90;
dutyl();
break;

case 0x00 : mphl = 0;
dutyl();
break;

case 0x01 : mphl = 0;
dutyl();
break;

case 0x02 ; mphl=0;
dutyl();
break;

case 0x04 : mphl=0;
dutyl(};
break;

void manualr()

{
int8 temp_setr,check amr;
temp_setr = input(setr);

check_amr = (input_b() & 0x18);



if (temp_setr == 1)
{
switch(check amr)
{
case 0x18 : break;
case 0x10 : mphr = mphr+1;
if (mphr > 100)
{ mphr = 100; }
dutyr();
break;
case 0x08 : mphr = mphr-1;
if (mphr < 60)
{ mphr = 60; }
dutyr();
break;

case 0x00 : break;

}
if (temp_setr == 0)
{

check setr=1;

void manuall()

{
int8 temp_setl,check aml;
temp_setl = input(setl);
check_aml = (input_a() & 0x18);
if (temp_setl == 1)
{

switch(check_aml)



case Ox18 : break;

case 0x10 : mphl = mphl+1;
if (mphl > 100)
{ mphl = 100; }
dutyl();
break;

case 0x08 : mphl = mphl-1;

if (mphl < 60)
{ mphl = 60; }
dutyl();

break;

case Ox00 : break;

}
if (temp_setl = 0)
{

check setl=1;

void autor{)
{
int8 check amr;
check_amr = (input_b(} & 0x18),
switch(check amr)
{
case Ox18 : speedr(};
break;
case Ox10 : check setr=0;
mphr = mphr+1;
if (mphr > 100)



{ mphr=100; }
dutyr();
break;

case 0x08 : check setr=0,
mphr = mphr-1;
if (mphr < 60)
{ mphr = 60; }
dutyr();
break;

case 0x00 : check setr=0;

break;

void autol()
{
int8 check_aml;
check aml = (input_a() & 0x18);
switch(check_aml)
{
case 0x18 : speedl();
break;
case 0x10 : check setl =0;
mphl = mphl+1;
if (mphl > 100)
{ mphl =100; }
dutyl();
break;
case 0x08 : check setl=0;
mphl = mphl-1;
if (mphl < 60)
{ mphl =60; }



dutyl();
break;

case 0x00 : check setl=0;
break;

void main() {

port_b_pullups(TRUE);

setup_adc ports({NO_ANALOGS);
setup_adc(ADC_CLOCK_DIV 2);
setup_psp(PSP_DISABLED);

setup spi(FALSE);
setup_counters(tRTCC_INTERNAL,RTCC_DIV_2);
setup_timer 1(T1_INTERNAL|T1 DIV BY 1);
setup_timer_2(T2_DIV_BY 1,199,1);
setup_ccpl(CCP_PWM);

setup_ccp2(CCP_PWM);

set_tris_ A(0x36);
set_tris_B(0xff);

set_tris_C(0x00);

output_c(0x00);

check setl=1;

check_setr=1;

while (true)
{
if ((check_setr==0) & (check setl==0))



{

manualr();

manuall(};
}
if ((check_setr==0) & (check_setl==1))
{

manualr();

autol();
}
if ((check_setr==1) & (check_setl==0))
{

autor();

manuall();
i
if ((check_setr—1) & (check_setl==1))
{

autor();

autol();

}
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RATINGS AND CHARACTERISTIC CURVES (FR601 THRU FR607)
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IRFP4710 International

IR Rectifier
Static @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. |Units Conditions
VBR)DSS Drain-to-Source Breakdown Voltage 00 | —|— | V | Ves=0V, Ip=250uA
AVeripss/AT; | Breakdown Voltage Temp. Coefficient | — | 0.11] — | VI°C| Reference 1o 25°C, Ip = 1mA
Roson) Static Drain-to-Source On-Resistance | — [0.011[0.014] Q [ Vgs=10V,Ip=45A @
Ves(m) Gate Threshold Voitage 35| — |55 | V | Vos=Vgs, Ip=250pA
—_ | —] 1.0 Vps = 95V, Vs = 0V
boss Drainto-Sourca Leakage Cure " —[%50 | ™ [Vos= 80V, Vas =V, T, = 150°C
I Gate-to-Source Forward Leakage — | — | 100 nA Vgs = 20V
GS3 Gate-to-Source Reverse Leakage — [ — |00 Vgs = -20V
Dynamic @ T, = 25°C (unless otherwise specified)
Parameter Min.| Typ. | Max. | Units Conditions
Gfs Forward Transconductance 3B/ | —|— S | Vps=>50V, Ip=45A
Qq Total Gate Charge — | 110 | 170 Ip = 45A
CQgs Gate-1o-Source Charge — | 43| — | nC | vps=50v
Qg Gate-to-Drain ("Miller"} Charge — | 40 | — Vgs = 10V,
| td(en) Tum-On Delay Time — | 35 | — Vpp = 50V
ty Rise Time — {130} — ns Ip = 45A
Loty Tum-Off Delay Time — 41| — Rg = 4.5Q
ty Fell Time — | 38 | — Ves=10V @
Ciss Input Capacitance — | 81680 — Ves =0V
Coss Output Capacitance — | 240 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 250 — | pF Y f=1.0MHz
Coss OQutput Capacitance — [1580] — Vas =0V, Vps = 1.0V, f=10MHz
Coss Output Capacitance — | 280 | — Vs =0V, Vps =80V, f=1.0MHz
Coss ©ff. Effective Qutput Capacitance — | 430 | — Vgs = 0V, Vps = 0V to 80V ®
Avalanche Characteristics
Parameter Typ. Max. Units
Eas Single Pulse Avalanche Energy@ — 180 mJ
lar Avalanche Current® —_— 45 A
Ear Repstitive Avalanche Energy® — 20 mJ
Diode Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current S O MOSFET symbol °
{Body Diode) A showing the
lem Pulsed Source Current | —1| 300 integral reverse L]
{Body Dicde) ® p-n juncticn diode. s
Vsp Diode Forward Voltage — | —| 13| V | T)=25C,Is=45A,Vgg=0V @
t Reverse Recovery Time —| 74| 110 ns | Ty=25°C, Ir=45A
Qrr Reverse RecoveryCharge —— | 180( 260 | nC | di/dt = 100A/us
ten Forward Tum-Cn Time Infrinsic tum-on time Is negligible (tum-on is dominated by Ls+Lp)

2 www.irf.com



International IRFP4710

TSR Rectitier
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IRFP4710 International

IGR Rectifier
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International IRFP4710
ISR Rectifier
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IRFP4710 International

TOR Rectifier
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International IRFP4710
TSR Rectifier
Peak Diode Recovery dv/dt Test Circuit
DT —+ Circult Layout Considerations
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* Vg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFET® Power MOSFETs



IRFP4710

International
ISR Rectifier

TO-247AC Package Qutline

Dimensions are shown in milimeters (inches)

3.85( 143 D
15.99 { 626) / 2 3.55 : 14u} E :;g E'fgg}
15.30 (.802) [B]Z .25 (010) M| O] B G3) o
kAl I |_ 2.50 (.089)
LA § =1 = 50 (060)
{54@—[ Hl
1970 21332} [ x @ 5501217 NOTES.
450177) 1 DMENSIONING & TOLERANCING
PER ANSIY14.5M, 1082,
12 i 2 CONTROLLING DIMENSION : INGH.
i 3 CONFORMS TO JEDEG OUTLINE
1400 583) I i TO247-AC.
1200550 |l H b
l [ I
240{088) | 1.40 (056 080(031)  LEAD ASSIGNMERTS
240 (079) “J \- 1.00 g.o:w% Ao 0.90 (.016) 1-eatE
|_ 250102 :
- 3_4 2,20 (.087) b+
% = T a00(118)

TO-247AC Part Marking Information

EXAIVPLE: THIS IS ANIRFPE30
WITH ASSENVBLY
LQr QODE 5857
ASSEMBLED ONWW35, 2000
INTHE ASSENVBLY LINE H

Notes:

@ Repetitive rating; pulse width imited by
max. junction temperature.

® Starting T, = 25°C, L = 180pH
Rg =250, Iag = 45A, Vgs = 10V.

@ Igp s 45A, difdt < 420A/ps, Vpp < VeRDsS,
< 175°C .

D O @ PART NUMBER
INTERNATIONAL |
RECTFIER ~_ || werezn

LOGO ~IOR035H
| s§ g

DATE OCDE
ASSENBLY — YEARO - 2000
LOT OCDE =
WEEK 35
LINE H

@ Pulse width < 400us; duty cycle < 2%.
® Cous off. Is a fixed capacitance that gives the same charging
time as Cggg while Vpg s rising from 0 to 80% Vpss -

Data and specifications subject to change without notice.

This product has been designed and qualified for the Industrial market.

Qualification Standards can be found on IR's Web slte.

International
IR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St, El Segundo, Califomia 80245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information. 01/02
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TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo—IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated photodetector.
This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

e Input threshold current: IF=6mA(max.)

¢ Supply current Icc): 11mA(max.)

¢ Supply voltage (VCC): 10-36V

e Output current (Ig): £1.5A {(max.)

» Switching time (tpLH/tpHL): 1.5ps(max.)

» Isolation voltage: 2600Vyms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPR

{Note) When a YDE0B84 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

Unit in mm

—

64 +£025

=]

B w~

e

i
3.853 8

1220151

o501 Z
&
2544026 o
11-10C4
TOSHIBA 11-10C4
Weight: 0.54 g

Schmatic Pin Configuration (top view)
Icc
T * © Vce 1L —tUs
8
| (T 1)
‘ haf]) |
2+ —<C Vg —>
Vg 3 >* 7 3 {16
3 —0 Vo
(—
lo 6 aC o dlls
T (Tr2)
L 4 * O
. o 1:NC.
A 0.1yF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vee
Truth Table
T Tr2
Input On On Off
LED off off on
1 2002-09-25



Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Al / ATa -0.36 mA/°C
B | Peak transient forward curent Note ) Ipr 1 A
Reverse voitage VR 5 v
Junction temperature Tj 125 °C
“Hpeak output current (Pyw < 2.5ps,f s 15kHz) (Note 2) lopH -1.5 A
“L"peak output current (Pyy < 2.5us,f s 15kHz) {Note 2) lopL +1.5 A
(Ta < 70°C) 35
Cutput voltage Vo v
£ {Ta =85°C) 24
.E {Ta s 70°C) 35
3 Supply voltage Voo \'
(Ta =85°C}) 24
Output vollage derating (Ta 2 70°C) AVg ! ATa -0.73 vi!°C
Supply voltage deraling (Ta 2 70°C) AVegc/ ATa -0.73 vicC
Junction temperature T] 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperahure range Tatg -55~125 °C
Lead soldering temperature {10 s) Tsol 280 °C
Isolation voitage (AC, 1 min., R.H< 60%} (Note 4) BVg 2500 Vms

(Note 1)
(Note 2)
(Note 3)
(Note 4)

(Note 5)

Recommended Operating Conditions

Pulse width Py = 1us, 300pps

Exparenential waveforn

together,

Exporenential wavefom, lopH = —1.0A( £ 2.5us), lopL s +1.0A( 5 2.5ps)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
{nput current, on IF(oN) 7 8 10 mA
Input veitage, off VF(OFF) 0 —_ 038 v
Supply voltage Vee 15 _ 30 20
Peak output current lopH/lopL - —_ +0.5
Operating temperature Topr -20 25 70 85 °C

2002-09-25



TOSHIBA TLP250
Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbaol Cir- Test Condition Min. Typ.* Max, Unit
cuit
Input forward voltage VF - I[f=10 mA , Ta=25°C 1.6 1.8 Vv
Temperalure coefficlent of _ _ _ _ _ e
forward voltage AVE!ATa IF=10mA 2.0 mv/<C
Input reverse current Ir - Vr=5V,Ta=25°C —_ 10 pA
Input capacitance CTt —_ V=0,f=1MHz, Ta=25°C —_ 45 250 pF
e IF=10mA
H" level loPH 3 Y -0.5 -1,5 —
= -6=4V
Qutput current }:(1:;: Jov o A
ag n F - _
L” level loPL 2 Vo_5= 2.5V 0.5 2
. Veeq = +15V, Vg1 =—-15V
H lavel Vou 4 Ry = 2000, Ip = 5mA 1" 12.8 -
Output valtage v =y v
o » cct = +15V, VEg1 =1 - _ _
L® level VoL 5 Ry = 2000, VF = 0.8V 14.2 125
Voo =30V, [ = 10mA _ 7 _
“H lovel lccH — |Ta=25C
Ve = 30V, I = 10mA - _ 1
Supply current cc F 1 mA
Vce = 30V, I = OmA _ 75 .
*L* level lccL — |Ta=25C |
Vee = 30V, IF = OmA —_ —_— 11
Threshold input “Output | Veeg = +15V, VEgq = —15V
H —_ —_ 1.2 5
current L—H" AL R =2000, Vg > 0V mA
Thresho!d input “Output lEHL _ Veey = +15V, Vegy = —-15V 0.8 _ _ v
voltage H-L® R = 2000, Vg <OV .
Supply voltage Vee — 10 — 35 '
Capacitance c Vg=0,f=1MHz
S —_ _ 1. .
{input-output) Ta = 25°C ° 20 PF
Vg =500V, Ta =25°C 12 14
Resistance(input-output) Rs — R.SH. < 63% 8 1x10 10 — [y
* All typical values are at Ta=25°C  (*1): Duration of Ip time < 50us
3 2002-09-25



TOSHIBA TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Tost
Characteristic Symbol Cir- Test Condition Min, Typ.* Max. Unit
cuit
Propagation L—H oLH — 0.15 05
delay time Hol 1oHL IF=8mA — 0.15 0.5
6 Veet = +15V, VEg1 =18V s
Output rise time tr RL = 200Q - — —
Output fall time b - —_ -
Common mode transient
! VoM = 600V, IF = BmA _ _ _
Immunity at high level CMH 7 Vo = 30V, Ta = 25°C 5000 V/ips
output
Common mode transient
Y VoM = 600V, I = OmA
immunity at low level CmL 7 Vgg =30V, TaF= 25°C 5000 —_ —_ V/ips
output
* All typical values are at Ta= 25°C
4 2002-09-25



TOSHIBA

TLP250

Test Circult 1 :

1
1
C
4[]

LI L

Test Circuit 3 : IOPH

N
’ @D—E
C

[

Test Circuit 5: Vg

1]

VF'I:
L
a

18 o
o | v
(1
= 0.1pF =
] ]VM
]_ —
]_0 lopH
.la
|
:I T 0.1pF L Veor
1 R
I —
VoL
K
1
T Vee

Test Circuit 2 : IOPL

1[]
1
C
4[]

- L1
I—ae ®

Test Circuit 4 : VOH

i
-
<

4[]

-8
]
Veed
:| T O.1pF -
g
}
]_0 VoH
14
TVEE1
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TOSHIBA TLP250

Test Circuit 6: tpH, lpHL I b

I I - —
L F ty "
_I_I_]F IO.‘IHF 1 Vee 1< e
© [ :I T Vo T Vou 80%
B T R Vo \ GND
L ISR Sk Vo 0%
1000 ¥ [ ]——o | et | L
4. VEE1 e e

Test Circuit 7: CpmH. CML

Ve
I -
e L 1
600V
ra0% |
VCM 10% . I
— e —> Ch = 4t8,0 V)
SW :A(lp=8mA) {us)
y VANV O = o
o —3av —
M\ -
SW :B(Ig=0)

CML{CmR) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the cutput
voltage in the low (high) state.
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TOSHIBA

TLP250

IF (mA)

Forward current

Allowable forward cument
IF (mA)

Allowable peak output cumrent
loph, lorL (A

I~ VE
160 e ————|
Ta=25°C
50 »
30 T ~
L ;E
5 y 4
3 +
1
05 y i
0.3 £
04
0.05
0.03 y i
0.01 I
1.0 12 1.4 1.8 1.8 2.0
Forward voltage Vg (V)
Ig-Ta
40
30
£
10
0
o 20 40 80 80 100
Ambient temperature Ta (°C)
lopH, lopL— Ta
L3 L] L) L] T
PW S 25ps, 1S 15KHz
1
o
0 20 10 60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperatire
coefiictent AVE/ ATa(mV/°C)

Allgwable supply vollage Ve (V)

AVE/ ATa~If
2.6
2.4
22
[
™My
20 \'~
-1.8
-1.6
-1.4
0.1 03 05 1 3 5 10 30
Forward current IF (mA)
Vee—Ta
40
30
20
0
0 20 40 80 80 100

Ambient temperature Ta {°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE 000707EBC

» TOSHIBA is continually working to improve the quality and reliability of its products, Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerabifity to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the "Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
{computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life ar
bodily injury (*Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation insttuments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

¢ Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs dust and fumes
are toxic. Do not break, cut or pulverize the product, or use chemicals to dissolve them. When disposing of the
products, foliow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage.

» The products described in this document are subject to the foreign exchange and foreign trade laws.

¢ The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may resuit from its use. No license is granted by implication or otherwise under
any intellectual property ar other rights of TOSHIBA CORPORATION or others.

s The information contained herein is subject to change without notice.
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MicrocHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC16F873 « PIC16F876
= PIC16F874 + PIC18F877

Microcontroller Core Features:

* High performance RISC CPU
 Only 35 single word instructions to leam

« All single cycle instructions except for program
branches which are two cycle
« Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

+ Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

* Pinout compatible to the PIC16C73B/74B/76/77
* Interrupt capability (up to 14 sources)

+ Eight level deep hardware stack

+ Direct, indirect and relative addressing modes

* Power-on Reset (POR)

* Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

+ Watchdog Timer {(WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code protection

* Power saving SLEEP mode

» Selectable oscillator options

* Low power, high speed CMOS FLASH/EEPROM
technology

« Fully static design

« In-Circuit Serial Programming™ (ICSP) via two
pins

« Single 5V In-Circuit Serial Programming capability

* In-Circuit Debugging via two pins

» Processor readfwrite access to program memory

* Wide operating valtage range: 2.0V to 5.5V

= High Sink/Source Current: 25 mA

* Commercial, Industrial and Extended temperature
ranges

* Low-power consumption:
- < (0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram
PDIP

[] =— RB7/PGD
[J =—» RB&/PGC
[] «—» RBS
j-——m
[] «—» RBI/PGM
[] =— RB2
[] =— RB1
[] =— REOANT
[] =— voo
[] =—- Vss
[1 =— RD7/PSPT

WMCLRVrr —= [
RAQ/ANO ~— ]
RAUAN =—[]

RAZIANZIVREF- — E
RAVANIVREF+ «—s- [}
RAYTOCKI =—[]
RAS/ANA/SS <[]
RED/RDIANS ~+—[]
RE1AWRIANG —— []
RE2/CSIANT —s O
Voo — [

Ves — 4 []
OSCYUCLKIN —=[] 13
OSCHCLKOUT «—[ 14
RCUT10SOMCK - [ 15
RC1/TIOSICCP2 «—» [] 16
RCZ/CCP1 w—=[ 17
RCUSCKSCL -—=[] 18
RDO/PSPO w1 1g
RD1/PSP1 =[] 20

QO®N®EOEWN

=
=]

-
(]

[] «— RDZPSPS
[] «—» RD4/PSP4
[] «—» RCZ/RXDT
[] == RCETXCK
[] =—» RC5SDO
[] =— RCA/SDUSDA
[] «— RDAPSP3
[] «—» RD2/PSP2

PIC16F877/874

BNBYRRNRRBUYRNREREYEES

Peripheral Features:

* Timer0: 8-bit timer/counter with 8-bit prescaler

* Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external

crystal/clock

* Timer2: 8-bit imer/counter with 8-bit period
register, prescaler and postscaler

* Two Capture, Compare, PWM modules
~ Capture s 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

» 10-bit multi-channel Anelog-to-Digital converter

» Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)

* Universal Synchronous Asynchronous Receiver
Transmitter {USART/SCI) with 9-bit address
detection

= Parallel Slave Part (PSP) 8-bits wide, with
axiernal RD, WR and CS controls (40/44-pin only)

+ Brown-out detection circuitry for
Brown-out Reset (BOR)

® 2001 Microchip Technelogy Inc.
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PIC16F87X

—_— —_—
Pin Diagrams
PDIP, SOIC
MeLRvre—]° 1 R - RA7/PGD
raAND~—[] 2 = RBGPGC
ravaNt—[] 3 - - RB5
RA2IAN2AVREF-=— ] 4 e < RB4
RAX/AN3NVrer+=—[] 6 -} ~— RB3PGM
Raamocki-—0C & ° ~— RE2
RAS/AN4/SS — [] 7 i - R&1
vss—=[] 8 ] <—~ RBO/INT
osciiclkn—[] 9 0 -— VD
oscz2/cLkouT-—[]10 T - Vss
RCOT10S0/T1CKI=— ] 11 == RC7/RX/DT
RCi/T10SyCCP2=—=[]12 ~—= RCE/TXICK
ro2/ccpi=—=[]13 <= RCS/SDO
ReascrscL-—= [ 14 <—» RC4/SDYSDA
E '
.
2232t o
PLCC o S8
2355208830
RAMTOCK] w—w 39] =—= RB3/PGM
RAS/AN4/SS 380 - RB2
REORD/ANS ——y 37[] == RB1
RE1AVRIANG a—u 0 5] = RBOANT
REWCS’Q':; -—[11 PIC16FB77 35Q1-— \\g
—=12 [} e—
vss o 1a PIC16FB74 337, Rovmpser
OSC1/CLKIN ——, [ 11 32[] == RDB/PSPG
OSC2/CLKOUT 5 31[] -+ RD5/PSP5
Rcorr1osorr1c'£l<1 —O16 30[] == RDA/PSP4
© eegryaneeng S T o T
IOt
B PHLEEEH
< d 8 - JdD v LOX O
$olrarplsd s ik
Oo%nnaog¥ag UUsE:E: ggj_E
ODVBHBOO = Q °"5$°3
EEE&&&%”SE gagnaogm‘:g
833355883500 QepraxaecxTy
QFP CEXCCEXVEEXZ E O o
O
PLILELLLE ¢
HUHHHHHHH Y
2952835849
RC7RX/DT =1L 1 NC
RD4/PGP4 = 3210 == RCO/T10SO/TICKI
RD5/PSP5 =™ — QSC2/CLKOUT
RDB/PSPS 1 300 ~— QOSCH/CLKIN
RD7/PSP7 «——CI05  P|C16FB77 29[ 1 +— Vss
Vss —~CTE  PICI6FB74 2ok o v meoaniics
vpop — 1o 27T +—— REANT/CS
RBOANT ~—-CI1] 8 26T =—= RE1/ANGWR
RB} =IO 8 25T =—= REQWANS/RD
RB2 ~—LIT] 10 2410 «—= RAGL/ANG/SS
RBIPGM ~—+CI] 11 DO 0D O 2311 -+ RA4TOCKI
— = e N NNN
AEHEEYHHE
qoopoooon
VOYTWVOOEDT + i
2208822848
£5ld8352
g z2%
. S —
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PIC16F87X

© 2001 Microchip Technology Inc.

Key Features
PiCmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual {DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC -20 MHz DC-20MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Fms'a:r;?f;“ rd“s)""“‘"y 4K aK 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
I/O Ports Ports A,B,C Ports A,B,C,D,E Ports AB,C Perts A,B,C,0,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSPE, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Instruction Sst 35 instructions 35 instructions 35 instructions 35 instructions
L I I 1
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PIC16F87X
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TO OUR VALUED CUSTOMERS

It is our intention to provide cur valued custemers with the best documentation possible to ensure successful use of your Microchip
praducts. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introducad.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mall at docerrors@mall.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet
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PIC16F87X

1.0 DEVICE OVERVIEW

This decument contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a compleman-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Program Data
Device FLASH Data Memory EEPROM
PIC16FB73 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus B PORTA
Program Counter 7 o—-] RAO/ANO
FLASH - RA1/AN1
Program |4 RA2/AN2NVREF-
M:gwry RAM . RAJAN3/VREF+
8 Lovel Stack Flle RA/TI
(13-bit) Registers AT A
Program I
Bus 4 RAM Addi! 43 9 PORTB T
14 RBON
Instruction reg Addr MUX : Eg;
“ Direct Addr 7 Indirect . RBYPGM
7 8 Addr == - RB4
e 1KY Rear
4 GC
8 STATUS reg 4 RB7/PGD
= PORTC
|4 RCOT10SO/TICKI
Power-up a RC1/T10SICCP2
\vi mer s RC2/CCP1
Oscillator n 4 RCASCK/SCL
Instructio 1] | starteup Timer ku/ ] » RCA/SDVSDA
Contral Power-on 8 RCE/SDO
Reset RCE/TX/CK
RCI/RX/DT
Timh Watchi
[R=1 Generation [ T W reg
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VoD, VsS
Timer® Timer1 Timer2 10-bit AD
Synchronaus
Data EEPROM CCP12 Sorial Port USART
Note 1: Higher order bits are from the STATUS register.
L R |

@ 2001 Microchip Technology Inc,
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Program Data
Device FLASH Data Memory EEPROM
PIC16FB74 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
13 Data Bus ¢ PORTA
FLASH Program Counter @ 7 14 RAQ/AND
4 RA1/AN1
Moy " 4 ) RAZIANZNrer-
8 Level Stack Y 4—= X1 RAY REF+
(13-bit) File RA4/TOCKI_
Program
o 14 PORTB i
| Instruction reg I 2 :g;
e ——
I Direct Addr 7 ! RBYPGM
7 : RB4
I RBS
. RBE/PGC
5 RB7/PGD
8
= PORTC
14 RCO/T10SOT1CKI
Power-up ' RCA/T10SKCCP2
\/ Timer o RC2/CCP1
4—=1%| RC3/SCK/SCL
instruction Qscillator
Decode & <= | Start-up Timer <—=X] RC4/SDUSDA
Control Power-an RCSISDO
RCGTXICK
— R“:" 4—=1X RCT/RXDT
n Watch
<=3 Generation [ Timer - PORTD
OSC1/CLKIN Brown-out »
OSC2/CLKOUT Reset B %2‘;2:2
In-Circuit < RD2/PSP2
Debupger N B RD3/PSP3
,_m_\,o"ﬂ%% <J > ¥ RD4/PSP4
Programm Parallsl Slave Port 1 ggﬁgzg
2 RD?7/PSP7
PORTE
MCLR VoD, vss ++[X] REQGANSRD
Ef 4—=X] REV/ANGWR
—{<] RE2/AN7ICS
Timer0 Timert Timer2 10-bit AD

| —" ——"——

Data EEPROM CCP12 Ssy"amﬂamw USART

Note 1: Higher order bits are from the STATUS register.

R
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
DIP soIC vorp Buffer )
Pin Name Pin# | Pin# | Type Type Description
OSC1/CLKIN 9 9 | STICMOSR! | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 10 0 —_ Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mede. In RC maode, the OSC2 pin ocutputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/NPP 1 1 P ST Master Clear (Reset) input or programming valtage input. This
pin Is an active low RESET to the device.
PORTA is a bi-directional YO port.
RAO/ANO 2 2 o TTL RAD can also be analeg input0.
RA1/AN1 3 3 o TTL RA1 can also be analog inputi.
RA2/AN2/VREF- 4 4 110 TTL RA2 can also be analog input2 or negative analog
referenca voltage.
RA3/ANI/VREF+ 5 5 o TTL RA3 can also be analeg input3 or positive analog
referencs voltage.
RA4/TOCKI & 6 o ST RA4 can also be the clock input to the TimerD
module. Qutput is open drain type.
RAS/SS/AN4 7 7 [/{e] TTL RAS can also be analog inputd or the slave select
for the synchronous serial part.
PORTB is a bi-directional VO port. PORTB can be software
programmed for intemal weak puil-up on all inputs.
RBO/INT 21 21 ] TTL/STY RBO can also be the external interrupt pin.
RB1 22 22 o) TTL
RB2 23 23 o TTL
RB3/PGM 24 24 Vo TTL RB3 can also be the low voitage programming input.
RB4 25 25 o TTL Interrupt-cn-change pin.
RBS 26 26 Vo TTL Interrupt-on-change pin.
RBB/PGC 27 27 Vo TTUST® Interrupt-n~change pin or in-Clreult Debugger pin. Serial
programming clock.
RB7/PGD 28 28 vo TTUST® Interrupt-an-change pin or in-Circult Debugger pin. Serial
programming data.
PORTC is a bi-directional 'O part
RCO/T10SO/M1CKI 1" " Ile] ST RCO can also be the Timer1 osclllator output or Timer1
clock input.
RC1/T10SICCP2 12 12 o 1) RC1 can also be the Timer1 osclllator input or Capture2
input/Compare2 output/PWM2 output.
RC2/CCP1 13 13 le] ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.
RC3/SCK/SCL 14 14 o ST RC3 can also be the synchronous serlal clock input/output
for both SPI and I2C modes.
RC4/SDI/SDA 15 15 Vo ST RC4 can also be the SPI Data In (SPIl mode) or
data 1O (2C mode).
RC5/SDO 16 16 Vo ST RCS can also be the SP| Data Out {SPI mode),
RCB/TX/CK 17 17 /o ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7IRX/DT 18 18 1o ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8,19 8,19 P — Ground reference for logic and /O pins.
VoD 20 20 P — Positive supply for logic and /O pins.
Legend: I=input O = output 110 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the extemal interrupt.
2: This buiffer is a Schmiit Trigger input when used In Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

® 2001 Microchip Technolegy Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
DIP | PLCC | QFP | VO/P Buffer
Pin Name Pin# | Pin#t | Ping# | Type Type Description
OSC1UCLKIN 13 14 30 | ST/ICMOS™ | Oscillator crystal input/external clock source input.
0OSC2/CLKOUT 14 15 31 o} — Osdilllator crystal output. Connects to crystal or resonator
in crystal oscillator mode, In RC mode, OSC2 pin cutputs
CLKOUT which has 1/4 the frequency of 0SC1, end
denotes the instruction cycle rate.
MCLR/NFP 1 2 18 P ST Master Clear (Reset} input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional YO port.
RAO/AND 2 3 19 1o TTL RAOQ can also be analog inputQ,
RA1/AN1 3 4 20 1o TTL RA1 can also be analog input1.
RA2/AN2/VREF- 4 5 21 o TTL RAZ2 can also be analog input2 or negative
analog reference voitage,
RAJ/ANI/VREF+ 5 6 2 o TTL RA3 can alsa be analog inputd or positive
analog reference voitage.
RA4/TOCKI 6 7 lle] ST RA4 can also be the clock input to the TimerQ timer/
counter. Output is open drain type.
RAS/SS/AN4 7 B 24 Vo TTL RA5 can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bi-directiona! 1/O port PORTB can be soft-
ware progremmed for iInternal weak pull-up on all inputs.
RBO/INT 33 35 a vo TTIST RBO can alsa be the extemal interrupt pin.
RB1 34 37 9 o TTL
RB2 35 38 10 /o TTL
RB3/PGM 36 39 1 1o TTL RB3 can also be the low voitege programming input.
RB4 37 41 14 o TTL Interrupt-on-change pin.
RB5S 38 42 15 o TTL Interrupt-on-change pin.
RB6/PGC 39 43 16 Vo TTUsTE interrupt-on-changa pin or In-Circult Debuggar pin.
Serlal programming clock.
RB7/PGD 40 44 17 Vo TTUSTE Interrupt-on-change pin or In-Circult Debugger pin.
Serial programming date.
Legand: 1=input O = output /O = input/output P = power
—=Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This bufter s a Schmitt Triggar input when used in Serial Pregramming moda.
3: This buffer is a Schmitt Trigger input when configured as general purpase /O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer Is a Schmitt Trigger input when configured in RC oscillator moede and a CMOS input ctherwise.

DS30292C-page 8
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PIC16F87X

TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

(] 4 PLCC QFP | vo/P Buffer
Pin Name Ping Ping Pind | T Type Description
PORTC is a bi-directional VO port.
RCO/T10SO/T1CKI| 15 16 32 o ST RCQO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10SUVCCP2 16 18 35 vo ST RC1 cen also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWMZ output.
RC2/CCP1 17 19 36 1o ST RC2 can also be the Capture input/Compare
output/PWM1 output.
RC3/SCK/SCL 18 20 a7 o ST RQ3 can also be the synchronous serial clock input/
output for both SP| and 12C modes.
RC4/SDI/SDA 23 25 42 o ST RC4 can also be the SPI Data In (SP1 mode) or
data VO (12C mode).
RCS/SDO 24 26 43 o ST RC5 can also be the SPI Data Out (SP1 mode).
RC6/TX/ICK 25 27 44 e} ST RCS can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/RX/DT 26 29 1 I[o] ST RC7 can also be the USART Asynchranous Recelve
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 o] STTTLR®
RD1/PSP1 20 22 a9 e} STTLR
RD2/PSP2 21 23 40 7] STTTL®
RD3/PSP3 22 24 41 o] STATLE
RD4/PSP4 27 30 2 Vo sTiTTL®
RD5/PSP5 28 31 3 vo STATLE
RD6/PSPE ) 32 4 vo STITTL®
RD7/PSP7 30 a3 5 o} STTLe
PORTE is a bi-directional /O port.
REO/RD/ANS 8 9 25 Vo STATL® REQ can also be read control for the paralle! slave
port, or analog fnput5.
RE1/WR/ANG ] 10 26 Vo sSTATL® RE1 can also be write control for the paratlel slave
port, or analog input6.
RE2/CS/ANT 10 1 27 Fo] ST REZ2 can also be select contro! for the parellel slave
port, or analog input?.
vss 12,31 13,34 6,29 P _ Ground referenca for {oglc and /O pins.
Voo 1,32 | 12,35 7.28 P —_ Positive supply for logic and YO pins.
NC — | 1,17,28, | 12,13, — These pins are not internally connected. Thesa pins
40 33,34 should be left unconnected.
Legend: |=input O = output 1O = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an extemal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is 2 Schmitt Trigger input when configured as ganeral purpose 1/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocesscr bus).
4; This buffer is 2 Schmitt Triggar input when configured in RC osclllator mode and a CMOS input otharwise.

—————
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NOTES:

L ]
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PIC16F87X

20 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 4.0,

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

21 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have 8K x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND FIGURE 2-2: PIC16F874/873 PROGRAM
STACK MEMORY MAP AND
STACK
PC<12:0> [ PC<12:0> ]
CALL, RETURN 13
' . CALL, RETURN 13
RETFIE, RETLW 7 RETFIE, RETLW =
Stack Lavel 1 Stack Level 1
Stack Level 2 Shack Level 2
: a
. [ ]
a
Stack Level 8 Stack Level 8
RESET Vactor 0000h RESET Vector 0000h
[ ]
) Interrupt Vector 0004h Intarmupt Vector 0004h
0005h 0005h
Page 0 Pa
07FFh On-Ghip 90
Program 07FFh
0800h
Page 1 Memary 0800h
On-Chip Paga
Program OFFFh OFFFh
Memory 1000h 1000h
Page 2
17FFh
1800h
Page 3
1FFFh 1FFFh
e ——— A - ]

® 2001 Microchip Technology Inc.
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PIC16F87X

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RP0 (STATUS<5>) are the bank select bits.

Each bank extends up to 7Fh (128 byltes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
slatic RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for cods reduction and quicker access.

RP1:RPO Bank Note: EEPROM Data Memory description can be
00 0 found in Section 4.0 of this data sheet.
01 1 2.2.1 GENERAL PURPOSE REGISTER
10 2 FILE
N 3 The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR).
L I I
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PIC16F87X

[] Unimplemented data memory locations, read as ‘0,
* Not a physical register.

Note 1: These registers are not implemented on the PIC16F876.
2: These registers are reserved, maintain these registers clear.

FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.t?| goh Indirect addr.(?| gop Indirect addr.t? | 100h Indirect addr.C| 180n
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD!" | o8h TRISD! | 88h 108h 188h
PORTE( | 0%h TRISE® | 8gh 108h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PiR1 OCh PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECCNZ2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved®@ 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPR1L 15h o5h 115h 195h
CCPR1H 16h 96h 116h 196h
CCPICON 1 17h 97h lg;eneral 117h F(jeneral 197h
RCSTA | 18h TXSTA__ | 98h Register | 118N Regisier | 196h
TXREG 19h SPBRG 9%h 16 Bytes 118h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 18Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch ach 11Ch 19Ch
CCP2CON | 1Dh 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCOND | 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1ACh
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes EFh 80 Bytes 16Fh 80 Bytes 1EFh
accesses FCh accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

® 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 24: PIC16F874/873 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.t | 0Ok Indirect addr.?| goh Indirect addr.t"? | 100h Indirect addr.®?| 1g0n
TMRO 01h OPTION_REG | B1h TMRO 101h OPTION _REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR C4h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD | 08h TRISD(" | 88h 108h 188h
PORTE | 09h TRISEM | ggh 109h 189h
PCLATH 0Ah PCLATH BAh PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 O0Ch PIE1 B8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIEZ 8Dh EEADR 10Dh EECON2 18Dh
TMRI1IL OEh PCON 8Eh EEDATH 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved® | 18Fh
T1CON 10h 90h 110h 180h
TMR2 11h SSPCON2 | 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON | 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah 9Ah
CCPR2L 1Bh 9Bh
CCPR2H 1Ch 9Ch
CCP2CON | 1Dh 9Dh
ADRESH 1Eh ADRESL 9Eh
ADCONO ; Fh ADCON1 9Fh 120h 1A0h
Oh AOh
General I(:.Tseneral
Redier Redser Py proseed
96 Bytes 96 Bytes 16Fh 1EFh
170h 1FOh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
J Unimplemented data memory locations, read as ‘0",
* Not a physicat register.
Note 1: These registers are not implemented on the PIC16F873.
2: These registers are reserved, maintain these registers clear.
_ i _
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PIC16F87X

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

given in Table 2-1.

The Special Function Registers can be classified into
two sets: core (CPU} and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the
peripheral features section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Detalls
Address Name Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0 POR, on
BOR page:
Bank 0
oon® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
a1h TMRO Timer0 Module Register xxn oo | 47
02H8) PCL Program Counter (PC) Least Significant Byte 0000 0000 28
03n® | sTATUS rr | RPt | RPO TO PP |z | pc | ¢ 0001 loxx| 18
04h® FSR Indirect Data Memory Address Pointer xox xxxx| 27
05h PORTA - — | PORTA Data Latch when written: PORTA pins when read --ox 0000 | 28
Q6h PORTB PORTB Data Latch whan written: PORTB pins when read XK XXX 31
07h PORTC PORTC Data Latch when written: PORTC pins whan read XA FOCKX a3
08hi4 PORTD PORTD Data Latch when written: PORTD pins when read xoex xexx| 35
oen® | PORTE — — — — | — ] re2 | rEt | REO |---- x| 38
cant™® | PCLATH — — — Write Buffer for the upper § bits of the Program Counter ---0 0000f 26
0Bh™) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0ogo coox| 20
0Ch PIR1 psPIF® | ADIF RCIF TXIF ssPiF | ccPiir | TMR2IF | TMR1IF | ooco oooa| 22
0Dh PIR2 —_ (5) — EEIF BCLIF — — CCP2IF | -r-0 0--0| 24
OEh TMRIL Holding register for the Least Significant Byts of the 16-bit TMR1 Register oo oox | 62
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register xoox woex| 52
10h TICON — | —  [7ickesi| Tickrso | TIOSCEN| T1SYNC | TMR1CS | TMR1ON [ --00 oooo| 51
11h TMR2 Timser2 Module Register 0000 0000 55
12h T2CON — | Tourpsa [ Tourpsz | Toutest | Toutpso | TmRrRzon | T2ckPs1 [ Teckrsol -oo0 gcoo| S5
13h SSPBUF Synchronous Serlal Pert Recsive Buffer/Transmit Reg xxox xooex | 70,73
14h SSPCON wcoL | sspov | ssPEN | ckP | sspma | ssPMz | sspMi | ssepmo |oooo ocoa]| 87
15h CCPRIL Caplure/Compare/PWM Register! (LSB) ook kx| 57
16h CCPRIH Capture/Compare/PWM Register! (MSB) xoox ooex | 57
17h CCPICON — — ccpix | ccp1y | cepama | copivz | copima | copive | --00 oooo| 58
18h RCSTA SPEN RX8 SREN CREN | ADDEN FERR OERR | RxsD |oooo ooox| 85
1gh TXREG USART Transmit Data Register 0000 0o0o| 9
1Ah RCREG USART Receivs Data Register 0000 0000] 101
1Bh CCPRZL Captura/Compare/PWM Register2 (LSB) xooex sooxx | 57
1Ch CCPR2H Captura/Compare/PWM Register2 (MSB) oo oexe | 57
1Dh CCP2CON — — | ccrax | cerey | corama | copemz | cepemt | copeMo [ --00 coce| 58
1Eh ADRESH AID Result Register High Byte wooxx soe | 116
1Fh ADCOND ADCSt { ADCSD | CHS2 | CHS1 | CHSC | GODONE| — | ADON |0o00o co-0] 411
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as '0', r = reserved,

Shaded locatlons are unimplemanted, read as ‘0.
The upper byte of the program counter is not directly accesslble. PCLATH is a holding register for the PC<12:6> whase

contents are transferred to the upper byte of the program counter.

Bits PSPIE and PSPIF are reserved on PIC18F873/876 devices; always maintain these bits clear.
These registers can be addressed from any bani.

: PORTD, PORTE, TRISD, and TRISE ara nat physically implemented on PIC16F§73/876 davices; read as ‘0"

PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

. |
© 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 2-1:  SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on; | Detalls
Address Name Bit7 Bit@ Bit5 Bit4 Bit3 Blt2 Bit 1 Bit0 POR, on
BOR page:
Bank 1
80n@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
a1h opioN REG| RBPU J INTEDG | Tocs | TmosE | psa | psz | pst | pso ]i111 1111] 19
g2nt? PCL Program Counter {PC) Least Significant Byte 0000 0000 | 28
33n®  |[srarus me | rre | R0 [ 7@ | B [ 2 | oc | ¢ Jooor 1wa]| 18
84n® FSR Indirect Data Memory Address Pointer xxxx xxxx | 27
85h TRISA — | — | PORTA Data Direction Register --11 1111] 29
86h TRISB PORTB Data Direction Register 1111 1111 31
B7h TRISC PORTC Data Direction Register i1 1122 33
B8htY TRISD PORTD Datr Direclion Register 1111 1112 35
BohtY | TRISE IBF OBF Bov IpspmobE| — [ PORTE Data Direction Bits o000 -111| a7
8An1®) | poLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 oooo| 26
88n® | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | o000 ooox| 20
8ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE ccPlE | TMR2IE | TMRIIE | cooo ooco]| 21
8Dh PIEZ — (5 — EEIE BGLIE — —_ CCPZIE |-r-0 0--0| 23
8Eh PCON -— — — — — — POR BOR |---- -- aq| 25
8Fh — Unimplemented —_ —
90h —_ Unimplemented — —
91h SSPCON2 GCEN | AcKkSTAT | AckoT | Acken | Reen | pPEN | RSEN | seEN  |oooo oooa| 6a
gzh PR2 Timer2 Period Register 1111 1111) 85
83h SSPADD Synchronous Serial Port (Izc mode) Address Register 0000 0000 | 73,74
94h SSPSTAT sMp | ok | oA T p | s | mrRwW | ua | BF [oooo coco]| a8
g5h — Unimplemented — —
86h — Unimplemented - —
a7h — Unimplemented — —
98h TXSTA csRc | @ | T™@eN | sywe | — ] BreH | TRMT | @90 [o000 -010]| o5
B%h SPBRG Baud Rate Generalor Register 0000 000D 97
BAh -— Unimplemented — —_
8Bh — Unimplemented — —
8Ch —_ Unimplemented — —
8Dh — Unimplemented — —_—
9Eh ADRESL AD Result Register Low Byte xoox oox| 116
9Fh ADCON1 aorM | — | — | —= | pcrea | porez | pcrGt | poFeo |o--- o000 [ m2

Legend, x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, r = reserved.
Shaded |ocations are unimplsmented, read as ‘0",

Note 1: The upper byte of the program counter ts not directly accessible. PCLATH is a holding register for the PC<12:8> whose

contents are transferred to the upper byte of the program counter.

ahup

Bits PSPIE and PSPIF are reserved on PIC16F87/876 devices; always matain these bits clear

These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically mplemented on PIC16F873/B76 devices; read as '0".
PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear

DS30292C-page 16

©® 2001 Micrechip Technology Inc.




PIC16F87X

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Details
Address Name Bit7 Bite BitS Bit4 Bit3 Bit 2 Bit1 Bito POR, on
BOR pagoe:
Bank 2
100n™ | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 coon| 27
101h TMRO Timer0 Module Register XAXE XX 47
1020 | PCL Program Countar’s (PC) Least Significant Byte 0000 cooo| 26
103h® | s1aTUS we } RP1 | Rro ] 70 I A0 ] z ] e ] ¢ Jocor 1] 18
1040 | FSR Indirect Data Memary Address Pointer xxxx oox| 27
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read xo0ex soexex | 31
107h — Unimplemented — e
108h — Unimplemerted — —
108h — Unimplemeanted — —
10Ah'A | PCLATH — — — Write Buffer for tha upper 5 bits of the Program Counter ---0 oooo| 26
1080 | INTCON GIE PEIE TOIE inTE | RrReie | ToF | wiF | metf |oooo ocox| 20
10Ch EEDATA EEPROM Data Reglster Low Byte oxx woee | 41
10Dh EEADR EEPROM Address Register Low Byte xxxx xooe| 41
10Eh EEDATH _— — EEPROM Data Register High Byte oo oo | A1
105h EEADRH — — — | EEPROM Address Register High Byle 1o o | 41
Bank 3
180n | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) oooo ooco| 27
181h OPTION REG| RBPY | INTEDG | Tocs | Tose | psa | ps2 | ps1 | eso 1111 1i1a] 18
182 | PcL Program Counter (PC) Least Significant Byts oooo coon| 26
183h® [ sTATUS mp | R [ rro | T | P8 | 2z | pbc T ¢ Jooor 10x| 18
184h® | FSR Indirect Data Memary Address Painter xoxx xxxx | 27
185h — Unimplemented — —_
186h TRISB PORTB Data Direction Register 1111 1111 31
187h - Unimplemented — —
188h — Unimplemented — —
188h — Unimplemented — i
18AhA) | pCLATH - — —_ Writo Buffer for the upper 5 bits of the Program Counter ---0 oo00| 26
188h° | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF ] 0000 ooox] 20
18Ch EECON1 EEPGD — — — WRERR | WREN WR RD  |x--- x000]| 41,42
180h EECONZ EEPROM Cortrol Register2 (nota physicalregister) ] ccac waeu 41
18Eh — Resarved maintain clear 0000 0000 —_
18Fh — Reserved malntain clear 0000 0000] —
Legend: x = unknown, u = unchanged, q = value depends on candltion, - = unimplemented, read as 0", r = reserved,

Nota 1:

ahenN

Shaded locations are unimplementad, read as '0'".
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.

Bits PSPIE and PSPIF are reserved on PIC18FB73/876 davices; aiways maintain these bits clear.

Thesa registers can be addressed from any bank

PORTD, PORTE, TRISD, and TRISE are not physicaily implemented on PIC18F873/878 devices; read as '0'".
PIR2<8> and PIE2<8> are resarved on these devices; always maintain these bits claar.

S ——— R
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PIC16F87X

2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destinetion for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register es destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu{where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to aiter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary.”

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
RW-0 R/W-0 R/W-0 R-1 R-1 RW-x  R/W-x R/W-x
[ ' Rp_ ] RP1 | RPO TOo | P | z ] oc | ¢ |
bit7 bit0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (00h - FFh)

bit 6-5 RP1:RP0: 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)
Eech bank is 128 bytes

bit 4 TO: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction

0 = A WDT time-out occurred
bit 3 PD: Power-down bit

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

bit 2 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

bit 1 DC: Digit carmy/borrow bit (ADDWF, ADDLW, SUBLW , SUBWF instructions)

(for borrow, the polarity is reversed)

1 = A camry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Camy/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A camy-out from the Most Significant bit of the resuit occurred
0 = No camy-out from the Most Significant bit of the result cccurred
Note: For borrow, the polarity is reversed. A subtraction is executed by adding the two's

complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high, or low order bit of the source register.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR 1" = Bit is set '0" = Blt is cleared x = Bit is unknown
L
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PIC16F87X

2222 OPTION_REG Register

The OPTION_REG Register is a readable and writable
register, which cantains various control bits to configure
the TMRO prescalerWDT postscaler (single assign-

Note: To achieve & 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2:

bit 7

bit 6

bit 5

bit4

bit 3

bit 2-0

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RW-1  RW-1 RIW-1 RW-1  RMW-1  RW-1
| RBPU | INTEDG | Tocs | TosE | Psa | Ps2 PS1 | Pso
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Scurce Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCK! pin
o = Increment on low-to-high transition on RA4/TOCKI pin
PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WOT

0 = Prescaler is assigned to the Timer0 module
PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

poo 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 f:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1" = Bit is set '0’ = Bit is cleared x = Bit is unknown

Note: When using low voltage ICSP programming (LVP) and the pull-ups on PORTB are enabled, bit 3

in the TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper oper-
ation of the device

- I
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PIC16F87X

2223 INTCON Register

The INTCON Register is a readable and writable regis-
ter, which contains various enable and fiag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardiess of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0 RW0 RW-0 RW-0 RIW-0 RW-0. RW-0  RW-x
| ce | pEiE | ToE [ WTE | RBE [ TOF | INTF | RBIF |
bit 7 bit O
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked irterrupts
¢ = Disables all interrupls
bit & PEIE:; Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
o = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
o = Disables the TMRO interrupt
bit 4 INTE: RBO/INT Externat Interrupt Enable bit
1 = Enables the RBO/INT extemal interrupt
0 = Disables the RBO/INT extena!l interrupt
bit 3 RBIE: RB Port Change !nterrupt Enable bit
1 = Enables the RB port change interrupt
o = Disables the RB port change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in scftware)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt cccurred {must be cleared in softwara)
0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will contintze to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).

0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1" = Bitis set 0" = Bit is cleared % = Bit is unknown
[ - |
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PIC16F87X

2224 PIE1 Register

The PIE1 register contains the individual enable bits for Note: Bit PEIE (INTCON<6>) must be set to
the peripheral interrupts. enable any peripheral interrupt.

REGISTER 24: PIE1 REGISTER (ADDRESS 8Ch)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RWW-0  RW-0 R/W-0

|PSPIE® [ ADIE | RCIE | TXE | SSPIE |CCP1IE | TMR2E | TMRIIE
bit 7 bit 0
bit 7 PSPIE™: Paralle! Slave Port Read/Write Interrupt Enable bit

1 = Enables tha PSP read/write interrupt
o = Disables the PSP read/write interrupt
bit & ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt

bit 5 RCIE: USART Recaive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive imerrupt
bit 4 TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt
bit 3 SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
o = Disables the SSP interrupt
bit 2 CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Epables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 malch interrupt

bit 0 TMR1IE: TMR1 Overfiow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
¢ = Disables the TMR1 cverflow interrupt

Note 1: PSPIE is reserved on PIC16F873/876 devices; always maintain this bit clear.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n =Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
L |
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2.2.2.5 PIR1 Register Note: Interrupt flag bits are set when an interrupt

The PIR1 register contains the individual flag bits for
the peripheral interrupts.

condition occurs, regardless of the state of
its comresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate interrupt
bits are dear prior to enabling an interrupt.

REGISTER 2-5: PIR1 REGISTER (ADDRESS 0Ch)

RW-0  RW-0 R-0 R-0 RW-0 RW-0 RW-0 RWO
[PsPIF) | ADIF | RCIF | TXIF | SSPIF | cCP1IF | TMR2IF | TMR1IF
bit 7 bit 0
bit 7 PSPIF(Y); Parallel Slave Port Read/Write Interrupt Flag bit

1 = A read or a write operation has taken place {must be cleared in software)

0 = No read or write has occurred

bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
0 = The A/D conversion is not complete

bit 5 RCIF: USART Receive Inferrupt Flag bit
1 =The USART receive buffer is full
0 = The USART receive buffer is empty
bit 4 TXIF: USART Transmit Interrupt Flag bit

1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full

bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag
1 = The SSP interrupt condition has occurred, and must be cleared in sofiware before retuming
from the Interrupt Service Routine. The conditions that will set this bit are:

+ SPI

- A transmission/reception has taken place.

» I2C Slave

- A transmission/reception has taken place.

+ 12C Master

- Altransmission/reception has taken place.

The initiated START condition was completed by the SSP module.
The initiated STOP condition was completed by the SSP module.
The initiated Restart condition was completed by the SSP module.

- The initiated Acknowledge condition was completed by the SSP module.
- A START condition occurred while the SSP module was idle (Multi-Master system).
- A STOP condition occurred while the SSP module was idle (Multi-Master system).

0 = No SSP interrupt condition has occurred.

bit 2 CCP1IF: CCP1 Interrupt Flag bit
Capture mode:

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

0 = No TMR1 register capture occurred
Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in soflware)
0 = No TMR1 register compare match occurred

PWM maode:
Unused in this mode

bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occured (must be cleared in sofiware)

0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)

0 = TMR1 register did not overflow

Note 1: PSPIF is reserved on PIC16F873/876 devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit
- n = Value at POR 1’ = Bit is set

U = Unimplemented bit, read as ‘0"
'0" = Bit is cleared x = Bit is unknown

DS30292C-page 22
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PIC16F87X

2.2.2.6 PIE2 Register

The PIEZ2 register contains the individual enable bits for
the CCP2 peripheral interrupt, the SSP bus collision
interrupt, and the EEPROM write oparation interrupt

REGISTER 2-6: PIE2 REGISTER (ADDRESS 8Dh)
u-o R/W-0 u-0 RW-0 R/W-0 u-0 u-0 R/W-0
— |Reseved| — | EEIE | BCLE — — | CCP2IE
bit 7 bit 0
bit 7 Unimplemented: Read as '0'
bit 6 Reserved: Always maintain this bit clear
bit 5 Unimplemented: Read as '’
bit 4 EEIE: EEPROM Write Operation Interrupt Enable
1 = Enable EE Wirite Interrupt
0 = Disable EE Write Interrupt
bit 3 BCLIE: Bus Cdllision Interrupt Enable
1 = Enable Bus Cdllision Interrupt
o = Disable Bus Caollision Interrupt
bit 2-1 Unimplemented: Read as '0’
bit0 CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt
Legend:
R = Readable bit W = Writable bit U = Unimplemeanted bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
L B N
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2227 PIR2 Register

The PIR2 register contains the flag bits for the CCP2
interrupt, the SSP bus collision interrupt and the
EEPROM write operation interrupt.

Note:

Interrupt flag bits are set when an interrupt
condition ocours, regardiess of the siate of
its cormasponding enable bit or the global
anable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

REGISTER 2-7: PIR2 REGISTER (ADDRESS 0Dh)

u-0 R/W-0 U-0 RW-0 RW-0 u-0 u-0 R/W-0
{ — |Reseved] — | EEF | BCUF | — | — | ccraF
bit 7 bit 0
hit 7 Unimplemented: Read as ')
bit 6 Reserved: Always maintain this bit clear
bit 5 Unimplemented: Read as '0¢
bit 4 EEIF: EEPRCM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
o = The write operation is not complete or has not been started

bit 3 BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision has occurred in the SSP, when configured for 12C Master mode

0 = No bus collision has occumred

bit 2-1 Unimplemented: Read as '0’
bit 0 CCP2IF: CCP2 Interrupt Flag bit
Capture mode:

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

0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compara match cccurred (must be cleared in software)

0 = No TMR1 register compare match occurred

PWM mode:
Unused

Legend:
R = Readable bit W = Writable bit
-n = Value at POR "1’ = Bit is set

U = Unimplemented bit, read as ‘0"
'0'=Bitiscleared  x = Bitis unknown
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2228 PCON Register

The Pewer Control (PCON}) Register contains flag bits
to allow differentiation between a Power-on Reset
(POR), a Brown-out Reset (BOR), a Watchdog Reset
(WDT), and an external MCLR Ressat

Note:

BOR is unknown on POR. It must be set by
the user and checked on subsequent
RESETS to see if BOR Is clear, Indicating
a brown-out has occurred. The BOR status
bit is a "don't care” and is not predictable if
the brown-out circuit is disabled (by clear-
ing the BODEN bit in the configuration
word),

REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
u-g u-0 u-0 uU-0 u-0 R/W-0 R/W-1
=T -T- [ = [ — [ Por [ Bor |
bit 7 bit 0
bit 7-2 Unimplemented: Read as '0"

bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset cccurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred {must be set in scfiware after a Brown-out Reset occurs)

Legend:
R = Readable bit W = Writable bit
-n = Value at POR '1' = Bit is set

U = Unimp!emented bit, read as ‘0’
'0" = Bit is cleared x = Bit is unknown

© 2001 Microchip Technology Inc.
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23 PCL and PCLATH

The program counter (PC) is 13-bits wide, The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>} are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be claared. Figure 2-5 shows the two situations
for the loading of the PC. The upper exampte in the fig-
ure shows how the PC is loaded on a write 1o PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL.
12 8 7 0 on Wi
o roumar Lo 0
[(TITTITTT]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | [ GOTO, CALL
2 PCLATH<4:3> 11 Opooda <10:0>
@ <10:
(T
PCLATH

2341 COMPUTED GOTO

A computed GOTO is accomplished by adding an offsst
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTC methed, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note, “mplementing & Table Read”
(ANS56).

23.2 STACK

The PIC16F87X family has an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either pro-
gram or data space and the stack pointer is not readable
or writable. The PC is PUSHed onto the stack when a
CALL instruction is executed, or an interrupt causes a
branch. The stack is POPed in the event of a
RETURN, RETLW or a8 RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the sacond push (and
SO on).

Note 1: There are no status bits fo indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an inter-
rupt address.

24 Program Memory Paging

All PIC16F87X devices are capable of addressing a
continuous 8K word block of program memory. The
CALL and GOTO Iinstructions provide only 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing & CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a retumn from a caLL instruction
(or interrupt) is executed, the entire 13-bit PC is popped
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the retum instruc-
tions {which POPs the address from the stack).

Note: The contents of the PCLATH register are
unchanged after a RETURN or RETFIE
instructlon is executed. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine calls or
GOTO instructions.

Example 2-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

EXAMPLE 2-1: CALL OF A SUBROUTINE

IN PAGE 1 FROM PAGE 0

ORG 0x500
BCF PCLATH, 4
BSF PCLATH,3 ;Select page 1
; (800h-FFFh)
CALL SUB1_Pl1 ;Call subroutine in
: ;jpage 1 (BOOh-FFFh)

ORG 0x900
SUB1_p1

;page 1 (BOOh-FFFh)

;called subroutine
;page 1 (B0Oh-FFFh)

RETURN jreturn to
;Call subroutine
;in page ©
; (000h-7FFh)

DS30292C~-page 26
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25 Indirect Addressing, INDF and

FSR Registers

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

The INDF register is not a physical register. Addressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. WOVLW 0x20  ;imitialize polmter
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RAM
ister. Any instruction using the INDF register actually NEXT CLRF INDF ;jclear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR,F ;inc pointer
ister, FSR. Reading the INDF register itseif, indirectly BTFSS FSR,4  ;all done?
(FSR =0’} will read 00h, Writing to the INDF register CONTINGE GOTO NEXT  ;no clear next
indirectly resuits in a no operation (although status bits . ;yes continue
may be affected). An effective 8-bit address is oblained !
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-8.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing indirect Addressing
RP1:RF0 B From Opcode 0 |II'\':P| 7 FSR register 0
\ J — A v J
Bank Select Location Select Bank Select Location Select
- » 00 01 10 1 -/
L 00h 80h 100h 180h
Data
Memary!l}
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map delall, see Figurs 2-3.

® 2001 Microchip Technology Inc.
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NOTES:

. _______________________________________________________________________|
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3.0 /O PORTS

Some pins for these /O ports are multiplexed with an
altemate function for the peripheral features on the
device. [n general, when a peripheral is enabled, that
pin may not be used as a general purpose I/0 pin.

Additional information on /O ports may be found in the
PICmicro™ Mid-Range Reference Manual, (DS$33023).

31 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISAbit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding cutput driver in a
Hi-impedance meade). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch, All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin, The RA4/TOCKI
pin is 2 Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are muitiplexed with analog inputs
and analog VREF input, The operation of each pin is
selected by clearing/setting the control bits in the
ADCONT1 register (A/D Contro! Registert).

Note: On a Power-on Reset, these pins are con-
figured as analeg inputs and read as '0",

The TRISA register controls the direction of the RA
pins, even when they are being used as analag inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA

BCF STATUS, RPO
BCF STATUS, RP1
CLRF PORTA

¥
; Banko
; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RP0 ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF  ADCON1 ; as digital inputs
MOVLW OxCF ; Value used to
; lnitialize data
; direction
; Set RA<3:0> as inputs
; RA<5:4> as outputs
;7 TRISA<7:6>are always
; read as 'D’.

MOVWE TRISA

FIGURE 3-1; BLOCK DIAGRAM OF
RA3:RAD AND RAS PINS
Data Data Lateh
Bus
D Q
WR Voo
Port -
T otk __D—| P uopni®
TRIS Latch _I_ ’—g
oo [ HE
WR
TRIS | CK a4 Vss
Anzlog
Input
Mode
[
RD
RIS ™
Input
| Buffer
Q D
EN
RD Port %
Ta A/D Converter
Note 1: IC pins have protection dicdes ta VDD and Vss.

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Data Latch
Bus o) Q
WR
Port
—tcﬁ\-o . m vo pll'l"’
TRIS Latch
vss
TRis
—_—1 Schmitt
T “
Y
Buffer
RD
TRIS
/l Q D

RD Port . Dﬁ —|

TMRO Clock Input

Note 1: VO pin has protection diodes to VSS only.

A
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TABLE 3-1: PORTA FUNCTIONS

Name Bi# | Buffer Function
RAO/AND bitd TTL | Input/output or analog input.
RA1/AN1 bit1 TTL | Input/output or analog input.
RA2/AN2 bit2 TTL | Input/output or analog input.
RA3/AN3/VREF bit3 TTL | Input/output or analog input or VREF.
RA4/TOCK] bit4 ST | Input/output or external clock input for Timer0. Cutput is open drain type.
RA5/SS/AN4 bits TTL |Inpu¥output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: | Value on all
Address| Name | Bit7 |Bit6| Bit5 | Bit4 | Bit3 Bit 2 Bit1 Bit0 POR, other
BOR RESETS
05h |PORTA — — | RA5 | RA4 | RA3 RA2 RA1 RAQ |--0x 0000| --0u 0000
85h |TRISA —_ — | PORTA Data Direction Register --11 1111 --11 1111
9Fh [ADCON1|ADFM| — | — | — |PCFG3|PCFG2 |PCFG1|PCFGO |--0- 000o| --0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0".
Shaded cells are not used by PORTA.

Note: When using the SSP module in SPI Slave mode and 'SS enabled, the A/D converter must be set to one of
the following medes, where PCFG3:PCFG0 = 0100,0101, 011x, 1101, 1110, 1111.
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional porl. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB pin
an input (i.e., put the comresponding output driver in a
Hi-lmpedance mode). Clearing a TRISB bit (= 0) will
make the comresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are muitiplexed with the Low
Voltage Programming function: RB3/PGM, RB6/PGC
and RB7/PGD. The altemnate functions of these pins
are described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can tum on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically tumed off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RB0 PINS
Vob
RBPU®
RBPU E"‘w ek
P pull-up
Data Bus Data Lateh
D a —X]
WR Port v,
WR Port __| CKy_ pint
TRIS Latch
D Q ;m_
n|
WRTRIS cKY_ npt (
RD TRIS [
<1 Q D |—
RD Port I
EN
RBOANT
RB3IFPGM <1 k
T~
Schmitt Trigger I RD Port
Buffer
Note 1: VO pins have diode protection to VoD and Vss,
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
ere compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are CR'ed tegether to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF {o be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
whera PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, tegether with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “implementing Wake-up on Key
Strokes” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF

RB7:RB4 PINS

Voo

RBPUR)

RBPLS Waak
Pull-up

Data Bus Datn Latch g

Q
1o
WR Port__ | CK—_ pint®
Latch

D

mEpecn || Y LY
T

4 s Bufler
RD TRIS

/1 Q D

RD Port I

Set RBIF

EN Qi

From other RD Part

RB7.RB4 pins EN _C!:
ek}

RB7:RB6
In Serial Programming Mode

Note 1: VO pins have dicde protection to VOD and Vss.

2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>)

© 2001 Micrechlp Technology Inc.
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TABLE 3-3: PORTB FUNCTIONS
Name Bit# Buffer Function
RBO/INT bit0 TTUST Input/output pin or external interrupt input. Internal software
pregrammable weak pull-up.
RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3PGMEA) | bit3 TTL Input/output pin or programming pin in LVP mode. Intemal software
programmable weak pull-up.
RB4 bit4 TTL Input/output pin (with interrupt-on-change). Intemal software programmable
weak pull-up.
RB5 bits TTL Input/output pin (with interrupt-on-change). Intemal software pragrammable
weak pull-up.
RB6/PGC bité TTUST® | Inputioutput pin (with interrupt-on-change) or In-Circuit Debugger pin.
intemal software programmable weak pull-up. Serial programming clock.
RB7/PGD bit7 TTUST® input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2;

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB3 I/O function. LVP
must be disabled to enable RB3 as an IO pin and allow maximum compatibllity to the other 28-pin and
40-pin mid-range devices.

TABLE 34: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: | Value on
Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2| Bit1 | Bit0 POR, all other
BOR RESETS
06h, 106h |PORTB RB7 RB& RB5 | RB4 | RB3 | RB2 | RB1 | RBO | xxxxx aoatx | uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 11111111 1111
81h, 181h |OPTION_REG | RBPU | INTEDG |TOCS | TOSE| PSA I Ps2 [ PS1 [ PSO [1111 1111]1121 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Register FIGURE 3-6: PORTC BLOCK DIAGRAM
PORTC is an 8-bit wide, bi-directional port The corre- g&ﬂ:‘ggﬁ;‘ceggu-r
sponding data direction register is TRISC. Setting a .
TRISC bit (= 1) will make the corresponding PORTC Por/Peripheral Select?
pin an input (i.e., put the corresponding output driver in
2 Hi-impedance mode). Clearing a TRISC bit (= 0) will Peripheral Dala Out 0
make the corresponding PORTC pin an output {i.e., put Data Bus Voo
the contents of the output latch on the selected pin). WR D a P o
PORTG is muitiplexed with several peripheral functions Port cRwqa |1 pinfl
(Table 3-5). PORTC pins have Schmitt Trigger input Data Laich #Z
buffers.

D Q
When the 12C module is enabled, the PORTC<4:3> WR
pins can be configured with normal I2C levels, or with RIS cKQ _D::D—| N
SMBus levels by using the CKE bit (SSPSTAT<6>). TRIS Latch E{
When enabling peripheral functions, care should be RD cﬁ Vss
taken in defining TRIS bits for each PORTC pin. Some TRIS | Schmitt K\
peripherals override the TRIS bit to make a pin an out- Trigger 5
put, while ather peripherals override the TRIS bit to P"“g;‘e“’l V
make a pin an input. Since the TRIS bit override is in OF a b Schmit
effect while the peripheral is enabled, read-modify- Wi
write instructions (BSF, BCF, XORWF)with TRISC as goDrt
destination, should be aveided. The user should refer SSPI Input {>°
to the comresponding peripheral section for the correct

TRIS bit settings.

FIGURE 3-5: PORTC BLOCK DIAGRAM SSPSTAT<6>
(PERIPHERAL OUTPUT N
ote 4: VO pins have diode protection to Voo and Vss,
OVERRIDE) RC<2:0>, 2. PortPoripheral selott signal selects botween port data
RC<7:5> and peripheral output
3: Peripheral OE {output enable) is only activated if
Fort/Peripheral Select® peripheral select is active.
Periphera! Date Out 0 VoD
Data Bus
WR D a Vo
Eort cra |1 pint®)
Bt Lo X<
WR D Q
TRIS CKyL_Q —:D l
TRIS Latch —'_D_‘

RD p Vas
T&_ﬁ :} Schmitt K\
Trigger

Peripheral

OoE® Q D
RD EN ”l
Port + D@

Paripheral input

Note 1: UQ pins have dicde protection to VDD and Vss.
2: Port/Penpheral select signal selects between port
data and peripheral output.
3: Penpharal OE (output enable) is only actvated if
penpheral select is active.

@ 2001 Microchip Technelogy Inc.
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TABLE 3-5: PORTC FUNCTIONS
Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI | bit0 ST input/output port pin or Timer1 oscillator output/Timer1 clock input.

RC1/T10SI/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output.

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare output/
PWM1 output

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI
and 12C modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data VO (2C mode).

RC5/SDO bits ST Input/output pori pin or Synchronous Serial Port data output.

RCEMTX/CK bit ST Input/output port pin or USART Asynchranous Transmit or
Synchronous Clock.

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Recsive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: | Value onall
Address | Name | Bit7 | Bit6 | BitS | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, other

BOR RESETS

07h PORTC | RC7 RC6 RC5 RC4 RC3 RC?2 RC1 RCO | xxxx xox | uuuu uuuu
87h TRISC | PORTC Data Direction Register 1111 1111 | 1111 1111
Legend: x = unknown, u = unchanged
L _ __ __
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3.4 PORTD and TRISD Registers FIGURE 3-T: PORTD BLOCK DIAGRAM
PORTD and TRISD are not implemented on the (IN O PORT MODE)
PIC16F873 or PIC16F876. Data Data Lalch VO pinf"
PORTD is an 8-bit port with Schmitl Trigger input buff- Bus o o —{>——{X]
ers. Each pin is individually configureable as an input or ‘g‘?‘
output. o CK %
PORTD can be configured as an 8-bit wide micropro- TRIS Latch
cessor port (parallel slave port) by setting control bit 1D o
PSPMODE (TRISE<4>). In this mode, the input buffers WR
are TTL. TRIS Schmitt
—tcx_\_ o %Z
Input
Buffer
S
TRIS
/] q D
EN
RO Pt l
Note 1: VO pins have protection diodes to VDD end Vss.
TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO bitd STTTLY Input/output port pin or paralle! slave port bit0,
RD1/PSP1 bit1 sTATLM Input/output port pin or paralle! slave port bit1.
RD2/PSP2 bitz STTTLD Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 ST/TTLD Input/output port pin or paralle} slave port bit3.
RD4/PSP4 bit4 STATLY Input/output port pin or parallel slave port bit4.
RD5/PSP5 bits sTTLM Input/output port pin or paralle] slave port bits.
RD6/PSP6 bité STTTLY Input/output port pin or parailel slave port bits.
RD7/PSP7 bit7 STTTL Input/output port pin or parallel stave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in /O mede and TTL buffers when in Parallel Slave Port mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: | Value on
Address|{ Name | Bit7{ Bit6 | Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit O POR, all other
BOR RESETS
08h PORTD | RD7 | RDG | RD5 RD4 RD3 RD2 RD1 RDO | xxxx 3o | uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111|1111 1111
8%h TRISE | IBF | OBF |IBOV|PSPMODE| — | PORTE Data Direction Bits | 0000 -111 [ oooo -111

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTD.

© 2001 Microchip Technology Inc.
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35 PORTE and TRISE Register

PORTE and TRISE are not implemenied on the
PIC16F873 or PIC16F876.

PORTE has three pins (REO/RD/ANS, RE1/WR/ANS,
and RE2/CS/ANT) which are individually configureable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the /O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is
sel. In this mode, the user must make certain that the
TRISE<2:0> bits are set, and that the pins are configured
as digital inputs. Also ensure that ADCON1 is configured
for digital I/O. In this mede, the input buffers are TTL.

Register 3-1 shows the TRISE ragister, which also con-
trols the paraltel slave port operation.

PORTE pins are multiplexed with analeg inputs. When
selected for analog input, these pins will read as '0's.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure o keep the pins configured as inputs when
using them as analog inputs.

Note: On a Power-on Resel, these pins are con-
figured as analog inputs, and read as *0'.

TABLE 3-9: PORTE FUNCTIONS

FIGURE 3-8: PORTE BLOCK DIAGRAM
(IN YO PORT MODE)
Bus D Q
WR
S I ]
TRIS Latch

pb—| D Q
Tris
LA CK % %;;‘;:’ K\Z

Input

RD
TRIS

| &

<]

gy

1

Note 1: VO pins have protection diades to VoD and Vss.

Name Bit# | Buffer Type

Function

RD
REO/RD/AN5 | bito | ST/TTLY |1 = 1dle

I/O port pin or read control input in Parallel Slave Port mode or analog input:

¢ = Read operation. Contents of PORTD register are ocutput to PFORTD
I/O pins (if chip selected)

WR
RE1IAWR/ANG| biti | STATLY |1 =1de

110 port pin or write control input in Parallel Slave Port mede or analog input:

0 = Write operation. Value of PORTD VO pins [s latched into PORTD
register (if chip selected)

REZCS/ANT | bit2 | sTaTL)

1 = Device is not selected
0 = Device is selected

1iC port pin or chip select control input in Paralle Slave Port mode or analog input:
cs

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Value on: Value on

Address | Name Bit7 | Bité | Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOI-i all other

RESETS
0%h PORTE —- — - — — RE2 RE1 REO |---- -xxx|---- -uuu
8%h TRISE 1BF OBF | iBOV |PSPMODE — PORTE Data Direction Bits | 000p -111{ 0000 -111
8Fh ADCON1 { ADFM|{ — — — PCFG3 | PCFG2 [ PCFG1 | PCFGO | --0- 0000 | --0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTE.
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REGISTER 3-1: TRISE REGISTER (ADDRESS 89h)

R0 R0 RW-0  RW-0 U0  RW-1  RW-1  RM-
[ BF | oBF | 1BOV |PSsPMODE| — Bit2 Bit1 Bit0
bit 7 bit0
Barallel Slave Fort Status/Control Bits;
it 7 iBF: Input Buffer Full Status bit

1 = A word has been recsived and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Qutput Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

bit5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A wrile occurred when a previously input word has not been read (must be cleared in
software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit

1 = PORTD functions in Parallel Stave Port mode
0 = PORTD functions in general purpose /O mode

bit 3 Unimplemented: Read as ‘0’
BORTE Data Direction Bits:

bit 2 Bit2: Direction Contro! bit for pin RE2/CS/ANT
1 = input
0 = Output

bit 1 Bit1: Direction Control bit for pin RE1/WR/ANG
1 =Input
0 = Output

bit 0 Bit0: Direction Control bit for pin REO/RD/ANS
1 = Input
0 = Output

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0"
- n = Value at POR '’ = Bit is set '0’ = Bit is cleared x = Bit is unknown

_ ___ _
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8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

* 16-bit Capture register
= 16-bit Compare register
« PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 8-1 and Table 8-2 show the
resources and interactions of the CCP mcdule(s). In
the following sections, the operation of a CCP module
is described with respect to CCP1. CCP2 operates the
same as CCP1, except where noted.

CCP1 Module;

Capture/Compare/PWM Register1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. The special event trigger is
generated by a compare match and will reset Timer1.

TABLE 8-2:

CCP2 Module:

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operetion of CCP2. The special event trigger is
generated by a compare match and will reset Timer1
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modulss is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023) and in application note AN594,
“Using the CCP Modules” (DS00594).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timer1
Compare Timer1
PWM Timer2

INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capture Capture | Same TMR1 time-base

Capture Compare | The compare should be configured for the special event trigger, which clears TMR1

Compare Compare | The compare(s) should be configured for the special event trigger, which clears TMR1
PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt)
PWM Capture |None
PWM Compare |None

© 2001 Microchip Technology Inc.
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REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

U-0 U0  RW-0 RW-D RWO RWO RW-O0 RW-0
[ — T — T cerx ] copxy | copxm3 | copxmz | copxmi | CcPxmo
bit 7 bit O

Unimplemented: Read as '0’
CCPxX:CCPxY: PWM Least Significant bils

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 CCPRxL.

CCPxM3:CCPxM0: CCPx Mode Select bils

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

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

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

1010 = Compare mode, generate scftware interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected); CCP1
resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is
enabled)

11xx = PWM mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
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8.1 Capture Mode

in Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the fol-
lowing:

» Every falling edge

* Every rising edge

» Every 4th rising edge

= Every 16th rising edge

The type of event is configured by conira! bits
CCPtM3:CCP1M0 (CCPxCON<3:0>). When a cap-
ture is made, the interrupt request flag bit CCP1IF
(PIR1<2>) is set. The interrupt flag must be cteared in
software. If another capture occurs befere the value in
register CCPR1 is read, the old captured value is over-
written by the new value.

8.1.1 CCP PIN CONFIGURATION

In Capture mede, the RC2/CCP1 pin should be config-
ured as an input by sstting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a cap-
ture condition.

CAPTURE MODE
OPERATION BLOCK
DIAGRAM

RC2/CCP Set Flag bit CCP1IF
n
p —=—1 PR1<2)

+1,4,16

FIGURE 8-1:

[ ccPrin | copriL |

and-L , Capture
edge detect Enable
T } [ ™™R1H | TMRaL |
CCP1CON<3:0>

Qs

8.1.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode, or Synchro-
nized Ccunter mode, for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF, following any such
change in operating mode.

8.14 CCP PRESCALER

There are four prescaler seftings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
tumned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. Any RESET will clear
the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt, Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended methed for switching between capture pres-
calers. This example alsc clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF  CCP1CON ; Turn CCP module off

MOVLW NEW_CAPT PS ; Load the W reg with
; the new prescaler
; move value and CCP ON
MOVWF CCP1CON ; Load CCP1CON with this
; value

@© 2001 Microchip Technology inc.
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8.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register vaiue is
consiantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pinis:

» Driven high

¢« Driven low

* Remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM
Special event triggar will:
resat Timer1, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCONQO<2>).
Speclal Event Trigger
Sst Flag bit CCP1IF
(PIR1<2>)
RC2/CCP1
pin
Q S8pH Output
Legic
TRISC<2>
Output Enable  ccP1CON<3 0>
Mode Select

8.21 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by cleanng the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare cutput latch to the
default low level. This is not the PORTC VO

dzta latch.

8.2.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer made, or Synchro-
nized Counter mode, if the CCP module Is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF blt is set, causing
a CCP interrupt (if enabled).

8.24 SPECIAL EVENT TRIGGER

In this mode, an intemal hardware trigger is generated,
which may be used {o initiale an action.

The special event trigger output of CCP1 resels the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timer1.

The special event trigger output of CCP2 resets the
TMR1 register pair and starts an A/D conversion (if the
AJD module is enabled).

Note: The special event trigger from the
CCP1and CCP2 modules will not set inter-
rupt flag bit TMR1IF (PIR1<0>).
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8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output,

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC /O data
latch.

Figure &3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers e CCP1CON<5:4>

| coprn —[

rccpnm (Stave)! —|
RC2/CCP1

’ - R Q

Comparator lli
! TMR2 |(No:e1—)|

5
Comparator TRISC<2>
Ciear Timer,
4o CCP1 pin and

I e

Note 1: The 8-bit timer is concatenated with 2-bit internal Q
clock, or 2 bits of the prescaler, to create 10-bit time-

8.3.1 PWM PERIOD

The PWM periad is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1] » 4 - TOSC *
(TMR2 prescale value)
PWM frequency is defined as 1 / [PWM pericd].
When TMR2 is equal to PR2, the following three events
occur on the next increment cycle;
* TMR2 s cleared
« The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be sat)
* The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler {see Section 7.1} is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different

base.

A PWM qutput (Figure 8-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the pericd
(1/period).

frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPR1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution s available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equetion is
used to calculate the PWM duty cycle in time:

PWM duty cycle =(CCPRIL:CCP1CON<5:4>)-
Tosc = (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duly cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (ji.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to double buifer the PWM duty cycle. This double
buffering is easential for glitch-free PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock, or 2 bits of the

FIGURE 8-4: PWM OUTPUT TMR2 prescaler, the CCP1 pin is cleared.
The maximum PWM resclution (bits) for a given PWM
;‘_i"ﬁ__,; frequency is given by the formula:
] - )
; Duty Cyce E : esolution log(Z) bits
: . TMR2=PR2
; : Note:  If the PWM duty cycle value is longer than
: TMR2 = Duty Cycle the PWM peried, the CCP1 pin will not be
TMR2 = PR2 cleared.
L
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8.3.3

The following steps should be taken when configuring

SETUP FOR PWM OPERATION

the CCP module for PWM operation:
1. Set the PWM period by writing to the PR2

Make the CCP1 pin an output by clearing the
TRISC<2> bit,

Set the TMR2 prescale value and enable Timer2
by writing to T2CON.

Configure the CCP1 module for PWM operation.

register.
2. Set the PWM duty cycle by writing to the
CCPRI1L register and CCP1CON<5:4> bits.
TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 122 kHz | 4.88kHz | 19.53 kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1
PR2 Value OxFFh OxFFh OxFFh Ox3Fh 0x1Fh 0x17h
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 84: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
Value on: | Value on
Address Name BH7 Bit 6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0 POR, all other
BOR RESETS
0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |o000 000x|0000 000U
10B8h, 18B8h
och PIR1 PsPIF| ADIF | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF [cooc 0000|0000 oooo
0Dh PIR2 —_ — —_ —_ — - — CCP2IF |---- --- of--en --- 0
8Ch PIE1 PSPIEN ADIE | ROE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE o000 0000|oooc ocoe
8Dh PIE2 —_ — — —_ — - —_ CCP2E [---- --- o]---- --- o
87h TRISC PORTC Data Direction Register 1111 1111|1111 1111
OEh TMRIL Helding Register for the Least Significant Byte of the 16-bit TMR1 Register pele o Bbee o d FTLITTERTVTEL]
OFh TMR1H Holding Register for the Most Significant Byte of the 18-bit TMIR1 Register 0004 X000 | uuun UM
10h T1CON — | — [Tickest]Tickpso[ T10scEN]T1sSYNC| TMR1CS| TMR1ON] --00 0000[--uu wuuu
16h CCPRIL |CaptureiCompare/PWM Register1 (LSB) folele abe v o d RUTTHIPRRTICIFIT]
16h CCPR1H | Capture/Compare/PWM Register! (MSB) xoex xoock|uuuu vuuu
17h CCPICON| — | — | ccPix | CCP1Y | CCPIM3 {CCP1M2|CCP1M1|CCP1MO|--00 0000|--00 0000
1Bh CCPR2L |Cepture/Compare/PWM Register2 (LSB) XK XXXX |uuuu wuua
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XOOL XXK|uuuu vuul
1Dh ccP2cON| — | — | ccpax | ccpay | ccPama [copam2| CCPamt [CCP2mo|--o0 000o]--o00 oooo
Legend: x =unknown, u=unchanged, - = unimplemented, read as '0". Shaded cells are not used by Capture and Timer1.

Note 1: The PSP is not implamented on the PIC16F873/876; always maintain these bits ¢lear.
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TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on: | Valus on
Address Name Bit7 Bité BitS Bit4 Bit3 Bit 2 Bit 1 Bita POR, all other
BOR RESETS
0Bh,8Bh, |[INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |0000 000x|0000 0OOu
108k, 18Bh
och PIR1 pspiF  ADIF RCIF TXF SSPIF | CCP1IF | TMR2IF | TMR1IF {0000 0000|0000 COOO
0Dh PIR2 — —_ — — —_ — —_ CCP2IF |[---- --- o|---- --- 0
8Ch PIE1 PSPIEM| ADIE RCIE T™E | SSPIE | CCPIE | TMR2IE | TMRIIE |0000 0oo00{000o cooo
8Dh PIE2 — _ —_ —_ —_ — — CCP2EE |---- --- of---- --- 1]
8Th TRISC PORTC Data Direction Register 1111 1111|2111 1111
11h TMR2 Timer2 Module's Register 0000 0000|0000 0000
92h PR2 Timer2 Module’s Pericd Register 1111 11111111 1111
12h T2CON — | TouTPs3| TOUTPS2| TOUTPS1| TOUTPSO| TMR2ON [ T2CKPS1 | T2CKPS0| -000 0000]-000 0000
15h CCPRIL |Capture/Compare/PWM Register! (LSB) ooEX 3o0ad|uuuy uuuu
16h CCPR1H | Caplure/Compare/PWM Register1 (MSB) 0006 300 | uuuu uuuu
17h ccPicoNf — | — | copix | copiy | ccpima | cCPiM2 [ CCP1MY | CCPAMD|--00 oooo|--00 oodo
1Bh CCPR2L | Capiure/Compare/PWM Register2 {LSB) JOHK 30CAE UuuY UL
1Ch CCPR2H |Capture/Compare/PWM Register2 {MSB) oo yooot|uuuu. uuuu
1Dh ccpcoN| — | — | copax | copay | ccpama | coPam2 [ coPamit | cCP2MD|--oo cooof--00 oooo
Legend: x =unknown, u =unchanged, - = unimplemented, read as '0". Shaded cells are not used by PWM and Timar2.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain thess bits clear.
_ _
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