dulmemianan nizeoruindimanszi

4' a Y WA
mﬁawmaumaﬂium

S a =) d
I8 FUN 0TICITINIY

o e d A os
HIE WINHY MUDNIY

d
WY TOINU NADUNIIN

2Av.

53429

Q550
R B0 5.09%082k
sugowi.31 0. 251 e i

d 2 < [
HBagniinusiuiludunitsveimsanyimandngasinanssumans Dumin
d
MUIAINTINGATIHMS AMLIAINIINANTAT
o/ = Yy ¥V o
aohunalulagnszeomndudinanmmsaiansz iy

= =
Unsanu 2550



AUTOMATIC VENDING MACHINE

MR. THANIT ISSARASEREEPONG
MR. PEERAPAT TAMANEEWAN

MR. SATAPON WONGCHANMA

A THESIS SUNMITTED IN PATIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEEING IN INDUSTRIAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

ACADEMIC YEAR 2007



[
AUZIAINSIUMTAS
A UUNAINaENIZIUNUNANUNMITIANITZVI

TuSuseddIngniinus

= d A a o .
WHNus wnIeevtduMon lula

3

gt
c)E
@
@

AUTOMATIC VENDING MACHINE
LY o o = o
WnAnw U0 TR Daszias Ny

W Aswand mudu

U A0 MU NAIUNTIN

nangns IWINITUANAATUMAR TN TNGATIMANS

¢y a ¢
21915gAMURSSyatinus
@;‘

-
(HALAS. TIINANE DuUITMY)




WaterSwaniinus in3oanuudSA Tusa
WpANY U0 Biin assiaE Ny
Wy Rswand nudisu
Y A0 WATUNTIN
Hangas NSRS TUNR TIVIAINTINYATINAS

Qs a b 4 Qo
aorthuma luTatnszveundndgunnisaiansei

Umsanmn 2550
¢y a ¢ a & a o
2191588 VAMUS R WU WRLAS.ASINANT Auusian

Y] L

unaage

a a ¢ o g =2 ¥ 4 a ¥ o wa o 4 4
Wyyrinusatiuiiiiunsinu senuuy uazadansesfuign Tuia laoluilegiuiiniee
v ) 4 ) 1
duniiieglulszime Ingszdenindwinmedsamalusnun Bnfadavsdui lfinmzidedsq #ldling
. » t 4 ] v
anastudnaanses Biiniu dnfunnguiiaiiiaaraunsesnodudisn ludananisavodudi1d
= ] » = J a
nawqore laofivuia 3x3 Feedufl arugualelulasneuInsaaes(micro-controller) uaz 14 Tsunsunwnd
o v o o o a [] o a a ¢ . . Y s & o
Tumsdsa TaoSuddnsnadenfudrnianaind(multi-switch) 191 luInsaou Tnsames  Sevzvhns
[ M 3 X J . o’: o o Qs 4 Y wa A Y
dszananaz dadygin ldd Ivmataemes(Sepping Motor) 11 3 ffildduindeussuuda Tulidmaeud,

Tlgageaduiinidosns Taoluuuunu X szdaddsdomonie wuaunu z dedifedoagdadidsuas

a = o a 9 9 o A a g 1Y
wwamnu Y widhudmpuinaedassi lunsduedeudud Iesnin



Thesis Title

Student

Degree

Academic Year

Thesis Advisor
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Ad Ay
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2.1 luinsneuinsaiaes (PICI6F877A)

luTnsnew Insaiesluaszqa (PIC16F877A) iu'lu Tnsneu Insamesvna 8 Sa Algunsal
afuayumoluvaieed i 1dun miboanuidmiududeya miznusdmivifuldsunsy dnav
fniy gUnsaldmsusudedeyanvveynsy wazuFliuusniimisenui Tsunsudhuyouias wazd
mioaruideyauuy EEPROM i ldaunsoiann Tusunsy 186e nageanfvayunisvmenimuudusesnad
Ynines (In Circuit Debugger) v‘iﬂﬁ'hié’\'wifa%'wsau%'guamas( (EPROM Emulator) Sifndanuueaiannd 35
frda waziinesulasdyanameusdeniudyanudinea (AD) vuia 10 Saegmoludae ilessnlaserdie
veelulnseuInsanesiigunsiafumpulsznevedmeluiies iimsFudouasidss@nsamnniu
TnohidoslinsiFoudequnsaimouenmu@mmnameudululns Tsirmaesiiay venvintisfaannse

o ) » A a9 oo Va9
mqﬂﬂsmauq 1I'lﬂEllﬂlllﬂm’ll'lﬂ‘ﬂ‘luiﬂiﬂﬁ)uiﬂiﬁlﬁﬂﬂﬂﬂﬂﬂ’w

1 4
2.1.1 Insesadampluvesluinsneulnsames (PIC16F877A) Tnsaadnnuluituguves

o 2 o T {
TuTnsneuInsaaes PICI6F877A uaaslugui 2.1 Sdinuauianang Redl

L 3
@

1. dsdenilunuemanyd 35 fida
2. Tuismdldanihen 1 da2 mfa

o

v L 4
3. e l@gegefidygisnnfinidud Taseda 20 MHz
4. YMUVD Pipe-line @msayiiam 2 egnlunaufoaiu’la
5. wisnrwd lusunsuiuuuy Flash J9u1a 8 KWord (1 word = 14 1ia)
6. Imiwmuireya (Data Memory RAM) 411 368 Tus
7. fimbeawsideyauuy EEPROM vun 256 Tun

o o as 1 4 o’: ]
8. AOUAUDPINIIOUMDSSUA 1AvvuA 14 unas

9. {istack W1¥1Ageqn 8 szin

10. 352UV Power On Reset, Power Up Timer, Oscillator Start-up Wag Watchdog Timer



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2].

22,

23.

1521V Code Protection AUNIIANGBN

-1 or 4

U Ivundserdanaaay (Sleep Mode)

Fyananimimais Inualiiden1dan fie 0199219 XTAL 1502995 RC A 1A
aansalisunsudan Il +5 vbe 14

19915 12)51n 5V In-Circuit Serial Programming

° a o @

i Iides 2 vbe 82 5.5 vDC

Current Sink 1182 Current Source ﬂtj'ﬁ 25mA

1 Timer/Counter 3 #2 A® Timer 0 YU1A 8 ﬁﬂ, Timer 1 YUA 16 U 1ag Timer 2 YUIA 8 UA
ﬁiug\a Capture/Compare/PWM (Pulse Width Modulation) 2 gf

= g an =Y
mqwmjmﬁiyiywuau:aamﬂumﬂﬂa (A/D Converter) 4170 10 Tif

13201 USART dmsudedumsdeaisuuy RS232

= o7 dy

fiszuunsaeszau Iiaue (Brown-out Reset)

E 4
(4 . o ° a Ty W
110 Wﬂ{ﬂ‘VIQ‘HIJﬂ 5 Wﬂgﬂ zmazwamﬁmuauuﬁ‘lnmmu
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Data Bus "
Program Counier = =5 RAGAND
Flash —=D RATANI
Program ]—-s- RAZIANZAE S JOVREF
Memcey 8 Level Stack R&MA RAJANANGET >
e File 5 RA4TOCKICIOUT
‘ N i Registers RASIANASSC20UT
ram
F“E%, R Addr 1
|4 RBOJINT
£ o RB1
Insiruction reQ | i RB2
DireciAddr 7 RB3IPGH
7 RB4
RB5
' RBEFGC
RB7/PGD
8
’ RCOT 1050 1CKI
- RC1T10SIICCP2
, Power-up +85q RC2/CCPI1
Insiruction Oseillator : Eg%g%%
Decode & K32 | Startup Timer
Control s RCS/SDO
Fower-on RCBITX/CK
Reset
- T RCIRX/DT
i aic
IZG=1> Gmaanlgnn v Timerog
OSCHCLKI Brown-out ROOPSPO
OSCZCLRO Raset RINPSP1
In-Circuit : RD2PSP2
Debugger o EBE‘JPSPS
————d
Low-Vollaga - 'PSP4
Ptogramm?rg - RDSPSPS
° RDE/PSPE
é é - ROT/PSPY
IR vog, w5 =53 REVRD/ANS
= RE1FTRANG
o RE2TDANT
. Pardidd
Timer( Timer1 Timer2 1O-hit AD Slave Port
Synchronous Vditage
Cats EEPROM cCP1.2 Serial Porl USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PICIEF874A 4K words 192 Bytes 128 Bytes
PIC16FBTTA BK words 358 Bytes 256 Bytes

Hote 1: Higher orderbits are from the Status repister.

3N 2.1 Tnseadanwlu PIC16F877A




212 Imssadamavenveslulnsaoulnsames (PICI6F877A) TulnsnouInsamesassna PIC 1wos

PIC16F877A 1T Iy Tnsnau Insaaes y11n 40 41 LEAAIRINNN 2.2

A0-Pin PDIP
MCLRN: —» 1 M’ 40[J=—w RETPGD
RADANO m—ee[] 2 32 w—= RBEPEC
RAVAH1 »—n-[13 38 [J e RB5
RA2IAN2VAEFCOVREE wa—en [ 4 37 [J-a—a RB4
RAJIANINRES+ HE 5 36 {J=—w REB3PGM
RATOCKNCIOUT w—n[18 35 [j=m—» RBE2
RASANASEIC20UT =—w-[37 X 34 J-»—e-RE1
REG/RTANS e [] 9 ~ 33— REOINT
RE VARTUANS e 0 § 320 = Vo
REZCSIANY e—e[J10 < 31 a—Vss
VIE——sO11 &  30[)we—e ROTPSPT
Vs 12 %  20[je—e RDEPSPS
OSCACLKl m—in[]13 +—  28[)-w—e ROS/PSPS
OSC2CLKO el 14 2 27 [J-e—e RD4PSP4
ROOTICSOTICK ame 15 = 26 ~—e RCIRUDT
RCHTIOSICCP2 w—n[] 16 25 [ -—e RCETXCK
RC2/CCPY a—m ] 17 24 [ a—ae RCSSD0
RCISCKISCL -e—a[] 18 23 [J~—u RCHSDISDA
RDO/PSPO w19 22 [J === RDIPSP2
RDVPSP1 sa— [} 20} 21 3= RO2/IPSP2

510 2.2 widyanavesluinsnoulnsames PICIGF877A

2.1.2.1 wihiuazns Iauvesdyanainig

1. MCLR/Vpp : Master Clear (Reset) Input/Programming Voltage Input Amihiithund oy
) ¥ 13
F199 (Reset) ilpv1il 3uaesn 0 W lnsnouInsamesegnsian nosvimdimidiu
[ [ o ° o < ’ o o
ndyusuuswuvazhineiunn ldsunsvasmizonudiveslulasneu Insames
1] I 4
2. VDD: Positive Supply (+2.00 V 8 +5.5 V) finthiiiun Iidesves luinsnou Insawnes
3. VSS : Ground Yinihiiluwins il
4. OSCI1/CLKIN : Oscillator Crystal Input/External Clock Source Input ﬁ1ﬂﬁ1ﬁl‘f]uﬂl’lﬁigiy1m
dunadmiunensanea lunsdifieguTnuanis 1¥dygraniinininaisuen
5. OSC2/CLKOUT : Oscillator Crystal Output/External Clock Source Qutput vty
vidggrauemnadmivdensanea lunsdifieglumuans Idygrauiimenniouen
o o = R .
6. RAO-RAS:No3A A U916 N Lﬂuwas’mmuaamﬂma (Bi-directional 1/0 Port) fi®
ﬂ vo s o s ¢ ) o g Ao o v JA
Whuldimesadunanaznesmeornaldlumsdwaziudeya uenviniifaimihious

WEAIAIANI 1IN 2.1



a v a4 2
13719 2.1 HUMOUPVRINOA A

RANAND
RAD
ANOD

RAT/ANT
RA1
AN1

RAZAN2/VREF-CVREF

RAXAN3INVREF+
RA3
AN3
VREF+
RAATACKICIOUT
RA4

TOCKI
C10UT

RASIANASSC20UT
RAS
AN
55

C20UT

19

21

22

23

24

19

20

ral

22

24

TIL
KO
1
TTL
o
}
TTL
O
I
I
e}
TIL
o
|
|
ST
o
1
O
TIL
Lo}
I
|
o

PORTA is a bidirectional ¥O porl.

Digital FO.
Analog input 0.

Digitat 1O.
Analog input 1.

Digital UO.

Analog input 2.

A/D reference voltaoe {Low) input.
Comparator VRer output.

Digital O.
Analog input 2.
AD reference voltage (High} input.

output.
Timer0 exiarnal dock input.
Comparator 1 output.

Digital ¥O.

Analog input 4.

SP slave solect input.
Comparalor 2 output

Digital KO — Opan-drain when configured as

7. RBO-RB7: #93a B sy 8 1 v 8 1in unedaunudesnisma $lumsdaziy

Joya

t 4
uenvnfiundaimimiudyau

.
o

s d
ABUBNAY UAAIRIAIITINN 2.2

: . ,
M3 2.2 winfisuqveanesa B

a a dar | &
BUNANINMITBUMBSSUA  (Interrupt)

. POIP { PLCC [TOFP| QFN | 3OP Buffer .

Pin Name Pin¥ | Piné | Pind | Ping | Typo Type Description
PORTRB is a bidinectional /0 porl. PORTB can be
software programmad for intemal weak pufl-up on all
inputs.

RBOVINT 33 | 38 8 9 TTLSTH

RBO Lo Digial 1O.

NT | Extomal intarrupt.
RB1 k] 37 9 10 [hed Tm Digital V0.
RB2 3 | 28 | 10 " Te) m Digital ¥O.
RBIPGM % 36 1" 12 ™

RB3 o Digital 1O

PG | Low-vokage ICSP programming enable pin.
RB4 37 [ 4 19 14 10 Dighal /0.
RBS a8 42 15 135 10 m Digital 1F0.
RB&PGC 30 | 43 | 16 ] 18 TTUST®

RB6 G Digital V0.

PGC ) In-circuit debugoer and ICSP programming clak.
RB7/PGD | M| 7 TTLIST®

RB7 0 Dightal VO.

PGD 1w In-circuit debugger and ICSP prugramming dola.
Legend: |=input O = output ¥O = inputioutput P = power

—=Notused TTL=TTLinput

8T = Schmitt Trigger input
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8. RCO-RC7:Wa39 C I$ 17U 8 91 via 8 U unesauvudesiiemis 19 lunmsduazsy

14 oy 13
Yoya uenvnibaimihinoun nanfanised 2.3

a y 44 ¢
AN 2.3 RUHMDUYVDINDA C

PDIP | PLCC J TOFP| QFN | 1OP Buffer
Fin Nams Pins | Pink | Po# | Pink | Type | Type Description
PORTC is o bidwecional 1O post.

RCOT1IOSOFTICK] 15 18 32 34 ST

RCO o Digritad 1O

T10S0O (o] Timer1 cecillaior output

TiCKl | Timer 1 exiernal dock input.
RCAT 105K CCP2 16 18 35 35 ST

RC1 1 Digitat 120,

T10St | Timert ascillator inpul.

CCP2 L'e] Coplure2input, Compare2 output PW2 gulpul.
RCG2:CCPA 17 19 36 36 ST

RC2 1O Dighal 1O,

CCP1 1o Capture! input, Comparet output. PiYM1 cutpul.
RCISCKSCL 18 20 37 37 ST :

RC3 1o Digal £Q.

SCK o Synchronous serial dock inputoutput for SPI

made.
SCL 10 Synchrorous serial dock inputioutput for FC
mode.

RC4/SDISDA 3 25 42 42 5T

RC4 [Le] Dighat 110,

SOl i SP datain.

SDA o PC data 0.
RC&SDO 2 26 43 43 ST

RCs o] Dighat 10,

SDO o SPl data out.
RCETXCK 25 7 44 44 ST

RCE o] Digdat 110

TX [o] USART asynchronous ransmi

CK o USART! synchwonous dock
RCTRX/DT x 2 1 1 ST

RC7 o) Digital 1.

RX ] USART asynchronous reosive.

oT 1o USART syrchronous data.

o ae o o s o’
9. RDO0-RD7: W93 D U9IHIU 8 91 YUIA 8 UA lﬁuﬂﬂi‘lﬂllﬂﬂﬂﬁ]ﬁﬂﬂﬂn “l*j’f*’lumsmuazsu

S o S4 o &
‘ﬁ'mga uﬂnmnummnﬁ"mau‘] HAANAIAIT NN 2.4



3199 2.4 nNTIBUGYBINDIA D

. poIP |PLCC{TOFP] OFN | 1OP | Butfer L
Pin Name Pink | Pink § pine | Ping | Type Type Description
IPORTD is a bidirectional i3 port er Parallel Sbve
Port when interfading to o microprocessor bus.
RDO:PSPO 16 21 38 38 STATLY
RDO 1 Digital 11O,
PSPO 1o Parallel Stave Pcrt data.
RDUPSP1 bl 22 k) k] ST
RD1 10 Digitat 1O,
PSP1 o Parallel Slave Port data.
RD2/PSP2 21 B} ] w0 ST
RD2 o Digital 1O,
PSP2 Lo} Pamaliel Stave Port data.
RD3:PSP3 22 2 M M STATLS
RD3 10 Digitat LO.
PSP3 10 Parallel Slave Port data.
RD4/PSP4 27 30 2 2 STTTL
RD4 [Le] Diggtal 1FO.
PSP4 1o Paralle! Slave Port data.
RDsPSP5 28 31 3 3 STATLH
RD5 o Digital KO.
PSP5 o Paraliel Slave Port data.
RD&PSPE 20 | 32 4 4 ST
RDS Vo Digital HO.
PsPé 1o Paraliel Slave Port data.
RD7/PSPT 30 33 5 5 STATL
RD7 (Le] Digital KO.
PSP7 Lo} Parafial Slave Port data.

- 10. REO—RE2: WO3SAE

a’u o £J
HIAINUIN MU

o

uv

L) [ =
NBU) HAAIAINTITNIN 2.5

4 a ) o 3
MU 3N Lﬂuﬂﬂiﬁll'ﬂ'ﬂﬁﬂﬂ'ﬂﬁ'ﬂ"q l‘ﬂ"lumimuaziu*\mya

. . ,
151371 2.5 ninTiouqYBIND N E

|PORTE is a bidirectional 110 port.
REQ'RDANS B ) 25 | 35 STATLEY
REOD 1o Digital 1O,
:00) I Read control for Parallel Skave Port.
AN5 Analog input 5.
REAAWIVANS ] 10 2% % ST/TTL
RE1 7] Digital 0.
R | Write contrdl for Paraliel Slave Port.
AN i Analog input 6.
REZTSIANT 10 " 27 27 ST/TLR
RE2 1o Digial VO,
[oi: | Chip select confrol for Parallo) Slave Port.
ANT I Analog input 7.




2.1.2.2 MIAMSHUIWAINIIVDI PICI6FSTTA

TinsnouInsaiass PICI6FST7A Sviaoarms Wsunsumvwuuvas Fslddmsmiy
Tsunsunugunishiemeed PIC Sutioauiideya (Data Memory RAM) w1n 368 lud
wienImIeyaULUBENs 8 (Data Memory EEPROM) 49 256 lud uazlatimsdans
WiA TN 1ves PIC 20niTULUINA1NY 4R 4 13K A Bank 0— Bank 3 HazuARZULIRDNIN

128 Tud Aegalii 2.3

f i i File
Ad’fﬂ:ss Ad?:gss Adil':gss Address
Indrect adoded 1| OCh Indirect addr{ ™| 8k Indirect addr. | 100h  {Indiectadded?] 180k
THIRD 0th OPTION REG] 81h THIRD 10h OPTION REG| 181h
L [V PCL 82h _PCL 10%h pCL 182h
STATIS | Och STATUS | 82h STATUS 103h STATUS | 183h
FSR 0dh ESR 24h FSR 104h ESR 184h
PORTA 0sh TRISA 85h 105h 185h
PORTB Obh TRISB 8Ch PORTB 106h TRISB 186h
PORTC O7h TRISC R7h 107h 187h
FORTD'! | 08h TRISD | gen 108h 188h
PORTEL | 0%h TRISEF? | 8on 10%h - - 18%h
PCLATH DAh PCLATH 3xh PCLATH 10Ah PCLATH 18Ah
INTCON | 0Bh INTCON | 8Bh INTCON 1¢Bh INTCOH | 18Bh
PIRY OCh PIE1 aCh ECDATA | 10Ch EECON 18Ch
PIRZ Dh PE2 8Dh EEADR 10Dh EECON2 | 15Dh
THRIL QEh PCON SEh EEDATH | 10Eh Reserved® 1 18Eh
TMRIH | OFh $Fh EEADRH ] 10Fh Reserved® | 16Fh
TACON 10h : 90h 11Ch 190h
TMRZ 1Mh | SSPCON2 | 91h 11h 191h
T2CON 12h PR2 | 97h N 192h
N SSPBUF | 13h SSPADD | o3h 13h 143h
SSPCON | 14h SSPSTAT | 94h 14h 194h
COPRIL | 15h ash 15h 195h
CCPRIN | 180 .1 96h 116h 19%h
CCPICON | 17h 97h Gemrd | 117h General | 4971,
RCSTA__| 18h TXSTA__| 9%h Regwter | 1180 Rupose | 108h
TXREG | 19h SPBRG 9% 16 Bytes 1%h 16Bytles | 19%h
RCREG | 1Ah - . 9Ah 1ah 19Ah
CCPRA._ | 1Bh . 9Bh 1Bh 168h
CCPRZH_| 1Ch CMCON 9Ch 1Ch 18Ch
CCP2CON | 1Dh CVRCON aDh 115h 19Dh
ADRESH | 1Eh ADRESL | oEn Eh 1% h
ADCONS | 1Fh ADCOH1 | 9Fh 11Fh 19Fh
20h Adh 120h 1ADh
Generdl General
Purposs ;(?uer'p'ig m
ﬁe;_mrg Regisler Regisier Register
Regggier 80 Byles 80 Byles 80 Byes
OF Byles EFh 16Fh 1EFh
accesses Foh accesses 170h 2C0EE5LS 1FOh
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh FFh
Bank & Bank 1 Bank 2 Bank 3
A Unimplemented dota memory locations. read as 0°.
" Not a physical redister.
Note 1: Ihese regisiers are not implemented on the PIC16F876A.
2:  These registers are resetves); maintain these registers clear.

31 2.3 prsdaniufimbenaudilu PICI6F877A
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dy a N o U N =~ = ' 5 ' N ) N o N
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[ 4 =] 4 <
2.2.1 psvuvaaIauumanes vedawiilaenes
ziimswudoiu 2 33 Ao wuuluina1s (Bipolan) fu uuuyiiing1s (Unipolar)
4 .
2.1.1.1 wuu'luIna1s (Bipolar)
a s P a g ¥ » ¥ |n’l’ » < I'e > ] d o
wlimsiuvaaanisva(aziseunudunddaldan) luuadusimanvesmmass lavvasimanh
- 4 4 o o o |1 P ° Y a o vog a
adu Namaes szgnimun Iaofismaveants wavesnszud T senusadm ifadanimanluiam
asafudwldifive nsndudiemavesns nalunszuaiih Tavunvnasmugueesssaingdindgy

4
T
2.1.1.2 uuVeiiIna13_(Unipolar)

s v o y o ° 1 a o ' o @
uuwiidl 2 va vundazduuimanvesames i usazvanainaduulinanTufirmeas sfudn Tu
v a s v d o a4 o o & [ o 4 4 o a 4
nsnauiinnedanimani i@ laslgresainse Iadvimils lddndmilamuy Augwmsaingeg Ui
Y : P | ) [ o 4 ° o Y 3 (N4
2.5 NISRUYARIANE 2 uuufinaraieiu uugid ndrseehditaussdadesnimunluindrs guindev

o o < 3 ¢4 d o v -~ v & = A
Ylﬂalni]']ﬂﬂjﬁlﬂﬂﬂqualﬂai‘]f\ul'ﬂu‘lﬂIwa'ﬁQzu 4 99 ﬁ?ulﬂulluuguiwa'ﬁﬁzu 5 ?91YnI 6 9y

2.2.2 nanmsmhauvesaidiilwemes
v o & d - o ¢ g P
Tassadumsnaunoluvesadlwemeiuseiunud mauiRotor) Thusimane1sdezaiugy
v o 3 P ] [
manyudomiman i lasmsswnszua I ud lRveasauiman (Stator)
o @ o Ao S 4o g o o P AT ]
dmSuunumyuinszlidnuasiiud dssnnuamlildlumsmp 1 senfussiuegiusmuives

Tswesuasinuvestinmes

° d 1 3 o a o o e
muouﬁmﬂ‘nnuu'lﬂ 199010 = mmucwaﬂsmas X VIUIUVINANDI

223 andanumugumsmpvessmilwemes
< o 1 <o a o ¢ o w >
msmuguuazdsnuldmailwenesiem Wfazaddaunsodi 18 laomsswide Il b
’ .4 o o o o A a ’ = ol ﬂ' 9/ A =
ana lundazveuuueiames TaonudeussiludmuzihudwuvieSonh Sinudoulugiliigndes i
o et PR , o
quumsmugunsyuvessalBweameiudwsamidiaiiiu g gl fie msaumumemal 1

4
ma msauguuuuYaadl 2 e uazmsauguuuDAsImdl

2.13.1 namusuuuuraasl 1 ia

1umimuf]ummqmmmﬁﬂﬁmamai’ifu azé’fmnszﬁ'u“lﬁ'ﬁ'mmﬂai’wu"lﬂuﬁazmﬁﬂe‘iﬁqm'\ﬁ'
Taonsswnszuaithfuadiwenesfias 1 ma @aiife sonssua i W Wy aanesudas
thuee) mudrdueziuemesnudsili 2.6

FEmsiife swdsatenszuaMiuenan saor mad 1 yndunszduad 2 maf 3 uazinad 4
amdiy mmfuiundulnszduveainmames mad 1 Snnfuaz g iider feilimmdaenes
wyulduaz lumsas sdudn dnszduvaanadanes adi 4 fiaummfunizo’]'mﬂﬁ‘?i 3, olad 2 wasadi 1
wazunduliviad 4 SnndefesvinBiuemeimundums
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st | Coild | Coit3 | Coit2 | Coilt

siluuunsUyuTRINaIAGS
Data H8 H4 H2 H1

ar on | off o | of i

a2 off On off oif m

a3 Oft Ot On Off m * E

L._._ 228 |
6}
a4 off Off oft On E.Q—Kzf

710 2.6 nsmuguuuuYaadl 1 e

2.13.2 pumuguuuuWamal 2 e
[ u’: v 3
Tunsauguuemesuuuama 2 miu isesdessionszua MiRenseduvannveweimesias 2

e TunaneiiuGssddviullamgduuuilBuanal3deg Ui 2.7 Taowamessempu lilfiazmfmhmiieu fiu
o s o ’ ¢ o 4 a9  a 3
anvuznsmupuemesuuuamal 1 Mo uansmuguuemesuvuamml 2 idativz Wussbageniuwy

Waemda 1 e
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awdl | Coid | Coil3a | Coil2 | Coilt
sluuumsmuIaINaned

Data HS H4 H2 Hi
Bl !

b On on oft Ot m /“' ﬁ
5

-

b2 off on On off m \ "2'
72
]

b3 off off On on ‘j. ” i
5
o

b4 On off off On B | "\ ﬁ
n

30 27 mseunuuufemdy 2 ola

4
2.13.3 nsaunuiainl
2 1 ¢ 4 g.d o aw < =
msauauanlthuemesuvunsuaadiizi s munsamunnuaziBsalumsasugumsmyuves

4 3 3 4 { ' o ' o o o ]
amlhwenes ouiimawenesindeunlluudazadil) 1880 1 vivahiisansonaugusumis
1 - s 4 4
Tunsngavesamltaeines laiudmnntaiu TavgldvingUi 2.8
3 4 2,4 ‘ 4
asauguamitwemeiiuaismddiidunsraunaussniemsnuguuusyamdl 1 uaz

msaupuuuamdy 2 mad Bdeiu
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2.3 mmammum%ﬁmna

2.3.1 1@ (Column)

o ' o A 3 o {a do » 3
nfidnyaniiluveunswaziuussnalunnunu dussdis himminaiGsasndnegluanmi
Y v P J 2 P o ] o = + J . Ao Y o ' 4’:1
23918 uAdus ARBAUDIAIMI 1EIRINE1INGIVIZIAAMS IN990TU (Bucking) ussithlviianis Inssetiisun
1 o = aa a = a ] ° 3 = ] d
FWsINGA (Critical Load) anmufuiifanicnvaziveiiylnseevszdmnimuduldounld ednlsnam

A a y L 9 2 o dw v P o ¥ u Y Y o> 7] o @
lllﬂlﬂﬂﬂ'ﬁiﬂiqaﬂlullﬁ"l WQ'luuuﬂ'liJﬁT”'ﬁﬂﬂi]zﬂ'l“u'lﬂ'lﬂﬂ'lllﬂﬂ\?ﬂ'ﬁ REUUNITDONUVIIDINISIINALLTY

A o Y a ¥ P o_ W ¥
'Y!Yl'ﬂ‘ﬂmﬂﬂ'liIﬂﬂﬁﬂllﬂﬂﬂ%z%’lﬂﬂﬂ's'\lﬂﬂu

I d 1 ) 13 ]
FudnunTosnasunnnniivimihfsweaiuen wu fugy gasildtumessuunemn

DATIIUANUNTYD (Slenderness Ratio) 1noh

15

wml | Coid | Coild | Coi2 | Coilt
luurmsuyuTeINeIRed
Data H8 { H4 H2 Hi
ai On off “oH oft * e
4/
ul
b1 on | “on oft on S E
L
-
a2 oft on ot ot ;l-“ﬁ
1
[N
b2 Oft On On Oft 3 \ E
. - 8
a3 on | of on | of £ | *
b3 o | on on | on 0 .4
1
a4 on off on ©On -~z
B
b on | ot ot | on n kW of
i 28 nsmupmuuniamiy




Slenderness Ratio = Le/k Q.1

e Le ADAMEIITUYA (Equivalent Length)

1/2
k= [l] 2.2)
A

A o A

kK ARSA oSty

=)

s A Y o
I ﬂaimuuﬂmmmawammm

¥ »
A A

A AoRunvindn

D

v v v E 4
111999 1NN1T DRAUUVLAINDINIZINANT 10989 TTANINA ununzsvanudu aaiuladesldn

audasaiuuLsIng
usanalFanfe F=FN
A A a
we F, feusainga
- i o
N femnnudasase
o o Ao = )3 o -}
fnuimmwwmﬂunwuuuhqmMmﬂamaai (Euler) A9
S n'EA
2
N(L, /k)
n’El
NL ’

e

2.3)

Fry A ¥
Wis F Aousanaliam

E felugdatangu

A 3 Y Iy S A a ] - 3
Fatuilumaninseadrmdez ldgasveseouans ieshsdunnumsoannnh 115 sngasee
g 1 a ' 2 I A A A v o A o o A ¥ A s '
mudiafinns Inweseuunu Feluuudnnuinesvesiufinindansesal lassulldnieshiqa diumanu
t 4 y
Jasasodmsuail Tunamsesnuuunisanauuniin iz 3.5
(-4

9 a Sad tor o o Aa (Y P a &3 4
mwmﬂ1mmtn’;ﬂuu_aumluagnnanummmﬂmﬂwamnmeg ﬂ\ii'll?l 2.9 (3IND 9ININTYU,

19y BUAIM, 2541)

YawtauuuTI5uAT (SS: Simply Supported) L =L 2.4)
’ L
awtaminaeadna (CC: Clamped) L = 5 (2.5)
Yastiauyunssual - ALY (SS: Simply Supported — Clamped)
L, =0707L (2.6)
dautauiu - 852 (CF: Clamped — Free) L, =2L 2.7
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grinnomARTN NizvenmmANIziY

3o L fenuuiveud)

F F F F
v N / 21 v,
L
A
%7/ - 7 o7
SS CcC SC CF

318 2.9 nsbalaoaiBa g

g v a o o o
semudndatouuy ccC dnrmudwsgeganaztlmonuy CF Sunsinaldtesiiga Tumsesnuuy
‘a’ ] 3 - Y ﬂ'ﬂw L = o QU : ﬂ’J ¥ Qs - 3
SudaeseadnsnanidnuuzisuiRoaiuan Yawinezfhuy ss, sc wie CF Wellduegiudnuuziun
¥ ¥
3IVITUIMIY
) o P > .4 ¥ " Y o : a’ = a v a
dmiuenfifivunduannn gasvesesuasssz 1Famhildmin Matimszanudonsiuieieen
» v ¥
wilounanHarens Insse uaznsinnusuluaufiuiadiadangundeuiulunsshruiifesnuuuin

¢ o - a A &
3z 19gmsvesveriudu (Johnson’s Formula) #38i30n8nFeniladngnswis11ual (Parabolic Formula) fi®

c,A l_cy(Le :k) o5
N am’

A a ¥ o
149 0'y AOANUAUNIANTIN
E fiolugdadangu
° v o 1 4 [ 4 L ¢ o A o ] s A
dmsumaninssainuan il:‘hfqmvaa%aﬂuﬁumﬂam1muﬂ’numiU’mmﬂizmm
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4 ¢ ¢ o v o o o T a S8 ¢
Lﬁmmmﬁuﬂswlmnqﬂsmamamaasua:%wuﬁmzﬁnwﬁnumﬂ A A331UN 2.10 (33ND dannIol
o A o ’ a « . . ’ o ’ | A a a’
LT OUAU ,2541) %Qliﬂﬂ’nﬂ_ﬂlﬂﬁﬂu (Transition Point) uagal mﬂm’mmmmﬂszmmmﬂ A UMW
a’: o o a A Aoy " o 2 -1 ot A N b 4 a 1Y 9
SHUTMIUIANDU q A1 E Llﬂﬂﬂ'l\iﬂuf)ﬁ)ﬂ'lﬂﬂﬂll'lﬂ ﬂi’)'I‘IWZ‘H'lQﬂl‘lJﬁEJ'NI‘Wﬂl’ﬂ@ﬂ'thﬂi‘VlQﬂﬂﬂQ'lﬂIﬂU

AMSMIAMNIA (Slope) ¥8INs A 1ANNAUAISA 2.3 uazaunsh 2.8 iy A

I gunMIBvUEY
F.JA i
T¥sunivonusay
i
| 4
P —3atldnu
C oy 9
£ ;:\{
WAKEU .
i | 4
; potLaD S
a
i
|
|
1
!
LK

70 210 AIENRTUS SN IAIIIAUALENS 1T IUAIIINGED 2INgA3VBIDBUIADI A VOVIUT

, d(F/A) . . d(F/A)
gAsv0I0auAD; —— = = gAsvewserudu ———=
d(Le/k) d(Le/k)

Fevz WRenanldoudie

(2.9

o o A Haa " Aa & o =¥
dmsugasveumduqfitled ua iuiioniFlunsesniuuniesinnaiie gasidunsaazgas
a o ) 1 a' y ] 3 ar o o'l
Fuaun (Secant Formula) v3'hinanfialuiiil dewhaulessmigldninmiisdenarmansJagiall

aums 2.3 uazaunish 2.8 endagalinilldidy
F
=a (2.10)
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o, (L, /k)

Taoh o=————2 gmSugasvelosuass
2 ¥
T'E
] o or Qr
a=—————— dmiugasveneiudu
o (L. /x)
a1’E

v
o da , 4
f o, f5onh anufuduya (Equivalent Stress) ¥4 1Au1snns i

Q

|

N::-I-:iz Y
F

4

Q

=2 v ot A A Y da L ar o ' ) @2 .
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2.3.2 angaanda

8 o

¥ ’ ] 3 » x 4
angaafida (Power Screws) 1uaudwnlFhuniasdnsnaendoummpudumsideusniuia

3
N A -

Foi3unsnetanilat dngideu (Translation Screws) wenvinee idounsnmypuiiumsifeuuds angaanida
ﬁ'ﬂ%"lumiUnfiymﬁnﬁﬁaﬁngi'u%né’f'w Frednvesangdamaaiiidlundesinanasie q WWun uise (Screw
Jack) dm¥uomimin ANGNTT (Screw Press) f‘im%’n‘li’fnﬂ?:mmWﬁ;ﬂi'nmuﬁmmi
Aoufiznantsinveandordmivangdeids suiluiszdoshmmndletumirtaniun

A U -5 d‘ L4 r -
Favzdealdegone lasissanaingli 2.11 fepelilil
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: . 4 o 4
Wan (Lead) : le Aoszuznnniangindeun ldamuuuunuvesang uvasiangnyuliniksey &
A <=3 4t r o e 3 o =
huangnilnhn (Single Thred) szozvesdaiinumifuszozing dmSvangaesn (Double Thread) 1N307
a ¢ oa s o _d v o A 4 4
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3 a Jd 9 =)
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a = ’ {0 o o a
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1
tan o0 = —= 2.12
d (2.12)

wdp,
310 2.12 yuvida

¥ ] o ';J 9 ' o a ' & o -3 a L 4
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Aysanangdemdsfiegun 2.13 Feliyudany o e wazyundeIvesang ¢ aem lumssn
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Wmnin w Juas i ld Tasmsmyuuihuinderdsdseguuiisesdy Sond 1 (Collar) auuidlius e F AlFomi
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#include <16F877.h>

#fuses HS NOWDT ,NOPUT ,NOPROTECT

#use delay (clock=4000000)
#bit coll = 0x08.0

#bit col2 = 0x08.1

#bit col3 = 0x08.2

#bit rowl = 0x08.4

#bit row2 = 0x08.5

#bit row3 = 0x08.6 *

void motorz();

void main()

{ intab,x,i,c,def,gh;

int motorx1[4}={0x03,0x06,0x0c,0x09};
int motoryd[4]={0x30,0x60,0xc0,0x90};
int motorxr[41]={0x09,0x0c,0x06,0x03} ;
int motoryu[4]={0x90,0xc0,0x60,0x30};

set_tris_A(0x00);
set_tris_B(0x00);
set_tris_ D(OXFO);
set_tris_C(0x00);
dof
output_B(0x00);
coll=1; col2=1; col3=0;
iflrow1==0)
{ for(x=0;x<130;x++)
{for(i=0;i<4;i++)

{output_B(motorxt{i});

delay_ms(80);}
}
delay_ms(200);
for(e=0;e<15;e++)
for(c=0;¢<215;c++)

{for{d=0;d<4;d++)

{output_B(motoryu[d]);

delay ms(25);}
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delay_ms(500);
motorz();
for(a=0;a<15;a++)
for(b=0;b<215;b++)
{for(f=0;f<4;f++)
{output_B(motoryd[f]);
delay_ms(25);}
}
delay ms(500);
for(g=0;g<130;g++)
{for(h=0;h<4;h++)
{output_B(motorxI[h}]);
delay_ms(80);}

if{row2==0)
{for(x=0;x<130;x++)
{for(i=0;i<4;i++)
{output_B(motorxrfil);

delay_ms(80);

delay_ms(500);
for(a=0;a<15;a++)
for(b=0;b<215;b++)
{for(f=0;f<4;f++)
{output_B(motoryd[f]);
delay_ms(25);}
}
delay_ms(500);
motorz();
for(e=0;e<15;e+t+)
for(c=0;c<215;c++)
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{for(d=0;d<4;d++)
{output_B(motoryu[d]);
delay ms(25);}

}
delay_ms(500);
for(g=0;g<130;g++)
{for(h=0;h<4;h++)
{output_B(motorxI[h]);
delay_ms(80);}
}
}
if(row3=0)
{for(x=0;x<130;x+t)
{for(i=0;i<4;i++)
{output_B(motorxt{i]);

delay_ms(80);

delay_ms(500);
for(a=0;a<45;a++)
for(b=0;b<215;b++)
{for(f=0;f<4;f++)
{output_B(motoryd[f]);
delay_ms(25);}
}
delay_ms(500);
motorz();
for(e=0;e<45;e++)
for(c=0;c<215;c++)
{for(d=0;d<4;d++)
{output_B(motoryu[d]);
delay_ms(25);}
}
delay_ms(500);
for(g=0,g<130;g++)
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{for(h=0;h<4;h++)
{output_B(motorx1{h]);
delay_ms(80);}
}
}
coll=1; col2=0; col3=1;
if(rowl=0)
{for(e=0;e<15;e++)
for(c=0;c<215;c++)
{for(d=0;d<4;d++)
{output_B(motoryu[d]);
delay_ms(25);}
}
delay ms(500);
motorz();
for(a=0;a<15;a-++)
for(b=0;b<215;b++)
{for(f=0;f<4;f++)
{output_B(motoryd[f]);
delay_ms(25);}
}
}
if(row2=90)
{for(a=0;a<15;a++)
for(b=0;b<215;b++)
{for(f=0;f<4,f++)
{output_B(motoryd{fl);
delay_ms(25);}
}
delay _ms(500);
motorz();
for(e=0;e<15;e++)
for(c=0;c<215;c++)
{for(d=0;d<4;d++)

{output_B(motoryu[d]);
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delay _ms(25);}
}
}
iffrow3==0)
{for(a=0;a<45;a++)
for(b=0;b<215;b++)
{for(f=0;f<4;f++)
{output_B(motorydf]);
delay_ms(25);}
}
delay_ms(500);
motorz();
for(e=0;e<45;e++)
for(c=0;c<215;c++)
{for(d=0;d<4;d++)
{output_B(motoryu[d]);
delay_ms(25);}
}
}
col1=0; col2=1; col3=i;
if{lrow1=0)
{for(g=0,g<136;g++)
{for(h=0;h<4;h++)
{output_B(motorxl[h]);
delay_ms(80);}
}
delay_ms(500);
for(e=0;e<15;e++)
for(c=0;c<215;c++)
{for(d=0;d<4;d++)
{output_B(motoryu[d]);
delay_ms(25);}
}
delay_ms(500);

motorz();
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for(a=0;a<15;a++)
for(b=0;b<215;b++)
{for(£=0;1<4;{++)
{output_B(motoryd[f]);
delay_ms(25);}
}
delay_ms(500);
for(x=0;x<136;x++)
{for(i=0;i<4;i++)
{output_B(motorxt[il);
delay_ms(80);}

}
}
iflrow2=0)
{for(g=0,g<130;g++)
{for(h=0;h<4;h++)
{output_B(motorx1[h]);
delay_ms(80);}
}
delay_ms(500);
for(a=0;a<15;a++)
for(b=0;b<215;b++)
{for(£=0;f<4;f++)
{output_B(motoryd|[f]);
delay_ms(25);}
}
delay_ms(500);
motorz();
for(e=0;e<15;e++)
for(c=0;c<215;c4++)
{for(d=0;d<4;d++)
{output_B(motoryu[d]);
delay_ms(25);}
}
delay_ms(500);
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for(x=0;x<130;x++)
{for(i=0;i<4;i++)
{output_B(motorxr[i]);
delay_ms(80);}
}
}
if(row3==0)
{for(g=0;g<130;g++)
{for(h=0;h<4;h++)
{output_B(motorxIi[h]);
delay_ms(80);}
}
delay_ms(500);
for(a=0;a<45;a++)
for(b=0;b<215;b++)
{for(f=0;f<4;f++)
{output_B(motoryd(fl);
delay ms(25);}
}
delay ms(500);
motorz();
for(e=0;e<45;e++)
for(c=0;c<215;¢++)
{for(d=0;d<4;d++)
{output_B(motoryuld]);
delay_ms(25);}
}
delay _ms(500);
for(x=0;x<130;x++)
{for(i=0;i<4;i++)
{output_B(motorxr{i]);
delay_ms(80);}
}
}
}while(1);
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}
void motorz()
{intjk];
int motor{4] = {0x90,0xc0,0x60,0x30};
for(j=0;j<50;++)
{for(k=0:k<4;k++)
{output_C(motorlk]);
delay_ms(100);}
}
for(I=0;1<1;}++)
{output_C(motor{1});
delay_ms(100);
}
}
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Order this document by ULN2B0XD

@ MOTOROLA

Octal High Voitage,
High Current Dariington
Transistor Arrays

The eiaht NPH Darinaken connected transistors n this family of amays
are ideally suited for imarfacing between low kogic leveldigitof circuiry (such
as 1TL. CMOS or PHOS/NKMOS) and the higher cumentivoltage
requirements of lamps, redays. printer hammers or olher similar loads for a
broad ranga of cemguter, industrial, and oonsumer applications. Al devices
feaure open—collecior outputs and ree whee ing clamp dicdes for transient
suppression.

The LILN2803 is designed to be compatible with standard TTL families
while the LLN2834 is optimized for € 10 15 volt high level CHIOS or PMOS.

MAXIMUM RATINGS (TA = 25°C and rafing apply to any one device in the
package, unikss othenvise nolad.}

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUGTOR
TECHNICAL DATA

ReJp = 55 C/W
Do nol exoead maximiumm asvent lieit per driver

CRDERING INFORMATION
Charactetistics
Operating
Input Temperature
Device Compatibitity Ve EfMax)Ac (Max) Range
ULNZBOZA § TTL, 5.0V CMOS "
ULNZBD4A | 61015V CMOS, Pios | SOVADOmA 1 TA =0l +70°C

Hf 1

Raing Symbol Vahie Untt
Outpidt Voltage Vo ) v
Input VoRage (Except ULN28O 1) v 20 A SUFFIX
Collacior Curent — Continuous Ic 500 mA PLAS(;T::SEPATg;CAGE
Base Current - Conlinuous B 25 mA
Operating Ambrent Temperature Range TA 010 +70 =C
Stomge Temperahee Range Teig 5510 +15) =C
Junction Temperature T 125 =G PIN CONNECTIONS

=
q

+14

E_IFH:\
= e = EE T

2 Mokordla. Inc. 1566 Rev t



ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS {Tp = 25-C. unless ohenwise noled)

Chanacteristic Symbeot Hin Typ Max Unit
Output Leakage Current {Figure 1} Icex ul
o = SOV, Ta= +70°C) Al Types - - 100
Vo = DY, Ta=+25C) Al Tvpes - - 50
Vo =PV.Ta=+70C.¥|=60V) UL N2802 - - 500
O =0V, Ta=+T0C. V=10V UL N2804 - - 500
Collector-Emitler Soturaton Yoltage {Figure 2) YCEisaty v
{lc=350mA Ip =500pA) ANl Types - 11 16
{IG=200mA 1g = 3D pAY All Types - 095 13
ilg = 100 mA. Ig = 250 pA) All Types - 0.85 11
Input Cusrent — On Condition {Figure 4) on) mA
M=1TV Ut N2802 - 0.82 1.25
V= 285V} ULN2803 - 083 135
=50W) ULN2803 - 0.35 05
M=12% ULMN2804 - 190 145
Input Voltage — On Condition (Figure 5) Viom v
VoE = 20V Ig = 300 mAy ULN2802 - - 173
YCE = 20 IC =200 m&) ULN2803 - - 24
{/cE = 20V, I =250 m&) ULMN2803 - - 27
Vo =20V Ig =300mAy ULN2833 - - 30
YCE=20V.IC=125mA) ULN2804 - - §0
(YCE = 2.0V, I =200m&) ULN2804 - - 60
g =20V, Ic=275mA) ULN28OH - - 70
{VCE = 20V IC = 350 mA) ULN2804 - 80
tnput Current — Off Condition {Figure 3) Al Types 'KD') 50 100 - uA
(g = SDOpA, Tp =+70°C)
DC Currant Gain (Figure 2} ULN28O1 hee 1000 - - -
Ve =20% I =350mAy
Input Capacitance < - 15 pF
Tum-0On Delay Time ton - 025 10 -3
{5002 E} 10 502 EO)
Tum-0f Delay Tme off - 025 10 ir3
{50% E| 10505 EQ)
Clamp Diods Leakage Curent (Figure 6) Ta=+25C R - - 50 pA
VR=50V) Tpa=+70°C 100
Clamp Dinde Foraard Yoltage (Figure 7) VF - 15 20 v
OF = 350 mA)
2 MOTOROLA ANALOG IC DEVICE DATA

AR 2



ULN2803 ULN2304
TEST FIGURES

{Soa Figure Humbers in Elsctrical Charasiaristics Table)

Figure 4.
Opn Vg
Qpen CEx
Figure 3. Figure 4.

MOTOROLA ANALCG IC DEVICE DATA
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ULN2803 ULN23804

TYPKCAL CHARACTERISTIC CURVES - TA = 25°C. unless otherwise noted
Dutput Characteristics

Figure 8. Quiput Currem versus Figure 9. Output Current versus
Saturation Voltage fnput Current
= =3
E E
= L ,/ =
w
& _/ E .
2 . A Tyes / 3 Hi Types
E 4 : Z
=) =)
=1 <1
o ne o N
o / ° pd
. P> . v
bl 65 18 13 20 1] 2 400 [2e1) 809
Vst SATURRTION VOLTAGE (V3 . INPUT CURRENT udi
Input Characteristics
Figure 10.'ULN2803 Input Current Figure 11. ULN2804 input Currem
versus Input Voltage versus Input Voltage
28 29
2 L z
E 15 v E 15
Z - 5
£ &
. o 10
g e 2 —
Z 05— =05 L]
[} 1}
20 25 3B 35 40 45 58 £ 60 50 &8 10 80 a0 1 n 2 3
VIR IMPUT VOLTAGE V) VIN. MPUT VOLTAGE 0
Figure 12. Repr live Schematic Diagrams
18 ULNZ303 48 ULNZ8B04
4 MOTOROLA ANALOG IC DEVICE DATA
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KATBXX' KATBXXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltoge (tlor Vo = 510 18W) ¥ 5 v
Hr Yo = 24V Wi A0 b4
Tharmial Resistanes Junction-Casss (T0-220) RuJc 5 CIW
Thermat Rasistance Junciion-&lr i TO-220 RoJa <& TR
Qpzrating Tamperature Rangs (KATEXX: ARy ToPR 0~ 4128 G
Slomae Tamperature Rames TSTG -65 ~ +150 c

Electrical Characteristics (KA7805/KA7805R)
{Rater 10 test circul .0°C < T < 125°C. 0 = 500mA, 1 =10¥, Ci= £.33uF Co=0.1uF. unless oiherwise specified)

- KAT805 -
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ty=+25°C 48 | 50 | 5.2
Cntput Voltage Vo [s50mA < kb < 1.0A Po & 15% v
Vi=TVI0 A0V 475 ) 60 } 525
Line Regutation iNote 1) | Regline | Ty=+250C Yo - 7V Io 28 il IR MLUH ey
Vi= 8V o 12v - 16 | 50
Load Regulation iNviel; | Redoad | Ty=125C :g;:g 2: :Zt?gm Z 15":? my
Quiescent Current o Ta=+25°C - 50 | 8.0 mA
Cuiescent Current Change Al 10 = SmA fo 1.07 i R IR mA
Vi= TV to 26Y - 03§ 13
Output Vollage Drift AVOAT | lo=5mA - -i1.8 - my;°C
Ouiput Noise Voltage VN { = 10Hz 10 100KHZ, TA=+25°C - 42 - pYANO
Ripple Rejection RR | P 1ay e2|n| -] e
Dropout Yoltage Vorop | l0=1A Ty=+25°C - 2 - v
Oulput Resistance fo f=1KHz - 15 - me
Shot € gcuit Curpant Isc V1= 35¢. Ta=+25°C - 230 - mA
Peak Current IPK TJ)=+25°C - 2.2 - A
Note:

1. Load and Ine regulalion are spedified at constant junction termperature. Changes in Vo due 1o heating effects must be taken
ko aocount separately. Pulse tesling with low duty is used.
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KATBXXKATBXXA

Electrical Characteristics (KA7805A)
{Refer to the test drcuits. 0°C < Ty < H125YC, o =14, ¥ = 1OV C1=0.32uF. C o=0.1uF. inl=ss ofharnise spedi-
tied)

Parameter Symbot Conditions Min. | Typ. Max. Unit
Ty=+25°C 19 5 5.1
SulputVelage: Vo 10 = SmA o 1A POz 168¥ A8 . 2 Kl
Wz PRV WD 20V - ’ h
Vi = 7.5V 10 25V _ . 5
10 = 5Q0OmA N S0
Line Reguiation (Nol21) Regiine Vi = 8Y 10 19V . 3 ) my
= 7.3 o - & 4]
Ty=4260C ViE 73V o
Vi= BV 1o 12V - 15 25
10 = Ao 150 I
Lead Regulation {Hole1) - -
Redlad I S mAto 1A N 5 | wo | ™
10 = 250mA 1o 750mA - 4 K
Quiescent Curent la Ty=+25°C - Xt 6.0 mA
i . 1o =5mAto 1A - - 5
g;‘;‘i;c;"“ Current Mo [V =8Vie 25V, 1o = BO0MA : 198 | mA
VI=75Vie 20V, Ty=+26°C - - 0.8
Quiput Vollage Drift AVAT | lo=5mA - 5.3 - mvioC
. t= 10Hz to 100KHz \
Oulput Noise Yollage VN Ta=+25°C - 10 - uVNo
" _— t= 120Hz, lo = S00mMA
Ripple Rejection RR V| = 8V 10 18V - 533 - 4B
Dropout Vollage YDmop | 10 =1A, 1) =+25°C - 2 - Y
Output Resistance o f = 1KHz - 17 - mi2
Shiort Gireunt Gurrent tsc Viz 38V, TaA=+25°C - 250 - mA
Peak Current IPK Ty= +25°C - 2.2 - A
Nots:

1. Load and ine reguldion are sperified at constant juncion lemperaire. Change in Yo due o heafing effscts must be taken
into account separately. Pulse testing with low duty is usad.

11
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KATBXWKATEXNA

Typical Perffomance Characteristics
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JUNCTN TEMPERATURE (*C)
Figura 1. Quiescant Current
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Figure 3. Output Voltage
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KATSCKATRX XA

Typical Applications

o- KATRXX G
Inpan i Duiput

&

Figure 5. DC Parameters

20
Figure 7. Ripple Rejection
hgf-« e mew KATBXX 5*«-%
n.J: * ::':
. s ! anF
{ : :
¥

Figure 8. Fixed Qutput Regulator

21
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KATZSXX KATSXXA

InpuiT- KAYRAX * Onfput
=] £ o 310
CInF [
“l Co
e ___)—‘ s 8 bt

LN
B

Figure 9. Constant Cusrent Regulator

Notes:

{1} To specily an output voltage. substitute voltage value for ™XX." A common ground is required betwaen the input and tha Output
voltage. The input voltage must remnain typically 2.0V above the output voltage even during the low point on the input ripple
voltage.

{2) Cy is required if regulator is located an apprediable distance ffom power Supply filter.
{33 Co improves stabiity and transient rasponss.

Input
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Vo = Vxxi1+R2/R1)+1oR2
Figure 10. Circult for Incroasing Output Voltage
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IRI=5 1Q
Vo = Vxxi1+R2R1+1pR2
Figure 11. Adjustable Output Regulator (7 to 30V}
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KATE XU KATEAXA

fnput
O e I BBEB et i v
R ~:] -
. L
% B N 2 Quiput
LA KA7BXX —0
k. ey L]
Toxnr s To’i
V.
A DEOY . .
~ "7 Tacotor Bos

fo =t 4 Boe (teea Y e gt}

Figure 12, High Cumrent Voltage Regulator
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Figure 13. High Quiput Current with Short Circuit Protection

a2 -Wg

Figure 14. Tracking Voltage Regulator
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KATBXX'KATBXXA

O tre o KAT815 s e O ]
a2 - »3%
4 7 - .
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Figure 15. Split Poweor Supply { 215V.14A)
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Figurs 16. Nogative Output Voltage Circuit
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Figure 17. Switching Regulator
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KATEXX/KATEX XA

Ordering Information

Product Number Output Voltage Tolerance | Package | Operating Temperature
KATEDS ; KATRI6
KA7BIG s KATEDY
KAT810 292,
KATE1Z [ KATE15
KATS18 i KATR24
KATB05A 7 KATBOBA
KA78D8A  KATE09A 0~+1
KATB10A J KATB12A 7%
KA7815A (KATB1BA
KATS24A
KATBO5R f KATBUGR
KATSORR ; KATBOOR +4% D-FAK
KA7T212R

TO-220

a

~
[#4]
%)

27
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included In this Data Sheet:

+ PICiBF873A « PIC16F876A
» PICI6F874A « PIC1EFB77A

High-Performance RISC CPU:

» Only 35 single-word instructions to leamn
= Al singlecycle instructions except for program
branches, which are teocycle
+ Dperating speed: DC — 20 MHz clock input
DC -~ 200 ns instruction cycle
+ Up te 8K x 14 words of Flash Frogram Memory,
Up 0 263 x 8 bytes of Data Mamory {RAN),
Up 10 256 x 8 bytes of EEPROM Data Memory
* Pinout compatible to other 28-pin or 4084 4-pin
PIC16CXXX and PIC16F XXX microcontroliers

Peripheral Features:

+ Timerd: 8-bit tirmer/counter with 8-bit prescaler
Timer1: 16-bit timerfcounter with prescaler,

can be incremeanted during Skeep via external
aystaFclock

Timer2: 8-bit timer/oounter with 8-bit period
register, prescaler and postscaler

Two Capture. Compare, PWH modules

- Coapture is 16-bit, man. resolution is 125 ns

- Compare is 18-bit. max. resolution is 200 ns
- PWM max. resolution is 10-bit

Synchronous Seriad Port (SSP) with SPI™
{Master mode) and 12C™ (Master/Stave)
Universal Synchronous Asynchronous Receiver
Transmiter (USART/SCI) with 9-bit address
detection

Parallel Slave Port {PSP) - 8 bits wide with
external RD, WR and TS controls { 40/44-pin only)
Brown-out detection circuitry for

Browm-out Reset {(BOR)

.

.

S

N RS ——

Analog Features:

.

13-bit. up to &channel Analog-te-Digital

Convertter (A/D)}

Brown-out Reset (BOR)

Analog Comparator module vwith:

- Two analog comparators

- Pmgrammable on-chip vollage reference
(VREF) module

- Programmabie input multiplexing from device
inpuls and internal voltage reference

- Comparator outputs are externally acosssible

Special Microcontrofler Features:

.

.

'
.

.

I}

100.000 eraselwrite cycle Enhanced Flash
program memory typical

1.000,000 erasefarite cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 vears
Self-reprogrammable under software controd
In-Circuit Serial Programming™ {ICSP ™)

via two pins

Single-supply 5V In-Circuit Senal Programming
Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Proegrammable code protection

Power saving Sleep mode

Selectable oscillator options

In-Circuit Debug {ICD) via two pins

CMOS Technology:

.

.

Low-power. high-speed Flash/EEPROM
technology

Fully static design

Wide operating woltage range 2.0V to 5.5V)
Commencial and Industrial terperature ranges
Low-poaver consumption

Program Memery { 0ot | rorom obit | cop sy Ti
N T 10-bit mers
Device . SRAM w USART .. {Comparators
# Single Word Bytes, AD {ch Master 8416-bit
Bytes mm dons |iBytes) (Bytes) {ch) | (PWI) } 5 5y e

PIC16F873A ) 7.2K 40986 102 128 22 5 2 {Yes{ Yes Yes 2/1 2
PIC106F874A) 7.2K 4096 192 128 33 8 2 Y| Yes Yos 21 2
PIC16F376A 1 14.3K 8192 368 296 22 5 2 [Yes| Yes Yes 211 2
PIC16F877A [ 14.3K 8102 368 258 33 8 2 [Yes| Yes Yos 21 2

@ 2003 Microchip Technology Inc.

DS5395828-page 1
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
Wvie —e1 N/ 20 w— RBTPCD
RAJAHD w—w[}2 39 ) w—» RBEPGC
RAVANY a~e[]3 38 {] +~—e RBS
RAZIANRAREF-CVFEF oo [ 4 37 [ e~ RBA
RAANIVREFY ap—p[]5 36 ]) - RBIPCH
RANTOCKICIOUT w—p-[] 6 35 [Ja—w RB2
RASIAMASIC20UT »—a-[] 7 < 3P-—eRBI
REO/RTVANS w—s[} 8 ~ 33— RBWVIHT
REVNRANG w—e-Tfs 5 2P e—vm
RE2TSAN? =10 & 3NpJ-w—1Vss
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PIC16F87XA

1.0 DEVICE OVERVIEW

This documant conlains device specific information

about the folleeing devices:

« PICIEFB73A

« PIC1BF874A

+ PIC16F876A

« PIC16F877A

PIC16F873ABTEA devices are available only in 28-pin

packages. whilz PIC16FST4A/BT7A devices are avail-

able in 40-pin and 44-pin packages. All devices in the

PIC1GFA7XA family share commen architecture with

the Tollowing differences:

The PIC16F873A and PIC18FB874A have ona-hall

of the 1otal on-chip memory of the PIC1GF876A

and PIC1GFB77A

The 28-pmn devices have three YO ports. while the

$0/44-pin devices have five

+ The 28-pin devioes have fourtzen interrupts, while
the 40¢44-pin devices have fiteen

+ The 28-pin devices have fve A/D input channels,
while the 40/44-pin devices have eight

+ The Parallel Slave Port is implemented only on
the 40/44.-pin devices

»

PIC16F87XA DEVICE FEATURES

The avallabde features are summarized in Table 1-1.
Block diagrams of the PIC18FB73A8T6A and
PICAEF 87 4087 TA devices are provided in Figure 1-1
and Figuwre 1-2. respectively. The pinouts for these
device families are ksted in Table 1-2 and Table 1-2.

Additional information may be found in the PICmizro®
Mid-Range Reference Manual (S33023), which may
ke obtained from your kocal Microchip Sakes Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device

architecture and operation of the paripheral modules.

TABLE 1-1:
Key Features PIC{6F873A PiC16F874A PIC16F876A PIC16F877A
Dperating Frequency DC - 20 Mz 0C - 20 kiHz DC - 20 MHz DC - 20 MHz
Resets {and Delays) FOR, BOR POR. BOR POR, BOR POR. BOR
(PWRT, OSD iPWRT, OST) {PWRT, OST) (PWRT, O5T)
Flash Program Memaory 4K K BK 8K
{ 14-bit words)
Data Memory {bytes) 162 192 368 368
EEPROM Data Memory (byles) 128 128 256 256
Interrupts. 14 15 14 15
{0 Ponts Pos A.B,C PortsA.B.C.D. E Ports A, B, C Ports A/ B,C. D.E
Teners 3 3 3 3
CaptureCompare/PYWh modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5input channels | 8 input channels | Sinputchannels | 8input channels
Analog Comparalors 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 instructions 35 Instructions
Packages 28.pin PP A0pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 2B-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TOFP
28-pin OFN 44-pin QFN Z8-pin OFN A4-pin QFN
© 2003 Micmchip Technology inc. DS30532B-page 5
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PIC16F87XA

FIGURE 1-2: PIC18F874A877A BLOCK DIAGRAM
3 DataBus 8 PORTA
RALAND
Flash g RAVANT
Frogram : RAZANRIRE F-TVIEE
Memory 8 Level Stack RAZANANVRL ¢+
113-b%) ) RAYTOCKUTIOUT
RASIANASSIC20UT
Program 14
Bus
ggmm
Instructi A
nsiruction reg ) RE2
DirectAddr 7 : RB3/PGM
7 2 RB4
RBS
RBEIPGC
RBTPGD
8
7 RCOTIOSOTICK
y RCUTIGSUCCP2
b Power.up -] reaicce!
repramr— - = Rcs.'gnc:osa
Decode & Start-up Timer RCA/SDUSDA
Confrol o 3 RC5/SD0
ef-on RCBAXICK
—_ wl h“"hm RCTIRX/OT
i, al
E‘::'D Generalion [N Tmerog
OSCYCLK Brown-out ROOYPSPG
OSC2CLKO Resst RD1/PSP1
In-Circuit RD2PSP2
___.E.WD"’" ADPSP2
Low-Wolage RDA/PSP4
Programming RD5PSP5
RDB/PSPE
é ; RO7IPSP?
TICIR  voc, vss =[] REGROANS
=D REVTRIANS
=0 RE2TTANT
Pardiet
Timerd Timer1 Timer2 Sksa Port
Synchronous \idltage
Data EEPROM £CP1,2 Serial Port USART Comparator Reference
Device Program Flash Daa Niemory Cata EEPROM
PICIEF874A 4K wonds 192 Bykes 128 Byles
PICIEFBTTA 8K words 368 Byles 256 Bytes
Hote 1: Higherorder bits are fom the Status register

w17

- - 0 ]
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PIC16F87XA

TABLE 1-3:  PIC16F3874A/877A PINOUT DESCRIPTION

T e e e ————

PDIP [ PLCC |TQFP| OFN | 1OP Buftfer

Pin Name Pink | pink | Pin% | Pins { Type | Type Description
fOSCICLRI TR BETYE N ) ST KOS [O5Ckalor Crystal of exiemal ciock NpuL

0sCt i Oscikator erystal input or extarnal cleck soue
inpul. ST buffer when configured in RC mode:
otherwisa CMOS.

CLKI i Extemal clock source input. Ahways associaled
with pin funcéon OSC1 (ses OSCTCLKI,
OSC2/CLKO pins).

OSCZCLKO 14 15 Ed] 33 —_ Oscillalor crysal or clock oulput

0sc2 O Ostilator crystal output.

Connects to crystal or resonator in Crysiat
Oscilator mode.

CLKO o} In RC mode, OSC2Z pin owtputs CLKO. which
has 144 the frequoncy of OSC1 and denotes the
insiruclion cycle rate.

MCLRVPP 1 2 18 18 8T Hastar Claar (input of programming voltage (output).

MCLR ] Master Clear (Resef inpul. This pin is an active
low Reset to he device.

¥ep P Programming voltage input.

[PORTA s a bidirectional LO porl.

RAQAND 2 3 19 19 T

RAD o Digital ¥O.

ANO } Anajog input D.
RAH1AN1T 3 4 20 20 Lue

RA1 10 Digital 1O.

AN 1 Analog input 1.
RA2:AM2AMREFICYREF] 4 5 21 b3 | T

RAZ o Digital V0.

ANZ i Analog inpnt 2.

VREF - I AD reference voltage (Low) input.

CVREF 8] Cunparator VRer output.

RANANIVREF+ 5 ) n 73 LA

RA3 1w Diglal KO. .

AN3 ) Analog input 3.

YREF + | AD refarence voltaga (High) mput.

RA4TOCKIFC1OUT 6 7 23 23 ST

RA4 YO Diglal VO ~ Open-drain when configused as
output.

TOCKI ) TimerD external dock input.

C10UT o] Comparator 1output

RASARASSC20UT 7 8 24 24 T

RA5 ¥o Digital O.

AN4 | Analog input 4.

iy ] SP1 skave select inpul.

C20UT 9] Comparalor 2 ouipul

Legend: [=input O = ouiput 1O = inputioutput P = power
—=Natused TTL=TTLinput ST =Schmit Trigger input
Note 1:  This buffer is a Schmitt Trigger input when corfigured as he extemal inlorupt.

2
3

This bufler is @ Schimitt Tigger inpul when used in Seral Programming mode.
This bufler is a Schmift Trigger inpul when configired in RC Osdllator mode and 2 CKMOS input otherwise.

4
D539582B-page 10 € 2003 Kicrochip Technology tnc.
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PIC16F87XA

TABLE 1-3:

PIC16F874A/877A PINOUT DESCRIPTION {CONTINUED)

. POIP | PLCC | TOFP ] QFN | ¥OP Buffer .
Pin Name Pin# | Pin# | Pin# | P | Type | Type Description
:=:=£ = — —= e ——
PORTB is a bidirectional 1:0 port. PORTB can be
software programmed for intemal weak pull-up on all
inputs.
RB¥INT 33 36 8 8 TTLSTOY
RBO L o] Digital 1iO.
INT | Extemal interrupt.
RB1 H 37 9 10 1o L Digttal 1O,
RB2 35 B 10 1" o T Digtal VO.
RB¥PGK 36 39 1 12 TIL
RB3 (Fe) Digital 10.
PG 1 Low-voltage ICSP programming enable pin.
RB4 a7 M 14 14 10 m Digital ¥O.
RB5 38 42 15 15 10 TiL Digital 10,
RBi&/PGC 39 43 18 18 TTLST2
RBS o Digital 1LO.
PGC | In-circuit debugger and ICSP programming clock
RB7/PGD 40 | 4 | 17 17 TTUST
RB7 1o Digttal 1fO.
PGD 1O In-circuit debugger and ICSP programming data.
Ltegend: |=input O = output 1¥0 = inputioutput P = powsr
—=Notused TTL=TTLinput ST = Schmilt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the extemnal intermpl.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger inpul when configumd in RC Oscillator mode and a CWMOS input otherwise.
< 2003 Microchip Technology Inc. D839582B-page 11
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PIC16F87XA

———

e ————

TABLE 1-3:  PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

" POIP | PLEC{TOFP{ OFN | WOP Buffer e
Pin Name Pin#é | Pink | Pind } Pin# | Type Type Description
PORTC is a bidirectional O pon.

RCOTIDSOTICKY 15 16 32 34 ST

RCD Lo Digital /0.

T10S0 0 Timer1 ceciliator output.

TACKI ! Timer1 axiernal clock input.
RCAT10SKCCP2 18 18 35 s ST

RCY L) Digital 11O.

T105! ] Timer1 oscillator input.

CCP2 VO Capture2 input, Compare? oulput. PIWM2 output.
RC2CCPY 17 19 36 36 ST

RC2 (R Digital 0.

CCP o Captura1 input, Compars1 cutpul, PW1 output.
RC3/SCKSCL 18 20 37 37 ST

RC3 1o Digital ¥O.

SCK o Synchyonpus serial clock inputioutput for SPY

mode.
SCL o] Synchronous serial clock inputoutput for 1°C
mode.

RC4/SDISDA 23 25 42 42 ST

RCA ) Digital ¥O.

Sol I SPl datain.

SDA 1O PC data 11O,
RC&SDO 24 26 43 43 ST

RCs 1o Digital ¥O.

SDO 0 SPi data out.
RC&TXICK 25 27 44 44 ST

RCB o Digital ¥O.

™ 0 USART asynchronous transmit.

CK o USART1 synchronous dock.
RC7#RXDT 28 20 1 1 ST

RC7 [LLo] Digital 0.

RX I USART asynchyonous receive.

ot 1o USART syrchmonous dala.
Legend: |=inpa O = ouiput 1D = input/output P = power

—=Notused TIL=TTLinpul ST = Schmitt Trigger inpwt

Note 1: This buffer is a Schmitt Trigger input when configured as the extemal infermpt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3. This butfer is a Schmitt Trigger input when configured in RC Osdillator mode and a2 CMOS input otherwise.

D5395828-page 12
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PIC16F87XA

TABLE 1-3;  PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

. PDIP | PLCC | TOFP| OFN | ¥0:P { Buffer .
Pin Name Pins | Pins | Pist | P | Type | Type Description
PCRTD is a hidirectional 170 port or Parallel Shve
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 s as ] STITTLIR
RDO 1o Digital 1iO.
PSPO 0] Parallel Slave Port data.
RD1/PSP1 20 2 | » » STATL
R o Digital 1:1O.
PSP1 o} Paralict Stave Port data.
RD2/PSP2 M {23 {4 | 0 STATL?
RD2 o Digital O.
PSP2 o Parallel Slave Pert data.
RD3/PSP3 22 2 Y L] STATLS
RD3 0 Digital 10.
PSP3 No Paraliel Slave Port data.
RDA/PSP4 2r | 20 2 2 STATLS
RD4 1’0 Digital ¥O.
PSP4 1w Paraliel Slave Port data.
RDPSP5 28 K] 3 3 STITTL®
RDs o Digttal LIO.
PSP5 "o Parallel Slave Port data.
RD&PSPS 20 |22 | 4 4 ST
RDS 1O Digital LO.
PSP6 o Parallel Slave Port data.
RD7/PSP? 3 KX} 5 5 STATLR
RD7 Vo] Digital KO.
PSP7 o Paraliel Slave Port data.
PORTE is a bidirectional 170 port.
REORDANS 8 o } 25| = STATL®
REO o Digital ¥O.
1] I Read control for Paraliel Slave Port.
ANS | Analog input 5.
REVAWRIANS 9 m ] 2 2% STATUY
RE1 o Diglal k0.
R } Wiite contrd for Parsllel Slave Port.
AMS ! Analog input 6.
RE2TSANT 10 1 27 i STATLS
RE2 Vo Digital VO.
Foi:4 I Chip selact conirol for Parallel Slave Port.
AN7 ] Anaiog input 7.
Vs 12.31113,341 6,29 { 6, 30, P — Gmund reference for logic and IO pins.
3
Yoo 11.3212,35) 7.28 } 7.8, P — Positive supply for togic and KO pins.
28,20
NC — {17 1213l 13 — — These pins are not internally connacted. These pins
28,40133 4 should ba feft unconnected.
Legend: |=input O = oulput 1i0 = inputoutput P = power

—=Motused TTL=TTLinput ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the extemal intermup.
2:  This buffer is 3 Schmitt Trigger input when used in Senal Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Osciltator mede and a CMOS input otherwise.

€ 2003 Microchip Technology Inc. D8395682B-page 13
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PIC16F87XA

2.2

The data memory is poitioned inle multiple banks
which contain the General Purpose Reqisters and the
Special Function Reqgisters. Bits RP1 (Shtus<6>) and
RPO (Status<8>} anz the bank s2lect bits.

Data Memory Organization

Each bank extends up to 7Fh {128 bytes). The lower
lxcations of each bank are reserved for the Special
Function Registers. Above the Spacial Function Regis-
ters are General Purposs Registers. implemented as
siatic R4kl Al implemented banks contain Special
Function Registers. Some frecuently vsed Special
Funclion Registers from one bank may be mirrored in

e

RP1-RPO Bank ancther bank for code reduction and quicker access.
T ) Note:  The EEPROMdata memory desaiptioncan
be bound in Section 3.0 “Data EEPROM
2] 1 and Flash Program Memory™ of this data
10 2 shest.
1 3 221  GENERAL PURPOSE REGISTER
FILE

The register file can be acoessed either directly, or
indirectly, through the File Select Register (FSR).

DS39582B-page 16
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PIC16F87XA

FIGURE 2-3: PIC16F876A/877A REGISTER FILE MAP
File File File File
Address Address Address Address
indirect addr{’}| Ooh Indirsct addr ) gion Indinsct addr "] 100h | indirestaddr ) 1800
TRIRD O1th OPTION_REG} 81h TMRD 101h OPTION REG] 181h
PCL 0%h PCL B2h PCL 10Zh PCL 182h
STATUS [ 03h STATUS | a3h STATUS 103h STATUS | 183h
FSR Ddh FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
FORTE 0Oth TRISB BEh PORTE 106h TRISB 186h
PORTC 0rh TRISC 87h 107h 167h
PORTDUT | O8h TRISDY | 88K 108h 188h
PORTE!® | O%h TRISE'N | soh 10%h 189h
PCLATH | OAh PCLATH |} gah PCLATH 10Ah PCLATH | 18Ah
INTCON | OBh INTCOM |} gBh INTCON 10Bh INTCON | 18Bh
PIR1 OCh PIE1 BCh EEDATA | 10Ch EECOMN1 18Ch
PIR2 ODh PIE2 SDh EEADR 10Dh EECOMZ | 12Dh
TMRIL | OEh PCON 8Eh EEDATH | 10Eh | Reserved® | 18Eh
TRRTH OFh ’ 8Fh EEADRH | 10Fh Reserved® | 1BFh
T1CON 10h 9nh 110h 180h
THMRZ 114 SSPCONZ2 | 21h 111h 191h
T2CON 12h PRZ 92h 112h 192h
SSPBUF | 12h SSPADD | 93h 13h 193h
SSPFCON | 14h SSPSTAT | 94h 11dh 184h
CCPRIL | 15h 95h 115h 195h
CCPRiH | 16h 9ch 116h 196h
CCPICON | 17h a7h g;neral 17h p%nefi 197h
RCSTA | 1%h TXSTA__| 98h Register | 1180 Reveter | 198h
TXREG 1%h SPBRG 9oh 16 Bytes 1%h 18 Bytes 199h
RCREG | 14h 9Ah 11Ah 19Ah
CCPR2L | 1Bh 9Bh 11Bh 19Bh
CCPRZH | 1Ch CRMCON 9Ch 11Ch 15Ch
CCPZCON | 1Dh CVRCON | 9Dh 11Dh 19Dh
ADRESH | 1Eh ADRESL SEh MEh 18Eh
ADCONo | 1Fh ADCONA 9Fh 11Fh 19Fh
20h Alh 120h 1ACh
General
Purpose gﬁgﬁg I‘D;L?r%gsa;
%ﬂeg Reaister Register Register
Regater 80 Bytes 80 Bytes RO Bytes
G5 Bytes EFh 16Fh 1EFh
aocesses Foh accesses 170h acLes3eS 1FGh
T0h-7Fh 76h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Unimplemented data memory locations, read as 0.
Not a physical register.
These registers are not implemented on the PIC1BF876A,
These registers are reserve): maintin these registers clear.

- — - — — - " " — ]
© 2003 Microchip Technology Inc. D839582B-page 17
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PIC16F87XA

4.0 /O PORTS EXAMPLE 4-1:  INITIALIZING PORTA

3CF STATUS, RED
jzine 3 2TATUS, RF1 ; Baake

Some pins for these 1O ports ars multiplexed with an
akernatzs function for the paripheral features on the

! " ; CLRF PORTA ; Initislize PORTA b
desdce. In qeneral, when a peripheral is enabled. that : =leariny cutpue by
pin may nod be used as a general purpose O pin. ; data latches

BEF STATUS, RES ; Select Bank 1

Additional information on O ports may be found in the

FiCmicro™ Kid-Range Reference Manual (DS33023). MOYLE - oxo6

MOVSY ATCONL
MOYLE oxCP

Tonfigure ail pins
; as digital inputs
valuve used to
tnitralize dats

4.1 PORTA and the TRISA Register
: directicn

PORTA is o 8-bit wide, bidirectional pont. The corre- i o : 3.0

sponding dota direction register is TRISA. Setling a HOTRE TRISR s 2 vorpa
TRISAbit{= 1) will make the corresponding PORTA pin ; TRISAc7:6>are always
an input {i.e.. put the corresponding output driver in a ; read as 'C'.
High-lmpedance mode). Clearing a TRISA bit {= 0)will
make the corresponding PORTA pin an output {i.e.. put
the contents of the output katch on the selected pin). FIGURE 3-1; BLOCK DIAGRAM OF
Reading the PORTA register reads the stolus of the RA3:RAO PINS

pins, whereas writing to it will write to the port latch. All Data Dats Latch

write operations are read-modify-wrle operations. Bus
Therefore, a write to a port implies that the port pins ans D a
read, the value is modified and then written 1o the port WR Vi
data faich. PORTA KT
Pin RA4 is multiplexed with the Timer0 module clock
input & become the RA4TOCKI pin. The RA4/TOCK] TRIS Latch
pin is a Schmilt Trigger input and an open-drain cutput.
All other PORTA pins have TTL input levels and full
CMOS oulput drivers. WR
Other PORTA pins are multiplexed with analog inpuls TRISA KN TH—e vas
and the analog VREF mput for both the AT converters Input

and the comparators. The operstion of each pin is Mode

selected by clearing/setting the appropriste control bits )
in the ADCON1 andior CRICON registers. RD

5 TRISA

Note: - Ona Power-un Reset, theése pins are con- f—

" figured as analog hpuls and read as ‘0",
The camparators are in the off (digital) ' Q
state, n

The TRISA register controls the direction of the port EN

pins even when they are being used as analog inputs. P__I

e e e

P VO pindl}

X

5

i

The user mustensure the bits in the TRISA register are RDPORTA
maintained set when using them as analog inputs. : D&

To AT Converlar or Comparalor

Notz 1. MO pins have protection diodas to VIO and V&

£ 2003 Kicrochip Technology Inc. DS305828-page 41
HA 25



PIC16F87XA

FIGURE 4-2: BLOCK DIAGRAM OF RA4/TOCKI PIN

CHMCOH<2:0> = xo2 of 011

WRTRISA P B Schmitt
RiladhL=lo Q T
Input {;
Bufter
Q D

RD TRISA I}
™S

EN—]

RD PORTA
TMRO Clock input

— >0

Note 1: /O pin has protection diodes to Vss only.

FIGURE 4.3: BLOCK DIAGRAM OF RA5 PIN
CMCON=2:0> =011 0 151
10 pirt "
Anat
e M%vg:‘le
VRIRSA | d-pug Vs -
t
Blfer
1
RD TRISA i }
Q D
"M
RD PORTA i ‘
_—' —_Vv
AD Converter or SS Input
Note 1: 1/0 pinhas protection diodes 1o Vop and Vs,
DS30582B-page 42 £ 2003 Microchip Technology tnc.
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PIC16F87XA

TABLE4-1: PORTA FUNCTIONS

Nome Bit# | Buffer Function

RAAND bit O L }inputioutput or analog input.

RA1AM bit 1 TIL  linputioutput or analeg input.

RA2/AN2/VREFCVYREF | bil 2 TIL  Inputfoutput or analog input or YREF- o CVREF.

RA3/ANINREF+ bit3 TTL }inputioutput or analog input or VREF+.

RAATOCKIC1OUT bit 4 ST }nputioutput or extemal clock input for TimerO of comparator output.
_ Output is open-drain type.

RAS/ANASSICZOUT bit 5 TIL  |Input/output or analeq input or slave selzct mput for synchronous serial

port or comparator output.

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

TABLE 4-2:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Address| Name | Br7 | Bits | Brs | mits | Bita | Bz | Bt | Bno | Valueom ggtehg?
POR. BOR

RAS RA4 RA3 RA2 RA1 --0X ODOB| ~-~-Ou QO30
85h TRISA . —.. § . =~ JPORTA Data Direction Register --11 1i11f --22 1121
oCh CMCON [ C20UT]CI0UTE C2INV | CHINV | .-Q18 Ch2 cm CMO Jooes 2ili| oonc o131l
2Dh CVRCON { CVREN | CYROE} CVRR — CVR3 | CVR2 } CVRt | CYRO }coc- ocoo) ooe- code
oFh ADCON1 | ADFM | ADCS2 —_ —_ PCFG3 | PCFG2 | PCFGY | PCFGO foo-- voao| so-- cops

Legend: x = unknown, u = unchanged, - = unimplemnented locations read as ;' Shaded cells are nol used by PORTA.

Note:  When using the SSP medule in SPI Slave mode and 85 enabled, the &/'D converter must be set to one of
the following modes, where PCFG3:PCFG0 ~ 0100, 0101, ©11x, 1101, 1110, 1111,

& 2003 Wicrochip Technology Inc. DS39582B-page 43
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PIC16F87XA

N —

4.2 PORTB and the TRISB Reglster

PORTE is an 8-bit wide, bidirectional ponl. The oorre-
sponding data dirsclion reqgister is TRISB. Setting a
TRISB bit i= 1) wil make the corresponding PORTB
pin an input {i.e., put the correspending output driver in
a High-impedanoz mode). Clearing a TRISB bit (= 9)
will make the comresponcing PORTB pin an cutput (i.e.,
put the contents of the output laich on the selected pin).

Theee pins of PORTB are multiplexed with the In-Circuit
Debugger and LoweVoliage Programming funclion:
RB3/PGM. RB&/PGC and RB7/PGD. The alternatz
functions of these pins are described in Section 14.0
“Special Feotures of the CPU".

Each of the PORTB pins has o weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBFT (OPTION_REG<7>). The
weak pullup is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reseat.

FAGURE 4-4: BLOCK DIAGRANM OF
RB3:RBO PINS
Voo
REFUR! E Weok
Daka Latch Pubup
Data Bus 5o
VO pini?)
WR Port K~y pin
TRISLatch
o0 Q
M
mm Lo || BRY
-
RDTRIS

! | @ D
RD Port
EN
S A

Schmit Trigger
Bufler 9 [RD Port

Note 1: WD pins have diode protection fo YOC and VS8,

2: To ensble wesk pull-ups, set the appropyisie TRIS
bilfs} and clear the bit {OPTION_REG<7>).

Four of the PORTB pins. RB7:RB4, have an interrupt-
on-change festure. Only pins configured as inputs can
cause this interrupt b occur (i.e.. any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparnison). The input pins {of RB7:RB4)
are compared with the old value latched on the fast
read of PORTB. The ‘mismatch” outputs of RB7:RB4
arz OR'ed together to generate the RB port change
interrupd withflog bit RBIF (INTCOM<0=1,

This interrupt can woke the device from Sleep. The
user, in the Interrupt Sarvice Reuting, can clear the
interrupt in the folloving manner:

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

by Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB wil end the mismatch condition and
aliony flag bit RBIF to be cleansd.

The interrupt-cn-change feature is recommended for
wake-up on key dzpression operation and operations
where PORTB is only used for the intarrupt-on-change
feature. Polling of PORTB is not recommended ‘while
using the interrupt-on-changs feature.

This imterrupt-on-mismatch feature, together with soft-
ware configurable 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 application
note, ANSSZ. “Implementing Weks-up on Key Stroke”™
{DS00552}.

RBOINT s an external interrupt input pin and is
oconfigured using the INTEDG bit {DPTION_REG=<8>).

RBO/INT is discussed in detall in Section 14.11.1 “INT
Interrupt”.

FIGURE 4-5: BLOCK DIAGRAM OF
RB7:RB4 PINS
Voo
REPUD E-wm
—{ »E
Data Latch
Dasta Bus i a __g
iniTh
WR Port oKy 1O pin
TRIS Laich
D Q
WRIRIS TTL
Ky "w<7
Buffer ST
) $ Buffer
RD TRIS
Lsich
o] D
RD Port
Sel RBIF EN al
%— s o
From other RDFPon
RB7:RB4 pins EN
(o]
RB7:RB6
In Serial Programming Mode
Hote 1: 1O pins havs diode protection 1o Vi and V=,
2: To enablz weak pull-ups, set the appropriste TRIS
bit(s} and dear mmﬁjbn {OPTION_REG<7>).
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TABLE 4-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBOANT bit O TTLSTHY Inputicutput pin or external interupt input. Internal softwan= programmable
weak pull-up.

RB1 bit 4 TTL Inputiouliput pin. Internal software programmable weak pull-up.

RB2 bit 2 TTL Inputfoutput pin. Internal software programmable weak pull-up.

RBIPGMY | bit 3 TTL Inputoutput pin or pregramming pin in LVP made. Internal software
pregrammable weak pull-up,

RE4 bit 4 TTL Inputioutput pin (with interrupt-on-change). Internal software programmablz
weok pull-up,

RP5 bit 5 TTL Inputioutput pin {with inlerrupt-cn-change). Internal softvare programmablz
weak pull-up,

RB&/PGC bit & TTLISTH Inputioutput pin (with interupt-onchongz) or in-circuit debugger pin
Internal software programmabie weak pull-up. Serial programming clock.

RB7/PGD bit 7 TTLUSTY  |Inputioutput pin (with intemrupt-an-change) or incircuit debugger pin
Internal scftware pogrammable weak pul-up. Serial programming data.

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: This bulfer is a Schmitt Trigger input when configured as the extemnal intemrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode or in-circuit debuager.
3 Low-Vollage ICSP Programming (LVP) is enabled by default which disables the RB3 IO function, L¥/P
must be disobled to enable RB3 as an 1/0 pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

TABLE 4-4:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

H Value on: Value on
Address Name Bit7 POR, BOR a]gedher
sets

06h, 106h XX XA vunu
8&h. 186h JTRISB PORTB Data Direction Regisier 1111 1111§1111 1111
81h, 181h JOPTION_REG| RBPU | INTEDG | ToCS | T0SE | PSA | PSz | PS4 | PS0 1111 11111111 1111

Legend: x = unknown, u = unchanged. Shaded oslls are not used by PORTRB.

m
< 2003 Microchip Technology Ing. D839582B-page 45
Hfl 29



PIC16F87XA

e -
4.3 PORTC and the TRISC Register FIGURE 4.-7: PORTC BLOCK DIAGRAM
. R
PORTC is an & bit wide, bidirectional port. The corre- g\fséz}:ggﬂ%ceggim
sponding data diredion register is TRISC. Setting o -
TRISC bit 1= 1) will maks the soresponding PORTC PortPeripharal Select®
pin aninput ii.e., put the corresponding output driver in
a High-lmpedanoes mode). Clzaring a TRISC bit (= a} Peripheral Dala Out
will make: the corresponding PORTC pin anoutput {i.e.. Dots B ¥ee
put the contents of the outpul latch onthe selected pin). *¥#l0 0 P
FORTC is multiplexed with several peripheral functions R Port Lo
{Table 4-5). PORTC pins have Schmitt Trigger input Y
buffers. Y
" 4
When the FC module is enabled, the PORTC<4:3> WRTRIS
pins can be configured with normal PC levels, or with CRRQ |
SMBus levels, by using the CKE bit (SSPSTAT<6>). TRISTamh
When enabling peripheral functions. care should be d
token in defining TRIS bits for each PORTC pin. Some ROTRIS |
peripherals override the TRIS bit 1o make a pin an _
cutput, while other peripherals override the TRIS bit to P"g)"”' =
make 2 pin an input. Since the TRIS bit ovemide is in OF
effect while the peripheral is enabled, read-modily-
write instructions (BSF. BCF. XORWE)} with TRISC as the RD Post
destination, should be avoided. The user should refer SSP Input
io the corresponding peripheral section for the correct
TRIS bit sedtings.
FIGURE 4.6: PORTC BLOCK DIAGRAM
{PERIPHERAL OUTPUT Note 1: 1O pin have diode som 1 VD0 and VIS,
gXERR'DE) RC<2:0>, 2 ﬁm?ﬁp:e%l ws;l;%tzignal eelects batween porl data
<7.5> and perip
% Peripheral OF (Output Enable} is only sctivolad i
PorPeripherd Select® Penipheral Sslect is active.
Periphersl Data Out
Data Bus D 0
WRFort { Bopy 0
Data Latch
4D Q
WRTRS| Lok |
;’ﬁs Taxch

Trigger

Parphe F
o @ D

EN
RO Port | ]
Peripheral input

Nete 1: MO pins have diode protection to VOO and VEE.
2. Port'Pesiphetal Select signal selecls between port
data and peripherel oulpid.
3: Peripheral OE {Ouipu) Endblej is only activated if
Peripheral Salectis active.
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TABLE 4-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function

RCYT1OSOMTICK! | bit 0 ST Inputioutput port pin or Timer 1 ascillator output Timer1 clock input.

RCUT10SICLP2 bit 1 ST Inputioutput port pin or Timer 1 ascilator input or Coplure2 inputy
Comparz2 output/PWH2 cutput.

RC2CCP1 bit 2 ST Inputioutput port pin or Captunz 1 input/Comparel cutput!
PW 1 output.

RCWSCK/SBCL bit 3 ST RC3 can also be the synchronous serial clock for both 8Pl and
12C modes.

RCAISDISDA bit 4 ST JRCtl can also be tha SPI data in (SP} mede) or data IO {FC mode).

RC&'SDO bit5 ST |\nputioutput port pin or Synchronous Serial Port data cutput,

RC&TXCK bits ST Inputicutput port pin or USART asynchronous transmit or
synchronous clock.

RCTRXIDT bit 7 ST Inputioutput port pin or USART asynchronous receive or

synchronous data.

Legend: ST = Schmitt Trigger input

TABLE 4-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Address { Name | Bit7

Bit6 | Bit5 | Bitd4 | Bitd | B2 | Ba1 | Bitg POR. BOR all other

Value o
Value on: "

Resets

97h__ [PORTC | RCT

RCE | RCS5 | RC4 | RC3 | RG2 | RC1 | RCD Jsoooe ooox| muun wauu |

87h  |TRISC [PORTC Data Direction Register 111 111fu1n un

Legend: x.=unknown, u = unchanged

——

© 2003 Klicrochip Technoloegy Inc.
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—_— — e e
4.4 PORTD and TRISD Registers FIGURE 4-4: PORTD BLOCK DIAGRAM
- {IN U0 PORT MODE)
Note: PORTD and TRISD are not implemented
on the 28-pin devices. Data DOata Laich
. - . - - N Bﬁ
PORTD is an &-kit port with Schmitt Tngger input
buffers. Each pin is individually oonfigurable as aninput
or oulput.
PORTD can be configured as an 8-bit wile
microproosssor port iParallel Slave Porl) by setting
contred bit, PSPMODE (TRISE<4>). In this made. the
input buffers are TTL.
Hote 1: 1K pine have prolection diodes to VOO and V&S,
TABLE 4-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function

RDO/PSPO | bit0 STTLY Inputioulput port pin or Parallel Slave Port bit 0.

ROD1PSPY bit 1 STATLY Inputioutput port pin o Paraliel Slave Port bit 1.

RO2PSP2 bit2 STATLYY Inputouiput port pin or Paraliel Slave Port bit 2.

RD3/PSP3 bit3 STATLY Inputfoutput port pin or Parallel Slave Port bit 3.

RD4/PSP4 bit 4 sTTTLY Inputoutput port pin or Paraliel Slave Port bit 4.

RO5/PSPs | b5 STATLY Inputoulput port pin or Paraliel Skave Port bil 5.

RDB/IPSPS bit 6 STATLN Inputioutput port pin or Parale) Slave Port bi 6.

RD7/PSP7 bt 7 STTTLD Inputioutput port pin or Parallel Slave Port bit 7.

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

Note 1: Input buffers are Schmitt Triggers when in ¥O mode and TTL buffers when in Paraliel Slave Port mode.

TABLE 4.8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Address | Name | Bit7

Value on:
POR, BOR

MARX. XXXX

Value on
all other
Resets

yguLz TUuY

83h TRISD [PORTD Data Direction Register

1111 1111

1111 1111

89h TRISE | BF | OBF JIBOV]PSPHMODE] —  |PORTE Data Direction Bits|ecoe -111

0000 -111

Legend: x = unknown, u= unchanged. - = unimplemented, read as ‘¢". Shaded cells are not used by PORTD.
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4.5 PORTE and TRISE Register FIGURE 4-9: PORTE BLOCK DIAGRAM
{IN HO PORT MODE})

Note: PORIE and TRISE are not implemented
enthe 28-pin devices. Dot Dats Latch

PORTE has trse pis (REQFDIANS. RE1/TR/ANG Bue Do ——D———T—&
and REZ2ICSIANT) which are individually configurable WR VO pini)
as inpuls or cutputs. These pins have Schmitt Trigger Pot 1 Mo\ .
input buffers.

TRIS Llatch
The PORTE pins become the 110 control inputs for the —Jo o]
microprocessor port when bit PSPRODE (TRISE <d>) is WR
set. In this mode, the user must moke certain that the IRIS K Schmit $
TRISE«2:0= bits are set and that the pins are configur=d Trigger
as digital inputs. Also. ensure that ADCON1 is config- m{
ured for digital V0. In this mode. the input buflers are

. TR [/J

Register 4-1 shows the TRISE register which also
controls the Parallel Slave Port operation.

PORTE pins are mulliplexed with analeg inputs. ¥When
selected for analog nput. these pins will read as *0's.
TRISE controls the direction of the RE pins. even when

they are being used as anslog inputs. The user must

make sure to keep the pins configured as inputs when
using them as analbg inputs. Note 1: VO pins have prolection diodes to Vi and Va3,

Note: On a Power-on Resel these pins are
configured as analog inputs and read as o',

TABLE 4-9: PORTE FUNCTIONS
Name Bit# | Buffer Type Functicn
¥O port pin or read contrel input in Parallel Slave Port mode or analog input:

REORDANS | bitd | STATLY |y = 1de
© = Read operation. Contents of PCRTD register are output to PORTD
VO pins {if chip selected).
VO port pin or write control input in Parallel Slave Port mode or analeg input:
WiR

REVWRANG | bit1 | STATLY |1 = e
o = Write operation. Yalue of PORTD VO pins is latched into PORTD
register (if chip selected).
KO port pin or chip select control input i Parallel Slave Port made or analog input;
=3
1 = Device is not selecited
¢ = Device is selected
Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in 1/Q mode and TTL buffers when in Parallel Slave Port mode.

RE2CSAN7 | bit2 | staTuh

- - - - " " —
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14.2 Oscillator Configurations

14.21 OSCILLATOR TYPES

The PICAGFRTYA coan be cperated in four different
rscillator modes. The user can program two configura-
tion bits {Fosc1 and Fosc to select one of these four
modes:

< P Low-Peaver Crysial

» XT Crystal/Resonator

+ HS High-Speed CrystaliResonator

« RC ResistoriCapacior

14.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

InXT, LP or HS mades, a crystal or ceramic resonalor
is connected o the OSC1/CLKL and OSC2/CLKD pins
Io establish oscillation (Figure 14-13. The PIC16F87XA
oscillator design requires the use of a parallel cut crys-
tal. Use of a series cul crystal may give a frequency out
of the crystal manufacturer's specifications. ¥hen in
XT. LP or HS modes. the device can have an extenal
clock source to drive the OSC1/CLKI pin (Figure 14-2).

HGURE 14-1; CRYSTALI!CERAMIC
RESONATOR OPERATION
(HS, XT OR LP
0OSC CONFIGURATION)
cin OSC1
‘_ - D Tol

1 X Intemnal
DXTAL ::::RF“-‘ Logic H
(o 4
= oscz2 [t Stoep
Rsizl b

c2n PICI6FBTXA

Soo Table 14-1and Table 14-2 forrecommended
vauesof Cland C2.

2: A soiies resistor (Re) may be required for AT
strip cuf crystals.
3: RF varies with the crysial chosen.

Note 1:

FIGURE 14-2: EXTERNAL CLOCK INPUT
OPERATION {HS. XT OR
LP OSC CONFIGURATION}
Clock from 0sC1
Ext. System PIC16F87 XA

Cpen -4——] O8C2

TABLE 14-1: CERAMIC RESONATORS
Ranges Tested:
Mode Freq. OsC1 08C2
XT 455 kHz £8-100 pf 68-100 pF
2.0 MHz 15-68 pF 1588 pF
4.0 MHz 15-68 pF 1568 pF
HS 8.0 MHz 10-68 pF 1068 pF
18.0 MHz 10.22 pF 10-22 pF
These values ore for design guidance only.
See notes following Table 14-2.
Resonators Used:
2.0MHz 1 Murata Ene CSA2.00MG +05%
4.0MHz | Murata Erie CS5A4.00MG +0.5%
8.0MHz | Murata Erie CSAR.GDMT +05%
16.0 MHz | Mumla Eric CSA16.00MX +05%

All resonators used did not have buil-in capacitors.

- - - - " - "
DS305826-page U5
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TABLE 14-2: CAPACITORSELECTIONFOR
CRYSTAL OSCILLATOR
Osc Type Cg:;?l Cap‘é?;ange Cap.g;nge
LP 32 kHz 33pF B3 pF
200 kHz 15 pF 15 pF
XT 200 kHz 4768 pF 47-68 pF
1 MHz 15 pF 15 pF
4 kiHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 kHz 15-33 pF 15-33 pF
20MHz 15-33 pF 15-33 pF

These values are for design guidance only.
See notes following this table.

Crystals Used
32 kHz | EpsonC-DD1R3Z.768K-A | + 20 PPM

200kHz }  STD XTL 200.000KHz + 20 PPM
1 hiHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 2 50 PPR
8 MHz | EPSON CA-3018.000M-C | 2 30PPM
20 MHz | EPSON CA-301 20.000M-C| +30 PPM

- Higher capacilance increases the siability
of oscillator but also increases the start-up
- time.
Since each resonatoricrysial has its own
‘characieristics, the user should consult
“the resonatorforystal manufacturer for
_appropriate values  of  external
companents. ’
. Ry may be required in HS mode, as well
" a8 XT mode. 1o avoid overdriving crystals
with lvw drive level specification,
;- When migmting from other. PICmicro®
" deviees, osciliator perfformance should he

~ Note &

2

14.2.3  RC OSCILLATOR

For timing insensitive applications, the "RC” devies
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
msistor SREXT) and capacitor {CEXT) values and the
operating temperature. In addition o this. the oscillator
frequency will vary from unit to unit due b normal pre-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to take into accournt
variation due to tolerance of exemal R and C
components used. Figure 14-3 shows how the RIC
oombination is connected to the PIC16F87XA.

RC OSCILLATOR MODE

Intemal
osc E j—- Clack
_[j PIC16F87XA

-II——-1 OSC2/ICLKO
Fosci

Recommended values: 3 k2 < Rext < 10D k@2
Cext > 20 pF

FIGURE 14-3:

von
Rm%
CmJ—

Vss =

DS36582B-page 146
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14.3 Reset stale” on Power-on Reset (PORYL on the MCLR and

) . . WDT Resat. on MCLR Reset during Sleep and Brown-
The PICI6FATXA differentiates between various kinds out Reset (BORL They are not difected by a WDT
of Resel:

» Paoweron Resst iPOR)

» MCLR Reset during normal operation

» MCLR Reset during Slezp

« WDT Resat {during normal operation)
» WDT Wake-up {during Sleep)

* Brovin-out Reset (BOR:

Some registers are not affected in any Reset condttion.
Their stalus is unknown on POR and unchanged in any
cther Resel. Most other reqistars are reset 1 a “Reset

waks-up which is viewed as the resumption of normal
aperalion. The TO and PD hits are setor clzared differ-
ently in ditfersnl Resst situations as indicated in
Table 14-4. Thesa bits are used in software to deter-
mine the nature of the Resat. See Table 146 for o full
d=scription of Reset states of all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 14-4.

FIGURE 14-4: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
Ny, e
sat
MX—i2>>
MCLR
Sleep
WDV | WDT
Module | Time-out
Resel
o VDo Rise
DX B
Vo L Power-on Reset
Brown-out 5
Reset | BODEN ¢
OST/IPWRT ’

osT

e ip_ Reset
E‘ 10-bit Ripple Counter ]__i} R o |- Ree
O5G1

==
RCOSC

1

PWRT
P> 10 Ripple Counter |

Note 1: Thisis a separale oscillator from the RC oscillator of the CLKI pin.

Ensble PWRT

Enable ST

- - _____________________________ - - __________— " ————
43 2003 Microchip Technology inc.
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14.4 MCLR

PIC16F&7XA devices have a noise filter in the MCLR
Reset path. The fiker will delect and ignore smofl
pulses.

It should be noted that a WOT Reset does not drive
TICLR pin lovr.

The behavior of the ESD protection on the FCLR pin
differs from previous devices of this famiy. Vollages
applied to the pin that 2xceed s specification can
result in both Resats and current consumption outside
of device specification during the Resel event. For this
reason, Microchip recommends that the MCLR pin ne
bnger be tied directly to ¥po. The use of an RCR
network. as shown in Figure 14-5, is suggested.

FIGURE 14-5: RECOMMENDED MCLR
CIRCUIT
Vo PIC16F37XA
R1iY
TCLR
R2%2)
T

Nate 1 R1< 40k is mcommended to make
sura that the voltage drop across R does
not violate the devico's elecirical
specification.

2. R2>1than 1K wil limit any current
fowing into MCLR from the extemal
capacior C, in tho avent of MCLR/VPP
breakdown due 1o Electostatic
Dischame (ESD} or Electrical
Cwerstrass (EOS).

14.5 Power-on Reset{POR)

A Power-on Reset pulse is generated on-chip when
VoD rise is detected (in the range of 1. 27/-1.7V]. Totake
advantage of the POR. tie the MCLR pin b VoD
through an RC network, as described in Section 14.4
*MCLR". A maximum rise fime for VoD is specilied.
See Section 17.0 “Electrical Characteristics™ for
delails.

When the device starts normal operation {exits the
Reset condition). device operaling parameters (volt-
age. frequency, temperature, ekc.) must be met to
ensure operation. if these condiliens are not met. the
device must be held in Reset until the operating condi-
tions are met. Brown-out Reset may be used lo meet
the start-up condiions. For additional information, refer
o applcation note.  ANER7. Powervp Trouble
Shooting” (DS00607).

14.6  Power-up Timer (PWRT)

The Power-up Tiner prwides a fed 72 ms nominal
time-out on power-up only from the POR. The Power-
up Timsr operates on an internal RC oscillater. The
chip is kept in Reset as long as the PWRT is active. The
PWRT s time delay allows VDD 15 rise 1D an acoeptable
level, A configuration bit is providad o emable or
disable the PWRT,

The power-up time delay will vary from chip to chip due
to Db, temperatre and process voriation, See
Section 17.0 “Electsical Characteristics™ for details
(TPWRT, parameter ¥33).

14.7  Osclilator Start-up Timer {OST)

The Oscillator Start-up Timer {OST) provides a delay of
1024 oscillator cycles {from OSC1 input) after the
PWRT delay is over (if PWRT is enabled). This helps to
ensure that the crystal oscillator or resonator has
started and stobifized.

The OST tima-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
Skep.

14.8 Brown-out Reset (BOR)

The configuration bit, BODEN, can enable or disable
the Brown-out Reset crcu. if YOO falls below VBOR
iporameter DODS, about 4Y) for bnger than TBOR
{parameter #35, about 100 uS), the brown-out situation
will reset the device, I VoD falls below VBOR for less
than TBOR. a Reset may not ocour.

Once the brovin-out occurs, the device will remain in
Brown-out Resel untl VoD rises above VBOR The
Powerup Timer then keeps the device in Reset for
TePwRT {paramater #33. about 72 mS). f Voo should
foll below VBOR during TPwRT. the Brown-out Resat
process will restant when VoD rises above VBOR with
the Power-up Timer Reset. The Power-up Timer is
ahlvays enabled when the Brown-out Reset cireuit is
enabled. regardiess of the swte of the PWRT
oonfiguration bit.

149 Time-out Sequence

On power-up, the time-out sequence is as follows: the
PWRT delay starts {if enobled) when a POR Resst
occurs. Then, OST starls counting 1024 oscillator
cycles when PWRT ends (LP. XT, HS). When the OST
ends, the device comes out of Reset.

Iif MCLR is kept low long encugh. the time-outs will
expire. Bringing MCLR high wil begin execution
immediately. This is uszful for testing purposes or to
synchronize more than one PICI6FSTXA device
operating in paralkel

Table 14-5 showvs the Reset condhitions for the Status,
PLON and PC ragistzms, whik Table 145 shows the
Reszt conditions for 2l the registers.,

D539582B-page 148
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PIC16F87XA

17.2 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial, Extended)
PIC16LF873AI874A/B876A/BT7A {Industrial)

Standard Cperating Conditions {unless otherwise stated)
Operaling temperature -40°C £ Ta < +B5'C  for industrial
DC CHARACTERISTICS A0 C = Ta g +125°C for extended
Operating voltage VDD range as describad in DT specification
{Section 17.1)
Pz;‘r:m Sym Characteristic Min  (Typt| Max {Units Conditions
L Input Low Voltage
D ports:
Dozo with TTL buffer \Vss — j015VDoD| V IFor entire VOD range
Do30A Vss — ] 0.8V vV |4.5v<Vop<5.5Y
DOz with Schinitt Trigger buffer Vss — {02vop| ¥
D032 {MCIR. OSC1 (in RC mode) Vss | — jo2zvop| V
D33 O5C1 {in XT and LP modes) Vss — 0.3V V [{Note 1)
GSC1 (i HS mode) \iss — |93%oD| ¥
FPons RC3 and RC4: —
D034 with Schmitt Tngger bufler \ss — |D3Vop| VY [For entire VDD range
00244 with SMBus 0.5 —_ 06 Y JFor VDD = 4.5 10 5.5V
Wil Input High Voltage
10 ports: —
Do40 with TTL tuffer 20 — VoD vV 4.5V < VDD = 5.5Y
DOJ0A 025VoD| — VoD V  |For entire VDD range
+0.8v
Do41 with Schmitt Trigger buffer | 08VoD | — /DD V  |For entire YOD range
Doa2 LHCL R DBVoD| — | VYoo v
DOA2A 0SC1 (in XT and LP modes) 18v — | vopo vV [Note 1)
D8C1Y lin HS made) 0.7Voo} — | Voo v
D043 D8C1 iin RC mode) 0GVon | — Voo \
[Ports RC3 and RC4:
Doad with Schmitt Trigger buffer | 0.7 VoD | — VoD V  fFor entire VDD range
DO44A with SKMBus 14 —_ 5.5 V JFor Vob=4.510 55V
DO70  jirure  JPORTB Weak Pull-up Current 50 250 400 pA {VDD = 5Y. VPIN= Vss.
405G 70 +85°C
8 input Leakage Currenti2 3
Doad 1O ports — — *1 BA VS5 < VPIN < VoD,
pin at high-impedance
DOB1 [FCLR. RMITOCK — | — | % | wA JvsssVPNsVDD
(0.0 5X] 08C1 — — 5 pA fVSSSVYPIN <VOD, XT, HS
and LP osc configuration

*  These parameters are characterized but not tested.
1t Data in “Typ” column is at 5, 25°C unless othervise stated. These parameters are for design guidanos
only and are not tested.
Mote 1: In RC oscillator configuration, the OSCAYCLKI pinis a Schmitt Tigger input. i is not recommended that the
PIC16F87XA be driven with external clock in RC mode.
2:  Thelzakage curent onthe MCLR pinis strongly dependent on the applied voliage level The specdified levels
regresent normal operating conclions. Higher leakages current mary ke measured at different input voltages.
3. Megative current is defined as current sourced by the pin.
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PIC16F87XA

17.2 DC Characteristics: PIC16F873A/BT4AI8T6A/B7TA (Industrial, Extended)
PIC16LFB73A/8TA4A/8T6AIBTTA {Industrial) (Continued)

Standard Operating Conditions {unless otherwise stated)
Operating temperature -40°C = TAx +4B5°'C  for industrial
DC CHARACTERISTICS A0°C £ TA< +125°C for edended
Operating voltage VDO range as described in DC specification
{Section 17.1) )
P:‘r:m Sym Characteristic Conditions
| ——— =
VoL Quipwt Low Voltage
D080 WO ports — — 08 V' floL= 85 mA Voo = 4.5V,
-40°C to +85°C
D083 OSC2/CLKG (RC psc oonfig) — — e Y HoL= 1. mA Voo =5V,
-40°C to +85°C
YOH Cutput High Voltage
poso |- KO ports™ voo-07| — | — | v flon=-30mA. voo=4.5v.
-40°C to +85°C
Dog2 OSCHCLKD (RC osc config) Voo-07| — — Vv loH=-1.3mA, VoD = 4.5V,
-A0°C to +85°C
Disl* Jvobp Cpen-Drain High Voltage — — 8.5 Y JRA4 pin
Capacitive Loading Specs on
Cutput Pins
D00 (Cosc2 [OSC2 pin —_ — 15 pF Jin XT, HS ard LP modes when
external clock is used to drive
fOSC1
D101 G0 All 157 pins and 0SC2 {RC mode) —_ — 50 pF
D102 Ce SCL. SDA {12C moda) . — 400 pF
Data EEPRCM Memeory
D120 |Eo  |Endurance 100K |1} — TEMW ]-40°C 10 +85°C
D121 Vorw VoD borreadferite YMIN — 5.5 YV |Using EECON to readfurite,
VIIN = min. operating vollage
D122 JToew JErasehwrie cycletime —_ 4 8 ms
Program Flash Memory
D130 {EP Endurance 1K 100K} — EM 1-40°C to +85°C
D131 VPR pD for read VMIN — 5.5 YV  [VMIN = min. operaling voltage
D132A DD for erasefwnite VN — 55 ¥V  Using EECON to readAurite,
YMIN = min. operating voltlage
D123 |Teew [Erasenite cycle time — 4 B ms
*  These parameters are characterized but nat tested.
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidanoe
only and are not tested.
Note 1: In RC oscillator configuration, the OSC4/CLK] pin is a Schmitt Trigger input. It is nat recommended that the
PIC16FATXA be driven with external clock in RC mode.
2. The leakage curent onthe MCIR pin is strongly dependent on the applied voltage level The specified levels
represent nomal operating conditions. Higher leakage current may be measured at different input voltages,
3: Negative current is defined as current sourced by the pin,
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