e U B N
ﬁ]Hﬂ"}’i@mAﬂﬂmﬁ W‘E’ﬁi'ﬂ@ylﬂmmﬂﬂivlﬂ

d' v a d
NI93IAIUAIICHA

COLOR ANALYZER

JUMPANIY

lag
WA YT A3sauma

WY @3NY AsAUNNTN

q

a a (c? <l {1 £ [ a a £% a
USyantwusiiudiunilseimsanenunangasdsyaninmnssumaastiagia
ANIAINTINIZVUAIVAY

% = ¥y ¥ o
aouma TuTagns 9 uNAUNAUNMITAIANTL LIS

Fnsfnun 2545

]
!ﬁ‘lﬁ‘ifg ....................... 00000089

s, 5018 T

---------------- (1]

Tupdow 2.1 108 2947 VRO T 2o




By inusiinsAnmn 2545

MATN FTUUAILAN

AZddINTINAERs  anntiumalulagnszaaundndinnmmeananszily
4 o o a o=l

FeY LATRIIATIATIZFR

ARV 1. 1989 BNIYET ATSAUNG

2. wie @Ima QeRuRnena

T ST S 1A

(9f.m3. Jufe $2397)



niesTalinngia

U SUYFT ATIAUNA
We  asiy  asRuNisna
F4

(YY) = s (=
IAAT. IUTY TIID ,Eﬂmﬁﬂ‘ﬂ‘ﬂiﬂ‘ﬂ"i

Tmsfinun 2545

UNAALD
a a s  w dyd = 4?’ o { a’,aiq%], o =y @
MR UFATUTEEUEENIUINN I WANYUN T 19 by TS ouimeudveaing

Fearnnsoirlilse gnalglse Tomil&Tugaamnssumsraanien taziidunulunmsaiie

i

d‘ V=N e’dc{l Y (] A
nFeInAAsITHaNYSENaUA10 3 92U AB
1. daupunn(input Unit) — LDR(AITULE)
' Jd 2
2. eudszaana - PIC hulasaen Insames(PIC Microcontroller)
3. daue1viWn(Output Unit) -~ LCD
4 _ g ,él’,,Q,y., . a = 4 Y A Yo | A
m3daveesiodFaduiamsafsunnnud unuyes LDR Wi 1asuudaiides

i ¥ . s <3 o o—Las =) \ d.U 9

Fuuriunseues  lulasaou Insamesezihdannaduwnnput Signahh 14 lilszuana

: 4 Ao £l 3 ¢ A ~ @ A Y a o
lag uammﬂmﬂmaauwmmm%aaﬂma LCD Tugdvoutlesiduadiomeududsnd

922

]

b4
fwuald indiennaeuTioeE Tiaguuiiang lainddedunntiesads lsuas

ATV ‘Vﬂfﬂilm Lﬂtﬁ’i‘i'ﬂﬂﬂm@ﬂ@mﬂ li



COLOR ANALYZER

Miss Thananthiorn  Threerattanakul
Mr. Sorakit Sorakunphiphitakul

Associate Professor Vanchai Riewruja , Advisor

Abstract
This thesis has an objective to develop an instrument which can measure object’s coiors
and display error values on the LCD for many utility applications in the manufacturing and its
capital cost is low price.
The components of this COLOR ANALYZER are
1. Input Unit — LDR{Light Dependent Resistor)
2. CPU - PIC Microcontrolier
3. Output Unit — LCD{Liquid Crystal Display)

The measurement used the reflection’s quality. It can inspect the beam that reflects from the
object’s skin through the filters. The input signals wiil be sent to the microcontrolier and then the
microcontroller will calculate error values to display on the LCD by percentage. Finally, from the
output values we can know the object’s colors are over the limited values or not and what we

1d decide to do then.
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d’y o Y v & @

WATIFRINNIAAADINTNTIDIENAR b6l 1Tl16T
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FUATUANHILULLN 784 Uszunaualng 1 wanaalng
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At LDR PiC lulnsnauines LCD
o
AN

N \\ % R ASHS A ( & Senp e
daullsznauNdAtyansATeIdeindtAsYa wilsaaniiu 3 4auvan Aa
1. A?3uu4Y LDR (Light dependent resistor)
2. padszuaana PIC - MICROCONTROLLER
3. Adu&AINA LCD ( Liquid crystaldisplay )
3.1 ﬁ"?(;\”\uwluhum(ught dependent resistor)
¥ v <A = & g : ¥ P ' ¥ o Aﬂl M
fasnunulanaizaneanans ( ArpuswnIuLlsAlafunas ) Tesietleu
PRI N EIND LHT LA BT AANATARIDIRNTTIFRI N IR AN suAN 999849
@ @ = é{ [ %4 d. L a G s 4:9/ o asl
LALALANATAUAATUNINUIY  HAKIUNALNN M ITALALBLANAIRULANAIRF BT UNAIINLRA
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GalianaliauasrandslFanANENARRLSENN0L 400 - 1000 W TNAT Tl uwnuwas
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AUBUTUNAD

Cadmium suphede — |
frack !

circw? symbol

517 3.1 Tassadrauasdydnmadiniginda LDR

ANHOLNIININUTBILERARTT AziiudnlauasiaNduNIN N IANNIENY Ay
Al Tuanunsasinnsna i le iuuanildaanusunelusaduanas da9szudng 2
MQ (73m ) 100 Q) (Heangang)

v 2 P o ) ¥ = Y t =1 [ =

danmsldsuaauaanas ha Hpnulsauatgs $9A9n  wariavIARNNNNg

= WS o vl o (AR AN - o P 9N o ; ~

wasuwdssAldndruside@adansuniugdniniiuuaseu A InanpuguadsaaInud
YRIA LA LAL

3.2 lulasnaulvsaiaainszna PIC

517 3.2 lulmspaulnsainednevga PICTHA 18 11
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PIC Ao lulasreulnsaiand Bnmsznanile elesnainAtdn Peripheral Interface
Controller @9 uuanne 289 lulesneulnsanad msznailife sunamnediuentdlufares
dulddnaudullsunsunineana uan(PROGRAM MEMORY),Lsu(RAM), BdALa SN

(EEPROM), 3i3eia(SERIAL), Ly (12C), PWM, awnaaniilufanas (AD) «a taelaiauil

< of o

sessiegUnsndiadnanmeuen Wnises PIC azdflsiduildlunisdesunana sauviamias
ATNAN

A998 PIC MATesanuddtygauning faqiiuanunsanidogasunfinn

< o

169 20 wnnudsa Fannlivilerndaaas PIC sl 0.25 lulasaund wiagnslsfiny
A3 mauaede@ns PIC aan microchip wazldade T Anmenusqlduinndnanaulyl

=i

an

wiszAuanged PIC lushnndlaaauanaes PIC azAaudnwias Aaatjsyming
512 (3n D 4nlaide usiluilaqily 13w microchip dafhudrans PIC IERmmAuR LY
wiaanndn ans PIC Swauansaunlalud uadifivndnazasne dlvgiuden lu
Fesramaiaunaasisgnnuiaey PIC axulivileuwnd laed wilsdndsaes PIC
azdaunn 14 Ta ﬁaﬁu%ﬁﬂndﬁ 1135/ 924 PIC azilanna 14 U6l g1 PIC16F84A szydndl

purgANNen 1K ( ‘M&l’mﬂﬂ 1 Alaiase dnAauendilesiy 1 iﬂﬁl = 8.4/ ’QJL@Q’] 1 x

i
o
109
o

1,024 x 14 = 14,336 05 sadunaa 14.336/(8 x 1,024) = 1.75K tud anrilnenssuaas PIC

o

tlaqiiuil 3 mwzi”ﬂj ‘lu@ﬁm:‘juﬁma AoTUR e 16%0x, 17300 UAZAIGARD 18x0x AR

9

o '

autfRfimiland1Basainiesgnlilungaie 16 > 17 - 18 A1&1 ueaUTULA 194 17 wad
18 azfiaanndn 16 lFideullsnsulfiandt nanfargeniwinduinefiRenszna
16w annifmenssuans PIC azdatienispanuuuiintsaayneendlily 3y fudedlnglal
¥ = = = ca
HassiagUnandlas Wik nafinndunfneuduasasesdanmin uavetnsafildazlainn
Y = o = ¥ o v O e a
vsvuenaazldud PIC ResduRmlaglifedld 30 dunnifindia THennauRiniisyes
= o a o & a o = [ ~ ngi 1=
PIC Tsilaqiiunaneussningn lulaspoulnsaiaef ABNaziuuIGEwLLLLLINIGTE uAd
o o \ = o= s g g . o % . °
foide Innssaunnedaldlu T wmee 11F Tsunsumisaanuan usy deyamisananuan
Tdannsnrenalagldiumiiemnan aeuenls (lumenged) ) sesadeints weisasld

wetagsliden PIC Aumunzdvduawant ldildluewlugl adeddnisaiuin uay

1IEAIINAT 1N
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FnSLLAaRISARLANEE ( Color Analyzer ) anflufiesil aunasnlufanesiise
ADC(Analog to Digital converter) 4119u 4 fo3dtyaynas(Channel) az#aans 3 waim A
s egnunsniden PIC wes PIC 16F876 il 5 desdiyryind 10 Ta uasdl 3 wefn Ae
wasm AB,C NI 28 A 3 BeifeanasienuianisIe e iasias R ( Color

Analyzer )
3.2.1 sTUULAURY /O A84 PIC 16F876

3.2.1.1 wesn A LU PIC 16F876

a

Bunnieniun wefnunwiases PIC Wiy multiplexed 39 enauiluia 1O vise

peripheral features (s AD, Serial, IIC) Taiila annanilldeuludan peripheral fiavls

aunsn i aneludnemizans VO 14 wadn A sy TRISATaginas

Dats
bus o a
gﬁst Moo
o 3 —
et LRI A S ! 1\_{ =]
f ¥
“Data Latch J : — -——-{Z‘
Ny A
»—{ o o l I 1 pinit
R
TRIS) L e [ dis
[ Analog
TRIS Lalch IPRE
<] )
ol DA Sy
N .
IF?D TRIS TTL
Cinput
. W 3 bLIffEI’
___<f: }_— Q O
I~

EN
RO PORT J P —1

To-AD Converter

Mot 1: 1O pins have prulemun dmdes 10 Vo and
Yoo

LN 3.3 ‘uﬁ@ﬂiﬁ@mmsm@m RA3:RAO oz RAS
U
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o = = = ) o aj =3 :// = o £ <
wosn A Haun 6 On Juiu wedn Mdulsvia Bunn uay wwrdinn Tnadesdenuuulauuy

Aﬂldd. '

ik arunsaifentdian Faawied Tilldedn TRISA e TRISA s gn wam(set) 1 1’ wasn

dld ) ~ o :l/ @ © | a . 0 9/ o 1// « o
A avanesrDameanuduineuie aunn (1119 wesn Wweglusniuy hiimpedance)

q
'

gt TRISA in gn wam 1w 0 wedm A RTmnewssdmBeaiutuiazinauiiy tenviym

o 16} 1 g o

(wefn %@gmamuz output latch) NsENUA Wash 'ﬁﬁf*wai' AANNIEHANEN U 1B

wa s zﬁ"m&mzmaﬁau%tﬂuwu read-modify-write operations ?ﬁwm&mﬁmdﬂ lunns
o 1 l r\g unqlql,? e N N IT A r°:~ ":',”""'.’\f\r\h'l'ilh ga ﬂ ﬂ Y

LIS LB WRTH ATITHATENIT BI1UAT WEIF LeWNINBULAININITE aauu, AIAN mnmm
Fnnadeundulyds wesauadh anasauil 91 RA4 ax multiplexed U Timer0 module
clock Buwm Geaz3anan 41 RAYTOCK! latifl 97 RAG/TOCK! azidiugnenss BunY uuy
Schmitt Trigger Wag 1@1¥ W WUL open drain. W8 5h RA yisndn Azl TTL Buny level uay

311279V WUy full CMOS drivers

Data
b N Yo
_FC_‘ET___‘GP:LQ - Lo
H " 1 pini1}
Bsta Lz - /
— D Q \"s;s
WH
I_Rﬁ_.___}ma_g  Sohmitf ;
: _" Trigaer \Tlf_/'r
L <t
TRIS Lalch_ il
e k<ol
RO TRIS
— ’/1 ] ]
o
EN 7
ROVPCIRT [, l
20
s TMRD clekinpat
Mote-1: 1O pin has: protection dicdes 1o Vas cnly.

31J7l 3.4 ufenlnazinInT99I1 RA4/TOCKI

714 WA A 21217 AT multiplex iU BUIRBNEUNY UAT Vref 189 A/D Bunm Ten19M1MuA
o ' & i1 a o <4 a d
N1INNUTRMARTEY aNToaenislas irdef(clear) Wa wninacuan Tu ADCON1 3

[anas
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luaouzFiin Power-on Reset 2imaiazgn s21) 1w euraendunn uazavanuenliiis
‘0" TRISA Tagimed Tuiifimuaudin wedn A laaniu Buwnianinn lunsddiild nedn

A flu aunaenduny TRISA Tagimes azfegn v1v
3.2.1.2 wasn Blu PIC 16F87X

« [~3] o « a r&‘ ala I8 ei =1 @ O i
NASH B LLUANTOUTLULNOITAULLADINANN B9 FAALFDT  NAZLLUFAININUAIN

wadn lnazifuuwuy Bunniendiyn azgninuualae TRISB 3aames (1 wim TRISB iia 1o

Q;Q

(=1) wefn B Adndufanily Suwn &1 waes TRISB Tn 1o (=0) nefn B nindufaziiy
1@1YNY 218NU1199 WaFH B Az multiplexed Ml Low Voltage Programming function GR

#un RB3/PGM, RB6/PGC uaz RB7/PGD

Voo
RBPUIZ) : wieak
J_:):’—l pull-up
Data Latch
Data bus: ~ e .
B =
§%R Port. o
CRZGY {1}
TRIS Latch
VA L L
WRTRIS e et 3»
Q 0 —
EN 4/{1{
REBOINT < i
Schrmitt Triggst l
Buffer RO Fort
Note1: 10 pinis have éicde protecﬁon toVor'and Vs,
2: Toenable wesk pul-ups, set the épﬁ;ofriate TRIZ bitf&)
and clkar the REPU bii {OFTION_REGT=).

917 3.5 uRenlnazinsu18911 RB3:RBO

00183
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oo
RERULZ . g‘mk
..__51:}3—'! pull-up
Data Latch ]
Data bus —— [ =
oo B o "“lLy\_\J
pu]
WR B —
WH Fort oK N pin(1)
TRISLatch
— D Q
WR TRIS —, —
b CK % Input % / ﬁ.!l'l/
r ST
3 & Buffer
RO TRIS Latct
< &/ /A
RD Part EN A3
Sel RBIE,
5y "
K oo
Frem othsr \_(. Db -
RETREA pins RO Fart
RBT:RBA in.sarial programming meds
Notz 1: 14D pine hava diade protection bo Voo and Vs,
“2:To enzkle weak pull-ups. get the sppropriale TRIS biks)
and clear the REF—‘U kit (DPTION_REG<7>].

517 3.6 udanlaavinsuae$11 RB7:RB4

g ! g S 1 fommda |\ g “A 3 AP - o,
wasn B usiay wosm azilweak (Wadihpull-up agniglu (@raenas wadd wis Aassads
aspneuen) @ransanivuadiasld yasl analuiseldannis wn vie wasd RBPU
(OPTION Fagwnes dn 7) laedh waes RBPU\ axwanede fnie haweida wadl nnelu
90 % c 3 < e o = = o o= O o o
wazdninnuald wasn B 1flu teinn ude wadd azgn haieida Inedniudm 41uiy wes
71;// = o a‘ a o 3 9 = = -3¢ o d‘ a
B 114 91 RB4-RB7 agil snwuy Wafnfise nisnivualiiia Suweffd ledfianns
wWasuslasrasannusaesdyanadlaiingian RB4-RB7 (lnafhanlaaniafaaeuaniuy
flazynl¥ifia RB wosh Bumasiiidfew Tu Tsazinli RBIF (INTCON.0) flag gn tan Ine
= a aor 1 =t A « 12y : : ' e e , 1y
7 8umediUA Ussinnitarunsoninig “wake” microcontroller AN&NT1UY sieep mode A
RBIF flag azgn Clear ¢ 2 nseil A

c g <4 < o
1. INTEIUMNTDLIUEYN NaTH B
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2. ¥1N19 1AAes RBIF flag lnams

winld Buneffii uu wasn B wldeuw udalinasay uniiia Wadl 10 wain B

3.2.1.3 wasm C lu PIC 16F87X

o [~ o I's a d' o I's e{' | asr © 1
WesA C LUANBILEILLL Wosm wUU4esiAne 99 Faswmas faztlusanvwuatn
NOSH bAALLLIILLIL BUNN/LR9NT azgninvualag TRISC 3aawmas 1 m TRISC In 1a

(=1) Wasn B ‘wumuuﬂ@ ASIPED U i me TRISC 4m 1@ (=0) Wasn C ‘ﬁﬁmﬁuﬁ%tﬁu

[ %

LW 7 wef C ailgnuasAifisndin i IIC, UART, SPI, PWM, CAPTURE uagiu

1
=

< 173 d‘ 4 e = o za' = 1 o v o &’
n19iaen e TN ISER ﬂm@NUWL‘WNLMNW’N’)  nase C Finegeydaluigey

ﬁb.

993n198asn TRISC IBIFAZINTDS WesH C wwazlinis auia @fummmmmqmm
Nasm C (113 UART) Fiasl Suesfaziniaalaay 90 TRISC tnesnluss r%.“\n‘l’uhiﬂf;'a‘wmﬁa

A1 TRISC lagmssnuanlaves wesn C Aninng Audls AnusutiRAuima

PORT/PERIPHERAL Selectizi
‘Péfipheral Deta Out
Dafa bus
WR
i -por-a
Dala Latch
{0 0

R
Lzt cRea

TRiS Latch

RD TRIS

Peripharl 7
0E(3) < ge==T

Peripheralinpul
Nots 1 130 pins have dicde protectian to Von and Vss.
2. PortPeripheral salect signal selects beween port
data and peripheral oitput.

3: Peripheral O (output enable) is only activated i
paripheral selectis active.

51/7 3.7 uRanlaaznsnan991 RC<0:2>4ay RC<5:7>
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PORT/PERIPHERAL Selecti2)

Periptieral Daw Oul I b Voo

a
Data bus : AR e
ehe ¢ 10 o] | o
PORT L hiRA-O B |
Data Latch ¢_‘J N
e #4D Q e
%ﬁg \, pin 1
- Cr = [
TRIS Latch
y : :-‘-’] Vaz
s Sohmiti o7
Schmitt §E,
RDTRIS Trigger \'_I.r'/ W7
Feripheral A R
DE(3] 3
SERLinput

SEPETAT <6

MNate 10 17O pins have dicde protectionto Voo and Vas.
2: PortiParipheral select signal selects betwasn port
data and peripheral cutpu.. :
.3 Perpharal OF (output enabls) is. only activatad if
pefipheral salect is active,

517 3.8 uRen nezunsueasan RC<3:4>

3.2.2 TA99891¢ wU28R2 N4 (MEMORY) 289 PIC16F87x
midigAdnuan T PICT6F87X Hegl 4 szinnae

1. ldsunsumiograuaT(Program memory)

2. wiaeipauanfaya(Data memory)

3.7daeANan STACK

4 widagAuan EEPROM
Tusunsumineaanudn PIC16F87x arflawnrasltsunsumioannudn deanunsadnaldda
gilalus Ine PIC16F877/876 azflaunamidneaanuanyinty 8K x 14 way PIC16F873/874
Tauin 4K x 14 S funsds Tan-naimed %@gﬁ; 0000h way Buneassuln nmas ﬂ:@gﬁ:

0004h
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Stack Lewsi 1
Stack Lewal 2
4
=
*
Slack Leved &
freent Yacior ol
. i—
N
& .
fReFupt Veoud Lo
ooeah
Page 0
GHErh
LROOh
Page b
Gn-chip S P
i aaae]
Progiany. < oY &
tdamory i
Page 2
TIFN
B
Figge 3
AFEES
Qﬂ‘w 3.9 fauuilBANeITad PIC 16F87X

Faawmed nwqdesty llsunsusieaciuanaas PIC Ae PCL 4as PCLATH d9ffe
Talsunsusit An(LOW) way g3(HIGH) Tust Taad LOW lusl azflauns 8 1n o HIGH lus

Re9UNA 5 15 91 lFHuAsMuNY 13 U6 ApaINTaE e aluanld 8 Alalus

' ' o i d ] J a
PIC azitils ﬁ;ﬂ?LLﬂ?ﬁJﬁuQﬂﬂ’J’}gﬂ’] aanidu 893 T e 49U Nay "‘”"ﬂ %3]

CALL uae GOTO aunsndely Waunsusiy nselanldunlilunsiasaan i LAAN

~£ 1 a

Faanenselnnanndai wielUsian gou Wik ax pasilAauAy PCLATH<4:3> Tndias O

al

UBALASA 71 12 way 13 WELUSY dau Rdeanisnen MesaniaReninds CALL sive

X

GOTO Auand

\/

=l a)
=00

A9UN O(Page 0) PCLATH<4:3

&9u¥ 1(Page1) PCLATH<4:3> = 01
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@917 2(Page2) PCLATH<4:3> = 10
@217 3(Page3d) PCLATH<4:3> = 11
WaldAnds CALL TUF daenisvinens(routing) ba azldmnds 795 Suntenauly nns Bl

'
o

naduiulifeads PCLATH Walldy dow rewndfiasFan CALL wsizAn Tiatj(address)

I PCLATH alalfs dau Fiaglilynafs nisa¥ne wnlasimarco) Wiidhaldsunsy aianls

v
2
1

wuniedu dau Tazaaniw

€
=%
e

: o w E a \ A aal c o a .
NULAITNATTBYA 189 pic16FE7X azliag 2 A1uAe JadLARINUREAANNANRIAL(Special
. g oo N . ! A aa
register memory) L&Y sagunafialil(General purpose register Special register) AR 934
s gy TN A q 99 o .
wef fignld lae MCU uay Peripheral Modules iveldiunisasunnnisingiuges MCU
Tne SRawmed asfdaanicaguda lnagiunsndqnelfiniles Wsu 1Unf General purpose
register A2 Fagmes Narwsain Widauiaqhlls Suediudlden sudsaraduiuiivas

MUEIAINNAT AR PICTBFS7X



s&h

Indirect addr.C!| 0oh Indirect addr.(")
TMRU 01h OPTION_REG
PCL 02h PCL
STATUS 03h STATUS
FSR 04h FSR
PORTA 05h TRIZA
PORTE 06h TRISE
PORTC 07h TRISE
PORTO o | 08h TRISD
PORTE v | 08h TRISE®
PCLATH 04h PCLATH
INTCON 0Bh INTCON
PIR1 och PIE1
PIRZ o0ch PIE2
ThARIL GEh PCON
TMR1H OFh
TICON 10h e
TMRZ 11h SSPCON2
TZCON 25 PRZ
SSPEUF | 13h sepaOD
SSPCON 14h SSPSTAT
CCPRIL 15h Sl
CCRRIH | 18h
CCPICON | 17h “uEe g
RCSTA 18h TXSTA
TXREG 1%h SPBRG
RCREC | 1Ah
CCPR2L | 1Bh
CCPR2H | 1Ch
CCPZCDN 10hH S S
ADRESH | 1ER ADRESL
ADCOND | 1Fh ADCONT
20h
Ganeral Zeneral
Burpose Purpcse
Register Register
9E Byles FAERED
EICERSSES
1 70h-7Fh
! 7Fh
Eank 0 Bank 1

2417 3.10 wansiuRTe

U

IUUIEAINAT U8 PIC16F87X

File

Addrass
ank Indireat addr.l? | 100k Indirect addr{Y 1a0h
&1h TMRO 101h OPTION_REG| 181h
azh PCL 102h PCL 182h
A% STATUS 103h STATUS 1&3h
LE FSR 104h FSR 18dh
ALh EmE 10U5h wo 188h
480 PORTE 105h 186h
&7h i : 107h 187h
28R 108h | 188h
&eh e .} 109h Sl 1 188h
S&H PCLATH 1040 PCLATH 18sh
&Bh INTCON 10Bh INTCON 18Bh
&Ch EEDATA 10Ch EECON1 18Ch
80h EEADR 10Dh EECON2 1800
AER EEDATH | 1GEh ‘Reseivedit | 18ER
| 8Fh EEADNRH 10Fh ‘Resensed®i | 18Fh
| oh 110h 1900
21h 111h 181h
oh 112h 192k
§2h 113h 143h
24h 11dh 194h
1 25h 115h 19&h
& 11gh 188h
| am Ejr';;fi 117h gf;i[di 147h
Sh Register 1130 Register 198h
16 Bytes 118h 16 Bytes 188h
114h 194h
11Bh 198h
11Ch 19Ch
‘ 110h 1904
SER 11Eh 19Eh
SFh 11Fh 19Fh
ACh 120h 120h

General Seneral

Purpoee Purpcee

5_egmur E%xst?r
- ' Bytes gk 20 Bylas 1EFh
Fih doceEses 170h ACOSSDeS 1F0h

TOh-TFh 7Oh- TFh
17Fh 1FFh

Bare 2 Bank 3

23

41§y PIC16F876 uay PIC16F877 Azl Taawmaiali(general purpose register)

fasﬁ address

20h — 7Fh

AOh — EFh 6NN fiatl(address

Y

¥
-~

110h — 11Fh, 120h — 16Fh {1819 Tieg]
190h - 19Fh, 1A0h — 1EFh {néne fiagj(addre
84214 PIC16F873 - PIC16F874 azdl 5ag

FOh — FFh) pic agaiavintdis

G‘

70h-7Fh

(address 170h - 17Fh) pic aza@aqiilu 70n-7Fn
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20h = 7Fh
AQh — FFh

81814 Meg(address 120h — 17Fh) PIC azxasdniilu 20h-7Fh

=l

919N @W\iﬂ\‘ﬂmﬂmﬁ\‘i(direct access) Tt 53a1n05 mﬂm%ﬁm%’}\? ‘Vl@%‘(address 1A0h —

1FFh) PIC azu®9914ilis AOh-FFh

U
%

Lun1981e wideANNan 989 Tasimesialil(general purpose register) Wls 2 35A8 wuwl
#nanselnemsa(direct access) AU 8190 aN1988N( indirect access)

¥ <KX o 5 &N v -q' ' tz N ulz ]
eenalnensa(direct acces NABN13879 N1ag)(address) Hulaansatiuia g

871(Read)

movfw 0x21 ; audeyafiag (address 0x20) 1118159 w Fasinas

e (Write)

movwf 0x40 ; Wigudayanetiu w Fanes l/l5lu address 0x40

azdiudn milsgrandndesaaes PIC 16F87X az udaiili 4 dea(bank) lun1sfiazgng nise

b

AMNAT WUL asEelaemga (direct access) # Fad(bank) Thuazdeadals mou 3
(bank) sauRenian uiireefiAe STATUS Fasines 0n 6 §1 5 9i38nd ) RP1.RPO
RP1,RPO > 00 t@andes(Banko)
RP1,RPO > 01 t@entas(Bank1)
RP1,RPO > 10 t@andeas(Bank2)

RP1,RP0O > 11 1aania3(Bank3)

BSF STATUS.RPO : iaen ks da3(Bank?)

BCF STATUS,RP1 ;

access ABNN9ENS idaeANAMall 1849 TuAnumiatiue Inerny Saawmes 2 fia Aie FSR

WAz INDF 39 FSR agsinutivunilen ﬁq%dﬂg(pomter address) @3u daya(data) luns

= ar

1 < o 1 o 1
BIULATLLEU ALNTTYIIHIUNIG INDF £R2eN9LLUA D

moviw 0x20 : 1dan 20h Tusla w

9 g

movwf FSR ; ¥ AaT(pointer) "dﬂﬂﬁﬁ@@: (address 20h)

clrf INDF : fin15tAaes AN o8 suiianies ey niaemauani FSR dag)

kYl
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[

Tunnsld nsenafannedes (indirect access) A1H190879 WUILATINAT WANAE 2 Tad(bank)
A8 0 iy 1 viva 2 iU 3 Tae FRawmef Taldlunisasunuae STATUS Saawmas 1 7 (IRP)
e d10mel

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

0 = Bank 0, 1 (00h — FFh)

o’ i'c-:/ % [ % d’ o 2 [ o [ | ‘
fatufaIAnesr AT ININIeN wiigA AN 189 PIC Tddnazdly mnemss(direct)

& [ : i} < = a A g U4
1sa NeaaU(indirect) NANY wnzdlannaianaiainaTsLe

3.2.3 MeulAguauaaniiufamaa (ANALOG-TO-DIGITAL CONVERTER(A/D))

4195 AD T By wuy 28w axdl 5 BUNY WU 40 W Azl 8 Buwy 3Aawned 7

'
os

\Nedes azllet] 4 fadariuAe ADRESH he A Saames Hadns Lus ge 2eeniswday
FyrUADRESL Aa AN TAALAET HARWS fUA 511 289n15uilaed ey e ADCOND Ae Fag
wef Avurieaiu A/D T % 1ADCON1 A 3aawmes asupuiieaiy A/D lus 71 2

a aa & o P
ATUNE FALADT LARTFAUNBDAATINLL

ADCONO
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
ADCS1 { ADCSO~ { CHS2 CHS1 CHSO GO/(DONE)) o ADON

F8797 3.1 idngATINANARtIgRiA Ry A/D

Bit7-6: ADCS1:ADCSO: 1{lss fig #ildidan Aty s Rnn lunisudas AD

00 = Fosc/2 Fosc = Aanuives founosnAina(erystal) oith

01 = Fosc/8

00 = Fosc/32

11 = FRC (i@enldmauiiannasas RC flegniely)

Bit5-3: CHS2:CHSO 1l fim #ldi@en da3feyyad (channel) 1838tynynes A/D
000 = da3dsysyas 0, (RAO/AND)

001 = dasdrysyas 1, (RAO/ANT)

000 = 1a3dnUryns 2, (RAO/AN2)



000 = dadtysynnd 3, (RAO/AN3)

000 = B9 eysynd 4, (RAO/AN4)

000 = Hasdnyeynns 5, (RAO/ANS) (laifils meu wuw 28 pins)

000 = 1asdtytynnd 6, (RAO/ANG)

000 = 1a3fysynnd 7, (RAD/ANT)

9m 2: GO/(DONEV): wuiipnldlunisuamsaniusaasnisidas AD

1 ADON Tm gnian 1ilw 1 uda (Hadnfiile

1 wneds A/D Masaeiludasnisuiasdn (15 1an On WluntsEudunisulacd:

26

o)
oy
NA LW

0 usemis AD Lalldiag lugaanasualasan ( fimtiaz meu a2 1 1u 0 Tnednlu@ e
nswdasdnyynniada

In 1: deliignldens

s 0: ADON: A/D On 1A (LaN&n 14289 A/D ‘mem%u)

1= AD convertor Naegn e

0 = A/D convertor haibsignidens

ADCON1

Bit7 Bit6 Bits Bit4 Bit3 Bit2 Bit1 BitO

ADFM | - - - PCFG3 PCFG2 PCFG1 PCFGO

1 = wasanulasdsyayn

ADRESH

ADRESL

000000xx

XXXXXXXX

An919% 3.3 uansnisudasdeyyildinudneves ADRESH

A191993.2 WaAIDA 7: ADFM:

o4 Tfmqudeae9 ADRESH i 0

0 = wasanuasdryryndlianuaa1aes ADRESL 1l 0

ADRESH

ADRESL

XAXXXXXXKX

xx000000

AN919% 3.4 Lamdnsutlasdnyoynndle

FA1%291999 ADRESH




Tn 6-4: lalldignld
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iin 3-0: PCFG3:PCFGO 1w 1% Aruantifisingg lun1sinanu AD I PIC Tnegnunsn

Wwandnazld VREF uansnswnnydeayldann VDD, VSS fls

PCFG

11101

AN7 1 ANG §AN5 1AN4 1 AN3 § AN2 1 ANT 1 AN | VRE | VRE | CHA
3:PCF { RE2 { RE1 | REO {RA5 { RA3 | RA2 {RA1 §0 F+ F- N/
GO RA REFS
0
0000 A A ' A A A A A A VDD { VSS {8/0
0001 A 7 A A A VREFR [ A A A RA3 1 VSS | 7/1
+
0010 D 1D . D A A A A A VDDV VSS | 5/0
0011 D D D A VREF { A A A RA3 | VSS |} 4/1
+
0100 Db D D D A D A A vDD VVSSV 3/0
0101 D D D D VREF { D A A RAS 5B | 2/1
| +
011x D D D D D D D D VDD { VSS |0/0
1000 1A A A A VREF | VRE { A A RA3 | RA2 §6/2
b F-
1001 D D A A ¢ .A A A A VDD { VSS }6/0
1010 D D A A VREF="A A A RA3 1 VSS |5/
+
1011 D D A A VREF § VRE 1A A RA3 | RA2 {4/2
+ F-
1100 D D D A VREF { VRE | A A RA3 | RA2 {3/2
+ F-
D D D D VREF 1 VRE 1A A RA3 1 RA2 §2/2
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1110 {D D D D D D D A VDD § VSS {1/0

1149 4D D D D VREF { VRE | D A RA3 { RA2 {1/2
+ F-

A vanefs aunaenduny D wanetenanes /O 491 An7-ANS azlillumsznaiiii 28 11
A19797 3.5 LARIAIUNNT I Tedtynynnd NU wesn

P =L G = [Vl o 7 = i o 4 < 1§ A g

Wanisuilas AD @548 U Hadniamnisilas A/D azlizun 10 On Teazinuag iu Ta81mes

2 farafuRn ADRESH:ADRESL &74 3aatmnas 1n GO/DONE\ (ADCONO<2>) azgn \ndef

WAz ADIF avgn v (A/D interrupt flag) vaanlaazunsy 183 AD

CHE2.CHED

______ .

T‘O. fIASIANA

VA 1
L& e By !
{npait volisge) )] i s ’_g QA AN RETS
i
: oA
(] , L1970 N7
A I o RAZIANZIREN-
Carrvarier ! B @ ‘

{(Roforanss ! Y o
vattage) :

e

PO PEFGE

GRYEOf Q0K of
i aeiuigar

PCFRIBCFGE

Mote 10 Notsvadtahle on 28-pin davices,

f"\

517 3.11 ugnalasaaing A/D CONVERTOR 984 #ain A
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v
o/

JURDUNIT M9 A/D module

-@en wngluuu 989 AD Tag

R8N AUNARNAW UIIRLENIB #ag ADCON1
-aan A/D Bunm dasdtynyins §28 ADCONO

a

-@an A/D conversion clock (mwmﬁ%aﬁrgcy’]mmﬁmﬁ%lﬁmu A/D) 391 ADCONO

&% A/D module $1191% Ea8 ADCONO

frdfeanisld AD Bumefi doq um flag sine il

saaiialll A/D module wiau ( acquisition time) M bAaINNITANUID

(Basinnns 1AReS ADIF T

Lg% ADIE 1im

-9 GIE Um

A/D #iaeinng i GO/DONE) fin

$2AUNINTUL AIA/D AiaFa L sal

Weaulisunsunugyl sap GO/DONE\ Tif Aundnay Lraes

98 A/D RUNBFTUN

ANUANAANTIRS A/D 91N ADRESH:ADRESL o 1ades ADIF Tm #a3a1n nngeusaetn

4 A/D Bunessun

wisaneuAnBeLFesude davsailusravinan 2TAD reuiavinnisuilas AD nasavig
nnaaendny s fina( AD Conversion Clock)

120771 unns wlas AD uitsasassnmnlFEle TAD luniiniedasniswlas AD PIC

fasnsednstion 12TAD semsulasuuy 10 O lunisdendnninmnuiaes AD

g uNToLaenté 4 LuUAe
e 2Tosc
e 8Tosc
e 32Tosc

e [nternal RC oscillator

'

FaAnuaN e naanteainnis L A1 Faawmas (ADCST:ADCSO)
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3.3 AUAASHALLILINANLAAY Liquid crystal display(LCD)

17

LCD Wiusaaauananadeldnanivan Taqiuiasldiuunn esiulidesunuay

v o/ < o/ o azl' 1’9‘/" . Jroaiicn o
ﬁ’]ﬁJ’)ﬁ‘Oﬂ?’]\?EﬂLLUUW@QﬂQL@"Iﬁz‘l?@ IMANHINATUAATWIVANEILRLILI & gl}

stlna2 RBLAPINALULNANAAY (LCD)

AN TeuRRANER LATRIAARNDA LAFBIARLRY N LCD

QU

ugtuuysouansia LCD

2D

v '
o os ]

Husuassuaienumiesldiouiy a8 cMOS Warudsenauraanigaiunsanngts
wuldunune 121

Taiga LCD Sdasfumaneuuuusidiuialusl 3 uuw fe

1. uUUAaa 7 dou sy LA esAmatua s finnsvuURARe AT RN

2. ULUUARALEINT (dot — matrix ) #1NISORAAINATITNWIWE UL

=

\iuesaaartefNHAes  LAsedAtRTATAR  ABUAAINATEIATOLANIRLE

A . oa o | el B o v
LATRNLRULALTRTAAN Lﬂ?@\%@u’?ﬁiﬂ LWRZLATRIUBLLNNE L._‘umu

= o 1

WUUNNAN ( Graphic ) wuniilasiadranilauiunemussndudiiawin

w

Igindnaunsauansdnesuarslnnls dnnuluefeadunud  aanw
annsulamonszaduiusias lutaqiutivuy@soaasdnansaun bl

QANTNANSULA T 5L ST AW ALET LT 14515

91/7 3.13 2IATBIFRUARARLLNANIAY (LCD)
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o

3.3.1 1 lgauzesinga LCD oauaznrnfmnail
97 N37191(GND) 91 1 ABAUNGIAUDI9AT
90 +V,, (11 2) saliass +5V

97V, (11 3) Wlumdmuilauusefuialfuninadneeemiieaeanang

o aa '

an RS ( Register Select : 11 4 ) luandndiiaaninfiainisiasafiizagLnasan

1 '
%

&3 ( Data Register : DR Jagdaivusidy ‘0" azflunisfinderivzasamefAdnazin

dwrrasiunshaseniiaamaifeyainetinfeyaliuanuauuniiag

91 RMW (ReadMWrite control = 1 5 ) tflusaidannisanuisamaudesyaniuiuge
LCD 1lnAanilazreainsadiienuuslfideudeyalddcluga LCD Wiesnafes aan
o d‘ Yﬁ _ 1
VUL L NN IFAGE

21 E ( Enable : 21 6 ) \usdndunistlaudymiaciadiduiadaliiugs LCD
11973

97 DO-D7 (Data : 41 7- 14 ) tilwandaya 8 Ts lagan 7 A DO tatumnsanfuas

24991 14 A2 D7

LCD MODULE 16 x 1 LINE

247 1. GND

M2 +V

913 : Brightness dilannuadng
wm4: R/W

15 : RS

116 E

1 7- 14 : DO-D7

2119 3.14 WAANIINNITNNNUIBILY LCD



)

v & v al a o

382 ﬂQWNELU’ﬂﬁﬂutﬂﬁl?ﬂﬂtﬂd@@LLﬂﬂ\iN@ LCD wuuanuse

IS o ! o Z

Hdautlsznaunan 3 dauasid

1. faugnes (display) Meludunanmadianunsousnaaliiiulneendauas

o & & S 9 [ = e

ANAWAN AIEUAGBINYN UM TIavIRYanLdnstau e LCD

2. fapnunn (controller) fsafudeyaainguneniniuenunmuANnIsTinn
ga¢luga LOD 193 aumenn waneradnus vaamewaadises usy FAaUANU LT AL
aulnziannz 31ATauldRe wef HD44780 waz HD61830 la HD44780 avlimiuAy

wuLdnasy daw HD618301dAuA N LCD MuUNg N

]
=l

3. Aty (driver) Lﬂw}"@%uz@npmmmré“fzmuqmm%ﬂﬁﬁ%mmmmm%’@yﬂ@vu

[

Samus FUT R AT usaduTlaun HD44100H WAy MSM5259 Lilupis

LY

3.3.3 Tagsaframelurasipiunuluna wuuanass

lunsldenuluga - LoD - Andlufesinansdlanaeiulassairsuasandeildly

T, Ao
1
b

nsmauanlifideneu Tuga LCD Fundre s ldunaRifidamielutlszmalneuazialan

T fenldSleaunred@amdiual - HD44870 sieanallueftwusitigarndeuaznis

S

° = iy o pd Y 0 NS : Eddh, = ° Yo o=
PNINUNLBRUBUNURTANLTENDAT ABNLNRUR (Compattable) ﬂﬁuu@ﬂﬂ??%qﬂqqu'w iUy

HD44780 1sznausas

Tilefaunnerinn udenildlunmsfinseiudsdayaniuglnsalniauen

Wedaztnemendayadeennielusianiuay

......

neuanie llAAINITUEAIHA

o v

iudeyaanatnsalniauen

3

—\

e Faawmesfeya (Data Register : DR) iliizaaine

o)

! g o < v 4 o v 5 o e 1% or os A
FadnevenludwsnAideyauana et deyaiuliifiesiefadnesiy

U

AN TR A URAREN 19

o usuifudagyauanieia ( Display Data RAM : DDRAM)flumiaeiAenad usuiin

wihfifudeyaunaniasimes DR farauauazindeyalu DDRAM liilsmn

v o

219 (Look up-table)esasneafiivldlumiotaanuanseniazisuiumaganes

o

A it
e LA AN AN FLARIHA
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&l

e sauiURaenEs ( Character Generator ROM : CGROM ) tfussinemanuansas

o

dey @ o o o 4 o o oal P i uy
‘VﬂﬂjLﬂumﬂﬁﬂﬂﬁ'}ﬂﬂﬁﬁ‘ﬁ?@’sﬁmﬂﬂﬁmm@qﬂq?ﬂ@’]uLTJLL'ZQ@\‘]‘W AULRAINA LA UIUIA

7,200 Tin IneszgnenufonAttesdeyaly DDRAM

U

® UsuAURAAIANES (Character Genertor RAM : CGRAM) Slusmiagipanudusud

AusnEs TN s fuFLIwlng lunsaififaenesly COROM litfieswe
Sauns 512 Da nnadeuarerurnlUldiumnl§iduResty COROM Aaidaw
1ayaasli DDRAM LawaaLANATNNg1UANIaIN CGRAMLEY

e uwan BUSY fugeufisinuinfudeaniunasinanuaessancuanliglnend
;Y

Meuennsudiamusunienaviudeyavtendariveld Aulunaunisdede

a o v o v di/ = !
g@m@mmmmmmu@umfaqmm%@mmummm@n BUSY diaeineau

£riamerrn ! l el iy };-. 2
o

s S
b i r—-r
e 3 &
i PRI
2 Baxe < b i
; £ AR e Eind
T Vab Pl i e
| — & P K |5
e z " iﬂ —
4 !&' e { bnnd
6 1 teed E i ] 4
P 3
o e 2 b |
L e AT & %
v Y Rl ;, )
£ |~=
¥ =, Ell an '
L ,—J 5 lg
b -
| 1 “« S—
! =
2 1
Jiae

P
£ J
& i =
B B R - FOF T i
I B I A p—, o
Wiy meyrn

51 3.15 laazunsunsinemas@riunulugs LCD wuudnaszsuas HD44870

3.3.4 msAnRanuluga LCD wuLanuse

' IS5

P & a = aq o o ° P °
d 2 WUY AR 8 UR LAy 4 UR i@ﬂﬂﬂﬁlﬂLLUULLﬁ‘ﬂ LADNUIRINNALTRIRATUIULAN ¢

Aoy AsiaenAnsiewuy 4 O Teldunamiuaniies wildsnadyoouios 6.7 1

@ a

Turnewuy 8 Tald 10-11 18%
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nsARfauLLL 8 U
“Lugﬂ‘ﬁ 3.16 LL@mﬂ'\?ﬁimmnﬁ'ﬂ%mﬂmga LCD @ﬂ'wdwﬁqm Iag9n DO-D7 fid
Auwnasniindeyananeaauin 8 Ue Tsenafluseinainditermesnaadiuias
peulnsaiaed fean RS waz R / Wihiusiafileirentieuasdn ‘0" uaz “1" lagan R /W
winldfipausesnisenudeyaainluga LCD anunsnandtwauaednuasiflnesia

= v v

o . o >
NHNIIFB chuﬂquﬁﬂﬂihﬂﬂiﬂ

-8 ! o/

R/W ains9s 4911 E Weedhivadndnamsdasssiu
P 97 o o i i A oy = 3 = o a T P = <
Waakednyaiadedieie Inadledilinagindaninsyaivaadn “1” uazilanngand
o : o i Q”“é 5 v, e i =i P = =
ufotlaee azinliiinaean 0" Iudrany dryorndiinatuianeasiunieunadauivegh
as @ . -y o e\ | s v o o
piasaindynnauduiniiasannsianiuauiiegaigluliga LCD seenisdtyayinnadaw
TunnsnsyAulinieu uashan v, denvsasmniuliudnls 10k Wwelfuanuadneres

RAURAILR

Vb d o

Brightress LD 16x1

~hieg 4
070.6!2‘31.&1 D302 03 Do RS RW £

lugild 3.17 uamanassisnsaniieldaulugs LCD lulnun 4 Om anedtynodeys
e 4 1fu e DA-D7 deusnediyryinimduaudsmsdd 3 uAs RS,RW waz E win

FasnisanaednicuInsAtLANaTnsa M idlaesiaan RW aens1eil
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ey
bl SN LR Leal

e st
'g;impsmmmmm #EEE © e
< K »
108
i 1 S

o

g 317 Tegsnsaniie 1iTuga LCD wuy 4 1n

& £ = v
3.3.5 4unaunsiautayaiialdnuluga LCD

1. WeanglWliurlugs LCD uaa ﬁ@da@é’nﬂé%ﬁa Wal#lums LCD . inmiswsizew

v y o G| 1 AQ = o
Pnamdenfeduineeidandn T8e (nitia)) aeldinantszans 5 Radaui duiuly
malfiRileGuaenfaunsasulendeyaldifioniufl imszinans Tadduisaunn

2. MPuABnTNEABANTe9IT R / W Sdasnsemviiemendeyanulugs LCD 9

dndindatnasiunindawuinndg asmanua e R/W fduaean 0
3 A MuAdONTasAN8390 RS IaLEandn Fasnsfinsetiaadnesdayaiisesa
=
LAasAnds

4. flaudenaliiunanufynndayae 8 W (D0-D7) lunsidfnsaluy 8 On uay

4 9 &1 (D4-D7) lunsoifssiany 4 U

k2

5. Heudtyonimadidwaiia (E pulse) Wunluga LCD ndsaniiluga LCD 16

o

o v & = o o ... o Ao o
ATYTUTEUNRALDULDLLIG (B) LN@@ EEh ENWIRATNAIILATTDYRNINTINUAN T

abe

<t

Fauddsidesduga LCD

)

15 TUL

1 907 R/ W uaean 0" InefeansNg

v

) = sy ”-‘—sl -~ D e SRS R ﬁﬂ.“zﬁ‘,\ ! g o o 1
Z. ﬂ@u@@@ﬂ 0" v RS LL@LWQ@H’]M&WE}‘N[Il&L‘J@%ﬂgqqgﬂ@uﬂ]ﬂﬁﬁlﬂﬂqﬂ\iL@?q

G

2\3%1/1‘3@ﬁl‘f]\‘]ﬂ’]ﬁ‘l,‘]_‘ﬂﬁmlﬂﬁ@u‘}l@ﬂ@LLZ\)@\‘]N@
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5.y ndansdasnadausndilidluge LCD anunsadifiunissieliiae Taeynass

fitleudeyadndaaia Fesllowiadidwada 1 Wadl¥uriluga LCD flan E e
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200 4.49 400.17x10°
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950 1.38 467.60x10°
11

(N

0 1.16 461.80x10°
A, = 433.26 X 10°




40

= ' v & @ ' i '
A1914914.2 NNSVNARBIRIAT AITNATUNIU LN@QﬂﬂqquﬂqqﬁIﬂﬂ Lux meter NAITHAINS

#ANAINLDT LDR faf 2

AN UBAZYITNISUMIAT A

LUX R,(KQY) A,

100 8.94 448.06x10°
200 5.12 456.32x10°
300 3.87 487.20x10°
400 3.03 491.40x10°
550 2.37 506.69x10°
700 1.92 505.01x10°
950 1.54 521.82x10°
1150 1.28 509.57x10°

A, = 490.75 X 10°

= ' a  a ' < '
A191994.3 NITNARDIUIAT mmﬁ‘f’mmu LN@‘?@F”IQ'\N@Q'NIWQ Lux meter NAINNAINY

WIAANAYBY [ DR F7 3

ASNULAEYIINISUIAT. A

LUX R, (KQ) A,

100 8.36 418.99x10°
200 4.83 430.47 x10°
300 3.61 454.47 x10°
400 2.83 458.97 x10°
550 2.24 478.90 x10°
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#include <PRO4 H>
#include <LCD.C>
#include <math.h>

#bit sw1=7.0
#bit sw2=7.1
#byte port_c=0x07

#int_rtcc
rtce_isr() {

/I Timer0 (RTCC) overflow
}

float average(4],sum.j[4].1[4],x[4],Lst[4],Lcp[4] rate[4].q,error[4];
long e_long[4];

int x1[4],x2[4],x3[4],x4[4],x5[4],key,unit,val i,num,set;

char k[16],n,n1,n2.n3;

short ref;

void read(int set)
{
long tmp:
float t1,value;
for(i=set;i<4:i++)
{
set_adc_channel(i):
value = 0 ;
for(val=0; val<90; val++) {

tmp = read_adc();
tmp = tmp&0x03ff;
t1 = tmp;
t1=11%(5.0/1024.0);
value = value + t1;
}

value = value 7 90.0;
averageli]= value;
j[i] = 6.68-(log10((50000.0/averagel[i])-10000.0)/0.85);
I[i] = exp(j[i]*log(10)):
}

}

void output(void)
{
X[i] = error(i]*10;
e_longli] = x([i];
x1[i] = e_long[i}/100;
if (x1[i]>10)
unit=10;
else
unit=9;
x2[i] = x1[i]*10;
x1[i] = x1[i]+0x30;
x3[i] = e_long[i}/10;
x4[i] = x3[i]-x2[i];
x4[i] = x4[i]+0x30;
x5[i] = e_long[i]%10;
x5[i] = x5[i]+0x30;



void cal _value(void)
{
for (i=1;i<4;i++)
{
errorfi] = 33.3-((rate[i]*Icp[i])/Ist[0])*100.0;
if (error[1]<0.0)
ni=""
if(error[2]<0.0)
n2="-";
if(error(3]<0.0)
n3="-"
else{n1="+"
n2="+"
n3='+"}
output();
if (unit==10)
break;
}

}
void display(void)
{
if (unit==10)
{
lcd_pute("f I OVERLOAD ! \n");
lcd_putc(" Push A again");
}

else if (unit==9)

k[14]=x5[3];
K[15]="%";
lcd_putc("\f ' Y M C\n");
for(num=0;num<16;num-++)
lcd_putc(k[num]);
}

}

main() {
setup_counters(RTCC_INTERNAL,RTCC_DIV_16);
setup_port_a(ALL_ANALOQG);
setup_adc(ADC_CLOCK_INTERNAL);
port_b_pullups(TRUE);
enable_interrupts(RTCC_ZERO);
enable_interrupts(GLOBAL);
lcd_ init();

set tris_ c(0x03);



set=8§;

led_putc("\f LIGHT ANALYZER\n"):
lcd_putc("Push A:reference");

ref =0;

while(1)

i

port_c = 0x03;
delay_us(10);

key = port_c&0x03;

switch(key)
{
case(0x02) :
set = 0:
break;

case(0x01) :
set=1;
break:;
}

switch(set)
{
case 0:
read(set);
for (i=0;i<4;i++)
Lstli] = I[i];
q = (Lst[1]7100.0)/(Lst[0]);
rate[1] = 33.3/q;
q = (Lst[2]*100.0)/(Lst[0]);
rate[2] = 33.3/q;
q = (Lst[3]7100.0)/(Lst[0]):
rate[3] = 33.3/q;
lcd_putc("\fRecord reference\n");
lcd_pute(" Push B:compare ");
set = §;
ref = 1;
break:
case 1:
if(ref ==1)
{
read(set);
for (i=1;i<4;i++)
Lep(i] = I[i];
lcd_putc("\f Record compare\n");
led_putc("SHOW ERROR VALUE");
delay_ms(1000) ;
cal_value();
display();
set=8;
}
else if (ref==0)
{
lcd_pute("\f No Record Ref!\n");
lcd _putc(" Push A before"):
set=8:
}
break;
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Pin Diagrams
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC-20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR., BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLAS;—LE_r;?ijg:df\s/ll)emory K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 198, 256 256
Interrupts 13 14 13 14
1/0O Ports Ports A,B,C Ports A.B,C.D,E Ports A.B,C Ports AB,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM 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

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

2001 Microchip Technalogy Inc
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PIC16F87X

DEVICE OVERVIEW

This document 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 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 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
D
evice FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
Ji 1 Data Bus PORTA
T e e N o
FLASH " I | +—=%] RAT/AN1
Program — —R’AFT <— RA2/AN2/VREF-
Met / 1 Ng A3 AN3/VREF
mory 8 Level Stack File 1 ! 8 S:i ?(r;‘(:;(MIRL g
(13-bil) Registers | } e RAS/ANA/SS
il |
Program 4 U
susf 440 RAM Addrl 1y g ! e
Y T ! +—[4] REGINT
Instruction reg M; 1‘ 4] SS:
. <+ 2
| PepipQiegagr s \( L o +—{X] RB3PGM
SaNani 5 [l +—=[X] RB4
FSRreg | —| +—|X| RB5
: +—={X] RBSPGC
oS STATUS req,| = X4 RB7/PGD
PORTC

. Instruction

Decode &
Contro!

Low Voltage
Programming

HIP 7] c
3  BVE R s N | <+—{X| RCO/T10SO/T1CKI
BSleiup - MEx7 1 4% RcuT10SICCP2
ALY ), | -—»% RG2/CCP1
Osciliator i Ing e +—[X] RC3/'SCKISCL
Start-up Timer ‘,l \ }U/ // 1 4[| RC4/SDUSDA
Power-on E[ ErggTy l B *; RC5 aF)O
Reset 198 8 A ; PR P‘CE TK.’CK
Watchdog " : ‘ L +—<] rC7 RX/DT
Timer il Wireg | i
Brown-out | e | i
Reset |
In-Circuit 1‘
Debugger ‘
|

MCLR VoD, Vss

1
Timer0 Timer1 Timer2 10-bit A/D ' i
¥ ; i
i il S [ et SR hoon e
e i

\

Synchronous ) |

Data EEPROM ! CCP1,2 Serial Porl USART \

Note 1: Higner order bits are from the STATUS register

¢, 2001 Microchip Technology. Inc:
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
‘ “pIP | soic | o Buffer ety
Pin Name Pin# Pin# Type Type Description
OSC1/CLKIN | sT/IcMos®) | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 10 (@] — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode. the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1. and denotes
the instruction cycle rate.
MCLR/VeP 1 1 I1/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 1/0 port.
RAO/ANO S5z 2 110 TTL RAO can also be analog input0.
RA1/AN1 3 110 TTL RA1 can also bz analog input1.
RA2/AN2/VREF- 4 110 J=lie RA2 can also be analog input2 or negative analog
reference voltage.
RA3/AN3/VREF+ 147525 5 1/0 TTL RA3 can also be analog input3 or positive analog
| reference voitage.
RA4/TOCKI 6 5 e] ST RA4 can also be the clock input to the Timer0
module. Output is open drain type.
RAS5/SS/AN4 7 i 110 J RAS5 can also be analog input4 or the slave select
for the synchronous serial port.
i PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on ail inputs.
RBO/INT 21 21 110 TTLST!) RBO can also be the external interrupt pin
RB1 22 22 110 T8
RB2 23 23 1/0 '
RB3/PGM 24 24 110 TTL RB3 can also be the low voltage programming input.
RB4 25 25! 1/0 TTL Interrupt-on-change pin.
RBS 26 26 1/0 ¥FTA Interrupt-on-change pin.
RB6/PGC 27 27 1/0 TTLISTR Interrupt-on-change pin or in-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 1/0 I TTLST® Interrupt-on-change pin or in-Circuit Debugger pin. Serial
programming data.
i PORTC is a bi-directional 1/O port.
i
RCO/T10SO/T1CKI | M1 11 170 ST RCO can also be the Timer1 oscillator output or Timer1
i clock input.
RC1/T10Sl/ICCP2 | 12 12 110 ST RC1 can also be the Timer1 oscillator input or Capture2
input/Compare2 cutput/PWM2 output
RC2/CCP1 13 % 110 ST RC2 can also be the Capture 1 input/Compare1 output/
PWM1 output.
RC3/SCK/SCL 14 14 110 ST RC23 can also be the synchronous serial clock input/output
for both SPIrand 1C modes
RC4/SDI/SDA 15 15 110 8T RC4 can also be the SPI Data In (SPI mode) or
data I/O (1°C mode).
RC5/SDO 16 16 110 ST RCS5 can also be the SPI Data Out (SPI mode;).
RCB/TX/CK 17 17 1/0 8T RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 1/0 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.
VDD 20 20 P — Positive supply for logic and I/O pins.
Legend: | =input O = output 1/0 = 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 external interrupt.
2: Thus buffer is a Schmitt 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 Technology Inc.
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PIC16F87X

2.0 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).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND

STACK

PC<12:0>

Stack Level 1

Stack Level 2

|
| L
|

.
L

Stack Level 8

2.1 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.

RESET Vector 30000
e ~
. <:
.
Interrupt Vector 0004h
} 005h
! Page 0
TFFh
10h
Page 1
| On-Chip .
Program - &
Memory
Page 2
: I7EED
“ Page 3

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALIY,” RETURN 13
RETHREE,, RELLEW
7
Stack Level 1
Stack Level 2
.
.
L]
Stack Level 8
RESET Vector 0000h
: [ A
e
.
Interrupt Vector 0004h
i 0005h
On-Chip/ | Paoey
07FFh
Program
Memory | 0800Ch
| Page 1
3 OFFFL
100Ch
LFFFh

©.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 RPO (STATUS<5>) are the bank select bits.

Each bank extends up to 7Fh (128 bytes). 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
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

Note: EEPROM Data Memory description can be
found in Section 4.0 of this data sheet.

RP1:RPO Bank
00 ) 0
01 1
10 2
il 3

2.2 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR).

DS30292C-page 12
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PIC16F87X

FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.t) | ooh Indirect addr.(')‘ 80h Indirect addr.()| 100h Indirect addr.()| 1g0n
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h | PEL . |.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(™ | 08h TRISD™M | 88h 108h 188h
PORTE(") | 09h TRISE(") 4-ggh 109h | 189h
PCLATH 0Ah PCLATHij 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON | 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECONT 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H 0Fh | 8Fh EEADRH | 10Fh Reserved? | 18Fh
T1CON 10h v,_____g 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 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON 17h 97h General 117h General 197h
Purpose Purpose
! RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch ach 11Ch 19Ch
CCP2CON | 1Dh 9Dh 11Dh 19Dh
, ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
‘ ADCONO 1Fh ADCON1 |=9Fh a % 11Fh 19Fh
20h L AOh 120h 1A0R
1 General General General General
i Purpose Purpose I Purpose Purpose
Register Register | Register Register
96 Bytes 80 Bytes e 80 Bytes e 80 Bytes 1EFh
accesses Fon accesses 170h accesses Aok
70h-7Fh 70h-7Fh 70h - 7Fh
L o ) 7FR FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
El Unimplemented data memory locations. read as '0".

* Not a physical register.

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

¢ 2001 Microchip Technoiogy Inc. DS30292C-page 13



PIC16F87X

FIGURE 2-4: PIC16F874/873 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.) | 00h Indirect addr.")| gon Indirect addr.) | 100h Indirect addr.”?| 180
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
PORTDM | 08h TRISD™ | 88h 108h 188h
PORTE™M | 09n TRISEM | 89n 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH 10Eh Reserved® 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved® 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPR1L 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 1Fh ADCON1 9Fh 120h 1A0h
20h AOh
General General
I;térpose Purpose accesses accesses
gister Register 20h-7Fh AOh - FFh
96 Bytes 96 Bytes 16Fh 1EFh
170n 1FOh
1 7Fn FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

[] Unimplemented data memory locations, read as '0'.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F873.
2: These registers are reserved, maintain these registers clear.

DS30292C-page 14 ¢ 2001 Microchip Technology Inc.
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2202 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: | Details
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, on
| BOR page:
Bank 0
00nt®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 27
0in TMRO Timer0 Module Register 47
02n®) PCL Program Counter (PC) Least Significant Byte 000C 0000 26
0303 STATUS R | RP1 RPO T0 | z DC c 0001 lxxx| 18
04n® FSR Indirect Data Memory Address Pointer 27
05n PORTA — I — | PORTA Data Latch when written: PORTA pins when read 29
06h PORTB PORTB Data Latch when written. PORTB pins when read 31
07n PORTC PORTC Data Latch when written: PORTC pins when read 33
08 PORTD PORTD Data Latch when written: PORTD pins when read 35
ognl4 PORTE — - — - = bl ~Re2 REL_| REO 36
0403 | PCLATH & = — Write Buffer for the upper 5 bits of the Program Counter 26
0803 INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x 20
0Ch PIR1 pspIF® | ADIF RCIF TXIF SSPIF CCPiIF_| TMR2IF | TMR1IF 22
0Dh PIR2 — (5) — EEIF BCLIF — — CCP2IF 24
OEn TMR1L Holding register for the Least Significant Byt of the 16-bit TMR1 Register 52
OFn TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register 52
101 T1CON s — [ 7ickes1] Tickeso [T10scen] Tisyne | TMR1cs | TMR1ON | - 00 oooo| 51
1in TMR2 Timer2 Module Regrster 0000 0000 55
121 T2CON — [outess]ToutPsz] Toutest [ TOUTPSO | TMR2ON [ T2CKPS1] T2CKPSO 55
3 SSPBUF Synchronous Serial Port Receive Buifer/Transmit Register 70,73
SSPCON wooL | sspov. | sspEN | . ckp ssPM3 | sspm2 | sspmi1 [ sspmo 67
CCPR1L Capture/Compare/PWM Register1 (LSB) 57
CCPR1H Capture/Compare/PWM Register1 (MSB) 57
n CCP1CON — — CCP1X CCPR1Y CCP1M3 ; CCP1M2 | CCP1M1 | CCPIMO/ | --00 0000 58
18n RCSTA SPEN RX9 SREN CREN ADDEN | FERR OERR RX9D 0000 000x 96
18h TXREG USART Transmit Data Register 00600 0000 99
1An RCREG USART Receive Data Register 0000 101
1Bn CCPR2L Capture/Compare/PWM Register2 (LSB) 57
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) 57
10n CCP2CON = % cepax | ccpay | ccpams | copamz | cepami [ copamo 58
1En ADRESH A/D Result Register High Byte 116
L1Fn ADCONO ADCS1 | ADCSO | ©HS2 “J..CHS1 | CHSO | GOONE] — | ADON 11
= = unknown, = unchanged, ¢ = value depends on cendition, - = unimplemented: read as '0'. r = reserved

Shaded locations are unimplemented. read as ‘0.

contents are transferred to the upper bylte of the program counter
Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear

. These registers can be addressed from any bank.
: PORTD. PORTE. TRISD. and TRISE are not physically :mplemented on PIC16F873/876 devices; read as ‘0.

PIR2<6> and PIE2<6> are reserved on these devices: always maintain these bits ciear

: The upper byte of the orogram counter is not directly accessible. PCLATH is a hoiding register for the PC<12:8> whose

2001 Microchip Technology Inc
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Details
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, on
BOR page:
15 Bank 1
80nt® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
81h OPTION REG | RBPU | INTEDG | Tocs | TosE | PsA | Ps2_ | pst | PSO_ |1111 1111] 19
82n PCL Program Counter (PC) Least Significant Byte 0000 0000 26
83n® | sTATUS RP_ | Rt | RO | T0 | Pp | z | oc | ¢ foom 18
84h(%) FSR Indirect Data Memory Address Pointer 27
85h TRISA — | —  [PORTA Dala Direction Register 29
86h TRISB PORTB Data Direction Register 31
87h TRISC PORTC Data Direction Register 33
8gh(4) TRISD PORTD Data Direction Register 1111 35
89n(4) TRISE IBF OBF iBOV | PSPMODE —_ PORTE Data Direction Bits 0000 37
8an(™3) | PCLATH — = = Wirite Buffer for the upper 5 bits of the Program Counler ) 26
88h(%) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 20
8Ch PIE1 o PSP ADIE RCIE TXIE SSPIE CEPIIE TMR2IE TMR1IE | 0000 0000 21
8Dh PIE2Z — (5) — EEIE BCLIE — —_ CCP2IE x-0 0--0 23
8Eh PCON — V, — = Al s POR BORN | ---- --0c| 25
8Fh — Unimplemented — —
90h — Unimplemented — —
g1h SSPCON2 GCEN_ | ACKSTAT |_ACKDT | ACKEN | RCEN | ~PEN | RSEN | SEN |o0000 cooc| 68
92h PR2 Timer2 Period Register 19 R1111 55
93n SSPADD Synchronous Seriai Port (12C mode) Address Register 0000 Goue | 73,74
94h SSPSTAT suP [ ckell | Lol e b /8- ] T RwW . dae]  BF oooniosoo| 66
95h — Unimplemented = —
96h — Unimplemented — !
97h — Unimplemented = —
98h TXSTA cSRC | Txe | TXEN swNe | [| /229l arcGA. | “TRMT TX9D, |c0do -010| 95
99h SPBRG Baud Rate Generator Register 0000 0000 97
9Ah —_ Unimplemented — —
9Bh — Unimplemented = —
9Ch -— Unimplemented — —
9Dh — Unimplemented - =
9Eh ADRESL A/D Result Register Low Byte 116
9Fn ADCON1 ADEMA | 2 | == — " pcrea’ | “pcrG2 | PcEGTL] PCFGO 112
Legend » = unknown, . = unchanged, ¢ =value depends on condition, - = unimplemented, read as ‘0", r = reserved
Shaded locations are unimplemented, read as ‘0’
Note 1: 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
2: Bits PSPIE and are reserved on PIC16F873/876 devices: always maintain these bits clear
3: These regsters can be addressed from any bank
4: PORTD. PORTE. TRISD. and TRISE are not physicaily implemented on PIC16F873/876 devices; read as ‘0
5. PIR2<6> and PIE2<6> arc reserved on tnese devices, always maintain these bits ciear

DS30292C-page 16
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Details
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, on
BOR page:
Bank 2
100n(3) INDF Addressing this location uses contents of FSR lo address data memory (not a physical register) 27
101h TMRO Timer0 Module Register 47
102n(3) PCL Program Counter's (PC) Least Significant Byte 26
10303 [ sTATUS rRr | rRP1 | RO | TO PD z bC c 201 18
10403 | FSR Indirect Data Memory Address Pointer 27
105h — Unimplemented — —
106h PORTg_A PORTB Data Latch when written: PORTB pins when read 31
107h — Unimpiemented — —
108h — Unimplemented — —
109h — Unimplemented — =
10AR13) | PCLATH i 2 = Write Buffer for the upper 5 bits of the Program Counter . 000 26
108h) | INTCON GIE PEIE TOIE INTE RBE | TOIF._ | “INTF RBIF 20
10Ch EEDATA EEPROM Data Register Low Byte 41
10Dh EEADR EEPROM Address Register Low Byte 41
10Eh EEDATH — - EEPROM Data Register High Byte 41
10Fh EEADRH — — — J EEPROM Address Register High Byte 41
Bank 3 EAl O
[ 18003 INDF Addressing this location uses contents of FSR to address data memory (nol a physical register) 27
181 OPTION REG |/ RBPU | INTEDG |- Tocs /] L70SE /[ PsA_ | Ps2 | -psi pso Wi ciox| 19
182h13) | PCL Program Counter (PC) Least Significant Byte 5 26
1830 | sTATUS R D o [ ABETE . TP AN o W R 18
18403 | FSR Indirect Data Memory Address Pointer 27
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register I M 1111 31
187h — Unimplemented — —
188h — Unimpiemented — —
189h — Unimplemented 8 —
18AR(1-3) | PCLATH — £ S Write Buffer for the upper 5 bits of the Program Counter B8 e 26
18803 | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF o 20
18Ch EECON1 EEPGD — — — WRERR WREN WR RD o | 41,42
18Dh EECON2 EEPROM Control Register2 (not a physical register) Saee e 41
18Eh — Reserved maintain clear 0 =
18Fh — Reserved maintain clear 0 ce —
Legend = =unknown, u = unchanged, ¢ = value-depends on condition, - = unimplemented. read as '0'.r = reserved
Shaded locations are unimplemented, read as ‘0’
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a nolding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
2: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear
3: These registers can be addressed from any bank:
4: PORTD PORTE. TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0
5: PIR2<6> and PIE2<6> are reserved onthesedevices; always maintain these bits clear.
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
tion. The A/D conversion of the analog input signal
results in a corresponding 10-bit digital number. The
A/D module has high and low voltage reference input
that is software selectable to some combination of VoD,
Vss, RA2, or RAS.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP. the A/D clock must be derived from the
A/D’s internal RC oscillator.

REGISTER 11-1:

The A/D module has four registers. These registers
are:

+ A/D Resuit High Register (ADRESH)

+ A/D Result Low Register (ADRESL)

+ A/D Control Register0 (ADCONO)

+ A/D Control Register1 (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage refer-
ence), or as digital I/O.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023).

ADCONO REGISTER (ADDRESS: 1Fh)

RIW-0 RW-0 -+ RMW-0 RIW-0 RIW-0 RIW-0 U-0 RIW-0

ADCS1 | ADCSO |- cHs2 <] [CHS1 ] cHso | GODONE| — | ADON |

bit 7 bit 0
bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits

00 = Fosc/2

01 =Fosc/8

10= Fosc/32

11 = FRC (clock derived from the internal A/D module RC oscillator)
bit 5-3 CHS2:CHSO0: Analog Channel Select bits

000 = channel 0, (RAO/ANO)
001 = channel 1, (RA1/AN1)
010 =channel 2, (RA2/AN2)

711 = channel 3, (RA3/AN3)
00 = channel 4, (RA5/AN4)
01 = channel 5, (REO/ANS)")
110 = channel 6, (RE1/ANG)™
111 =channel 7, (RE2/ANT7)M)
bit 2 GO/DONE: A/D Conversion Status bit
If ADON = 1

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion notin progress (this bit is automatically cleared by hardware when the A/D

conversion is complete)
bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

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

Note 1: These channels are not available on PIC16F873/876 devices.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
1" = Bit is set

U = Unimplemented bit, read as ‘0’

‘0" = Bitis cleared X = Bit is unknown

¢ 2001 Microchip Technology Inc
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REGISTER 11-2:

ADCON1 REGISTER (ADDRESS 9Fh)

uU-0 U-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
| ADFM — | — | — ] rcrea ] pcre2 | PcFG1 | PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0.
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0.
bit 6-4 Unimplemented: Read as '0'
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:
PCFG3: | AN7( | AN6( | ANS(T| AN4 | AN3 | AN2 | ANT | ANO vrers | vrer. | CHAN
PCFGO | RE2 | RE1 | REO | RA5 | RA3 | RA2 | RA1 | RAO Refs(?
0000 A A A A A A A A VbD Vss 8/0
0 A A A A VREF+ A A A RA3 Vss 71
0010 D D D A A A A A Voo Vss 5/0
00 D D D A VREF+ A A A RA3 Vss 41
310 D D D D A & & [ voo\\vss | 30
3 D D D D VREF#+ D A A RA3 Vss 2/1
4 4 D D D D D D D D VDD Vss 0/0
100¢ A A A A VREF+ | VREF- A A RA3 RA2 6/2
00 D D A A A A A A VDD Vss 6/0
1019 D D A A VREF+ A A A RA3 Vss 5/1
101 D D A A VREF+ | VREF- A A RA3 RA2 4/2
1100 D D D A VREF+ | VREF- A A RA3 RA2 3/2
E 101 D D D D VREF+ | VREF- A A RA3 RA2 212
f 1 @ D D D D D D D A VoD Vss 1/0
i1 D D D D VREF+ | VREF- D A RA3 RA2 1/2
A = Analog input D = Digital 1/0

Note 1:

These channels are not available on PIC16F873/876 devices.

2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

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

‘0’ = Bit'is cleared

The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be started.

DS30292C-page 112
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These steps should be followed for doing an A/D
Conversion:
1. Configure the A/D module:

- Configure analog pins/voltage reference and
digital /O (ADCON1)

+ Select A/D input channel (ADCONOQ)
+ Select A/D conversion clock (ADCONO)
+ Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
- Clear ADIF bit
- Set ADIE bit

Wait the required acquisition time.

Start conversion:

+ Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete, by either:

+ Polling for the GO/DONE bit to be cleared
(with interrupts enabled); OR

« Waiting for the A/D interrupt

Read A/D result register pair
(ADRESH:ADRESL), clear bit ADIF if required.
For the next conversion, go to step 1 or step 2,
as required. The A/D conversion time per bit is
defined as TaD. A minimum wait of 2TAD is

T REE m required before the next acquisition starts.
+ Set GIE bit
FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHS0
: B Life
: b———'X] RE2/ANT(
| : — S Re/aNs™
REO/ANS(™
L : RAS/AN4
g [17igYoliaqsy ; RA3/AN3/VREF+
! i
| ‘ i
| AD - g asiow | & RA2/AN2/\VREF-
Converter - ;

f gl '
' \ i @ RA1/AN1
) 000 |
; \r T E RAO/ANO

VREF+ :
J i, ,4:_0/ j
] (Reference ¢ Oz
Voltage) R o)
117
PCFG3:PCFGO
VREF- : =

Note 1: Not available on PIC16F873/876 devices.

(Reference : O—‘—,'
Voltage) oAl

PCFG3:PCFGO
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11.1  A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the internal sampling switch (RSS)
impedance directly affect the time required to charge
the capacitor CHOLD. The sampling switch (RSS)
impedance varies over the device voltage (VDD), see
Figure 11-2. The maximum recommended imped-
ance for analog sources is 10 k. As the impedance
is decreased, the acquisition time may be decreased.

EQUATION 11-1:  ACQUISITION TIME

After the analog input channel is selected (changed),
this acquisition must be done before the conversion
can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time. TACQ, see
the PICmicro™ Mid-Range Reference Manual
(DS33023).

Taco = Amplitier Seutling Time +
Hold Capacitor Charging Time
Temperature Cocthicient

= Tamr « To + Teor
= 2us ¢+ T [(Temperature -23°C)0.050s/°C)]
Tc = CHOLD (RIC + RSS # RS) In(1L.2047)
= - [20pk (1RQ - TRQ + 10KkQ) In(0.0004885)
= 1647us
Taco = 2us - 16.47us ¢ [(30°C -25°C)(0.05us/°C)
= 19.72us

age specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin leak-

4: After a conversion has completed, a 2.0Tab delay must complete before acquisition can begin again.
During this time, the holding capacitor is not connected to the selected A/D input channel.

I VT = threshold voltage

various junctions
Ric = interconnect resistance
SS = sampling switch
CHOLD

| | LEAKAGE = leakage current at the pin due to

= sample/hold capacitance (from DAC)

FIGUIiE 11-2: ANALOG INPUT MODEL
VDD
7 Sampling
7S VT = 06V BT
Nx T Ric< 1k + SS Rss:
o= j i AN :\'-—W‘.—% =
RN NG TR o
I | LEAKAGE e capacitance
SDFE ’IVT:OBVH +500 nA T =120 pF
i 1 Vss
Legend CpPiN = input capacitance

567891011

Sampling Switch
(k€2)
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11.2  Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires a minimum 12TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The four possible options for TAD
are:

« 2Tosc

- 8Tosc

- 32Tosc

+ Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 11-1:  TAD vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCSO Max.
2Tosc 00 1.25 MHz
8Tosc 01 5 MHz
SaL o M3?Tosc 10 20 MHz
B __Rcth 24 11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 us.

2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only recom-

mended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Sections 15.1 and 15.2).

11.3

The ADCON1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (Vo or Vou) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin thatis defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device
specifications.

¢ 2001 Microchip Technology Inc.
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11.4 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion
is aborted, a 2TaD wait is required before the next

FIGURE 11-3:

acquisition is started. After this 2TAD wait, acquisition
on the selected channel is automatically started. The
GO/DONE bit can then be set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time seg-
ment has a minimum of Tcy and a maximum of TAD.

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

A/D CONVERSION Tabp CYCLES

Tcyto TAD TAD1  Tap2  TAD3  TAap4  TAD5 A TAD6  TAD7  TAD8  TaD9  TAD10 TAD11

T b9 b8 b7 b6

|

[ Conversion starts

Set GO bit

Holding capacitor is disconnected from analog input (typically 100 ns)

b5 b4 b3 b2 b1 b0

ADRES is loaded

GO bit is cleared

ADIF bitis set

Hoiding capacitor is connected to analog input

11.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with '0's’. When an
A/D result will not overwrite these locations (A/D dis-
¢t 1e), these registers may be used as two general

) - : g - oSt C-it registers.
the 10-bit result in the 16-bit result register. The A/D
FIGURE 11-4: A/D RESULT JUSTIFICATION
10-bit Result
ADEM = 1 ADFM =0
1
\/ Y
AENCIR B A _
7 2107 0 7 0765 0
( 000000 . J . 0000 00
Y h Y % Y% 7
ADRESH ADRESL ADRESH ADRESL
S———— Bl
i 4 Y
10-bit Result 10-bit Result
Right Justified Left Justified
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11.5 A/D Operation During SLEEP

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This aliows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared and
the result loaded into the ADRES register. if the A/D
interrupt is enabled, the device will wake-up from
SLEEP. If the A/D interrupt is not enabled, the A/D
module will then be turned off, although the ADON bit
will remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To allow the con-
version to occur during SLEEP, ensure the
SLEEP instruction immediately follows the

instruction that sets the GO/DONE bit.

11.6 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off, and
any conversion is aborted. All A/D input pins are con-
figured as analog inputs.

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

TABLE 11-2: REGISTERS/BITS ASSOCIATED WITH A/D
Value on Value on
Address Name Bit 7 Bit6 | BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, MCLR,
BOR wDT
0Bh8Bh, |INTCON | GIE | PEIE | TOIE | INTE RBEE | TOF INTF | RBIF | 0000 000x 0000 000u
10Bh,188h
oCh PIR1 pspIFM | ADIF | RCIF | TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 {0000 0000
8Ch PIE1 pspIiE™ | ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE| TMR1IE [ 0000 0000 |0000 0000
1Eh ADRESH | A/D Result Register High Byte XXXX XXXX [uuuu uuuu
9Eh ADRESL | A/D Result Register Low Byte XKXXX XXXX |uuuu uuuu
1Fh ADCONO | ADCS1 | ADCSO | CHS2 CHS1 CHSO | GO/DONE — ADON | 0000 00-0 {0000 00-0
9Fh ADCON1 | ADFM — — — PCFG3 | PCFG2 | PCFG1 | PCFGO | --0- 0000 |--0- 0000
85h TRISA — — PORTA Data Direction Register --4f 111 |--11 1111
05h PORTA — — PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
goh(® TRISE IBF OBF | IBOV |PSPMODE| — |PORTE Data Direction bits 0000 -111 /0000 -111
09n" | PORTE - — — — — RE2| RE1 JUREQS [£--- —xxx|---- -uuu
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used for A/D conversion.
Note 1: These registers/bits are not available on the 28-pin devices.

© 2001 Microchip Technology Inc.
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