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Abstract

This report. Describes the design and operation of the vehicle battery charger
from cooling electric fan systems. The operation system of vehicle battery charger
from cooling electric fan systems is composed of two main parts; the first part CPU,
check the voltage of the fan, Check voltage step-up converter, Check the battery and
Check the system error. the second part, the battery charger from cooling electric
fan systems.. The working of system battery charger from cooling electric fan, When
a DC voltage fan of wind energy through a step-up converter increases the voltage.
The CPU will check the above preliminary check on the process successfully. The
battery charger from cooling electric fan systems begins to charge the battery
immediately charts. If the CPU does not match the conditions or during charging to

battery charger the condition not match the charging circuit will not work.
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3.1.2 Wwauuuidnia - wassiey (Nickel Cadmium)
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I'ransducer Boost Converter

CPU
Fixed Ourtput PWM Battery

Voltage

Controller

34U 4.1 lasssemuvadlassny

4.1.1 N5UEAYDS (Transducer)
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U lJTganu

N9 DNUULATNITATUIL

1INSB21

- 100 pH 12V@=< 800 mA
INPUT O REGULATED QOUTPUT
Vour = 1.23V (1 + R1/R2)
0.1 }.LF 5 V|N

I R1 +

— ¢k NZID
— COMP 680 uF

. LM2577-ADJ ——
17 BACK R2 =
3| 6ND 2k
0.33 uk

U 4.2 1esudasiulwihnssuansaduliinszuansaedayadnaunodines

wenld IC was LM2577 Wwesnamsathluadinasladouariivssavsnings finaaudd

mufidonis saliunsnndn wazansnsaeenuuULIIRUTDENlEINLFEINTS
WIIAUVIDANUDI99T (Vout) = 18 V

KSRV (Vin) = 3 ~ 18 V

nssuwanise (| Load ) = 300 mA

mmz‘i‘lﬁmu%uﬂummﬁmi Switch 984 LM2577 = 52kHz
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Vout = 1.23 (1+R1/R2)
18 = 1.23 (1+R1/R2)
R2 = 13.63 R1

agld R2 dAndu 13.63 Wirwee R1 F9d714 R1 1 2.2kQ 2418 R2 winiu 29.986 KO 34

donlden 30KC2 unu
4.1.3 249IAIVUANLIIAUYNDDN AT

Wuduidieshwseiusswulnnafiied v tiassdue silaspeulnsiaes

Fixed Output Voltage Versions
FEEDBACK

LM2576HV- |*
FIXED OUTPUT | output

|

Vour

Vin
UNREGULATED
DC INPUT

1

100 uH

D1
MBR360

1000 uF

_— O > O rr

U 4.3 2995AIUANKI U DBNT AT

wenld IC wes LM2576 1eaninannsathluasinmslaie misheuasiisnaign uasd
UseAnBnings lapdanudeanisnel

k59PN UVDBNYDIINRS (Vout) = 5 V
WSIRUYIT (Vin) = 3 - 18 V

nssuanse (| Load) = 3 A
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ﬂfmuﬁl*ﬁ’mu%a;ﬁu&muﬁﬂﬁ Switch w84 LM2577 = 52kHz

4.1.4 lalasmaulnsiass (CPU Controller )

i
= (3 L3

Wudwvenwsivimihilumsdaussiuanieay Wanssiufivadrounesined Wa

U

Battery wag muANTEEaTlUNIIIH
msdenldlulaseeulnsiaes

= e [ 2 =4 Eg’ 4dy L2
wonanAuaudiveslulasreulnsiaesiasinusesnisuielilulassnuduilasly
lulasneulvsiaesives 16F877A lpsmniwienanudiwuin 14.3k  Bytes anansagsnussle

8192 fmenws dufesnananisianululassaudiug

40-Pin PDIP
WAV —— 11 M/ s+ me7PGO
RAJAND «—e ]2 3] «— RBEPGC
RALANY =—[T3 ¥ [] = RES
RAZANZVREFICVREF +— [T 4 37[] ~— ABa
RAVANI VREF + -—[1s ¥ [] -~ REIPGM
RAUTOCKICIOUT s [ & 3®0 e RB2
RASANSTEC20UT =17 < u[]e— RE1
REGADANS ~—— 8 K 330 < roowt
REVWEANS ~—=8  § 2A-——wo
RE2CSANT «—=1 10 @ 317 +— Vas
Voo — [T 11 B w[Q-— romeser
Ved o [T12 % 250« RDEPSPS
OSCICLKI—+ [T 13 ¥©  238[]e—e RDSPSPS
OSC2ACLKO w—H 14§ 77— RDAPSAL
RCOTIOSOTICK! s [] 15 25[] «—e RCTRXDT
RCUTIOS¥CER2 w—e [ 16 25 ] +—» ROETXICK
RC2CCPT o[ 17 24 «—e RCSSDO
RC¥SCI/SCL -— [ 18 Z3[]+— RCUSDYSDA
RODIPSES «—e ] 10 2] «—» RDIPSFI
RD1PSP1 +— [} 20 210 «— RD2P322

U 4.4 lulasmeulvsiaesiues 16F877A

o o
4.1.5 ’Jﬂﬁliaﬂﬂi&’ﬁ}LLUﬂLﬂB'S

I ] o

Wugwiviimsonussquuameilae msdeinuissnuidissdunswiuomnz aulud

|
= v @

wumnpIideNsanUsyy Bddusruuiieldauieasdnusyguuameiuvunsi-nsailosani
Tbigannin aunsamlinsluariowatn lddedinisirsednmiasuazanuisoaiun
iluldladla



aal a

33

A5N159AUTEIVRIUUALADINZNI-NTA

wuadunvuiuguldifuiuu Float Charge uas 3- State Charge

Float Charge wudléilu 2 wuuties 9 e Good Float Charge Wa¥ Bad Float Charge

1)

Good Float Charge

asyhliussfulniwasudu Float Voltage Woflussdu 13.8 V (hsdluumne’
12 V) uazavdndsqiinazuansiiaudausals 75% mnenuquumnediavun
uaznsviaey qanemdinntuneldnailunissauseq 75% usndundn 25%
a4

Bad Float Charge

siinmsanasouveanszualiiiineufivssiua s Float Voltage ( 13.8 V
Tnoinly ) wezannnsiinszuamnaaaasyinldldnandntyqun

3 - Stage Charge

il 1 au3ufumilou Good Float Charge fustoinmedausyamenseuansd
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Wity Float Voltage Tnedinlusii wazaghinatunsussauniulugn 109%

a oA
NGI0)

Y1inU8979959AU589

4.) Ferro Resonant

lgndannisarvaulneldudinanainudain dadunaldddinidnuin wegned

=

AmEINsaluMIUTEUUU Float i Tdnanlunsdnuszqas siangs waevildlauuuwimén

sumugunsaldu 9
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1) Linear Charge
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Fa
J AVG
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Awsziileaindua

Inun 10 <¢<¢,,) wean Q, vinuaindla (1 =0) nszuadumalvaruieaine

0, wagduwignhvilvinszuavessuwdenhiuduan 1, 9 t=¢, \u 1, 1 1 =1 1nelelen

=

D,, wgnludandu difudssqasiansavssqliunivanludanieio<s <z, Ausaiuduwnd

9

ANYINAULTIAUANATDUANNTEMNFIFNNISA 4.1)

VS=VL=L—I2_]1 =__LN 4.1)

on on

AuNSAzAIIA T i asuaaa Turn ON ldannaunsi @.2)

wasnuiarasdlufuuienihausavlaannaunisi (4.3)

B =LA = Vi, @3)
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= g l:ll = 6 a
AATIEALUDEINYLUA

Tnum 2 (0 <t <) woan O, vnnuaIndila (r =) ussdumiletdaunduvess
wilgnh@sdesynsuegivussiudune vnliiodwadidunnduauild D, v nszua
dunslvariudmnilend Useneudenszuadunn (7;) waznssuavewnmilenh (7,) fanseud

L lﬁl o = o Lx Eil o dl o 1 1
vosmleniiiannnaanuazaulufiviien vasfiseain O, i) Wilalen D, 918

Titulmaauaznsausealvwadaudvussgdunals 7, anadusianan 4

I, -1
V,-V, =L—2—1 (4.4)
toz‘i‘
Wio A AT g (4.5)
ta.ff‘
anansafiagyAaatlusimninesueals Tun OFF Weanaunisd (4.6)
Al
g~ (4.6)
g oyl

=

mMsiavuulamenszuavesiinilynhssniemnsvua fia-y-fin (Peak - to - Peak) fie

=

p A a Py i v = Y
ﬂs3LLaﬂ§3LW@§JLN@WQ']im']‘V]ﬁﬂTlSﬂqmﬂEﬂ:W‘U’NL'Ja'] f(m e toﬁ' INAUNTIIN (4.7) UANINU

2 as

ANUIINSEkanssiaulAnail

Al = ng(m = (VO B VT)[WT
L L

wuen ¢, = DT waz 1, = (1- DT) asluaunisi

VDT =V, -V 1-D)T =v,(1-D)T -V, (1-D)T (4.8)
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NNEuNi (4.8) Wevihlegluglagaingle

ViDT =V,(1- D) ~V,T +V,DT (4.9)

V=V, 0-1] (4.10)

ATt NRRAsINTNULS Wuagldfeannn A (4.11)

V ]
Vo = I—SD G AUNISN (310) LAMIDILTIAU
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£
=& e

do o =l 1 a & = =3 3 =l
YULNIYINTNU (Duty Cycle) HenuTuidniluaunish (e7) welivuiadnawaziendnnazdl
FAusauanAnIIBuNe ussiue dnavzlidnUdsunuaimuussiudunauazatiginsay

o s a0 2/ 2 @ 2 al o 174 L C7 (3 — - 1
vauzdnansnudadnlng 1 ussiwerdnnaziiadnlndedud  (nfinity) minAansana

9

dslwieudunawirfusiueiiwnagli

Velg =nVul,

By =nFou
wnuATIRUIANAluaLNTST (4.12)

_Vslo
1-D

Vel (4.12)
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s

azlunsELadunnaieazld

a_ ¢a § w o ] o '
gnddaniesdunatwazinuluglvesaund,lunisaunatazuszneulumedaana

way ¢, AeduAveInunanagle
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T = i:fcn +t,, = LA & LAI - L(M)VO (4.13)
' ) Vs Vo=Vs Vs (Vo _Vs)

iladnguanunsi (2.16) lusdeglarnssuansziienvesiumilonhfaaunisi (4.14)

VS(VO _VS)T - VS[VS /(i—D)_VO]
LV, 1V,

(4.14)

waraglaarfmwderhflalusasnuussiulninssuanss feaunisy @.15)

VsD
JAL

=

(4.15)

LLsaﬁunszLﬁamﬁ'\uLmﬁwm (Output Voltage Ripple)

N15¥19UTBINIT UL SIIUIEADAlAUIIIUEMNAZINIINs T usuB uwe 61lsdiu
miuﬂ”’w,mm';’wrﬁhmﬁmﬁﬂajmmwé’mumimmﬁuﬁmﬁuwm Souoaina Tum ON w3y
wnmlennmsaeUsyyuesdiivUsyafiesethafe, mexasﬁfwummwaqﬁfaLﬁwiaﬁ;%
ﬁuagmmmmLmﬁmmc’ﬁwmaz‘[wmmsﬁﬂmu%afé’ﬂL@uﬁaﬂﬁmmm‘uaqﬁaLﬁuﬂwqﬁ‘uumlmy'
Lﬁaﬁaﬂﬁwmmsuaumﬁunisl,ﬁaumaé’mmﬁwmﬁwmaﬂaaﬁqLﬁwssmsmﬂwﬁwﬂulﬁ
w1dneluti I fineama Turn ON IngmArdAuUszglaainainsguaednalugasnan
AINA

rou
AVNDS —Vc(o)=é jfodz J% (4.16)

Log

MNAR15AN1NYIIA LJununeiinesvziinnudlumsaindilie R sanliodlumen

vad0NATw A INauNs (2.20) Tnsfinnsananudimeayle

Vs VT
° 1-D T-DT T-t,

‘VT%E] T _tan -

VT
Z

o]



Aalueag ¢, wla
o U _Vo-¥

on VO fVO

WA Lo adluaunish (@.18) a¢la

IO(VO _Vs)z [o(Vo _Vs)
v, fC fcv, (1=D)

AV, =

NEUNTN (4.18) Weulvieglugadrsdearle

AV, =

[[o(Vo _Vs +DVS)/( _D)]= IOD

fCVs/(1-D)

42

(@.17)

(4.18)

(@.19)

(4.20)

v o d 2 ¢ w 1 =~
AANUUTEN AU IANATBITNURSIAUEMLARINEUNIST (4.21)
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4.2.1 393551 58AUMSIAUINRALUL Step Up vaswnaulniin DC

100uH 100uH

i 1 Th
e T n
\ e ] R
2 0.1uF 30K 2
) == 2 N
INPUT 680u] OUTPUT
R2
K2
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3U 4.9 PCB (Print Circuit Board) 18424933nw15zauLIInulni LU Step Up vasinaulnil
D

4.3 2993AANLIIAUYIDaN AT

[:' — . .-'_::_'_.. — L3 : J;.._._.._.._

‘ y '_LL __‘.: —\ ,__:C:_' | e 10mH _L j :

‘ ~— ONOFF 1B -

< B S 1005 I,f:\i;--j. F_ [ *:: Wopr —‘I 2
L=

3 4.11 PCB (Print Circuit Board) ¥832995pUALLs iU oanlvind



4.4 lulasaaulnsiaas (CPU Contoller)
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U7 4.13 PCB (Print Circuit Board) %893935 Microcontroller

Lcot
U
TR

B2 3. gzuoays:

FH Y e
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3UM 4.15 awdrassmsvihalulusunsy Proteus UARIAAIUEI@1TNNAINHAANLAZIINIIAT

FnwszAukssuliiiLuy Step Up



Uni 5

N1INAADILLATNANTIINAADY

5.1 MinageuamuanUinidnirvaswaaulnia DC

47

5.1.1 Wethwnaulnila DC amaaeulegldusianainnistusaiiniusaeng q uazee

wiulvanan 60 Q 1uaetl

A15197 5.1. WandnuisIsneudiunssiula znszuavesnaaulwiia DC

AUTIsnEUR (km/hr)

wssmulnit (V)

nsEualn (mA)

30 257 a5
40 S\ 62
50 a.7 78
60 6.0 100
70 7.2 120
80 8.7 145
90 9.0 150
100 10.0 167
110 12.0 200
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nsmaNuFNRUESer Nwssaununsztavasinad i pc

(18]
o
(=]

=
9]
(=]

=
o
(=]

<
&
-
c
Q
el
-
=
(9}

U
o

6 8
Voltage (V)

PN 5.2, ANEdURLSsErammstunas e saaulnd DC

AULEATEUR (km/hr) Aaaluin (W)
30 0.122
40 0.229
50 ' 0.414
60 0.600
70 0.864
80 w262
90 1.350
100 1.670
110 2.400
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5.2 MINAHBUNRITNEITTAULIIAUIWAILUU Step Up A28 Power Supply

5.2.1 1{19119975 Step Up Convertor snnadaulngnisaafiu Power Supply laausu

wsaudunneuksiulnih ilaaninan (m5199 5.1) wuu Open Circuit wazliillvan loka

o

a1l



50

M5 5.3 LARSAUTITUBUNN NTTUaBUNNLALAILSIFUDYMNU2995 step up converter

WavinN15IALUY open circuit

WSIAUBUNT (V)

NITUABUNN (MA)

LS YINN (V)

27 15 2.51

¥ 102 18.37
a.7 81 18.36
6.0 64 18.35
Tk 54 18.34
8.7 a5 18.34
9.0 aq 18.34
10.0 40 18.33
12.0 34 18.33

8/
=

iwaflduinasnnsinlan il

naANNFURUTIEuIInszRaRuNLAZL S AUB UL LT Tva e

w (mA)

NISLADUNN
i oS
o

N
o
1

6 8

wssaudunm (V)
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5.2.2 1§19111995 Step Up Convertor snmaaaulagmsseu Power Supply lagusy

wsssugumALus il ldanninan (m15197 5.1) uarillvnan fanseua 100 mA lékasad

AN5197 5.4 LAPIATLSIRUBUNY NIZUaBUNMLAaYAILTINUDINNTBI9995 step up converter

WavinnsTaluUAInNsEILaE 100 mA

WSIAUBUNT (V)

NIEUABUNY (MA)

LS vinm (V)

2l 58 2.46

5.7 a8 16.94
4.7 49 18.52
6.0 38 18.46
r.2 51 18.42
8.7 26 18.40
9.0 25 18.39
10.0 23 18.37
12.0 18 18.35




(%

uanlauinaanns wlaneg

NFINANNANNUBIENININTERADUNNLAZWSIAUBUNYLULTTHARA 100 mA
70

(mA)
5 3

5
o

q

a
w
o

NITLAAUNN
2N
o o

o

6 8

ussnudunn (V)

<
E

q

NSZLARUNN

salgLa Ny (V) nszuaaunnluan 100mA (mA)
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) =
5.3 NMSNAFDUNITAIUANLTIAUVIDDNINAINAIY Power Supply

5.3.1 Wetmwsmuauissiureenlirsiunageulaenisaefu Power Supply Tng

Uiuusswudunnauussiulnihalaaniean (a15199 5.1) wuu Open Circuit wagliiiivan

oAl

R15197 5.5 UARIANLTIFUBUNN NIxuaBunLazAILS B INNI8 91995 MUANLTITITDEN

Tvined Waviin1sianuy open circuit

WIeRUBUNY (V)

nIguABUNN (MA)

W3RN (V)

H 3 0
3.7 24 3.06
4.7 17 4.47
6.0 16 5.03
7.2 13 5.05
8.7 12 5.06
9.0 11 5.06
10.0 11 5.05
12.0 10 5.06
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£
U =

Tnadlaunnasnnsiwlandl

naNANNANNUTsEUIINsELARUNLAZUIIAUA U LU T TR

30

(mA)
5 B

a5

=
(=]

b=
=
=
@
=
3
(o
=

w

6 8

wsssuaunm (V)

5.3.1 athismuniussiueisenldacfinieasulaenisdenu Power Supply Tneusu

wsenuBUWAaLs Ul AleRniaw (115799 5.1) wazillvan 50 mA Tonadisil

N5 5.6 UAAIALIIRUBUNN NEUAB LML AT IR INMY8 1995 MUALILTIN U1 B8N

19R99 warillvan 50 mA

WSUBUNN (V) NILUABUNN (MA) usasueving (v)
2.7 3 0

2T 68 2.94

4.7 63 595

6.0 62 4.99

7.2 50 5.02

8.7 43 5.03

9.0 a1 b.05

10.0 38 504

12.0 335 5.04




nsANNANNUSTEUIINSELAR UYL AZ LS A UBURL UL TR 50 mA

(mA)
58 3

9

NIEHLABUNN

6 8

ussaudunn (V)

<
E

9

NIZUADUNN

agunniuylidlvan (mA)
usanuauwy (V) -
a sruadumuuuiinan somA (mA)
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o o 5
5.4 nadaulusunsumdeuuulusunsy Mikro c

s

Weuddslumadaussiuaniinay aussiuiiyadneunedines ia Battery uax

2

'3 [ @ =
AIVANTZEEIATUN 5150 NavealusunsuDussdl

void main() //5udilusunsumdn

{

unsigned long int Vfan,Vboost,Vbat; JladraFnsifunadnsiilaann
A/D

unsigned char v0,v1,v2,v3v8,v5 v6,v7,v8,v9,v10,v11:/a519mwUsuasinuainigg

LEARINE
TRISA=0xFF; //fmualinesa A {Wuduwa
TRISD=0; /ivualinesa D iWueadwa
Led_ Init(@PORTD); //ivuelsi LCD Weunstariu

Wosn D
Lcd Cmd(LCD_CURSOR OFF); /Aamsuanunasiges
Led Cmd(LCD_CLEARY); //AdEsntnae LCD
while(1) /Miinsavegluguiivulal

oft
{
Lcd Cmd(LCD CLEARY); //\P@esntnge LCD
Vfan=Adc_Read(0); /87U A/D converter U1 LA U

ifuls Vfan



iffVfan>=299&&Vfan<=1023)

Led_Out(1,1,"OK");

Led Out(1,1,"NO OK");

Vfan=Vfan*489/1000%*24/10;

v0=Vfan/1000;
v1=(Vfan%1000)/100;

v2=(Vfan%100)/10;

v3=Vfan%10;

Led_Chr(1,12,v0+48);

Led Chr(1,13,v1+48);

Led Chr(1,14,);

57

/Adgdeuludn Vean >=1.46 v us <=
5v

//aehane “OK” Ul LCD

//alalleinans “NO OK” uuas LCD

JAmadns A ldInnnsuUas A/D x 489

mv WAzl Uaanduiiiowanina
//Aafvinduaanunainianmile
//AFNvan MihgeanINNHARMTLA

//APNATBLA WAL 1 §DALNNH

ARNLe
Y

//A9ANNATENFLAUIN 2 9DAUIAINNY

Aalel
J/ALANIALTIRUNE NAUIAbIUURD LCD

//WERIANLSIRUVA NUI BTIAlAULRD
LCD

//wanaganAtieuuuae LCD



Led Chr(1,15,v2+48);

Led Chr(1,16,v3+48);

Lt Okt B, "V ="

Vboost=Adc_Read(1);

ift(Vboost>=2058&Vboost<=1023)

Lcd_Out(2,1,"0OK");

else

Lcd Out(2,1,"NO OK");

Vboost=Vboost*489/1000%36/10;

V10=Vboost/1000;

Va=(Vboost%1000)/100;

58

//WAAIANLS IR UNATELA LU 1 Ul
29 LCD

//LARIATLSIRUNATUNAILIAUIT 2 UL
98 LCD

//LERY “Vf=" yuaa LCD

//87uA130n A/D converter UnAUIATSILUS
Vboost

/AngReuluen Vooost >= 1 v

e <=5 v

//anldnand “OK” uuae LCD

/oldluans “NO OK” Uuae
LCD

/A wadnsilaanmsulas A/D x 489

mv uazulasnduiiolaniung
/M udndueeninanuanuile

/AN uigeenINAINKaguile



v5=(Vboost%100)/10;

v6=Vboost%10;

Led Chr(2,12,v10+48);

Led Chr(2,13,v4+48);

Led Chr(2,14,);

Led Chr(2,15,v5+48);

Led Chr(2,16,v6+48);

Led _Out(2,8,"Vbo=");
delay _ms(500);
Led_Cmd(LCD_CLEARY),
Vbat=Adc Read(2);

if(Vbat<=409)

Led Out(2,1,"LOW");
PORTC=0;

TRISC=0;

//MANATENATLIUNNA 1 9DNINAINEL

Aile

//A9ANATEUALUN 2 99NU1NRA

Al

//NENIATLSIUMANAUNTALAUUID
LCD

//WEPNANLTIAUNAN W LILTIALAULRD
&

//haniganaieuuuae LCD

//WEAANLSIRUNATUUF AL 1 VY

39 LCD

//WAANATLSIAUNATDUR T AUT 2 UL
8 LCD

//hé@nd “Vbo=" uuae LCD

//¥aa7 500 ms

//\PayINLIge LCD

/811910 A/D converter 3 uAULTISALUS Vfan

/Mg eulad voat <=2 v

/i lguans “LOW” uuae LCD
//edusariirseglunedn C 1y o

//Amusivivn CCP1 Wwenving

59



T2CON=0x02;

PR2=0xFF;
CCPR1L=0x00;
CCP1CON=0x0G;
T2CON.TMR20ON=1,

delay ms(50);

if(Vbat>409 && Vbat<=716)

Lcd Out(2,1,"CHARGING");
PORTC=0;
TRISC=0;

T2CON=0x02;

PR2=0xTC;

CCPRIL =0x1F;
CCP1CON=0x0C;
T2CON.TMR20ON=1,

delay ms(50);

//Muale Timer2 H9n51d1u

Prescaler=16

/anan FFH Tinu3dawmes PR2
//anen 00H TAuSJames CCPRIL
//Amuals CCP1 vinmululvun PWM
/89 Timer2 Buiiy

/%1281 50 ms

/Aingleulugn Vbat >2 v uay <=
3.5v

//anluans “CHARGING” vuie LCD
/Andesaniidnseglunesn ¢ Widu o
/vl CCP1 (lwensivg

//Aunti Timer2 Sonsidu

Prescaler=16

/Nvanen 7CH Tiruidawes PR2
//apen 1FH Tiiu3dames CCPRIL
//Mvudli CCP1 vihanululuun PWM
/&4 Timer2 Bufu

/%3938 50 ms
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if(Vbat>716)

Lcd Out(2,1,"FULL");
PORTC=0;
TRISC=0;

T2CON=0x02;

PR2=0xFF;
CCPR1L=0x00;
CCP1CON=0x0C;
T2CON.TMR20ON=1;
delay ms(50);

}

Vbat=Vbat*489/1000*4,

V11=Vbat/1000;
V7=(Vbat%1000)/100;

v8=(Vbat%100)/10;

/Adhgieulud Vbat <=35 v

//algwane “FULL” uuae LCD
/edgsrnfisoglunesa ¢ i o
//mvunliign CCP1 Huenving

Z/Mnueli Timer2 T9ns1d1u

Prescaler=16

/Manen FFH 1Wnu3dawes PR2
/Nviana1 00H Tniuidawmes CCPRIL
//Amuali CCP1 vhaululvius PWM
/A& Timer2 Bty

//%A1981 50 ms

/fimadnsildainnisulas AD x 489

mv
//Asevidndueaninannnan il
//AsFmanmiagaaniaINKaguile

//MIPTNATEUATLALN 1 99NU1INNY

Aeunle
U
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vI=Vbat%10;

Led Chr(1,1,v11+48);

Led Chr(1,2,v7+48);

Led Chr(1,3,.);

Led Chr(1,4,v8+48);

Led_Chr(1,5,v9+48);

Led Out(1,7,"Vbat™);

delay ms(500);

//ANAMATIENA ALY 2 9BNUIINKY

Aoula

//MAMIANLTITUNA NAUTTALAULRD
LG

/AANIATL S UME NYLeTI AlauLRe
LCD

//uaEnaganatieuuae LCD

//WARIATL SIS UNATEUA KU 1 Ul
29 LCD '

//MAAALS IR UNATLUALAUIT 2 UL
39 LCD

/WA “Vbat” uuae LCD

//¥193a7 500 ms
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5.5 31899AIH9IUU Proteus

£
=

5.5.1 uaman ueni1ee LCD wsssulwivasndn 3.5 V azuaninasadl

ELLE Y

3U 5.1 anugvthee LCD Wiediussiutiasna 3.5 Taan

12
=

5.5.2 UM IUENEI90 LCD wsenulnihinnnin 3.5 V asuaninasiail

U 5.2 anugwthae LCD iefiusasiuinnnay 3.5 Taad
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5.5.1 L@AIMTN99 LCD [WinanIuslunliosLaninasnail

3U 5.4 @1ugnihae LCD uam "CHARGING “ dievihnsidauunnad
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UNi 6

A7UNANTITNIAADY

Tumsnaaesiinan DC oty DC wmageulasnisiinauneaeulufinl vy
sovustitesuasLaniioas s siuliiowadildfe Fedasalunnudadiintuusailiinezgedy
wavgetuldfiers Toadt eTasnudiananunds 80 nu /. uazAgai 4.5 Taas (ilodedi
AMISARB 40 nu./as. Fuflamorsmsviliasesulasulnihnssuansadulwiinssuanss
mﬁmyaﬁﬂauma%ma%ﬁwmﬁaaﬂszﬁULLsaﬁ’uLmﬁwmﬁu 18 V duveinisiansruaiilovwa
aulUAnuusneududaselnasiu Step-up Converter il Open Cireuit wdhih funaluda
nazua A nszua ougarie 0.01 A iAuLSUsaa 40 na/va, wagldnssuannani

0.09 A fionnundiuseanay 80 N/,

Tun15vnaed1995 Microcontroller  (iiafiusesuidanluseuu deendn 3.5v LCD
UTIALSNLUAAIIN  “NO OK” Wazasuanmiusstuiildanninaude fa “Vi= ... Vv usiile
LLANARINNNT 3.5 NTN9eRLRARINNTY “OK” tavasduuenaLsefuieduiunasly
usTiafi2 Weduseudranlussuudasndn 3.5v LCD Tuussviafl 2 988uin “ON OK” wazaey
UBNA1Y9ILIINY Output 7l#91n2935 Boost Ao Vbo=.....v Walilousaduiildainiaauiian
17177 3.5v LCD luussiinii2 avfusn “OK” uasasuanaussdudy Vbo=18.37v  #idu

9819811199910 2993 boost ¥eufl 3.5v Auld feagldl OQutput 7 18.37 v

waglumsuannanomAon1TuanINAEnIEYeY battery atlinsuaninany 3 uuudl 1
dloussiuves battery foundn 8vwiiae LCD ssuanmaidy “LOW” wuudl 2 dousesuves
battery 9g5¥1314 8-14 v i1ae LCD azuanswallu “Charging” wuufl 3 Wlewsesiy battery
1NN 14v wihae LCD szuanmaidy “FULL” uazaziinsuansuseiuve battery ynen

anme
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F876A
+ PIC16F877A

+ PIC16F873A
+ PIC16F874A

High-Performance RISC CPU:

+ Only 35 single-word instructions to learn
+ All single-cycle instructions except for program
branches, which are two-cycle
+ Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

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

* Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

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

+ Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal/clock

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

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

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

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

- Parallel Slave Port (PSP) — 8 bits wide with
external RD, WR and CS controls (40/44-pin only)

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

A

nalog Features:

10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

Brown-out Reset (BOR)

Analog Comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

100,000 erase/write cycle Enhanced Flash
program memory fypical

1,000,000 erase/write cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Self-reprogrammable under software control
In-Circuit Serial Programming™ (ICSP™)

via two pins

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

+ Programmable 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 voltage range (2.0V to 5.5V)
Commercial and Industrial temperature ranges
Low-power consumption

) A D | i iy 106t | cop oot Timers
Device s # Single Word SRAM (Bytes) /0 AID (ch) | (PWM) - Master | USART 8/16-bit Comparators
Instructions |(BYtes) 1’c
PIC16F873A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 21 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16F876A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PIC16F877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 21 2

© 2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP
MCLRVPe —= []°1 T 28] == RB7/PGD
rRao/aND =[] 2 27[] =— RB6/PGC
RA1ANT =— [ 3 26[] = RB5
RAZ2/AN2/VREF-ICVREF ~—= | 4- < 25[] ~—= RB4
RA3/AN3VRer+ =[] 5 e 24[] = RB3/PGM
RA4/TOCKI/IC1OUT =[] & § 23] =—— RB2
RA5/AN4/SS/C20UT ~— [ 7 - 22[] = RB1
vss—[] 8 & 21[] = RBO/INT
osci/cLkl —=[] ¢ L 20[] =— Vob
0sC2/cLKo ~— [ 10 5 19[] =— vss
RCOT10SOMICKl =[] 11 = 18[] =—= RC7/RX/DT
RC1/T108lCCP2 =—[]12 17[7] = RCB/TX/CK
Rcz/ccPt ~—=[]13 16[ ] =— RC5/SDO
RC3/SCK/SCL =—= [ 14 15[] =—= RC4/SDI/SDA
28-Pin QFN
RA2/AN2/VREF-/CVREF
RA3/AN3/VREF+
RA4/TOCKI/C1OUT
RA5/AN4/SS/C20UT
Vss
OSC1/CLKI
0SC2/CLKO
44-Pin QFN &6
g o okt
6 [s) __U)- ONT-O Q — 0 8
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EQ®waondwoE -
8038808308308
EEXrerrcCrce
IITTABHB83
RC7/RX/DT ~— [ 1@ 33( —= O0SC2/CLKO
RD4/PSP4 ~—w |2 321 =— OSC1/CLKI
RDS5/PSP5 =— |3 31| =—— Vss
RDB/PSPE <— |4 30%=— Vss
R PNee = |5 PIC16F874A 29} —— Voo
VoD — |7 PIC16F877TA ;| ~ . RE2[CSIANT
VOD — |8 251 =~— RE1/WR/ANG
RBO/NT —=— |9 251 =—= REO/RD/ANS
RBT <—- J 10 241 =—= RAS/AN4/SS/C20UT
RBZ w111 0 o o o w 23] == RA4TOCKIC1OUT
e e NN
SOYWVWON Lo - L+
ceRBggizzE]
5 Bhl3EE:s
[ oo = E:J %
g S
§ P

(e}
1
2
3
4
5
6
7

o
o &0 0
ZZ 200
fIEaa
=S|~ O Ww s
ééommmm
Sreeo
IE&EEIA

PIC16F876A |

RC2/CCP1—=—-110
RC3/SCK/SCL—=—=111

RC4/SDI/SDA=—=)§12
RC5/SDO =—=113

RCB/TX/ICK=—=114

RCO/T10SO/T1CKl=—=8
RC1/T10SI/CCP2 =19

—— RB3I/PGM
—~RB2

=—= RB1

=— RBO/INT
-— Voo

-— Vss

=+— RC7/RX/DT
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLRNVee — > 1 ./ 40 [ =—= RB7/PGD
RAO/ANO =—w[] 2 39 [] =—= RB6/PGC
RAT/ANT =—[] 3 38 [] == RB5
RA2/AN2IVREF-/CVREF mg—a O4 37 [1 -— RB4
RA3/AN3/VREF+ =—[] 5 36 [] =~—= RB3I/PGM
RA4/TOCKI/C1OUT =—n[J 6 35 <= RB2
RASIAN4/SSIC20UT ——[7 & 3¢ [J~— R8T
REO/RD/ANS =—[] 8 P~ 33 []~— RBO/INT
REIWR/ANG ~——~[9 & 32[0 «— voo
RE2/CS/AN7 =——=[]10 < 31 [ ~—Vss
Voo—]11 &5 300 <~— RD7/PSPT
Vss o [12 5 29[]-~— RDGIPSPE
OSCUCLKI —=[]13 = = 28 []-~—= RDS5/PSP5
0SC2/CLKO ———[] 14 g 27 ] =—~ RD4/PSP4 t
RCOT10SOM1CK] «—[] 15 26 [] =—= RCT/RX/DT B
RC1/T10SI/CCP2 =[] 16 25 [] =—e RCBTX/CK 51
RC2/CCP1 =—»[] 17 24 [] =—e RC5/SDO gg B
RC3/SCK/SCL =—[] 18 23 [1 =— RC4/SDI/SDA gg5ef 85
RDO/PSPO ~—=[] 18 22 [] =— RD3/PSP3 5555_% oo
RD1/PSP1 =— (] 20 21 []=—= RD2/IPSP2 Egggggéﬁéég
NSRRI\
OTOIN~— ONT— O
RA4/TOCKI/CIOUT «—w ], o T T 39— RB3PGM
RAS/AN4/SS/C20UT + o [ g 380 ~—= RB2
REO/RD/ANS <[ g 370 =— RB1
RE1/WR/ANE =—=[] 1 36[] =—= RBO/NT
RE2/CSIAN? =011 PIC16F874A gEH voo
vss i3 PICIBF8T7TA 330110 Rovpser
OSC/CLKI — [ 14 32[] =— RD6/PSPE
OSC2/CLKO ~—[] 15 31[] =—= RD5/PSP5
Rcomosomcm «— O1s 30%«—-— I;gMF'SPgT
o™ — = ONANON NN ANNN N
o I
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S .88 T
X PoncoD—p
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

+ PIC16F873A

- PIC16F874A

- PIC16F876A

+ PIC16F877A

PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PIC16FB7XA family share common architecture with
the following differences:

* The PIC16F873A and PIC16F874A have one-half
of the total on-chip memory of the PIC16F876A
and PIC16F877A

* The 28-pin devices have three [/O ports, while the
40/44-pin devices have five

* The 28-pin devices have fourteen interrupts, while
the 40/44-pin devices have fifteen

+ The 28-pin devices have five 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

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

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 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 peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16FB77A
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)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
/0 Ports Ports A,B,C |PortsA,B,C,D,E| PorsA B,C |PortsA,B,C,D,E
Timers . 3 3 & 3
Capture/Compare/PWM modules 2 & 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP e PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
; 28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

© 2003 Microchip Technology Inc.
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PIC16F87XA

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
3 Data Bus 8 PORTA —|
<+=#=] Program Counter] RAO/AND
RA1/AN1
; RA2/AN2/NVREF-ICVREF
RAM RA3/AN3NREF+
e el File RA4/TOCKI/C10UT
(13-bit) Regislers RAS/AN4/SS/C20UT
Program
Bus 4 ﬁ RAM Addrl!)
-
Direct Addr 7
X] RBO/INT
RB1
RB2
RB3/PGM
8 RB4
RBS
RBB/PGC
Powerip RB7/PGD
Timer
tructi Oscillator
'Sf,{ggg"éf Start-up Timer
Control Power-on
Reset
Timing Watchdog X] RCOT10SOM1CKI
B ‘—" Timer RCU/T10SICCP2
OSC1/CLKI Brown-out RC2/CCP1
OSC2/CLKO Reset RC3/SCK/SCL
[n-Circuit RC4/SDI/SDA
Debugger RC5/SDO
Low-Voitage RCE/TX/CK
Programming RCT/IRX/IDT
MCLR VoD, Vss =

Timer2

—

’ 10-bit A/D

ft-

l

} I {

3

4 3

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

Synchronous Voltage
LData EEPROM CCP1,2 Serial Port USART ‘ pmparator Reference
Device Program Flash Data Memory Data EEPROM

PIC16FBT3A 4K words 192 Bytes 128 Bytes

PIC16F876A 8K words 368 Bytes 256 Bytes

DS839582B-page 6
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PIC16F87XA

FIGURE 1-2: PIC16F874A/B77A BLOCK DIAGRAM
13 Data Bus 8 PORTA
<= Program Counter |G —| RAQ/AND
Flash RA1/AN1
Program B RA2/AN2/VREF-/CVREF
Memory 8 Level Stack RAM +—X] RA3/AN3/VReF+
(13-bit) File x RA4/TOCKI/C10UT
Registers = RAS5/AN4/SSIC20UT
Program 14
Bus
RBO/INT
Instruction reg RB1
RB2
Direct Addr 7 RB3/PGM
B RB4
RBS
RB6/PGC
RB7/PGD
8
RCO/T10SO/T1CKI
Power-up RC1/T10SI/ICCP2
Timer RC2/CCP1
Instruction Oscillator oL
Decode & <= | Start-up Timer RC4/SDI/SDA
Control RC5/SDO
. P??wer-?n RCB/TX/ICK
ey o= RC7/RX/DT
iming Watchdo,
@@/ Generation [ Timerg
OSC1/CLKI Brown-out RDO/PSPO
0SC2/CLKO Reset = RD1/PSP1
In-Circuit B RD2/PSP2
Debugger B RD3/PSP3
Low-Voltage N RD4/PSP4
Programming M RDS5/PSP5
- RD6/PSP6
RD7/PSP7
PORTE
MCLR Vop, Vss —[] REO/RD/ANS
—~[X] RE1/WR/ANG
—X] RE2/CS/ANT
; . p Parallel
‘ T'mf’m ‘ Timer1 Timer2 { ‘ 10-bit AID Slave Port

i

i

ft.

it

U

b

¥

Y

Synchronous Voltage
Data EEPROM CCP1,2 Seral Py USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F877A BK words 368 Bytes 256 Bytes

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

©® 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION
; PDIP, SOIC, | QFN | l/O/P Buffer s o
Pin Name SSOP Pin# | Pin# | Type Type Description
OSC1/CLKI 9’ 6 ST/ICMOS® | Oscillator crystal or external clock input.
OscH1 | Osocillator crystal input or external clock source input. ST
buffer when configured in RC mode; otherwise CMOS.
CLKI | External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
0OSC2/CLKO 10 7 — Oscillator crystal or clock output.
0sc2 o} — Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO 0 In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/NPP 1 26 ST Master Clear (input) or programming voltage (output).
MCLR I Master Clear (Reset) input. This pin is an active low Reset
to the device.
VPP P Programming voltage input.
PORTA is a bidirectional I/O port.
RAQ/ANO 2 27 TTL
RAO 110 Digital I/O.
ANO | Analog input 0.
RA1/AN1T 3 28 TIE
RA1 le} Digital /0.
AN1 | Analog input 1.
RA2/AN2/VREF-/ 4 1 rL
CVREF 110 Digital /0.
RA2 | Analog input 2.
AN2 I A/D reference voltage (Low) input.
VREF- (e} Comparator VREF output.
CVREF
RA3/AN3/VREF+ 5 2 TTL
RA3 l{e] Digital I/0. B
AN3 | Analog input 3.
VREF+ | AJD reference voltage (High) input.
RA4/TOCKI/C1OUT 6 8 ST
RA4 l{e} Digital I/0 - Open-drain when configured as output.
TOCKI | Timer0 external clock input.
c10ouT O Comparator 1 output.
RAS/AN4/SS/C20UT 7 4 TEk
RAS5 l{e} Digital 1/0.
AN4 | Analog input 4,
ss | SPI slave select input.
c20UT o} Comparator 2 output.
Legend: [=input O = output I/O = input/output P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS39582B-page 8

2003 Microchip Technology Inc.



PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)

i PDIP,SOIC, | QFN | I/O/P Buffer L=
Pin Name SSOP Pin# | Pin# | Type Tyie Description
PORTB is a bidirectional I/O port. PORTB can be software
. programmed for internal weak pull-ups on all inputs.
RBO/INT 21 18 TTUST
RBO l{e] Digital /0.
INT | : External interrupt.
RB1 22 19 110 i, Digital I/O.
RB2 23 20 l{e] TTL Digital 1/0.
RB3/PGM 24 21 TTL
RB3 110 Digital I/O.
PGM | Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 1o} ghfile Digital 1/0.
RBS 26 23 110 TTL Digital I/0.
RBB/PGC 27 24 TTUST®
RB6 110 Digital 1/0.
PGC I In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTUSTE
RB7 110 Digital I/O.
PGD l{e] In-circuit debugger and ICSP programming data.
PORTC is a bidirectional I/O port.
RCO/T10S0O/T1CKI 11 8 ST
RCO [[®] Digital I/O.
T10S0 (e} Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RCA/T10SI/CCP2 12 9 ' ST
RC1 110 Digital 1/O.
T108SI | Timer1 oscillator input.
CCP2 /0 CaptureZ2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 1O Digital I/O.
CCP1 110 Capture1 input, Compare1 output, PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 110 Digital I/O.
SCK le} Synchronous serial clock input/output for SPI mode.
SCL 1o Synchronous serial clock input/output for 12C mode.
RC4/SDI/SDA - 15 12 ST
RC4 I{e] Digital /0.
SDI | SP| data in.
'SDA i 10 1°C data I/O.
RC5/SDO 16 13 ST
RC5 11O Digital I/0.
SDO @] SPI data out.
'l RCBITX/CK 17 - 14 ST
RC6 /o Digital /0.
TX 0} USART asynchronous transmit.
CK 110 USART1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 /0 Digital I/0.
RX | USART asynchronous receive.
DT 110 USART synchronous data.
Vss . - 8,19 56 P — Ground reference for logic and I/O pins.
VDD 20 17 P — Positive supply for logic and I/O pins.
Legend: |=input 0 = output I/0 = input/output P = power

—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer js a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

® 2003 Microchip Technology Inc. DS39582B-page 9



PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION
— PDIP | PLCC |TQFP | QFN | l/O/P Buffer Deseription
Pin# | Pin# | Pin# | Pin# | Type Type
OSC1/CLKI 13 | 14 30 32 ST/cM0s#| Oscillator crystal or external clock input.

QSscC1 1 . Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.

CLKI | External clock source input. Always associated
with pin function OSC1 (see OSC1/CLKI,
OSC2/CLKO pins).

OSC2/CLKO 14 15 31 33 —  |Oscillator crystal or clock output,

osc2 (o} Oscillator crystal output.

Connects to crystal or resonator in Crystal
Oscillator mode.

CLKO @] In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction-cycle rate.

MCLR/VPP 1 2 18 18 ST Master Clear (input) or programming voltage (output).

MCLR | Master Clear (Reset) input. This pin is an active
low Reset to the device,

VPP P Programming voltage input.

PORTA is a bidirectional 1/0 port.

RAQ/ANO 2 3 19 19 TTL

RAO f{e] Digital I/0.

ANO | Analog input 0.
RA1/AN1 3 4 20 20 TTL

RA1 I{e] Digital I/0.

AN1 | Analog input 1.
RA2/AN2/VREF-/CVREF 4 9 21 21 TTL

RA2 110 Digital I/O.

AN2 | Analog input 2.

VREF- | AJD reference voltage (Low) input.

CVREF (0] Comparator VREF output.

RAZ/AN3/VREF+ 5 6 22 22 Gai

RA3 110 Digital 1/0.

AN3 | Analog input 3.

VREF+ | A/D reference voltage (High) input.

RA4/TOCKI/IC10UT 6 7 23 23 ST

RA4 l{e] Digital I/O — Open-drain when configured as
output.

TOCKI | Timer0 external clock input.

c10oUT 6] Comparator 1 output.

RAS/AN4/SS/C20UT 7 8 24 24 TTL
RAS5 lle} Digital /0.
AN4 | Analog input 4.
SS | SPI slave select input.
ca20uT o} Comparator 2 output.
Legend: | =input O = output I/0 = input/output P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS39582B-page 10
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
¢ PDIP | PLCC | TQFP | QFN 110/P Buffer i
Bl Harms Pin# | Pin# | Pin# | Pin# | Type Type Beseription
PORTB is a bidirectional I/O port. PORTB can be
software pregrammed for internal weak pull-up on all
inputs.
RBO/INT 33 36 8 9 TTUST)
RBO 1o Digital 1/0.
INT | External interrupt.
RB1 34 37 g 10 11O Tl Digital I/0.
RB2 35 38 10 11 1o TIL Digital I/O.
RB3/PGM 36 39 1 12 TTL
RB3 lle} Digital IO
PGM | Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 l{e] TTL Digital I/0.
RB5 38 42 18 16, 1o TTL Digital /0.
RB6/PGC 38 | 43 | 16 16 TTL/STR
RB6 1o Digital 1/O.
PGC I In-circuit debugger and ICSP programming clock.
RB7/PGD 40 44 | 7 17 TTU/STE)
RB7 11O Digital I/O.
PGD 1o In-circuit debugger and ICSP programming data.
Legend: [ =input O = output /0 = input/output P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a GMOS input otherwise.

© 2003 Microchip Technology Inc.

DS39582B-page 11




PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP | PLCC | TQFP | QFN 11o/P Buffer Desaristion
Pin# | Pin# | Pin# | Pin# | Type | Type o
PORTC is a bidirectional I/O port.

RCO/T10SO/T1CKI 15 16 32 34 ST

RCO 110 Digital I/O.

T10S0 @] Timer1 oscillator output.

T1CKI I Timer1 external clock input,
RC1/T10SI/CCP2 16 18 35 35 ST

RC1 110 Digitat I/O.

T10SI | Timer1 oscillator input.

CCP2 lle} Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 36 ST

RC2 lfe} Digital I/O.-

CCP1 110 Capture 1 input, Compare1 output, PWM1 output.
RC3/SCK/SCL 18 20 37 37 ST ?

RC3 1/0 Digital I/0.

SCK 110 Synchronous serial clock input/output for SPI

mode.
SCL e} Synchronous serial clock input/output for 12C
mode.

RC4/SDI/SDA 23 25 42 42 ST

RC4 [le] Digital I/0.

SDI | SPI data in.

SDA /0 12C data I/0.
RC5/SDO 24 26 43 43 ST

RC5 110 Digital I/O.

SDO (0] SPI data out.
RCB/TX/ICK 25 27 44 LR ST

RC6 l®] Digital I/O.

> (0] USART asynchronous transmit.

CK 110 USART1 synchronous clock.
RC7/RXIDT 26 29 1 il ST

RC7 l{e] Digital I/O.

RX | USART asynchronous receive.

DT [} USART synchronous data.
Legend: | =input O = output /O = input/output P = power

—=Notused  TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS39582B-page 12
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TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

. PDIP | PLCC | TQFP| QFN 110/P Buffer o
SUAIRES Pin# | Pin# | Pin# | Pin# | Type Type Heseslptien
PORTD is a bidirectional I/O port or Parallel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 38 sTTLE
RDO l{e] Digital I/O.
PSPO 110 Parallel Slave Port data.
RD1/PSP1 20 22 39 39 sTTTLE
RD1 110 Digital I/O.
PSP1 110 Parallel Slave Port data.
RD2/PSP2 21 23 40 40 sTrTL)
RD2 110 Digital I/O.
PSP2 110 Paralle! Slave Port data.
RD3/PSP3 22 24 | 41 41 STATLR
RD3 110 Digital I/O.
PSP3 110 Parallel Slave Port data.
RD4/PSP4 21| S20 2 2 sTTLe)
RD4 110 Digital I/O.
PSP4 [le] Parallel Slave Port data.
RD5/PSP5 28 | 3 3 3 STITTLE
RDS5 110 Digital I/0.
PSP5 110 Parallel Slave Port data.
RD6/PSP6 29 32 4 4 ST/TTLE)
RD6 110 Digital /0.
PSP6 1[e] Parallel Slave Port data.
RD7/PSP7 30 33 H & sTTTLe
RD7 110 Digital I/O.
PSP7 110 Parallel Slave Port data.
PORTE is a bidirectional I/O port.
REO/RD/ANS 8 9 25 25 sSTATLR
REO 1o Digital 1/0.
RD | Read control for Parallel Slave Port.
ANS | Analog input 5.
RE1/WR/ANB 9 10 | 26 26 sTTTL®
E_E,J {e] Digital I/O.
WR | Write control for Parallel Slave Port.
ANB v | Analog input 6.
RE2/CS/ANT 10 11 27 27 STTTLE)
RE2 110 Digital I/O.
Ccs I Chip select control for Parallel Slave Port.
ANT7 | Analog input 7.
Vss 12,31 (13,34 | 6,29 | 6, 30, P — Ground reference for logic and I/O pins.
31
VoD 11,32 | 12,35 | 7,28 | "Gy P e Positive supply for logic and I/O pins.
28, 29
NC — | 1,17, [ 1213, 13 — — These pins are not internally connected. These pins
28,40 | 33,34 should be left unconnected. B
Legend: | =input O = output I/0 = input/output P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

® 2003 Microchip Technology Inc.
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2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87 XA devices. 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 3.0
“Data EEPROM and Flash Program Memory”.

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

FIGURE 2-1: PIC16FB76A/8TTA
PROGRAM MEMORY MAP
AND STACK
PC<12:0> ]
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 2
L)
L
L
Stack Level 8
Reset Vector 0000h
L]
. Q:
L]
Interrupt Vector 0004h
0005h
Page 0
07FFh
0800h
Page 1
On-Chip
OFFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
1FFFh

21 Program Memory Organization

The PIC16F87XA devices have a 13-bit program
counter capable of addressing an 8K word x 14 bit
program memory space. The PIC16F876A/877A
devices have 8K words x 14 bits of Flash program
memory, while PIC16F873A/874A devices have
4K words x 14 bits. Accessing a location above the
physically implemented address will cause a
wraparound.

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

FIGURE 2-2: PIC16F873A/874A
PROGRAM MEMORY MAP
AND STACK
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2
L}
L ]
L]
Stack Level 8
Reset Vector 0000h
: <:
L]
Interrupt Vector 7 0004h
0005h
On-Chip [voe )
Program SR
Memory 0800h
Page 1
OFFFh
1000h
1FFFh

©® 2003 Microchip Technology Inc.
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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.

RP1:RPO Bank
00 0
01 1
10 2
i 3

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:  The EEPROM data memory description can
be found in Section 3.0 “Data EEPROM
and Flash Program Memory” of this data
sheet. e

252::] GENERAL PURPOSE REGISTER
FIRE

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

DS39582B-page 16
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FIGURE 2-3: PIC16F876A/877A REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.() | ooh Indirect addr.(!| gop Indirect addr.() | 100h Indirect addr. | 180h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD!" | 08h TRISD!" | 88h 108h 188h
PORTE(M | 09h TRISE!" | 8oh 109h 189h
PCLATH 0Ah PCLATH 8AR PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh RIEZ 8Dh EEADR 10Dh EECON2 18Dh
TMRAL 0Eh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMRTH _ | OFh 8Fh EEADRH | 10Fh Resowvad® . | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h General 117h EEHBFE\' 197h
RCSTA | 18h TXSTA | 98h Egg?;i‘i 118h Register | 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 19%h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch CMCON 9Ch 11Ch 19Ch
CCP2CON | 1Dh CVRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO | 1Fh ADCON1 9Fh 11Fh 19Fh
20h ACh 120h 1AOh
General General General
Purpose Purpose Purpose
gl?r[;grsaé Register Register Register
Register 80 Bytes 80 Bytes 80 Bytes
96 Bytes EFh 16Fh ~ 1EFh
accesses FOh accesses 170h accesses 1Fah
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
] Unimplemented data memory locations, read as '0'.
* Nota physical register.
Note 1: These registers are not implemented on the PIC16F876A.
2: These registers are reserved; maintain these registers clear.
DS39582B-page 17
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FIGURE 2-4: PIC16F873A/874A REGISTER FILE MAP
File File File : File
Address Address Address Address
Indirect addr.(} | ooh Indirect addr.(?| gonh Indirect addr.() | 100h Indirect addr.? | 1g0h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD!" | 08h TRISD™ | 8&h 108h 188h
PORTE(") | ogh TRISEM | 89h 109h | 189h
PCLATH 0Ah 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 EECONZ2 18Dh
TMRIL 0Eh 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 CMCON * 9Ch
CCP2CON | 1Dh CVRCON | gDh :
ADRESH | 1Eh ADRESL | gEh
ADCONO | 1Fh ADCON1 | 9Fh ) e -
20h AOh .
General General
Purpose Purpose .- accesses ’ accesses
Register Register 20h-7Fh AOh - FEh
96 Bytes - 96 Bytes 16Fh 1EFh
. 170h 1FOh
| Wy =17 FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
[Z] Unimplemented data memory locations, read as ‘0"
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F873A.
2: 'These registers are reserved; maintain these registers clear.
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222 SPECIAL FUNCTION REGISTERS 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.

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.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY

Address|  Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit1 | Bito :gg:;gé O':.‘*;:';'::
Bank 0
00h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register){ 0000 0000 31, 150
01h TMRO Timer0 Module Register - xxxx xxxx| 55, 150
0znl®  |pCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
03h®  |sTaTUS re | rei [ reo | T8 | A5 | z ] pe | ¢ |ooor 1 22,150
04h®  |FsSR Indirect Data Memory Address Pointer oo xoaxx | 31, 1650
05h PORTA — ! — !PORTA Data Latch when written: PORTA pins when read --0x 0000 43, 150
06h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx| 45,150
07h PORTC PORTC Data Latch when written: PORTC pins when read ) xxxx xxxx| 47, 150
08h  [PORTD PORTD Data Latch when written: PORTD pins when read xooex xxk| 48, 150
0sh®  |PORTE — = = % 2 RE2 RE1 RED [---- -xxx| 49,150
0AR13) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 oooo| 30,150
08h®)  |INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x| 24, 150
0Ch PIR1 PSPIF® [ ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |oooo oooo| 26, 150
0Dh PIR2 - CMIF 2 Y EEIF BCLIF ||%7 =17 — | ccP2IF |-0-0 0--0| 28, 150
0Eh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 60, 150
0Fh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 60, 150
10h T1CON — | = [rickes1] Tackrso [T10scen] TSYNG | TMR1CS [ TMR1ON]--00 0o00] 57, 150
11h TMR2 Timer2 Module Register 0000 0000| 62, 150
12h  |T2CON — | TouTPsa[TouTPs2] ToUTPST [ TOUTPSO[ TMR2ON [ T2CKPS1[T2CKPSO|-000 0000 61, 150
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx| 79, 150
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO [0oo0 oooo| 82,82,
150
15h CCPRIL Capture/Compare/PWM Register 1 (LSB) xxxx xxxx| 63, 150
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) xxex xxxx| 63, 150
17h CCP1CON b = CCP1X | CCP1Y | CCP{M3 | CCP1M2 | CCP1M1 | CCPIMO [--00 ooo0| 64, 150
18h RCSTA SPEN RX9 SREN CREN | ADDEN | FERR OERR | RX9D |0000 000x|112, 150
19h TXREG USART Transmit Data Register 0000 0000|118, 150
1Ah RCREG USART Receive Data Register 0000 0000|118, 150
1Bh CCPR2L Capture/Compare/PWM Register 2 (LSB) ' oo x| 63, 150
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) xxxx xxxx | 63, 150
1Dh __ |ccPacoN — | = ] ccrax | copay [ccpama ] ccpamz [ copamt | ccPamo [--oo ooool 64, 150
1Eh ADRESH AJD Result Register High Byte © |soooc x| 133, 150 |,
1Fh_ |apcoNo | apcst | Apcso | cHs2 | cHst | cHso |[GOMONE| — | ADON 0000 0o-o|127, 150

Legend:  x=unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as '0". i
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.
Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.
These registers can be addressed from any bank,
PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as '0'.
Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.

o IR
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 :g::'esc’gé an:;gz:
Bank 1
80h() INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 oooo| 31,150
81h__ |OPTION REG| RBPU | INTEDG | Tocs | ToSE | Psa | Psz | Pst | PO |iizz 1111] 23, 10
82h3) PCL Program Counter (PC) Least Significant Byte 0000 0000( 30, 150
83h®  |sTATUS RP_| Ret [ R0 | T0 | P | z | oc | ¢ |ooor weer| 22 10
84n®  |FSR Indirect Data Memory Address Pointer oo x| 31, 150
85h TRISA — l —_ IPORTA Data Direction Register --11 1111( 43,150
86h TRISB PORTB Data Direction Register 1111 1111( 45,150
B7h TRISC PORTC Data Direction Register 1111 1111 47,150
8sh® | TRISD PORTD Data Direction Register 1111 1111 48, 151
8sh®  |TRISE IBF OBF IBOV |PSPMODE| — PORTE Data Direction bits 0000 -111( 50, 151
8ah(13) [PCLATH — v — _ |Write Buffer for the upper 5 bits of the Program Counter | ---0 0000| 30, 150
88h  |INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x| 24, 150
8Ch PIE1 PSPIE® |  ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE |ocoo oooo| 25, 151
8Dh PIE2 — CMIE - EEIE BCLIE = = CCP2IE |-0-0 0--0| 27, 151
8Eh PCON - — = A 4 == POR BAR |%-% -- aq| 29, 151
8Fh =i Unimplemented g 4 i
90h — Unimplemented T o
Sth___ |SSPCON2 | GCEN |ACKSTAT] ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |oooo oooo| 83,151
92h PR2 Timer2 Period Register TPT1 1M1} | 62, 151
93h SSPADD Synchronous Serial Port (12C mode) Address Register 0000 0000| 79, 151
94h  |SSPSTAT sup | cke | oA | P [ s | RW ]| UA | BF |oooo oooo| 79, 151
95h —_ Unimplemented - —
96h — Unimplemented —_ I
97h — Unimplemented ~ _ : it o
98h TXSTA CSRC TX9 TXEN SYNC = BRGH TRMT | TX9D |oooo -o1o0| 111, 151
99h SPBRG Baud Rate Generator Register 0000 0000|113, 151
9Ah — Unimplemented ; — —
9Bh — Unimplemented Y : = e
ach CMCON C20UT | C10UT | C2INV | CI1INV cls cM2 CM1 CMO  |0000 0111|135, 151
9Dh CVRCON CVREN | CVROE | GVRR = CVR3 CVR2 CVR1 CVRO |[000- oooo|141, 151
9Eh ADRESL A/D Result Register Low Byte xxxx xxxx| 133, 151
9Fh ADCON1 ADFM | ADCS2 = [ il PCFG3 | PGFG2 ] PCFG1 | PCFGO |00-- 0000 | 128, 151
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as '0', r = reserved. =

Note

Shaded locations are unimplemented, read as '0",
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.

DR

Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.
These registers can be addressed from any bank.

PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0",
Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address|  Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 :g:‘f;g& 02 e;:gse:
Bank 2
100G |INDF Addressing this localion uses contents of FSR to address data memory (not a physical register)| 0000 0000 | 31, 150
101h TMRO Timer0 Medule Register oo xxoex | 55, 150
102n®)  [PCL Program Counter's (PC) Least Significant Byte 0000 0000| 30, 150
1030 |sTATUS P | rrt | RPo | 7O PD z oc | c  |eoor x| 22, 150
104h®  |FSR Indirect Data Memory Address Pointer xoxxx xxxx| 31, 150
105h — Unimplemented Sl —
106h PORTB PORTB Data Latch when written: PORTB pins when read xxXxx xxxx| 45, 150
107h = Unimplemented i o
108h — Unimplemented —_ —
109h — Unimplemented — e
10AR(13) | PCLATH - > — | Write Buffer for the upper 5 bits of the Program Counter  |---0 0000| 30, 150
10Bh® |INTCON GIE PEIE_ | TMROIE | INTE | RBIE [ TMROIF [ INTF [ RBIF [0000 coox| 24, 150
10Ch  |EEDATA EEPROM Data Register Low Byte sk xoexx | 39, 151
10Dh EEADR EEPROM Address Register Low Byte xxxx x| 39, 151
10Eh  |EEDATH — —  |EEPROM Data Register High Byte --xx xaxxx| 39, 151
10Fh _ |EEADRH = - — | 9 |EEPROM Address Register High Byte - o] 39, 151
Bank 3
180h®)  |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000| 31, 150
181h _ |OPTION REG| RBPU | INTEDG | Tocs | TosE | PsA | Ps2 | PS1 | PSO |i111 1111 23, 150
182h@  |PCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
183h0) | STATUS RP_ | RP1 | RPO W\E PD z DC C  |0001 1xxx| 22,150
184n@  |FsSR Indirect Data Memory Address Pointer ook xxxx| 31, 150
185h —_ Unimplemented — i
186h TRISB PORTB Data Direction Register 1111 1111 45, 150
187h 4 Unimplemented = =
188h — Unimplemented — —
18%h — Unimplemented f : Caoi iy
18AR13 |PCLATH Z £ — | Write Buffer for the upper 5 bits of the Program Counter | ---0 0000| 30, 150
18Bh® [INTCON GIE PEIE | TMROIE | INTE RBIE TMROIF | INTF RBIF {0000 000x| 24, 150
18Ch  |EECON1 EEPGD — - i WRERR | WREN WR RD [x--- x000| 34, 151
18Dh EECON2 EEPROM Control Register 2 (not a physical register) | ____ 39, 151
18Eh — Reserved; maintain clear 0000, 0000 =
18Fh — Reserved; maintain clear 0000 0000 —

Legend: x = unknown, u = unchanged, g = 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.

o

Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.

These registers can be addressed from any bank.
PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0",
Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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3.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The data EEPROM and Flash program memory is read-
able and writable during normal operation (over the full
VDD range). This memory is not directly mapped in the
register file space. Instead, it is indirectly addressed
through the Special Function Registers. There are six
SFRs used to read and write this memory:

« EECON1
+ EECONZ2
« EEDATA
= EEDATH
* EEADR

+ EEADRH

When interfacing to the data memory block, EEDATA
holds the 8-bit data for read/write and EEADR holds the
address of the EEPROM location being accessed.
These devices have 128 or 256 bytes of data EEPROM
(depending on the device), with an address range from
00h to FFh. On devices with 128 bytes, addresses from
80h to FFh are unimplemented and will wraparound to
the beginning of data EEPROM memory. When writing
to unimplemented locations, the on-chip charge pump
will be turned off.

When interfacing the program memory block, the
EEDATA and EEDATH registers form a two-byte word
that holds the 14-bit data for read/write and the EEADR
and EEADRH registers form a two-byte word that holds
the 13-bit address of the program memory location
being accessed. These devices have 4 or 8K words of
program Flash, with an address range from 0000h to
OFFFh for the PIC16F873A/874A and 0000h to 1FFFh
for the PIC16F876A/877A. Addresses above the range

of the respective device will wraparound: to the-

beginning of program memory.

The EEPROM data memory allows single-byte read and
write. The Flash program memory allows single-word
reads and four-word block writes. Program memory
write operations automatically perform an erase-before-
write on blocks of four words. A byte write in data
EEPROM memory automatically erases the location
and writes the new data (erase-before-write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device for byte or word operations.

When the device is code-protected, the CPU may
continue to read and write the data EEPROM memory.
Depending on the settings of the write-protect bits, the

device may or may not be able to write certain blocks:

of the program memory; however, reads of the program
memory are allowed. When code-protected, the device
programmer can no longer access data or program
memory; this does NOT inhibit internal reads or writes.

3.1 EEADR and EEADRH

The EEADRH:EEADR register pair can address up to
a maximum of 256 bytes of data EEPROM or up fo a
maximum of 8K words of program EEPROM. When
selecting a data address value, only the LSByte of the
address is written to the EEADR register. When select-
ing a program address value, the MSByte of the.
address is written to the EEADRH register and the
LSByte is written to the EEADR register.

If the device contains less memory than the full address
reach of the address register pair, the Most Significant
bits of the registers are not implemented. For example,
if the device has 128 bytes of data EEPROM, the Most
Significant bit of EEADR is not implemented on access
to data EEPROM.

32 EECON1 and EECON2 Registers

EECONT1 is the control register for memory accesses.

Control bit, EEPGD, determines if the access will be a
program or data memory access. When clear, as it is
when reset, any subsequent operations will operate on
the data memory. When set, any subsequent
operations will operate on the program memory.

Control bits, RD and WR, initiate read and write or
erase, respectively. These bits cannot be cleared, only
set, in software. They are cleared in hardware at com-
pletion of the read or write operation. The inability to
clear the WR bit in software prevents the accidental,
premature termination of a write operation.

The WREN bit, when set, will allow a write or erase
operation. On power-up, the WREN bit is clear. The
WRERR bit is set when a write (or erase) operation is
interrupted by a MCLR or a WDT Time-out Reset dur-
ing normal operation. In these situations, following
Reset, the user can check the WRERR bit and rewrite
the location. The data and address will be unchanged
in the EEDATA and EEADR registers.

Interrupt flag bit; EEIF in the PIR2 register, is set when
the write is complete. It must be cleared in software-

EECON2 is not a physical register. Reading EECON2
will read all ‘0's. The EECON2 register is used
exclusively in the EEPROM write sequence.

Note:  The self-programming mechanism for Flash
program memory has been changed. On| .
previous PIC16F87X devices, Flash pro-
gramming was done in single-word erase/
write cycles. ‘The newer PIC18F87XA
‘devices use a four-word erase/write
cycle. See Section 3.6 “Writing to Flash
Program Memory” for more information.

©® 2003 Microchip Technology Inc.
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REGISTER 3-1:

bit 7

bit 6-4
bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER (ADDRESS 18Ch)

RW-x U0 u-0 U0 RMW=x  RW-O RS0 RSO
EEPGD | — | — | — T[JWRERR] WREN | WR | RD |
bit 7 bit 0

EEPGD: Program/Data EEPROM Select bit

1 = Accesses program memory

0 = Accesses data memory

Reads ‘0" after a POR; this bit cannot be changed while a write operation is in progress.

Unimplemented: Read as ‘0’

WRERR: EEPROM Error Flag bit

1= Awrite operation is prematurely terminated (any MCLR or any WDT Reset during normal
operation)

0 = The write operation completed

WREN: EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM

WR: Write Control bit

1 = Initiates a write cycle. The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.

0 = Write cycle to the EEPROM is complete

RD: Read Control bit

1 = Initiates an EEPROM read; RD is cleared in hardware. The RD bit can only be set (not

cleared) in software.
0 = Does not initiate an EEPROM read

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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4.0 1/0PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the

device. In general, when a peripheral is enabled, that .

pin may not be used as a general purpose I/O pin.

Additional information on I/0 ports may be found in the
PICmicro™ Mid-Range Reference Manual (DS33023).

4.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

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

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

Other PORTA pins are multiplexed with analog inputs
and the analog VREF input for both the A/D converters
and the comparators. The operation of each pin is
selected by clearing/setting the appropriate control bits
in the ADCON1 and/or CMCON registers.

Note:  On a’Power-on Reset, these pins are con-
' figured as analog inputs and read as ‘o0’
The comparators are in the off (digital)

state.

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

EXAMPLE 4-1; INITIALIZING PORTA
BCF STATUS, RPO ; j
BCF STATUS, RP1 ; Bank0
CLRF PORTA i Initialize PORTA by
i clearing output
i data latches
BSF STATUS, RPO ; Select Bank 1

; Configure all pins
; as digital inputs
i Value used to

; initialize data

MOVLW 0x06 i
i
'
i
i direction
r
i
i
i

MOVWF ADCON1
MOVLW 0xCF

i Set RA<3:0> as inputs
i RA<5:4> as outputs

i TRISA<7:6>are always
; read as '0°'.

MOVWF TRISA

L

FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RA0 PINS
Data Data Latch
Bus
D Q
Voo
g“RRTA
o] A
CK Q0 E__{ P yopn®
TRIS Latch T—@
N
WR
TRISA Vss
Analog
Input
Mode
L
RD
TRISA -
: ) Input
[ | Buffer
—1@ D
p EN
RD PORTA ‘D%
To A/D Converter or Comparator ’
Note 1: I/O pins have protection diodes to Vop and Vss.
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FIGURE 4-2: BLOCK DIAGRAM OF RA4/TOCKI PIN

CMCON<2:0> = x01 or 011
c10UT

Hika B Data Latch
ala Bus D Q r_&
/0 pin(M
WR PORTA LQ . N
TRIS Latch Vss
s D Q
WR TRISA - Schmitt
Kt-a Trigger YA
Input
Buffer
L .
RD TRISA
i) @ ¢ Dl —t

EN

RD PORTA

TMRO Clock Input

Note 1: /0 pin has protection diodes to Vss only.

FIGURE 4-3: BLOCK DIAGRAM OF RAS5 PIN
CMCON<2:0> = 011 or 101
Data Latch o

Data Bus

WR PORTA
TRIS Latch /o pl'nm
— D Q Analog
. IIP Mode
WR TRISA - e
KL-Q Vss TTL
' Input
Buffer

EN—]

RD PORTA

RD TRISA gﬁ;
7]

AJ/D Converter or SS Input

-

Note 1: I/0 pin has protection diodes to VDD and Vss.
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TABLE 4-1: PORTA FUNCTIONS

Output is open-drain type.

Name Bit# | Buffer Function
RAO/ANO bit 0 TTL |Input/output or analog input.
RA1/AN1 bit 1 TTL | Input/output or analog input.
RA2/AN2/VREF-/CVREF | bit 2 TTL |Input/output or analog input or VREF- or CVREF.
RA3/AN3/VREF+ bit 3 TTL | Input/output or analog input or VREF+.
RA4/TOCKI/C10UT bit 4 ST  |Inputfoutput or external clock input for Timer0 or comparator output.

port or comparator output,

RAS/AN4/SS/C20UT bit 5 TTL | Inputoutput or analog input or slave select input for synchronous serial

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

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH POF’QTA

Value on: e
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 ‘ all other

POR, BOR

Resets

05h PORTA — — RAS RA4 RA3 RA2 RA1 RAO |--0x 0000 --0u 0000
85h TRISA — - PORTA Data Direction Register --11 1111 --11 1111
9Ch CMCON [ C20UT | C10UT | C2INV | C1INV CIs cm2 CM1 CMO |0000 0111| 0000 0111
9Dh CVRCON | CVREN | CVROE | CVRR o CVR3 CVR2 CVR1 CVRO |oo0- 0000| 000- 0000
9Fh ADCON1 | ADFM | ADCS2 — - PCFG3 | PCFG2 | PCFG1 | PCFGOD |00-- 0000]| 00-- 0000

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

Note:  When using the SSP module in SP] Slave mode and SS enabled, the A/D converter must be set to one of
the following modes, where PCFG3:PCFGO = 0100, 0101, 011x, TPOL i T110 01715

©.2003 Microchip Technology Inc.
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4.2 PORTB and the TRISB Register

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

Three pins of PORTB are multiplexed with the In-Circuit
Debugger and Low-Voltage Programming function:
RB3/PGM, RB6/PGC and RB7/PGD. The alternate
functions of these pins are described in Section 14.0
“Special Features of the CPU",

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

FIGURE 4-4: BLOCK DIAGRAM OF
RB3:RBO PINS
- VoD
RBPU Waeak
P Pull-up
5 t . Data Latch
ata Bus D a M
10 pint?

WR Port cK Fie

TRIS Latch

D

N By
nput
W This cRA{ Buifer
e
RD TRIS
!
RD Port
RBO/INT -
RB3/PG
M <}
Schmitt Trigger
& iy RD Port
Note 1: 1/O pins have diode protection to VoD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

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

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

a) Any read or write of PORTB. This will end the
mismatch condition.
b) Clear flag bit RBIF.

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

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
fealure. Polling of PORTB is nol recommended while
using the interrupt-on-change feature.

This interrupt-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, AN552, “Implementing Wake-up on Key Stroke”
(DS00552).

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

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

FIGURE 4-5; BLOCK DIAGRAM OF
RB7:RB4 PINS
VoD
RBPL(2
RBPUR J wesk
Pull-up
Data Latch
Data Bus ﬁ I
int1
WR Port cK\ I
TRIS Latch
p—— D Q
WR TRIS TTL
CK_\— Input %7 Y\
Buffer ST
y A 4 Buffer
RD TRIS
Latch
/T Q D
RD Port
EN Qi
Set RBIF
G s
From other RD Port
RB7:RB4 pins EN |
Q3
RB7:RB6
In Serial Programming Mode
.Note 1: /O pins have diode protection lo VoD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>),
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TABLE 4-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INT bit 0 TTL/ST( Input/output pin or external interrupt input. Internal software programmable
weak pull-up. -

RB1 bit 1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit 2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3/PGMB) | bit 3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bit 5 Tl Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up. )

RB6/PGC bit 6 TTL/STR finput/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit 7 TTUST® | Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTLinput, ST = Schmitt Trigger input

Note 1:

This buffer is a Schmitt Trigger input when configured as the external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode or in-circuit debugger.

3:  Low-Voltage ICSP Programming (LVP) is enabled by default which disables the RB3 I/0 function, LVP
must be disabled to enable RB3 as an I/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
Val . | Value on

Address Name Bit7 | Bit6 | Bit5 | Bit4 |Bit3 |Bit2 | Bit1 | Bit0o| 24 %™ | i other

- POR, BOR

Resets

06h, 106h |PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBD |xxxx xxxx|uuuu uuuu
86h, 186h |TRISB PORTB Data Direction Register L1iT1 Fig1|1111 1111
81h, 181h [OPTION_REG| RBPU | INTEDG | T0CS | TOSE [ PSA [ PS2 | PS1 [-PSO |1111 1211|1111 1111

Legend: x =unknown, u =unchanged. Shaded cells are not used by PORTB.

© 2003 Microchip Technology Inc.
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4.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e.,
put the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 4-5). PORTC pins have Schmitt Trigger input
buffers.

When the 12C module is enabled, the PORTC<4:3>
pins can be configured with normal 12C levels, or with
SMBus levels, by using the CKE bit (SSPSTAT<6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as the
destination, should be avoided. The user should refer
to the corresponding peripheral section for the correct
TRIS bit settings.

PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,
RC<7:5>

FIGURE 4-6:

Port/Peripheral Select?!

Peripheral Data Out
Data Bus

D Q

P
WR Port cRQ
Data Latch "g
1o
+— D Q pint!

WRTRIS| | ek q

TRIS Latch

4 Vss

RD TRI j

.—S Schmitt \
Trigger

Peripheral

oe Q D

EN
RD Port | Dc 7

Peripheral Input

Note 1: I/O pins have diode protection to Vop and Vss,
2: Port/Peripheral Select signal selgcls between port
data and peripheral output,
3: Peripheral OE (Output Enable) is only activated if
Peripheral Select is active.

PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

FIGURE 4-7:

Port/Peripheral Select(?

Peripheral Data Out

Voo
Data Bus D Q 5
WR Port cio_q 1
Data Latch
o
+ D Q pin{!)
WR TRIS cka N
TRIS Latch
4 j/\ - Vss
il Schmitt \
Trigger %7
Peripheral
3) /T
OE® & N Schmilt
Trigger
EN with
SMBus
RD Port ; Dc —l Levels
SSP Input
CKE
SSPSTAT<6>
Note 1: I/O pins have diode protection to Vob and Vss,
2: Port/Peripheral Select signal selects between port data
and peripheral output.
3: Peripheral OE (Output Enable) is only activated if

Peripheral Select is active.
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TABLE 4-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function
RCO/T10SO/T1CKI | bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input.
RC1/T10SI/CCP2 bit 1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
CompareZ2 output/PWM2 output.

RC2/CCP1 bit 2 ST Input/output port pin or Capture1 input/Compare 1 output/
PWM1 output.

RC3/SCK/SCL bit 3 ST RC3 can also be the synchronous serial clock for both SPI and

= 12C modes.

RC4/SDI/SDA bit 4 ST RC4 can also be the SPI data in (SPI mode) or data I/O (1°C mode).

RC5/SDO bit 5 ST Input/output port pin or Synchronous Serial Port data output.

RCB/TX/CK bit 6 ST Input/output port pin or USART asynchronous transmit or
synchronous clock.

RC7/RX/DT bit 7 ST Input/output port pin or USART asynchronous receive or
synchronous data.

Legend: ST = Schmitt Trigger input

TABLE 4-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

e ! Value on
Address | Name | Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 % all other
POR, BOR
Resets
07h PORTC [.-RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO |[xxxx xxxx|uuuu uuuu
87h TRISC |PORTC Data Direction Register MNildéxiliB111 2111

Legend: x = unknown, u = unchanged

© 2003 Microchip Technology Inc.
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4.4
Note:

PORTD and TRISD Registers

PORTD and TRISD are not implemented
on the 28-pin devices.

PORTD is an 8-bit port with Schmitt Trigger input
buffers. Each pin is individually configurable as an input
or output. ]

PORTD can be configured as an 8-bit wide
microprocessor port (Parallel Slave Port) by setting
control bit, PSPMODE (TRISE<4>). In this mode, the
input buffers are TTL.

FIGURE 4-8: PORTD BLOCK DIAGRAM
(IN /O PORT MODE)
Data Data Latch
Bus D Q
g\g?t CK % ek
TRIS Latoh
p— D Q
WR
TRIS cK L Schmitt
Trigger
Input
Buffer
RD 1 :]
TRIS :
/] Q D
EN -—’

RD Port

S/

Note 1: I/O pins have protection diodes to Vop and Vss.

TABLE 4-7:  PORTD FUNCTIONS
Name Bit# Buffer Type Function

RDO/PSPO bit 0 sTrTL Input/output port pin or Parallel Slave Port bit 0.
RD1/PSP1 bit 1 sT/TTL Input/output port pin or Parallel Slave Port bit 1.
RD2/PSP2 bit2 sT/TTLM Input/output port pin or Parallel Slave Port bit 2.
RD3/PSP3 bit 3 sTTLM Input/output port pin or Parallel Slave Port bit 3.
RD4/PSP4 bit 4 ST/rTL Input/output port pin or Parallel Slave Port bit 4,
RD5/PSP5 bit 5 sST/TTLM Input/output port pin or Parallel Slave Port bit 5.
RD6/PSP6 bit 6 sTrTL Input/output port pin or Parallel Slave Port bit 6.
RD7/PSP7 bit 7 sT/TTLM Input/output port pin or Parallel Slave Port bit 7.

" Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1:

Input buffers are Schmift Triggers when in 1/0 mode and TTL buffers when in Parallel Slave Port mode.

TABLE 4-8:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Val . | Value on
Address | Name | Bit7 |Bit6 | Bit5| Bit4 | Bit3 | Bit2 | Bit1 | Bito UE O | all other

POR, BOR

Resets

08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO |xxxx xxxx|uuuu uuuun
88h TRISD |PORTD Data Direction Register 1111 212131111 13132
189h TRISE | IBF | OBF [IBOV[PSPMODE| — |PORTE Data Direction Bits|0000 -111|0000 -111

Legend: x =unknown, u = unchanged, - =+4nimplemented, read as ‘0’. Shaded cells are not used by PORTD.
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4.5 PORTE and TRISE Register FIGURE 4-9: PORTE BLOCK DIAGRAM
(IN /O PORT MODE)

Note:  PORTE and TRISE are not implemented
on the 28-pin devices. ga,a Data Latch
PORTE has three pins (REO/RD/ANS, RE1/WR/ANG - = b a
and RE2/CS/ANT7) which are individually configurable WR 110 pin(1)
; 3 4 4 Port
as inputs or outputs. These pins have Schmitt Trigger oK
input buffers. A
TRIS Latch
The PORTE pins become the I/O control inputs for the e—IlD a
microprocessor port when bit PSPMODE (TRISE<4>) is WR
set. In this mode, the user must make certain that the TRIS e Schmitt
TRISE<2:0> bits are set and that the pins are configured Trigger Y\
as digital inputs. Also, ensure that ADCON1 is config- , Qi
ured for digital I/O. In this mode, the input buffers are ai |
RD
TIL. TRIS 3
Register 4-1 shows the TRISE register which also
controls the Parallel Slave Port operation. ] R 5
PORTE pins are multiplexed with analog inputs. When
selected for analog input, these pins will read as ‘0's. EN
TRISE controls the direction of the RE pins, even when RO Port —I
they are being used as analog inputs. The user must > Dc
make sure to keep the pins configured as inputs when
using them as analog inputs. Note 1: I/O pins have protection diodes to VoD and Vss.
Note:  On a Power-on Reset, these pins are

configured as analog inputs and read as '0".

TABLE 4-9: PORTE FUNCTIONS

Name Bit# | Buffer Type Function ;-
I/0 port pin or read control input in Parallel Slave Port mode or analog input:

RD

REO/RD/ANS | bit0 | STATL!) |1 =1de .

0 = Read operation. Contents of PORTD register are output to PORTD
110 pins (if chip selected).

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

WR

RET/WR/ANG | bit1 | STTTLM |1 = (dle

0 = Write operation. Value of PORTD /O pins is latched into PORTD
register (if chip selected).

I/0 port pin or chip select control input in Parallel Slave Port mode or analog input:

- .

1 = Device is not selected

0 = Device is selected

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

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

RE2/CS/ANT | bit2 | sT/TL
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TABLE 4-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

. . . . . Value on: el
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
08h PORTE — —_ - — — RE2 RE1 REO | ---- -xxx|---- -uuu
89h TRISE IBF OBF IBOV |PSPMODE —- PORTE Data Direction bits | 0000 -111| 0000 -111
9Fh ADCON1 | ADFM |ADCS2| — | = — PCFG3 | PCFG2 | PCFG1 | PGFGO | 00-- 0000] 00-- 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0. Shaded cells are not used by PORTE.
REGISTER 4-1: TRISE REGISTER (ADDRESS 89h)
R-0 R-0 R/W-0 R/W-0 u-0 . RW-1 R/W-1 R/W-1
IBFE | oBF | 1BOV |PSPMODE| — Bit 2 Bit 1 Bit 0
bit 7 z : bit 0
Parallel Slave Port Status/Control Bits:
bit 7 IBF: Input Buffer Full Status bit
1 = Aword has been received and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1= A write occurred when a previously input word has not been read (must be cleared in
software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit
1 = PORTD functions in Parallel Slave Port mode
0 = PORTD functions in general purpose [/O mode
bit 3 Unimplemented: Read as ‘0’
PORTE Data Direction Bits:
bit 2 Bit 2: Direction Control bit for pin RE2/CS/ANT
- 1= Input
0 = QOutput
- bit 1 Bit 1: Direction Control bit for pin RE1/WR/ANG
1 = Input 2
0 = Output
bit 0 Bit 0: Direction Control bit for pin REO/RD/ANS
© 1= Input
0 = Output
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared X = Bit is unknown
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4.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F873A or PIC16F876A.

PORTD operates as an 8-bit wide Parallel Slave Port,
or microprocessor port, when control bit PSPMODE
(TRISE<4>) is set. In Slave mode, it is asynchronously
readable and writable by the external world through RD
control input pin, REO/RD/ANS, and WR control input
pin, RE1AWWR/ANS.

The PSP can directly interfface to an 8-bit
microprocessor data bus. The external microprocessor
can read or write the PORTD latch as an 8-bit latch,
Setting bit PSPMODE enables port pin REO/RD/AN5 to
be the RD input, RE‘[/WR/ANB to be the WR input and
RE2/CSIANT lo be the TS (Chip Select) input. For this
functionality, the corresponding data direction bits of
the TRISE register (TRISE<2:0>) must be configured
as inputs (set). The A/D port configuration bits,
PCFG3:PCFGO (ADCON1<3:0>), must be set to
configure pins RE2:REQ as digital I/0,

There are actually two 8-bit latches: one for data output
and one for data input. The user writes 8-bit data to the
PORTD data latch and reads data from the port pin
latch (note that they have the same address). In this
mode, the TRISD register is ignored since the external
device is controlling the direction of data flow.

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Fuil
(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 4-11). The interrupt flag bit, PSPIF
(PIR1<7>), is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared
immediately (Figure 4-12), indicating that the PORTD
latch is waiting to be read by the external bus. When
either the CS or RD pin becomes high (level triggered),
the interrupt flag bit PSPIF is set on the Q4 clock cycle,
following the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written to
PORTD by the user firmware.

When notin PSP mode, the IBF and OBF bits are held
clear. However, if flag bit IBOV was previously set, it
must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).

PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE PORT)

FIGURE 4-10:

One bit of PORTD

Set Interrupt Flag
PSPIF (PIR1<7>)

Chip Select

Note 1: I/O pins have protection diodes to VoD and Vss.
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FIGURE 4-11; PARALLEL SLAVE PORT WRITE WAVEFORMS
:Q1|O2|Q3|Q4EQ1|Q2|QS|Q4EQ1|Q2|Q3|04
s 5 ./
RD : ::
PORTD<7:0> %
IBF \_I/ ;
OBF \
PSPIF \y
FIGURE 4-12: PARALLEL SLAVE PORT READ WAVEFORMS
of | oz | qedEtRal [/ A\ 83 Q4 Ql | Q2 | @3 | o4

— "

= 1
PORTD<7:0> ' \ )
IBF \
OBF \

el -\

PSPIF QI

TABLE 4-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Value on: Value on
Address | Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 . all other

POR, BOR

Resets

[o8h PORTD _|Port Data Latch when written; Port pins when read XXXKX_ XXX | LU uuud
08h PORTE — — | = — — RE2 | RE1 | REO [---- -xaex|---- -uum
189h TRISE IBF OBF | IBOV |PSPMODE | — |PORTE Data Direction bits |0000 -111| 0000 -111
0Ch ‘IPIR1 PSPIF(| ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PsPIE(| ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE [ 0000 0000 | 0000 0000
9Fh ADCON1 | ADFM [ADCS2| — it PCFG3 | PCFG2 | PCFG1 | PCFGO [00-- 0000 |00-- 0000

Legend: _x =unknown, u =unchanged; - = unimplemented, read as '0". Shaded cells are not used by the Parallel Slave Port.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873A/876A; always maintain these bits clear.
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7.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time base for the
PWM mode of the CCP module(s). The TMR2 register
is readable and writable and is cleared on any device
Reset.

The input clock (Fosc/4) has a prescale option of
1.1, 1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:02>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon Reset.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit,
TMR2IF (PIR1<1>)),

Timer2 can be shut-off by clearing control bit, TMR2ON
(T2CON<2>), to minimize power consumption.

Register 7-1 shows the Timer2 Control register.
Additional information on timer modules is available in
the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Droa(n

Reset Prescaler

TMR2Reg [—,.1, 1.4, 1:16

— Foscl4

Postscaler
1:1 to 1:16 |.

T2CKPS1:
T2CKPSO

T20UTPS3:
T20UTPSO

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 |TOUTPSO| TMR20ON l T2CKPS1 | T2CKPSO
bit 7 bit0
bit 7 Unimplemented: Read as ‘0’ )

bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 postscale
0001 = 1:2 postscale
0010 = 1:3 postscale

1111 = 1:16 postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit W = Writable bit U= Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
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71 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

+ awrite to the TMRZ2 register

+ awrite to the T2CON register

« any device Reset (POR, MCLR Reset, WDT
Reset or BOR)

TMRZ2 is not cleared when T2CON is written.

7.2 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
SSP module, which optionally uses it to generate the
shift clock.

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Valu . | Value on
Address | Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit2 | Bit1 | Bito |_ 2™ | aiother

POR, BOR

Resets

0Bh, 8Bh, [INTCON| GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF |0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1  |PSPIF™| ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF [0000 0000[0000 0000
8Ch PIE1T |PSPIEM| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE |0000 0000|0000 0000
11h TMR2 [Timer2 Module's Register 0000 0000|0000 0000
12h T2CON — |TOUTPS3|TOUTPS2|TOUTPS1 TOUTPSD|TMR20N|T2CKPS1 |TZCKPSO -000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 Wl |i111 1111
Legend:  x = unknown, u=unchanged, - = unimplemented, read as ‘0'. Shaded cells are not used by the Timer2 module.
Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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