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ABSTRACT

This project presents the application of sensors and wireless communication between
sensors and personal computer. The sensors were designed to use under two main functions:
movement detection and lighting measurement, to semi-automatically detect the occupancy
status in a reference room which is a 14 m’ — staff room located at the 3" floor of
Instrumentation Engineering Department building. The occupant in the room can set the status
to be display, i.e. availabie, busy, and leave. If the status showing is over the set period, the
system will automatically check the real time status and display. The signals generated by
sensors are first processed by microcontroller and then transferred to display module and
computer in the form of radio wavelength to analyze and develop the database of the occupant’s
work schedule in daily basis. The database developed means to evaluate the work performance
of the occupant in the reference room. For lighting measurement, the room illuminance is
measured to estimate electric lighting demand during work period which is dependent on the
on-off cycle of lighting and the occupancy time. It is also expected to be beneficial for electric

lighting demand reduction further.
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Mnremonic ] 16-@it Instruction Word Status
! Description Cycles Notss
Oparands M3b LSb Affectad

BYTE-QRIENTED FILE REGISTER OPERATIONS
ADDWF  { d. a jAdd WREG and { 1 ao1e 01da  Sfff fESE|C.DC. Z OV NIt 2
ADDWFC f d. o (Add WREG and Carry bittof |1 C1C Ocda frff £ELf |G, OC.Z. OV NJ[1.2
ANDWF 1, d, 3 |AND WREG with { 1 0coi 01da  fEff EFLf{Z N t.2
CLRF f.a Clesar § 1 0110 10la  tres ftefr |2 2
COMF f.d.a [Complemeant | 1 0005 11da ffff fEfE(Z N 1.2
CPFSEQ f,a Compare fwllh WREG skip= {1 (Zor J)[01le 0CIa (ftfr tfIf [None 4
CPFSGY f a Compare | wilh WREG, ship > |1{2or3)j0110 010a ffff ffef [None 4
CPFSLT f a Compare fwilh WREG. skip < |1{2or J)| 0110 0C2a fCfE (TIf [None 1,2
DECF f, d. a |Dacremant | 1 o600 01da  fefr  frff [C,DC, 2.0V, N{1.2.3.4
DECF52 f d. a (Decremant!, Skig if & 1{2o0r3}) 0010 Fida [rtr fr2f [None 1,2,3,4
DCFSNZ 1, d. a |Decrement F, Skip if Not 0 1(2ord){ 0120 11da frif (2L [None 1.2
INCF {,d, a |Increment { 1 poLn jocta  feet frefiC DCZ OV N|1,2,3,.4
INCFSZ 1§, d. a lincrement I, Skip if 0 t{20or3}] 0011 11da fEft trrt |Nona 4
INFSNZ ¢ d, a lncrement f, Skip # Not 0 t{20r 3| 0100 1¢da frer frLr [None 1.2
IORWF t, d, a3 Hirxhusive OR WREG with { 1 0631 poda fefd feet i, N 1,2
MOVF t,d a [Movel 1 0193 ofda frfte trrefZ, N 1
MOVFF 1,1y [Movef, (saurce) to Istword |2 1190 ffff frEf EELE iNone

£y (destination) 2nd word L1Ly feEr feefr ogree
MOVWF  f a Movea WREG to f 1 0110 illa ffrr fefc (None
MULWF {8 Multiply WREG with § 1 0080 00la  [frf  £€£f |None
NEGF {8 Negale f 1 D116 110a frefr frff |G DC Z OV, Nt 2
RLCF 1, d. a {Rotate Left { through Carry 1 Aol flda fefr feef |G, ZLN
RLNCF  f d. a {Rotate Lelt f iNa Camy) 1 2100 pida TELE fCrft |2 N 1.2
RRCF f, d, a |Rotate Right f through Carry |1 ooLL Ofda  ferLf frerlC, 2N
RRNCF  f d, a |Rotate Right f (No Carry) 1 0L100 ocda feff eteff|Z. N
SETF f.a Setf 1 01L0 10%a fEIf CEEEL (MNone
SUBFWB f, d, a |Subiractf from WREG with 1 0101 oitda ferer fref |C, DC, Z, OV, Nj1, 2

borrow
SUBWF  { d.a [Subtract WREG from f 1 0101 Lida r[efr feffiC, DG 2, OV N
SUBWFB f. d.a Subtrect WREG from f with 1 010% lo0da fgEr FEEEJC.DC.Z OV, Nj1.2

bomow
SWAPF f. d.8 {Swap nibblesin{ 1 0515 10da LEff £££f [{Nooe
TSTFSZ f.» Testf, skip if O 1(2003)j0110 0ltla Itff 1L |None 1.2
XORWF  f, d.a |Exclusive OR WREG with f 1 0001 ifda fffF tEEF|Z. N
BIT-ORIENTED Fi{.E REGISTER OPERATIONS
BCF f. b, a |Bit Clear f 1 innl tbhka ferr el {None 1.2
BSF f.b,a |Bit Setf 1 1000 bhba {(Fff FELE {None 1,2
BTFSC f, b, a |Bit Tast f, Skip if Clear 1{2or 3} 151 bbha CffF (fCf |Nona 3.4
BTFSS  f, b, a |Bit Test!, Skip if Set 1{20r )| 1610 bbba E£EFE  EELE {None 3.4
8TG tda BitTogglef 1 0111 bbba £fff CfLf |None 1,2

U7 217 uaRedI9819913 Assembly 7119511 PIC18F458
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Mnemonic, o 18-Bit Instruction Word Status
Operands Description Cycles 150 ~ Affectod Notas
CONTROL OPERATIONS
BC A Branch if Carry 1{2) 1119 0210 rnann anna [Nene
BN n Branch If Nagativa 142) 1110 0119 nann  nneh fNone
BNC n Branch if Nat Carry 1{2; 1110 923t nann  onna [Nona
BNM n Branch if Not Megative 14{2) 111 0121 nann  nncn jNone
BNOV n Branch if Not Overlow 1{2) 1110 0101 rnnon  nnea jNone
=174 n Branch if Nat Zaro b4 1ttd o220l noann nnnn (Nene
BOV n Eranch if Overflow {2 1Lt 0ie8 nnon oanen [None
BRA n Branch Uncandidonally 1{2) 110: Oncn nmon  nenn j[Nonc
Bz n Branch H Zero 1{2) 1119 00Ca enon  unnn [None
CALL n & |Calt subrauding 1s! word 2 1110 11ca  kkkik kkkk [None
2nd word 111l kxkk kkkk kkkk]
CLRWOT Clear Watchdog Timor 1 G300 Qocd 00Qg 0120 |TO.PD
DAW — Dacimatl Adjust WREG 1 padn aYed  coar o1l |G
GOTO n Go to address 1s{ word 2 1110 12111 kkkk kkkk {None
2nd word 111! kxkk kkxk kkkk
NOP - No Operation 1 000 00G0 COag odcd {None
NOP — No Operation (Note 4) 1 1L11 xKXX  %Xxxx AXXX {None
POP — Pop top of retumn stack (TOS) |t 0000 0000 0000 0110 |None
PUSH — Push top of return stack (TOS} {1 aaod 0200 0acq  010: INene
RCALL n Relative Call 2 1101 Innn nnnp nnnn [None
RESET Sofiware device RESET 1 DOgn ooeQ 1111 1111 |AH
RETFIE & Return from nferrupt enable |2 6000 0000 00Oy ooca |GIE/GIEH,
PEIEIGIEL
RETLW Kk Ratum with literal in WREG 2 0000 1100 kkkk kkkk [None
RETURN s Return from Subroutine 2 co0s 0000 000y 00ls |None
SLEEP  — Go inte Standby moda 1 loocn goas  ooog noil JTO PD L]
LITERAL OPERATIONS T
ADDLW Kk Add Rersd and WREG 1 9000 111y kxkx kkkx |C, DC,Z QV. N
ANDEW  k AND litecal with WREG 1 a0Go 1011 kkkx kkkk |Z.N
IORLW k Inciusive OR era) with WREG {1 an00 1001 kxkk kkkx |Z.N
LFSR fk Move filerat {12-bit) 2nd word 2 1110 1110 00ff  kkkk |None
to FSRx 1st word 1111 ¢0¢D kkkkx kkkik
MOVLE Kk Move literai to BSR<3:0> 1 0003 QO 0000 kkkx |None
MOVIW &k Move lieral o WREG 1 0000 1110 kkkkx kkkik |None
MULLW Kk Muitiply Bterai with WREG 1 9000 i1cl kkkx  kkkk |None
RETLW &k Return with teral in WREG 2 ao0ad 1100 kkkx  kkkk iNone
SUBLW &k Subtract WREG fram Reral 1 0002 1000 kxkx kkkx (C, DC . Z QV.N
XORLW  k Exclusive OR lteral with WREG {1 2009 101 kkkk  kkkk [Z.N
DATA MEMORY ~» PROGRAM MEMORY OPERATIONS
TBLRD” Table Read 2 Jeca oot 0000 1440 [None
TBLRD™+ Table Read with post-increment 0067 ¢ORG G002 1381 [None
TBLRD"- Tabla Read with post-dacrament no0d cotn 0000 Lo |Nena
TBLRD+* Table Read with pre-increment 0035 G000 0000 1oLk |None
TBLWT* Tabte Write 2(5) 900d £96G GI00 1190 |None
TBLWT + Table Wrila wilh post-increment 00D GITa G000 1101 |Nene
TBLWT*- Table Wrilo with post-decrement anid cAtH COnO  111¢ |None
TBLWT+~ Tabla Write with pre-increment 09080 £0GY QUAQ0 1111 |None
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2.4.2.1 IC WN5%a HT12E

arcdt  18hbvoo
A1[2 t7 []DouT
a2]3 16 J0SCH
A4 15{30sC2
A5 14 OTE
AS[]6 13AD11
a6 17 12 3AD10
A7 8 11 AD9
vss 19 10 |3408

311 2.21 PIN diagram ¥84 HT12E

1 IC HTI2E U921V Address (A0 ~ A7) Jolumsdmuasiaduduuay
. 4 . 4 \ . -
1 data (ADS ~ AD 11) 19 lumsdmuadoyaizds Faansadmuamlalasifasinilu

Low 159 High N MAazY)
4 o

. ¥
msdsHadeyasziSudnuiwilloldygy 19 transmission enable

(fyry1o low 1991 TE ) 939119 encoder aunuuasdIfyy 1MoanINILNIIAT Data out

1A s .

(Dout) Dz aRINITINTHAIUATE N 12Ty 0 transmission enable (01U high #1971 TE)
. & ' ay o ad o o afd o 4 W a
Tawian 1 afsazdadoyall 4 35a dludeya 1 3Ta sHatudu 2 G5a IniTudn 2 On

a

uaztimianie 2 in

=1

— | <t o
Encoder
DOUT
e Transnrited e
[— 4words o Contiruoisly — - 4 words —m|

gﬂﬁ 2.22 Transmission Timing U84 IC W15 Wa HT12E



2.4.2.2 IC aoasva HT12D

NC 1 e 20INC
AOCH 2 1911vDD
Al 18[1VT
A2 4 17[105C1
A3 s 1671082
a s 151DIN
As7 14170M
A6 8 1371010
AT s 12[D9
vsSs [ 1o 11108

317 2.23 PIN diagram 483 HT12D
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Decoder 92 51puaRdau1910 Encoder /a N Uausnuaasweniiy address

o

as

of
o 3 A A ed . = o ¥
{Hag 12-N UWQ’W‘I’HUL{’H Data 1491 WAIWNU DIN active 3393N1N17 decoder Voyn

Deceder 92073300 UUDYRIIN a

-

{ 9o o 1 ] 4 z
ddress #laTun1Bd19R0It04 3 AT D1

address code #5311 address 499 decoder 12-N ﬁﬂﬂlﬂiﬂ?ﬂl_{ﬂﬂ:ﬁt_}ﬂ decoder TN output LAY

. 3 "
1 VT sziifu High ifeueniidieyagndes

Ercczer :
Trarsmissian ! ! I H
Eratle - ;

— [ <1norg
Ercoter
oouT | l [
= zworzs | . fe— Q?‘E:?’ZCIEEG, — Wl 2 noros —e -
B 2 nimnics M 27 nzsks
Decocer VT l r I

- crecik — e~ crezy -
Lateres \if N
Cats Ot A !’\

311 2.24 Decoder Timing ¥83 IC 09ATHE HT12D
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J
2.5.3 WoInoYNsH
¢ R ¢ o w1 e da & '
WosAoUNsY (Serial Port) iTuwasadmivasdugnsaidunauaziedng Taodiu

1 o v 1w o { o S o ' o <
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AT uaniinduddlsdmsuilusoaniamsanno luauale luasunuaesniluaToavsl
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2.5.4 WOIAUHIH

¥
o =g- ¥ L) '

1 ¢ ¥ o @ 4 a o
WOSAUUTY (Pararell Port) HY 1M v0Inasarilnfo ¥ mSvAaaaims o snuviy
a a4 ar ¥ 9 ] ar o o ] o | & ar A
wan Pepudmswannldmunsalsauiwdvaunuiues n301lasnNFRe15aUVEY
'l vd 1 4 ::: o =) 1 oo = o
wasaunuiivuasnmesaeynsui 9 1 Taslisunuminy 25 Wu woiavuiuee

= o Aﬂ’ w o= 2 o Aw 'd o ﬂy P oas o v '
325 3 (wosatlswiludnlovuetadigiidiwein) wofaflazaeduglnraiaie q 9w

= o a '3 o kY ' ] w '
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t as ' g ] o
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1. Data Port 114U 8 Lﬁ'umgtym (DO ~ D7) H30150nBn0071991 Data Register 3

o 4; Pt ¥ 1 = 1 ar 1 9
Wﬂ‘iﬂum‘:ﬁﬁﬂﬂﬂﬂmuﬂﬂ? "!ﬂfﬂi.l'f‘iﬂil.'Fﬂulﬂ
o [

o s o =t |
2. Status Port $147W 5 tdudayans (83 ~ $7) lunesansiuldedruder luense

@

P=Y o ¥ £y 1 oy as as
Aoudoya’ld wosalioslidue oudred s dyara uazdygy e IRQ Audygimau1isa

a0 lnudya Busy 92 Active Low

3, Control Port $1147% 4 tdudyg e (CO ~ C3) Control Port (Hunesaiil¥lunis

» 1 +
= o ar r a .. P [ s
augunIuee’ dyaiulunguiles Active Low sniudyein Initialize iiniuh hignady

o
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0X378|D7|D6|D5(D4|D3|D2{D1|DO

¢éo0jl000000000
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. _ )
31N 2.30 werAIuIe 9 voaneTAYUIY

4 =
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using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Data;

using System,.Drawing;

using System.Text;

using System.Windows.Forms;

using System.Runtime.Interoplervices;
using System.IO;

namespace WindowsApplicationl

i
i

public partial class Forml : Form
{
int x =0, d= 0,a,f,b,1a,1f,1b;
int a1, fl, bl, lal, 1ibkl, 1f1;:
intf] freetime ={ 0, C, 0 }, awaytime ={ 0, 0, 0 }, busytime
x{ﬂ,ﬁ,o }r
lfreetime ={ 0, O, 0 }, lawaytime ={ O, 0, 0 }, lbusytime ={ 0,

fos]

, G };

string status, light;
List<string> listl = new List<string>();

DateTime start = DateTime.Now;

public Forml {}
{

InitializeComponent{);

i

public class PortAccess

{

[DllTImport{"inpout32.dll", EntryPoint = "0Out32"}]
public static extern void Output{int adress, int value};

[DiiImport {"inpout3Z.dli”™, EntryPoint = "Inp32"}]
public static extern int Inpuat{int adress);

private void Forml Lead(object sender, EventArgs e)
{

PortAccess,Cutput {888, 123}

x = PorthAccess.Input{889};

iiffy.Text = Convert.TeString(x);
pl.Visible = falss;
pz2.Visible = false;



p3.Visible = false;
si.Visible = false;
82.¥isible = false;
s3.Visible = false;
pl.Visible = true;

private void buttonl Click{object sender, EventiArgs e)

{
SaveFileDialog saveFileDialeg = new SaveFileDialog();
saveFileDialeg.Filter = "Text File {*.txt)}l*.txt";

LialogResult result = saveFileDialog.ShowDialog{};

if {result == DialogResult.OK)
{
string time;
int tp;
time = Converi.ToStringi{DateTime.Now - start);
tp = time.LastIndexOf{":");
time = time.Substring(0, tp+3};

StreamWriter writer = new
StreamWriter {savefileDialog.FileName);
Wwriter . Write (" ## SUMMARY ##");
writer.Writes{Environment.Newline);
writer.Write(Environment.Newline)

5ope

writer Write{"dudu "+start + " b3 "+DateTime.Now+" dluom

Envircenment.NewlLine) ;

writer.Writelk
writer.Write{labell.Text + " (" +
Convert.ToString{freetimef{0}} + ": 7
+ Convert . ToString{freetime{l]}) + ":" +
Convert.ToString{frestime{2};
+ "y " 4+ labelZ.Text + " (" +

Convert.ToString{ifreetime(0}) + 7"
+ Convert.ToString{lireetime[1]} + ":" +
Convert.ToString{lfreetime{2}}

+ ")");
Wwriter.Write{Environment.NewlLine}
writer.Write{label3.Text + ¥ (" +

Convert.ToString{awaytime[0]) + "

+ Convert.ToStringlawaytimel[l}) + ":" +
Convert,.ToString{awaytime[21}
+ "y "+ labeld,Text+ 7 (" +
Convert.ToString{lawaytime{d]} + ":"
+ Convert.TeString(lawaytime[1]) + ":" +
Convert.ToString{lawaytime{2]}
+ "o
Wwriter.Write{bEnvironment.Newline);
writer . Write(labelS5.Text + " (" 4+

Convert.ToString{busytime{01) + ":"
+ Convert.ToString(busytime{1}} + ":" 4

Convert.ToString{busytime{2}}

+ ™ "+ labelf.Text + " {" +
Convert.ToString{lbusytime{0}}y + ":"
+ Convert . ToString(lbusytimel[1]) + ":" +

Convert.ToString{lbusytime[Z1}
+ H’}"); ;
writer.Write{Environment.Newline) ;



writer.Write{Envircnment . Newline);

writer.Write{Environment.NewLine);
writer Writel" f## RECORD OF EVENTS #%7);
writey Write{Environment.NewLine};

riter.Wri
for {int 1

.

writer,

writer.

L

te{Environment .Newlinea);

J; 1 < listl.Count; 1i++}

Write(listl{ii}):

Write(Environment.Newling);

writer.Closel()};

private void pictureBox2 Click{cbject sender, EventArgs e)
{
}
private void timersave Tick(object sender, EventiArgs )
{
if {d == 0} listl.Add{"date time status
else listl.Add({Convert.ToString{DateTime.Now)) + ©
status+" "+ light);
// timersa.Interval = 5000;
// timerZ.Enabled = true;
timersave.Interval = 600000;
timersave.Enabled = true:
d = 1;
}
private wvoid timershow Tick(cbject sender, EventArds e]
{
// % = PortAccess.input (B89);
s Jiffy.Text=Convert,ToString{x};
® = Convert.ToInt32(jiffy.Tert);// /test
1f {{x == 175} (| (x == 127} //stand by
{
pS.Visible = true;
pl.Visible = false;
p2.Visible = false;
p3.Visible = false;
31.Visible = false;
s2.Visible = false;
s3.Visible = false;
}
if {{x == 239} {x==231 1}
{
£++; //TREE
pl.Visipble = false;
pl.Visible = true;
p2.Visible = false;
p3.Visible = false;
st.Visible = true;

s2.Visible

false;

1ight");

"y



23.Viglible = false;
status = "free";

C freetime[2]++;

if {freetime[Z2] == 60}
{ freetimef2] =
freetime[li++;}
if (freetimell] =
{ freetime{li] = 0;
freetime[01++;}

if {x == 239} //time light

P,

lfreetime[2]++;
if (lfreetime([2] == 60}
{ lfreetimelZ2] = 0O;
lfreetime{l]++;}
if {lfreetime{l] == &0)
{ lfreetime{l} = O;
lfreetime[0]++;}

¥

{{x == 4711 ] (x==39 })

att; /7 BWAY
p0.Visible = false;
pl.Visible = false;
p2.Visible = false;
p3.Visible = true;
s1.Visible = false;
32.Vigible = false;
53.Visible = true;
status = "away";
awaytime{2]++;
if (awaytime[2] == 60}
{
awaytimef2} = O;
awaytime [1l++;
!

if (awaytime{l] == &0)
{

]
O
~

awaytime[l]
awaytime[0l++;
¥

LF (x == 47) //time light away

{

lawaytime[21++;
if {lawaytime[Z]
lawaytime {2] =
waytimel{li++;}

{lawaytimel1l]
lawaytime[l] =
awaytime[O0]++;}

= 60}

!

[l

i
{
ia
if
{
i
}

il

601

9l
.

{{x == 191) ] {(x==183 })

W

h++; / /BUSY
pl.visible = false;

pl.Visible = false;

p2.Visible true;

p3.Visible = false;

i



sl.Visiple = false;
gZ2.Vislble = true;
s53.Visible = false;

status = "busy";
busytime[2] ++;

if (busytime(2] == 060}

i

l busytime {21 = 0;
busytime {1]++;

;f {busytime[1}] == 60}

( busytime[1l] = 0;

busytime {0]1+4;

}
if

{
lbusytime [2}++

{r== 191}

//time light busy

?

if {lbusytime{2} == &0}
{ lbusytime[2] = 0;
lbusytimell]++;}
if {(lbusytime{l] == &0)
{ lbusytime{l] = 0O;
lbusytime [0]++;}
}
1f f{x == 23931 {g ==47 Jii{x == 191})
{ //1light cn
lon.Visible=true;
loff.Visible=false;
light = "on®;
}
1if {((x ==39 yii{x ==183 }|}i{xg ==231 }}
{ lon.Visible=false;
loff.Visible=true:; //1light off
Light = "off";
}
Ay
if ({status == "away") && (light == "on")) la++;
it {{status == "free"} && {light == "on")} LlIf++;
if {{status == Ybusy") && {light == "on"}} lb++;
if ({a > 0}ii{b > D}V {f > D)) //show label
{
al = (a * 100 / (a + b + f}1);
if {a»0yial = (ia * 100 / a);
awaygra.Width = {(al = 33 / 10):

("Away ¥ + Convertf.ToString(al] + "&"}
{la*x100 * 35 / 10/ {atb+f));

label3 . Text
lawaygra.Width

7

labeld.Text = {("Light on " + Conwvert.ToStringl{lal)y + "&";;

pl = (b * 100 / {(a + b + £}}:

if (b > 0}y lbl = {(lb * 100 / b):

busygra.Width = {bl * 35 / 10};

lbusyara.Width = (lb * 100 * 35 / 10 / {a + & + £}};
label5.Text = ("Busy "+Convert.ToString{bl) + "3");
label6.Text = ("Light on "+Convert.TeString{lbl} + "%");



[

pow—

if {f » 0y Ifl = (1£ *= 100 /7 f);
frgra.Width {£1 * 35/10);

labell.Text = {"Free "t+Clonvert.TcString(fl
lfrgra.Width = (1f * 100 * 35 / 10 / {a +
label2.Text = {"Light on "+Converi.ToStrin

il

1

Jiffy.Text = Convert.ToStringi{x);
timershow.Interval = 1500;
timershow.Enabled = trus;



Tsunsumen ¢ Aldlumsaenwad msululnsneulnsaaes

#include <i8F458.h>

#fuses HS NOWDT NOPROTECT

void main{void)

{//B4=sensor B5=busyl Bé=busy2 B7=cancle busy
/I BO=free Bl=away B2=busy B3=warnS5min
mt t1,12,13.t4;

boolean away=true, free=false busy=false;
set_tris_b{OxFO};

output_low(PIN_BO0);

output_high(PIN B1);

output_low(PIN _B2),

output_low(PIN B3);

while{irue)

H{'input(PIN_B4)&& away ) // case sensor active

for(t1=0;t1<100;t1++) #100n3*110=10min

{f(tinput(PIN_ B5)linput{PIN_B6)) break;



for(t2=0;12<100;12++)

{ifCinput(PIN B5)|linput(PIN B6)) break;

for(t3=0;13<100;:t3++)

{if(Vinput(PIN_B5)linput(PIN_B#6)) break:

for(t4=014<60:14++)

if(linput{PIN_B5}{|!input(PIN_B6)) break;

for{t1=0;t1<100;t1++) f/100~3%20=2:15 min

{ifCVinput(PIN_ B5)|linput(PIN_B&)linput(PIN_B4)) break;

for(12=0;t2<100;2++)

{if(tinput(PIN_B5)||'input(PIN_B6)linput(PIN B4)) break;
- P i -

for(t3=0;t3<100;t3++)

[i(linput{PIN_B5){!input(PIN_B6)|j!input(PIN_B4)) break;

for(td=0;t4<20;t4++)

if(tinput(PIN B5)|!linput(PIN_B6)Hlinput(PIN_B4)) break;



iflinput(PIN_B4)&&input(PIN_B35)&&input(PIN_B6)} //freeon
{output_high{PIN_BO);

free=true;

output_low(PIN B1};

away=false;

output_low(PIN_B2);

busy=false;

}

K /in free on

iflfree)

{

if{inpus(PIN_B4}) f/case cancel free
{

for(t1=0;t1<100;81+4) A#100%3*110=10 min

(if(linput(PIN_B5)([!input(PIN_B6){{linput(PIN_B4)) break;
for(t2=0;12<100;t12++)
{if{tinput(PIN_B3)|/linput{PIN_B6)||!input{PIN_B4)) break;

for(t3=0:3<100;t34++)

if{tinput(PIN_B5)!input(PIN_B6)|/!input(PIN_B4))



breal;

for(t4=0;t4<130;t4++)

if(linput(PIN_BS)ilinput{PIN_B6)//linput(PIN_B4)) break;

}
}
}
}
if(t1>97)
{busy= false;
free=false;
away=true,
output_low(PIN_BO};
output_high(PIN_B1);
output_low(PIN B2);}
}
if(finput(PIN_B3)) {fcase busy 1
{busy= true;

free=false;



away=faise;

output_low{PIN_B0);

output_low(PIN_B1);

output_high(PIN_B2),

for(s1=05t1 <100t 1++) fitime busyl

{if(tinput(PIN_B7)) break;

for(t2=0;t2<170;t2++)

{if(!input(PIN_B7)) break;

for(t3=0;t3<200:t3++)

{if(tinput(PIN B7)) break;

for(td=0;14<220td++)

ifi(tmput(PIN_B7)) break;

cutput_high{PIN B3);

for(t1=0;t I<Ig0:t1++) H10073%20=2:15 min

{if Hinput(PIN_B7)) break;

for(t2=0;12<100:12++)



{if(!input(PIN_B7)) break;

for(3=0;t3<100;t3-++)

{if(tinput{PIN B4)) free=true,

if(linput{PIN B7)) break;

for{td=0;t4<40;t4++)

if(linput(PIN_B7)) break;

if{free||linput(PIN_B7)) /ftime up > free

{output low{PIN BI1);

output_low(PIN B2);

output_high(PIN_B0);

busy= faise;

free~true;

away=false;

ifCfree&&input{PIN_B7)) / time up > away

{output_high(PIN Bi});

output_low(PIN B2} ;



output tow(PIN _BO0);

busy= false;

free=false;

away=irue;

output_low(PIN_B3);

if(linput(PIN_B6&)) ficase busy 2
{busy= true;

free=false;

away=T[alse;

cutput_low(PIN_BO);

output_low(PIN B1);

output_high(PIN_B2);

for(t1=0;11<220;t1++) /time busy2

{if{linput(PIN_B7)) break;

for(t2=0,2<220;(2++)

{if(tinput(PIN_B7)) break;

for(t3=0;13<220;13++)



{f(linput{PIN_B7)) break;
for(td=0;t4<220:t4-++)

if('input{PIN_B7)) break;

output_high{PIN_B3)};
for(¢1=0:t1<100;t1++) //10073*20=2:15 min
{if(linput(PIN_B7)) break;
for(12=0;12<100:t2++)
{if(linput(PIN_B7)) break;
for(t3=0:t3<100:13++)
{if{input(PIN_B4)) free=true;
ifllinput(PIN B7)} break;
for(t4=0;t4<40;t4++)

H{Hnpuwt{PIN_B7)) break;

if{freeljlinput(PIN _B7)) /{time up > free



{output low(PIN B1};

output_low(PIN_B2);

output_high(PIN_BO);

busy= false;

free=frue;

away=false;

if(tfree&&input(PIN B7)) // time up > away

{output_high(PIN_B1);

output_low(PIN B2);

output_low(PIN_BO);

busy= false;

free=false:

away=true,

output_low(PIN B3):
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HOLTEK

2"? Series of Decoders

Features

= Operating voltage: 2.4V-~12V

¢ Low power and high noise immunity CMOS
technolegy

» Low standby current

« Capable of decodingé.? bits of information

« Pair with Holtek's 2 series of encoders

¢ Binary address setting

¢ Received codes are checked 3 times

Applications

¢« Burglar alarm system

+ Smoke and fire alarm system
= (Garage door controllers

= Car door controllers

General Description

The 212 decoders are a series of CMOS LSIs for
remote confrol system 9applicati0ns, They are
paired with Holtek’s 277 series of encoders (re-
fer to the enceder/decoder cross reference ta-
bie}. Fer proper operation, a pair of
encoder/decoder with the same number of ad-
dresses and data format should be chosen.

The decoders receive serial addresses and data
from a programmed 27 serias of encoders that
are fransmitted by a carrier using an RF or an
IR transmission medium. They compare the se-
rial input data three times continuousiy with

Selection Table

= Address/Data number combination
-~ HT12D: § address bits and 4 data hits
- HT12F: 12 address bits only
« Built-in osciilator needs only 5% resistor
+ Valid transmission indicator
Easy interface with an RF or an infrared
transmission medium
+« Minimal external components

a Car alarm system

s Security system

a (ordless telephones

» (ther remote control systems

their local addresses. If no error or unmatched
codes are found, the input data codes are de-
coded and then transferred to the output pins,
The VT pin also goes high to indicate a valid
transmission.

The 2% series of decoders are capable of decod-
ing informations that consist of N bits of ad-
dress and 12-N bits of data. Of this series, the
HT12D is arranged to provide 8 address bits
and 4 data bits, and HT12F is used {o decode 12
bits of address information.

Function Data
\ Address VT | Oscillator Trigger Package
Part No. No. No. | Type
HT12D 8 4 L v | RC oscillator | DIN active "Hi" | 18 DIP/20 SOP
HT12F 12 0 — l ¥ | RC oscitlator | DIN active “Hi" | 18 DIP/23 SOP

Notes: Data type: L stands for latch type data output.

VT can be used as a momentary data output.

July 12, 1999



HOLTEK o 2" Series of Decoders

Block Diagram

0502 D&CH

Oscittator }——-» Divider f——p S L iy
l Data Shift 1: " | cireuit | § | Data
N NG

p  Register

:
DN {f)——-br Buffer | _f;Data Detector}— ] 1

¥
4% Comparator

Conteal Logi:}

Sync. Deiecm;! LQnmparalor

] 7
hd

[ Transmission Gate Gircuit I Buffer }—V(l) VT

A
Address VDD V5SS

Note: The address/data pins are available in various combinations (see the address/data table}.

Pin Assignment

- 12-Addre -
st E i Fa
] [ I ———
- NC T 20INGC 7 NC T3 208ING
ADTHA 16 {71 VDD A0 T2 1913vhD A0 T 18 [1voD ADTi2 193voD
At {2 TIIVT A1l 1813vT At 32 17VT A1 ]3 18VT
Az T3 BII0sSct A2T04 tF3osct AzT3 1Bi08CT A2 4 173031
A1} 4 8T oscz Az ds 1B[J0scz  A3T]4 i603058C2 A3]s 16130802
a4 715 1411 DIN ATl 151 DIN Ad TS 14 {71 08N A4 6 151 0IN
A5 T8 133011 As 7 141011 A5TlE 133 a11 AS 7 H“Oalt
AE T} 7 1271 D1a ABTln 1353010 ABT]7 121 A10 A6 g 130a10
ATl @ 115309 A7 15 121009 A7 T8 1 [1Ag AT 39 12§73 A9
vssTlo 102 D8 VSS 110 1D8 V58 Ti9 10[3A8 VS5 10 113 AR
HT12D HT12D HT12F HT12F
-18 DiP -~ 20 SOP -18 DIP -~ 20 S0P

2 July 12, 1999



HOLTEK ?% 2'? Series of Decoders

Fin Description

Pin Name i O C(-};llfle::::?c}n { Description
8 .
AO-ALL | 1| TRANSUISSION |t e 7 e At sing
GATE
D8-~D11 O CMOS OUT QOutput data pins
" DIN I CMOSIN | Serial data input pin
VT 1 O CMOS OUT Valid transmission, active high ]
0SC1 | I | OSCILLATOR | Oscillator input pin
05C2 L O OSCILLATOR | Oscillator output pin
VSSs I o Negative power supply (GND)
VDD mi — Positive power supply

Approximate internal connection circuits

NMOS
TRANSMISSION
GATE

J—ﬁ?‘:i_,_t—_‘ ‘D‘}‘j ]—«Do-v os%ﬁﬂioﬂw 0802

CMOs QUT CMOS IN OSCILLATOR

Absclute Maximum Ratings
Supply Voltage.....cooocvvivirireceiee 0.3V t0 13V Storage Temperature...,.........-.. -50°C tp 125°C
Input Voltage............cceee.. Vig5—0.3 to Vpp+0.3V Operating Temperature .............. ~20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maxi-
mum Ratings" may cause substantial damage to the device. Functional operation of this de-
vice at other conditions beyond those listed in the specification is not implied and prolonged
exposure to extreme conditions may affect device reliability.

3 July 12, 1993



HDLTEK#

2'? Series of Decoders

Electrical Characteristics Ta=25°C
I Test Conditions .
Symbaol Parameter @ [ — = — Min. | Typ. Max. @ Unit
Vop Conditions
Vop Operating Voltage R e 2.4 5 12 A%
v - 0.1 pd
Istn Standby Current Oscillator stops
12v — 2 4 pA
. Noload
Ipn Operating Current 5V fogo=150KHz e 200 400 LA
Data Output Source . Vourmd BY _ _ -
. Current (D8~D11) 5V | Vou=4.5 118 mA
O
Data Qutput Sink Ve =05V
Current (D8-D11) V.| Vo= 1 6 — [ mA
I VT Output Source Current v Vou=4.5V -1 ~1.6 o mA
VT 5
VT Output Sink Current Vor=0.V 1 1.6 e mA
Vin "H* Input Voltage 5V — 3.5 e 5 \'%
Vi, "L Input Voltage oV e 0 —_ 1 '
fosc Oseillator Frequency 5V | Roge=51kid — 150 —— kHz
4 July 12, 1999



HOLTEK ; ;

2" Series of Decoders

Functionat Description

Operation

The 2" series of decoders provides various com-
binations of addresses and data ping in differ-
ent packages so as to pair with the 27 series of
encoders.

The decoders receive data that are transmitted
by an encoder and interpret the first N bits of
code period as addresses and the last 12-N bits
as data, where N is the address code number. A
signal on the DIN pin activates the oscillator
which in turn decodes the incoming address
and data. The decoders will then check the re-
ceived address three times continuously. If the
received address codes all match the contents of
the decoder’s local address, the 12-N bits of
data are decoded to activate the output ping
and the VT pin is set high to indicate a valid
transmigsion. This will last unless the address
code is incorrect or no signal is received.

The output of the VT bin is high only when the
transmission is vaiid. Otherwise it is always
low.

Qutput type

Ofthe 212 series of decoders, the HT12F has no
data output pin but its VT pin can be used as a
momentary data output. The HT12D, on the
other hand, provides 4 latch type data pins
whose data remain unchanged until new data
are received.

Part | Data|Address Cutput|Operating
No. |Pins{ Pins Type | Voltage |

HT12D| 4 g Lateh | 2.4V~12V

HT]ZF! 0 12 — 2.4V-~12V

Fiowchart

The oscillator 1s disabied in the standby state
and activated when a logic "high” signal applies
to the DIN pin, That is to say, the DIN should be
kept low if there is no signal input.

>

Standby made I

Disable VT &
ignore the rest of
this word

&

Addrass bits
matched 7

Match
pravious stored
ata 7

Na

3 times
of checkin
completed

Latch data
to autput &
activate VT

Address or
data error ?

July 12, 1999



HOLTEK # - 2" Series of Decoders

Decoder timing

Encodar -
Transmission -U ]

Enable
—»| |4— < 1 word

Enzoder
pouT i

la— 4 words —3 y ba— &%ﬂiﬂ‘éﬁg?y —piet— 4 words —p| .
Fep] 2 clacks e 27 clocks
Dacoder VT l l
l4— check - l4— check

Latched X >
Data Qut f A

Encoder/Decoder cross reference table

[ | L Package
l;l.;(;(;l;:(i‘s Data Pins | Address Pins | VI' | Pair Encoder | Encoder Decoder
DIP | SOP | DIP | SOP

i HT124 18 20

HT12D 4 8 Nk 18 20
HT12E 18 20
, HT12A 18 20

HT12F 0 12 v 15 20

| | HTI2F |18 | 20 _

Address/Data sequenca

The following table provides address/data sequence for various models of the 9'* series of decoders. A
correct device should be chosen according to the regquirements of the individual addresses and data.

Address/Tiata Bits

s |5 6| 78] 98|10l n
TI2D | A0 | Al | AZ A3 A4 | A5 | AB | A7 | D8 | D9 | D10 | DiL
HTI2F | A0 | Al | A2 | A3 | A4 | A5 | A6 | AT | AR | A9 | ALO | All

Part No. i " T E

8 Juiy 12, 1999



2" Series of Decoders

HOLTEK

Oscillator frequency vs supply voliage

fost
{Scale)

Rosc {2}

e e

i

[ )
i
L)

e~

{400kHzy1.00

13 VDO (¥ DC}

12

50 foger (HT12E encoder)

5 fosop {decoder)

The recommended oscillator frequency i

scg (HT12A encoder).

fo

= [

July 12, 1399



HOLTEK i g 2" Series of Decoders.

Application Circuits

N \'\*i,-»-

VDD
vDD
o a0 ooke Y oo ag voo 2
At VT 17 [ . ‘0—-—~2 A1 YT ......._017
o2 pg 0SC1 w—fw\r—I

A2 0OSCH

Lgé

ROsC RGsC
a3 osczf? _ -oNo-as  0sczf
Ad DiN A 4 W} Ad S >
A5 o112 i o~o-as a3 g
Al D10 -33——(_‘) «»—o\o—l AS A1C —1-2——o
AT ng }—1—{3 4G o) AT asptl g
vss oapl o Hyas g 10
7
HT12D HT1i2F

Notes: Typical infrared receiver: PIC-12043T/PIC-120435 (KODESHI CORT.)
or LTM2052 (LITEON CORP.}

Typical RF receiver: JR-200 {(JUTWA CORP.)
RE-39 {MING MICROSYSTEM, U.S.A)

3 July 12, 1999



2'? Series of Decoders

HOLTEK ¥

Holtek Semiconductor Inc, (Headguarters}

No.3 Creation Rd. II, Science-based Industrial Park, Hsinchu, Taiwan, R.O.C.
Tei: BB6-3-563-1999

Fax: 886-3-563-1189

Hoitek Semiconductor Ine. (Taipei Office)

5F, Ne.576, Sec.7 Chung Hsiao E. Rd., Taipei, Taiwan, R.Q.C,
Tel: 886-2-2782-3635

Fax: 886-2-2782-9636

Fax; BB6-2-2752-7128 {International sales hotline)

Holtek Miercelectronics Enterprises Lid,

RM.711, Tawer 2, Cheung Sha Wan Plaza, 833 Cheung Sha Wan Rd., Kowloon, Hong Kong
Tel: 852-2-745-8288

Fax: 852-2-T42-8657

Copyright ©® 1999 by HOLTEK SEMICONDUCTOR INC.

The information appearing in this Data Sheet is believed to be accurate at the time of publication. However, Holtek
assumes no respongibility arising from the use of the specifications described. The applications mentioned herein are
used sclely for the purpose of illustration and Heltek makes no warranty or representation that such applications
will be suitable without further modification, nor recommends the use of its producis for application that may pres-
ent a risk to human life due to malfunction or otherwise. Haltek reserves the right to alter its products without prior
notification. For the most up-te-date information, please visit pur web site at http:/www holtek.com.tw.
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HOLTEK }

HT12A/HT12E

2'? Series of Encoders

Features

= Operating voltage
- 2.4V~5V for the HT12A
- 2.4V~12V for the HT12E

= Low power and high noise immunity CMOS
technology

» Low standby current: 0.1pA (typ.) at
Vop=5V

» HTI12A with a 38kHz carrier for infrared
transmission medium

Applications

» Burglar alann system

« Smoke and fire alarm system
« Garage door controllers

« Car door controilers

General Description

The 2!? encoders are a series of CMOS LSIs for
remote control system applications. They are
capable of encoding information which consists
of N address bits and 12-N data bits. Each ad-
dress/data input can be set to one of the two
logic states. The programmed addresses/data
are transmitted together with the header bits

Selection Tabie

»= Minimum transmission word

- Four words for the HT12E

- One word for the HT12A

Built-in oscillator needs only 5% resistor
Data code has positive polarity

Minimal external components

HT12A/E: 18-pin DIP/20-pin SOP package

¢ {aralarm system

= Security system

= Cordiess telephones

«  Other remote control systems

via an RF or an infrared transmission medium
upon receipt of a trigger signal. The capability
to select a TE trigger on the HT12E or a DATA
trigger on the HT12A further enhances the ap-
phcation flexibility of the 2% series of enceders.
The HT12A additionally provides a 38kHz car-
Her for infrared systems.

. . 1 |
Function: A gdress | Address/ | Data | Carrier | Negati
. . gative
P"’m No. Data No.| No, Oscillater | Trigger | Package Output | Polarity
HT12A s 0 4 | 40 | pgpn | 8PP 38kHz No
; = | 18DIP
HT12E ! 8 4 0 ascillator TE 20 50PF No ] No

Note: Address/Data represents pins that can be address or data according to the decoder require-

ment.

April 11, 200G



HT12A/HT12E

HOLTEK P

Block Diagram

TE trigger
HT12E
QsC2 0501
Y |
TEO—»  Oscillator ]—» +3 Divi }-» Data Setect]—p poUT
TE : sCilial 3 Divider % Bufler
l T &~
=12 Counter & Sync,
A.D :. o 1 of 12 Decoder Cirouit
I 12 Transmission
Gaie Circuit
I—-# Binary Detecior

VoD V5§

DATA trigger
HT124A

Oscillator }—9- =576 Divider
LM O———— l
::: » " +12 Counier & » Syne,

A:D ; - 1 of 12 Decoder Cirguiy

: H 12 Transmission

Gate Circuit
AT O ——p Binary Detecior

DB oo D11 vDD VSS

Note: The address data pins are available in various combinations {refer to the address/data table).
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HT12A/HT12E
Pin Assignment
8-Address 8-Address 8-Address §-Address
4-Data 4-Data 4-Address/Data 4-Address/Daia
NC 34 20E3Nc - NC Tt ~ 20[INC
A0 ~ 45 voD ADT2 193vDD A0 16{VDD A0 12 feIvDD
a1l2 17IDOUT A1703 1B[IDOUT EX B ¥ 170ouT At 18 100Ut
a3 617X A2 T4 173x1 A28 610sc1 AZT]4 17{1 08¢
A3 T4 1513X2 AITIE 16[3x2 A3 14 1510802 A5 [ 05¢2
AT S 14 MUMB A6 151TLmE ALTIS 14 TE A Tg HAWETS
ASTLE 130011 AS 7 143011 A5 T1E 1311 AD 1 AST37 14{3ADYY
A6 THT 12[7D10 A6 E 133010 ABTIT 12 AD10 A6l 8 1313 A010
ATTIEB 1 i3Dbg A7 TEg 12{71D9 A7 ;8 11{JADS A7 1o 12171 ADS
VSST38 10{71D8 VSS TI10 1117108 vss 19 10 [ ADA vs5 110 11 [IADS
HT12A HT12A HT12E HT1ZE
-18 DIP - 20 SOP ~18 DIP -~ 20 SOP
Pin Description
' | Internal
Pin Name | IO nterna Description
Connection
CMOS IN
Pull-high
(HT12A)
AO~AT I NMOS Input pins for address A0~AT setting
- TRANSMISSION | These pins can be externally set to VSS or left open
GATE
PROTECTION
DIODE
(HT12E)
NMOS
TRANSMISSION
ADS-ADI1 | I GATE Input mins for address/data AD8~AD11 setting
PROTECTION | These pins can be externally set to V5SS or left open
DIODE
(HT12E}
Input pins for data D8~D11 setting and transmission en- .
D8-D11 I CMOS IN able, active low
Puli-high These pins should be externally set to VSS or left open
(see Note}
Dour 0 CMOS OUT Encoder data serial transmission gutput
Lateh/Momentary transmission format selection pin:
L/ME I g”gf}f. ¥ Latch: Floating or VDD
wH-tigh Momentary: V85

April 11, 2600



HOLTEK ; ; e HT12A/HT12E

Internal

Pin Name | VO Connection Description
TE I CMOS. IN Transmissicn endhle, active low {see Note)
Puli-high .

05C1 I | OSCILLATOR 1 | Oscillator input pin

08C2 ¢ | OSCILLATOR 1 | Oscillator oitput pin

X1 I | OSCILLATOR 2 | 455kHz resonator oscillator input
O
i
I

X2 OSCILLATOR 2 | 455kHz resonator oscillator output
VS
VDD

— Negative power supply, grounds

— Positive power supply

Note: D8~D11 are all data input and transmission enable pins of the HT12A,
TE is a transmission enabie pin of the HT12E.

Approximate infernal connections

NMOS
TRANSMISSION g&:ig':?g'}'lN CMOS ouT OSCILLATOR 1

GATE

EN -~~~

1 05c1 0502
N e So—7 il
GSCILLATOR 2 NMOS TRANSMISSION GATE

PROTECTION DIODE
i,
X Xz
D——{ So— R ]
- Yoo

Absolute Maximum Ratings

Supply Voitage (HT12A) ..., ~0.3V to 5.5V Supply Voltage (HT12E) ..............—0.3V to 13V
Input Voltage.................... Vgg-0.3 to Vpp+0.3V Storage Temperature.................~50°C to 125°C
Operating Temperature..............~20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absglute Maxi-
mum Ratings” may cause substantial damage to the device, Functional operation of this device
at other conditions beyond those listed in the specification is not implied and prolonged expo-
sure to extreme conditions may affect device relizhility.

4 Aprit 11, 2000



HDLTEK# HT12A/HT12E

Electrical Characteristics

HT12A S Ta=25°C
TTest Conditions
Symbol Parameter e Min. | Typ. | Max, | Unit
Vop Conditions
Vop Operating Voltage e — 2.4 3 5 v
v —_ 0.1 1 uA
Igrp Standby Current ——1 Oscillator stops -
5V — 0.1 1 nA
I o a 3V | Noload — 1200 | 400 | pA
oh perating Current ] -
5v | fosc=455kHz — | 400 | 800 | uA
Vor=0.9Vpp (Source} ~1 -186 — mA
Inour | Output Drive Current | 5V -
VOL:OJVDD (Sink} 2 3.2 — mA
Vin  “H" Input Voltage e —— 0.BVps| — | Vop v
Vi, “L" Input Voltage —_— o ] — 102Vppi V
D8~D11 Pull-high
R v =0V —_
DATA ]Resistance 5V Dara=0 ; 160 300 k0
HT12E Ta=25°C
Test Conditions
Symbol Parameter — Min. | Typ. | Max. | Unit
VYoo Conditions
Von Operating Voltage . — 2.4 5 12 v
3v —_ 0.1 A
IsTy Standby Current - Oscillator stops -
12v — 2 | 4 | pa
3V | Noload — 40 B0 A
Iop Operating Current Pl ! g%kHz -
12v | losc= — | 150 | 300 i pA
Vou=0.9Vyp (Source) -1 ~1.6 - ma
Inour | Output Drive Current 5V AL P -
Vor=0.1¥pp (Sink) 1 1.6 — mA,
Vin “H" Input Voltage e — 08Vppi - Voo v
Vi, "L Input Voltage — — 0 — |0.2Vpp! V
fose Oscillator Frequency 5V | Rpge=1.1MQ —_ 3 — kHz
RTE TE Pull-high Resistance | 5V | Vig=0V — 1.5 3 MO

April 11, 2000
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HOLTEK # RN HT12A/HT12E

Functional Description

Operation .
The 2'2 series of encoders begin a 4-word transmission tyele upon receipt of a transmission enable
(TE for the HT12E or D8~D11 for the HT12A, active low); This cycle will repeat itself as long as the
transmission enable (TE or D8~D11) is held low. Once the transmission enable returns high the en-

coder output completes its final cycle and then stops as shown below.
% | |
] j— <1 worg
Encoder
Transmitled

j— 4 words ja— Continucusly —pta— 4 words —|

Transmission timing for the HT12E

DB~D11 i [
Key-in
| & < 1word

| e 1word ja—  Trarsmitted  _ gt e 1 word

Continuously

Transmission timing for the HT12A (L/MB=Floating or VD)

Da~Drt 1 | i
Key-in (!l data=1}
| fe— <1word la 7 wards -]
Encoder
ka7 worde o i~ e o

1 word {all data=1}

Transmission timing for the HT12A (L/MB=VES}

6 April 11, 2000
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HT12A/HT12E

information word

If1/MB=1 the device is in the latch mode {for use with the latch type of data decoders). When the trans-
mission enable is removed during a transmission, the DOUT pin outputs a complete word and then
stops. On the other hand, if L/MB=0 the device is in the momentary mode {{for use with the momentary
type of data decoders). When the transmission enable is removed during a transmission, the DOUT
ontputis a complete word and then adds 7 words all with the “1” data cede.

An information word consists of 4 periods as illustrated below.

Address/data waveform

7777

- - 173 bit sync. period

ala code _,

4——  piiotperiod (12bits) -~ — address code perind  —pi— dperil)d

Composition of information

Each programmable address/data pin can be externally set to one of the following two logic states as

shown below,

N I

e LT L

fosc

Address?
- Data Bit

Address/Data bit waveform for the HT12E

o

"One”
Data Bit [

"Zero"

"Ome"

[/

TR

4+ Data Bit e

Address Bit [

il Address Bit -

Address/Data bit waveform for the HT12A
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The address/data bits of the HT1ZA are transmitted WIth _aISBkHz carrier for infrared remote con-
troller flexibility. I

Address/data programming {preset}

The status of each address/data pin can be individually pre-set to logic "high” or “low”. If 2 transmis-
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad-
dress/data seriaily in the order AD to AD11 for the HT12E encoder and A0 to D11 for the HT12A
encoder.

During information transmission these bits are transmitted with a preceding synchronization bit. If
the trigger signal is not apphed, the chip enters the standby mode and consumes a reduced current of

less than 1pA for a supply voltage of 5V.

Usual applications preset the address pins with individual security codes using DIP switches or FCB
wiring, while the data is selected by push buttons or electronic switches.

The following figure shows an application using the HT12E:

i

OsCt1 Osc2

Transmission

pouT medium

VDD A0 AT A? A3 A4 A5 AG A7 VSS TE ADE ADI AD10 AD11

IEFT
RERNREN

Voo d

VES

The transmitted information is as shown:

Pilot | AD | A1 | A2 | A3 | Ad | A5 ; A6 | AT | ADB | ADg ‘ADlOfADlI
& ) j | |
Syne.] 1 | 0 | 1 ] o { 0 { e i1 b1 |11 1] o0

g Aprd 11, 2000



HOLTEK HT12A/HT12E

Address/Data sequence

The following provides the address/data sequence table for various models of the 2% series of
encoders. The correct device should be selected according to the individuzal address and data require-

ments,

Address/Tiata Bits
Parti_hﬁﬁf M?WWN'?“#W‘“?'MWAH?W 11
HT12A AD 1? AZ | A3 ?g:_@m A6 | A7 | D8 | D9 | Dlo | D11
HT12E A0 | A1 | A2 | A3 | A4 | a5 | A6 | A7 | ADS | AD9 |AD10|ADII

Transmission enable

For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the
HT12A encoders, transmission is enabled by applying a low signal to one of the data pins D8~D11.

Two erronecus HT12E application circuits

The HT12E must follow closely the application circuits provided by Holtek (see the “Application cir-
cuits¥),

* Error: AD8~ADI1 pins input vaitage > Vpp+0.3V

O5C2 vDD {i;
{ e AD11 %
TE AD10
vss AD9
ADE 2 12y
[«] éJ &
% %% ﬂtliirﬁz I
HT12E 7

9 Aprit 11, 2000



HOLTEK P : HT12A/HT12E

= Error: The IC's power source is activated by pins- AD8~AD11
e 12v

QsC2 VDD

0SCT  AD11
TE AD1D
ADg
V5SS
ADE

[
HT12E i
Fiowchart

* HT12A = HT12E

Fower on { Power on l

Y

. [Data enable?
¥es

Data with camier
seriai nuiput

Data sill enabled 7
No

Tranemission
enabted ?

4 gala words
transmitled

rehamission
s4il snabled

4Yes

4 data words
LMB=GND? transmitled
continugusty
N |
N i
Sendthe | Send "1" 7 times for
fast code | all of the data codes

Yo |

Note: D8~I311 are transmission enables of the HT12A,
TE is the transmission enable of the HT12E.

10 April 11, 2060



HT12A/HT12E

v
T1]
H
8]
I

Osciliator frequency vs supply voitage

fose
{Scale)

Rosc {{1}

3

e T e |

| S

X S E

4
3

I |

e ——————

1

g —

¥

(3KMZ)3.00 i

13 Voo (V DG}

12

1

10

scp {decoder}

The recommended oscillator frequency is Ty,

=

9)
LR
(=)

g 8
S8
=

o«
g
o
~ o
Er(\
S
% o
& &
.va
i)

21
3
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HOLTEK # T HT12A/HT12E

Application Circuits

Voo 10052 ) . ] -
i Transmitler Circuit A%

~o~o- a0 ypp 8 b SRR
5 47 10k 8050 oy} AD VDD [18
’_o At oour Lot A pouT 2
3 15 455K
- 2 X _ -4 100pF B Y osc1 jﬁjﬁ
10MQ Rosc
4 15
b—o-\:\——i AZ Xz 15 i’—ﬂ‘iDDpF b ot A QsCz
bl el VR Y
,_o\o_._s Ad LIME 14 P S § & o Ad TE LIS
ot as o1 |12 i PRI Y FYOEL] LI,
7 12
J S Do 22" L o~o-lias AD10PELS
405 A7 pofll = o oo A7 Aot 5
g 10
H ves pe e 2™ i ! vas  apajileo
7 TT r HT12E

HT12A

Note: Tyvpical infrared diode: EL-11.2 (KODENSHI CORT.)
Typical RF transmitter: JR-220 (JUWA COEE}
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Holtek Semiconducior Inc. (Headgquariers)

No.3 Creation Rd. II, Science-based Industrial Park, Hsinchu, Taiwan, R.O.C.
Tel: RBE-3-563-1099

Fax: B86-3-563-1189

Holtek Semiconductor Inc. (Taipei Office}

5F, No.576, Sec.7 Chung Hsiao E. Rd., Taipei, Taiwan, R.0.C.
Tel: BAB-2-2782-0635

Fax: §86-2-2782-9635

Fax: 686-2-2782-7128 (International sales hotline)

Holtek Semicondurctor {Hong Hong) Lid.

RM.711, Tower 2, Cheung Sha Wan Plaza, 833 Cheung Sha Wan Rd., Kowleon, Hong Kong
Tel: 852-2-745-8268

Fax: B52-2-742-8657

Copyright € 2000 by HOLTEK SEMICONDUCTOR INC.

The information appearing in this Data Sheet is believed to be accurate at the time of publication. However, Holiek
agsumes no responsibility arising from the use of the specifications described. The applications mentioned herein are
used solely for the purpose of ilfustration and Holtek makes no warranty or representation that such applications
{ will be suitable without further modification, nor recommends the use of its products for application that may pres-
! entarisk to human life due te malfunction ar otherwise. Holtek reserves the right fo alter its products without prior
notiheation. For the most up-to-date information, please visit our web site at htip://www.holtek.com.tw.
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro Jamily meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manngr and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microconiroller in @ manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable”.
Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

i you have any further questions about this matter, please contact the Jocal sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion onty
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip's products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or atherwise, under any intellectual property
rights.
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Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyl AB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
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MICROCHIP PIC18FXX8

High Performance, 28/40-Pin Enhanced FLASH
Microcontrollers with CAN

High Performance RISC CPU: Advanced Analog Features:

* 10-bit, up to 8-channe! Analeg-to-Digital Converter
module {A/D) with:
- Conversion available during SLEEF
- Up to B channels available

» Anaiog Comparator Modute:
- Programmable input and output muitiplexing

« Comparator Voltage Reference Module

* Programmable Low Voltage Defection (LVD} module
- Supperts interrupt on low voltage detection

* Programmable Brown-out Reset (BOR)

+ linear program memory addressing up to

2 Mbytes

Linear data memory addressing to 4 Kbytes

* Upto 10 MIPs operation

* DC - 40 MHz clock input

* 4 MHz - 10 MHz osc./clock input with PLL active
+ 16-bit wide instructions, B-bit wide data path

* Priority levels for interrupls

= 8 x B Single Cycle Hardware Multiplier

Peripheral Features:
CAN bus Module Features:

* Message bit rates up to 1 Mbps
+ Conforms to CAN 2.0B ACTIVE Spec with:
- 29-bit Identifier Fields
- B-byle message length
- 3 Transmit Message Buffers with prioritiza-
tion
- 2 Receive Message Buffers

High current sink/source 25 mA/25 mA

* Three external interrupt pins

* Timer( module: 8-bit/16-bit timer/counter with
B-bit prograrmmable prescaler

Timer1 module: 16-bit timer/counter

Tirmer2 module: 8-bit timer/counter with 8-bit
period regisler (iime-base for PWM)

* Timer3 modute: 16-bif timer/counter

» Secondary oscillator clock option - Timer1/Timer3 - 6 fuli 29-bit Acceptance Filters

Capture/Compare/PWM (CCP) modules CCP - Prioritization of Acceptance Filters
pins can be configured as: - Mulliple Receive Buffers for High Priority
Messages to prevent loss due to overflow

- Advanced Error Management Features

.

- Capture input: 16-bit, max resolution 6.25 ns
- Compare: 16-bit, max resofution 100 ns (Tcy)

- PWM output: PWM resolution is 1- io 10-bit . .
Manx. PW\‘;‘)A freq. @:B?ts)it resc::ution = 156 kHz Special Microcontroller Features:
10-bit resolution = 39 kHz * Power-on Reset (POR), Power-up Timer {PWRT),

» Enhariced CCP module which has ail the features and Oscillator Start-up Timer (OST)

of the standard CCP module, but also has the + Watchdog Timer (WDT) with its own an-chip RC

following features for advanced motor controk oscillator

- 1, 2, or 4 PWM outputs * Programmable code protection

- Seieclable PWM potarity * Power saving SLEEP mode

- Programmable PWM deadtime * Selectable oscillator options, including:
* Master Synchronous Serial Port (MSSP) with two - 4X Phase Lock Loop {of primary oscillator)

moades of operation: - Secondary Oscillalor (32 kHz) clock input

- 3-wire SPI™ (Supports ail 4 SP| modes}) * In-Circuit Serial Programming™ {ICSP™) via two pins

- 12C™ Master and Slave mode

Addressable USART module: Supports interrupt FLASH Technology:

on Address bit + Low power, high speed Enhanced FLASH technology
* Fully static design
- Wide operating voltage range (2.0V to 5.5V)
= Industrial and Extended temperature ranges

® 2002 Microchip Technology inc. Preliminary DS41159B-page



PIC18FXX8

1.0 DEVICE OVERVIEW 2. PIC18F2X8 devices implement 5§ A/D channels,
as opposed to 8 for PIC18F4X8 devices,

This document contains device specific information for 3. PIC18F2X8 devices impiement 3 1O ports,

the following devices: while PIC18F4X8 devices implement 5.

1. PIC18F248 4. Only PIC18F4X8 devices implement the

2. PIC18F258 Enhanced CCP module, analog comparators

3. PIC18F448 and the Parallel Slave Port.

4. PIC18F458 All other features for devices in the PIC 18FXX8 family,

including the serial communications modules, are
identical. These are summarized in Table 1-1.

Block diagrams of the PIC18F2X8 and PIC18F4X8
devices are provided in Figure 1-1 and Figure 1-2,
respectively. The pinouts for these device families are
listed in Table 1-2.

These devices are available in 28-pin, 40-pin and
44-pin packages. They are diflerentiated from each
other in four ways:

1, PIC18FX58 devices have twice the FLASH pro-
gram memory and data RAM of PIC18FX48
devices (32Kbytes and 1536 bytes vs.
16 Kbytes and 768 bytes, respectively).

TABLE 1-1: PIC18FXX8 DEVICE FEATURES
Features PIC18F248 PIC18F258 PIC18F448 PIC18F458
Qperating Freguency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Internal Program |Bytes 16K 32K 16K 32K
Memory # of Single Word 8192 16384 8192 16384
Instructions
Data Memory (Byfes} 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 21 21
110 Ports Ports A, B, C Ports A, B, C PorisA,B8,C,D,E(Ports A,B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 1 1 1 1
Enhanced Capture/Compare/PYWh — — 1 1
Modules
Serial Communications MSSP, CAN, MSSP, CAN, MSSP, CAN, MSSP, CAN,
Addressabie Addressable Addressable Addressabie
USART USART USART USART
Parallel Communications {PSP) No No Yes Yes
10-bil Analog-to-Digital Converter 5input channels | 5input channels | 8 input channeis ! 8 input channels
Analog Comparators No No 2 2
Analog Comparators VREF Output N/A N/A Yes Yes
RESETS (and Delays} POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Fuli, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow Stack Underflow
{(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, O8T)
Programmable Low Voltage Detect Yes Yes Yes Yes
Programmable Brown-out Reset Yes Yes Yes Yes
CAN Module Yes Yes Yes Yes
In-Circuit Serial Programming™ Yes Yes Yes Yes
{ICSP™)}
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
Packages 28-pin SPDIP 28-pin SPDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin PLCC 44-pin PLCC
44-pin TQFP 44-pin TQFP

© 2002 Microchip Technalogy inc.
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PIC18FXX8

FIGURE 1-2: PIC18F448/458 BLOCK DIAGRAM
Data Bus<8>
PORTA
JL RADANG/CVRER
21|[Table Pointer<21> Data Laich RAT/AN1
A RAZANZ/VREF-
8 8 Data RAM ) RAVANINVREF+
21 ine/dec logic up 10 1536 Kbyles RA4TOCK]
RAS/AN4/SS/LVDIN
Address Latch OSC2CLKOMRAS
: 21 TPCLATUPCLATH| 1z PORTE
Address<12> L—"" RBO/INTO
PCU| PCH | PCL RB1/INT1
Program Counter 12 [+—=1 X} RB2/ICANTX/INT2
Address Latch | t BSR| [[Fsro B0 F) [ H—1 Eg:tcmkx
Program Memory 37 Lovel Stack FSR1 41 RBSIFGM
up 10 32 Kbytes FSR2 12 L4 RBEPGC
Data Latch RB7/PGD
PORTC
RCO/T10SO/TICKI
L RC1/T10S1
RC2/CCP1
L RCYSCK/SCL
RC4/SDIISDA
RCS/S0D0O
RCE/TX/CK
RCTMRXDT
PORTD
o RDOPSPOICTIN+
[— RD1/PSPU/CTIN-
Insiruction k‘: [ RD2/PSP2IC2IN+
Decode & ol — RDA/PSPI/C2IN-
Control s RD4/PSPAECCP1PIA
OSCUCLXOMRAS J_ ; ; ; 4 . RD&/PSPS/P1B
OSCH/ICLK] b » RD&/PSPEP1C
awer-up H—[<] RO7PSPTP1D
Timer
Timing Qscillator PORTE
10l Generation [< Start-up Timer [ REQANS/RD
TI0S0 Power-on RE1/ANB/WRIIC10UT
F"‘l}_ Reset REZANTICSIC200T
Watchdeg
Precision Timer
Bandgap Brown-out
Reference Reset
Test Mode
Select
Bandgap é
{5 MCLR VDO, Vss
PBOR . N 10-kit Paralle)
PLVD Timerd Timert Timer2 Timer3 ADC Siave Porl
Enhanced Synchronous
DataEEPROM] | Comparatars| [ CCP1 ooP USART Gerial Port CAN Module

® 2002 Microchip Technology Inc. Preliminary DS41159B-page 9



PIC18FXX8

TABLE 1-2:

PIC18FXX8 PINOUT 1/O DESCRIPTIONS

Pin Name

Pin Number

PIC18F248/258

PIC18F448/458

SPDIF, SOIC | PDIP

TQFP

PLCC

Pin
Type

Buffer
Type

Description

MCLR/VFP

MCLR

Vpp

1

1

18

2

ST

Master Clear (input) or

programming voltage (output).
Master Clear (Reset) input.
This pin is an active low
RESET to the device.
Programming voltage inpult,

NC

12,13,
33,34

1,17,
28, 40

These pins should be left
unconnected.

0SC1/CLKI

0SC1

CLKI

13

30

14

CMOS/ST

CMOS

Oscillator crysial or external clock

input.
Oscillator crystal input or
external clock source input. ST
buffer when configured in RC
maode. Otherwise CMOS,
External clock source input.
Always associated with pin
function OSC1 (see OSC1/
CLKI, OSC2/CLKO pins}.

OSCUCLKO/RAB
Qscz

CLKO

10

14

3

15

1O

TTL

Qscillatar crystal or clock output.
Osdillator crystal output.
Connects to crystat or
rescnator in Crystal Oscillator
mode.
in RC mode, OSC2 pin outputs
CLKO, which has 1/4 the
frequency of OSCT and
denotes the instruction cycle
rate.

General purpose )/O pin.

Legend: TTL=
ST

TTL compatible input

Input
Power

CMQS
Schmitt Trigger input with CMOS levels  Analog

o

ab

n i nm

CMOS compatible input or output
Analog input

Output

Cpen Drain {no P diode to VDD)

DS411598-page 10
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PIC18FXX8

TABLE 1-2; PIC18FXX8 PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin N PIC18F248/258|  PIC18Fa4siass | | Buffer Description
in Name Type Type p
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTA is a bi-directional /0O port.
RAQ/AND/CVREF 2 2 19
RAO f{e] TTL Digital ¥O.
ANO | Analog Analog input 0,
CVREF O Analog Comparator valtage reference
output.
RA1/AN1 3 3 20
RA1 1o TTL Digital /0.
AN1 ] Analog Analog input 1.
RAZ2(ANZNREF- 4 4 21
RAZ V] TTL Digital /0.
AN2 | Analog Analog input 2,
VREF- i Analog AJD reference voltage
{Low) input.
RA3/AN3NVREF+ 5 5 22 6
RA3 /O TTL Digital /0.
AN3 ! Analog Analog input 3.
VREF+ | Analog AJD reference voltage
(High) input.
RA4/TOCKI 6 6 23 7
RA4 /0 | TTL/OD Digital I/C - open drain when
configured as cutput,
TOCKI | ST TimerQ external clack input.
RAS/AN4/SS/LVDIN 7 7 24
RAS [fe] TTL Digital /0.
AN4 I Analog Anajog input 4.
S8 | ST SPI slave select input.
LVDIN ! Analog Low voilage detect input.
RAG See the OSC2/CLKO/RAG pin. |
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
i = Input 0 = Qutput
P = Power oD = Open Drain (no P diode to VD)
@ 2002 Microchip Tethnolagy inc. Preliminary DS411598-page 11



PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT IO DESCRIPTIONS (CONTINUED)
Pin Number
. Pin | Buffer s
Pin Name PIC18F248/258 PIC18F448/458 Type| Type Description
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTB is a bi-directional /O port.
PORTB can be software
programmed for internal weak
pull-ups on all inputs.
RBO/INTO 21 33 8 36
RBO 1O TTL Digital /0.
INTO | ST External interrupt 0.
RB1/INT1 22 34 9 37
RB1 [{e] TTL Digitai /0.
INT1 | ST External interrupt 1.
RB2/CANTX/INTZ2 23 35 10 K13
RB2 o TTL Digital Q.
CANTX o TTL Transmit signal for CAN bus.
INT2 1 ST External interrupt 2.
RB3/CANRX 24 36 1 39
RB3 /O TTL Digitat /0.
CANRX i TTL Receive signal for CAN bus.
RB4 25 37 14 41 11O TTL Digital /0.
Interrupt-on-change pin.
RB5/PGM 26 38 15 42
RBS /O TTL Digital /O,
Interrupt-on-change pin.
PGM 1 ST Low voltage ICSP
programming enable.
RBB/PGC 27 39 16 43
RB6 lle] TTL Digital ¥O. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGC | ST ICSP programming clock.
RB7/PGD 28 40 17 44
RB7 fe] TTL Digital I/O. in-Circuit
Debugger pin.
Interrupt-on-change pin.
FGD 1O ST ICSP programming data.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
! = Input O = Output
P = Power oD = Open Drain (no P diode to VDD)
DS411598-page 12 Preliminary ® 2002 Microchip Technology Inc.



PIC18FXX8

TABLE 1-2: PIC1BFXXB PINOUT IfO DESCRIPTIONS (CONTINUED)
Pin Number
. Pin | Buffer e
Pin Name PIC18F248/258 PIC18F448/458 Type | Type Description
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTC is a bi-directional /O port.
RCO/T10OSO/TICK]) 11 15 32 16
RCO o ST Digital /0.
T1080 0 — Timer1 oscillator output.
T1CKI ] ST Timer1/Timer3 external clock
input.
RCH#T10SI 12 16 35 18
RC1 o] ST Digital 1VO.
T108! | CMOS Timer1 oscillator input.
RC2/CCP1 13 17 36 19
RC2 170 ST Digital ¥O.
CCP1 o ST Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 14 18 37 20
RC3 1o ST Digital i70.
SCK 11O ST Synchronous serial clock
inputioutput for SPI mode.
SCL Tle} ST Synchronous serial clock
inputfoutput for 2C mode.
RC4/SDI/ISDA 15 23 42 25
RC4 o] ST Digital i/O.
31| { ST SPI data in.
SDA 110 ST 12C data /0.
RC5/SDO 16 24 43 26
RCS 1o ST Digital 0.
sSDO 0 — SPI data out.
RC6/TX/CK 17 25 44 27
RCH 1o ST Digital /0.
™ 0] — USART asynchronous
transmit.
CK [{e] ST USART synchronous chock
(see RXUJDT).
RC7/RX/DT 18 25 1 29
RC7? 1O ST Digital /0.
RX ] ST USART asynchronous receive.
oT ifo ST USART synchronous data
(see TX/CK]).
Legend: TTL= TTL compatible input CMQS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input 0 = Qutput
P = Power oD = Open Drain (no P diode to VOD)
© 2002 Microchip Technology Inc. Preiiminary D5411598-page 13




PIC18FXX8

TABLE 1-2: PICT18FXXE PINOUT /O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer I
Pin Name PiC18F248/258 PIC18F448/458 Type | Type Description
SPDIP, SOIC | PDIP TTQFP PLCC
PORTD is a bi-directionat 1/Q port.
These pins have TTL input buffers
when externa! memory is enabled.
RDO/PSPO/C1IN+ — 18 33 21
RDO 1o sT Digital I0.
PSPO o TTL Paralle! slave port data.
C1IN+ | Analog Comparator 1 input.
RD1/PSP1/C1IN- — 20 3g 2z
RD1 lie] ST Digital O.
PSP1 f{e] TTL Paraliel stave port data.
C1IN- ) Analog Comparator 1 input.
RD2/PSP2/C2IN+ — 21 40 23
RD2Z f{o] ST Digital VO.
PSP2 N} TTL Parallel slave port data.
C2IN+ ! Analog Comparator 2 input.
RD3/PSP3/C2IN- — 22 41 24
RD3 e ST Digital /0.
PSP3 o TTL Parallel slave port data.
C2IN- [ Analog Comparator 2 input.
RD4/PSP4/ECCP1/ — 27 2 3o
P1A
RD4 flo] ST Digital IO.
PSP4 1/8] TTL Parallel slave port data.
ECCP1 170 ST ECCP1 capture/compare.
P1A 0 — ECCP1 PWM output A.
ROS/PSP5/F18 — 28 3 ey |
RD5 o ST Digital /0.
PSP5 1O TTL Parallel slave port data.
P1B O - ECCP1 PWM output B.
RD&/PSPE/P1C - 29 4 32
RD6 o] ST Digital 11O.
PSP6 1o TTL Parallel sfave port data.
P1C 0 — ECCP1 PWM output C.
RDI/PSP7P1D — 30 5 33
RD7 1o sT Digital /0.
PSP7 11O TTL Parallel slave port data.
| PiD 0 — ECCP? PWM output D.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
[ = Input o = Qutput
P = Power QD = Open Drain (no P diode to VDD)
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
. Pin | Buffer o
Pin Name PIC18F248/258 PIC18F448/458 Type | Type Description
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTE is a bi-directional /O port,
REO/ANS/RD — 8 25 9

REO 1O ST Digital O,

ANS | Analog Analog input 5.

RD ! TrL Read control for parallel siave
port (see WR and CS pins).

RE1/AN6MWR/C 10UT — 9 26 10

RE1 1o ST Digital /0.

ANB | Analog Analog input 6.

WR f TTL Write cohtrol for parallel slave
port (see CS and RD pins).

c1ouT Q Analog Comparator 1 output.

REZ/ANT/CS/C20UT — 10 27 1

REZ2 HO ST Digital 1/O.

AN7 1 Analog Analog input 7.

CSs ! TTL Chip select conirol for parallel
slave port {(see RD and WR
pins).

cz20uUT O Analog Comparator 2 output.

Vss 19, 8 12,31 6,28 13,34 | — — Groung reference for logic and
1O pins.
Voo 20 11,32 7,28 (12,35 — — Positive supply for logic and VO
pins.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input o = Qutput
P = Power oD = Open Drain (no P diode to Voo}

@ 2002 Microchip Technology Inc.
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PIC18FXX8

2.0 OSCILLATOR
CONFIGURATIONS

21 Oscillator Types

The PIC18FXX8 can be operated in one of eight Oscil-
lator modes, programmable by three configuration bils
(FO8C2, FOSCA1, and FOSCO).

1. LP Low Power Crystal

2. XT Crystal/Resonator

3. HS High Speed Crystal/Resanator

4, HS4 High Speed Crystal/Resonator with
PLL enabled

5 RC Externai Resistor/Capacitor

6. RCIO External Resistor/Capacitor with O
pin enabled

7. EC External Clock

8. ECIO External Clock with /O pin enabled

22 Crystal Oscillator/Ceramic
Resonators

In XT, LP, HS or HS4 (PLL) Oscillator modes, a crystal
or ceramic resonatar is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections. An extemal clock source may also
be connected to the OSC1 pin, as shown in Figure 2-3
and Figure 2-4.

The PIC18FXX8 oscillator design requires the use of a
parallel cut crystal.

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP OSC
CONFIGURATION)
e osct [T D
l l o To
.- Internat
2 XTAL SR Logic
= 1 SLEEP
Rst?) :
c2in osc2 PIC18FXX8B

Note 1: See Table 2-1 and Table 2-2 for recommended
values of C1 and C2.

2: A series resistor {Rs) may be required for AT
strip cut crystals.

3: RF varies with the crystal chosen.

Note: Use of a series cut crystal may give a fre-
quency out of the crystal manufacturer’s

specifications,

TABLE 2-1: CERAMIC RESONATORS
Ranges Tested:

Mode Freq 0SCc1 0SC2
XT 455 kHz 68 - 100 pF | 68 - 100 pF
2.0MHz 15- 68 pF 15 - 68 pF
4.0 MHz 15 - 68 pF 15 - 68 pF
HS 8.0 MHz 10 - 68 pF 10 - 68 pF
16.0 MHz 10- 22 pF 10 - 22 pF

20.0Mhz TBD TBD

25.0 MHz TBD TBD

HS+PLL 4.0 MHz TBD TBD
8.0 MHz 10 - 68 pF 10 - 68 pF

10.0 MHz 18D TBD

These values are for design guidance only.
See notes following Table 2-2.

Resonators Used:
455 kHz | Panasonic EFO-A485K04B | +0.3%
2.0MHz | Murata Erie CSA2.00MG +0.5%
4.0 MHz | Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murata Erie CSAB.QOMT +0.5%
16.0 MHz | Murata Erie CSA16.00MX +0.5%
All resonators used did not have built-in capacitors.

© 2002 Microchip Technaolagy Inc.
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PIC18FXX8

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Crystal | Cap. Range | Cap. Range
Osc Type I?rfeq g C1 ? g c2 °
LP 32.0kHz 33 pF 33 pF
200 kiHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1.0 MHz 15 pF 15 pF
4.0 MHz 15 pF 15 pF
HS 4.0 MHz 156 pF 15 pF
8.0MHz | 15-33pF 15-33 pF
20.0 MHz 15-33 pF 15-33 pF
25.0 MHz TBD TBD
HS+PLL 4.0 MHz 15 pF 15 pF
8.0 MHz 15-33 pF 15-33 pF
10.0 MHz TBD TBD

These values are for design guidance only.
See notes on this page.

Crystals Used

32.0 kHz | Epson C-001R32.768K-A | 20 PPM

200 kHz STD XTL 200.000KHz 1 20 PPM
1.0 MHz ECS ECS-10-13-1 1 50 PPM
4.0 MHz ECS EC5-40-20-1 + &0 PPM

8.0MHz [EPSON CA-301 8.000M-C| 30 PPM

20.0 MHz | EPSON CA-301 20.000M- { + 30 PPM
c

Note 1: Recommended values of C1 and C2 are
identical to the ranges tested (Table 2-1).

2: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for
approprniate values of external components.

4: Rs may be required in HS mode, as well as
XT mode, to avoid overdriving crystals with
low drive level specification.

2.3 RC Oscillator

For timing insensitive applications, the "RC” and
"RCIC" device options offer additional cost savings.
The RC oscillator frequency is a funclion of the supply
vollage, the resistor (REXT) and capacitor (CEXT) val-
ues and the operating temperature. In addition to this,
the oscillator frequency will vary from unit 1o unit due to
normal process parameter variation, Furthermore, the
difference in lead frame capacitance between package
types will also affect the oscillation frequency, espe-
cially for low CEXT values, The user also needs to take
into account variation due to tolerance of external R
and C components used. Figure 2-2 shows how the RC
combination is connected.

tn the RC OQOscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or 1o synchronize other
logic.

FIGURE 2-2: RC OSCILLATCR MODE
VoD
REXT PI'CTBFXXGI 1 ]
nlema.
_L OSE ! %—b Clock
CEXTI _E'
Vss — -
OSC2ICLKO
Foscia
Recommended values: 3 k(2 < RexT <100 k2
Cext > 20 pF

The RCIO Oscillator mode functions like the RC mode,
except that the QSC2 pin becomes an additional
general purpose /O pin.

DS411569B-page 18
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PIC18FXX8

4.0 MEMORY ORGANIZATION

There are three memory blocks in Enhanced MCU
devices. These memory blocks are:

* Enhanced FLASH Program Memory

« Data Memory

+ EEPROM Data Memory

Data and program memory use separate busses,
which allows concurrent access of these blocks. Addi-
tional detailed information on Data EEPROM and
FLASH program memeory is provided in Section 5.0 and
Section 6.0, respectively.

4.1 Program Memory Organization

The PIC18F258/458 devices have a 21-bit program
counter that is capable of addressing a 2 Mbyte
program memory space.

The RESET vector address is at O000h and the
interrupt vector addresses are at 0008h and 0018h.

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK FOR
PiC18F258/458
R PC<20:0> |
CALL, RCALL, RETD, L3y
RETFIE, RETLW 7

Stach Leve) 1

Stack Level 31

RESET Vector 000Ch

High Pricrity Interrupt Vector | 0008h

Low Priority Interrupi Veector {0018h

On-Chip
Program Memary

User Memary Space

7FFFh
8000h

Read '0’

1FFFFFh
2000001

Figure 4-1 shows the diagram for program memory
map and stack for the PIC1BF258 and PIC18F458.
Figure 4-2 shows the the diagram for the program
memory map and slack for the PIC18F248 and
PIC18F448.

4.1.1 INTERNAL PROGRAM MEMORY
OPERATION

The PIC18F258 and the PIC18F458 have 32 Kbytes of
internat Enhanced FLASH program memory. This
means that the PIC18F258 and the PIC18F458 can
store up to 16K of single word instructions., The
PIC18F248 and FIC1BF448 have 16 Kbytes of
Enhanced FLASH program memory. This translates
into 8192 single-word instructions, which can be stored
in the Program memory. Accessing a location between
the physically implemented memory and the 2 Mbyte
address will cause a read of all '0's (a NOP inslruction).

FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR
PIC18F248/448
[ PC<20:0> ]
CALL, RCALL, RE 21
RETFIE, RETLW g
Stack Level 1
Stack Level 31
RESET Vector co00n T
High Priority Interrupt Vector j 0008h
Low Priority Interrupt Vector [0018h
COn-Chip
Program Memory
3FFFh
4000h
Q
[ 5]
a
w
S
=
Q
=
2
Read 0’ >
1FFFFFh
200000h =

® 2002 Microchip Technology Inc.
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8.0 IO PORTS

Depending on the device selected, there are up to five
general purpose /O ports available on PIC18FXX8
devices. Some pins of the /O ports are multiplexed
with an alternate function from the peripheral features
on the device. In general, when a peripheral is enabled,
that pin may not be used as a general purpose {/O pin.

Each port has three registers for its operation:

* TRIS register (Data Direction register)

* PORT register (reads the levels on the pins of the
device)

» LAT register (output latch).

The data ‘atch (LAT register) is useful for
read-modify-write operations on the value that the 1/O
pins are driving.

9.1 PORTA, TRISA and LATA
Registers

PORTA is a 7-bit wide, bi-directional 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).
On a Power-on Reset, these pins are configured as
inputs and read as '0".

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch.

Read-modify-write operations on the LATA register,
reads and writes the latched output value for PORTA.

The RA4 pin is multiplexed with the Timer? module
clock input to become the RA4/TOCK! pin. The
RA4/TOCKI pin is a Schmitt Trigger input and an open
drain output. All other RA porl pins have TTL input
levels and full CMOS output drivers.

The other PORTA pins are multipiexed with analog
inputs and the analog VREF+ and VREF- inputs. The
operation of each pin is selected by clearing/setting the
contrel bits in the ADCON1 register (A/D Conitrol
Register 1). On a Power-on Reset, these pins are
configured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
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 9-1: INITIALIZING PORTA
CLRF PORTA ; Initialize PORTA by
; clearing output data latches

CLRF LATA Alternate method to clear
output data latches
MOVLW 07h Configqure A/D

MOVWE ADCON1 ;
MOVLW 0OXCF

for digiral inputs

Value used to initialize
data direction

Set RA3:RA0 as inputs,
RAS :RA4 as outputs

MOVWF  TRISA

RA3:RAD AND RA5 PINS
BLOCK DIAGRAM

FIGURE 9-1:

RD LATA
Data Bus D Q
WH LATA or
WR PORTA cKLG
Data Latch ’_@
L_ D Q 170 pinl?
WR TRISA cK LG
Analog
Input Mode TRIS Latch
RD TRISA TTL
Input
a b L Buffer
EMN

RD PORTA

S8 Input {RAS5 only)

__To AJD Converter and LVD Modules

Note 1: I/O pins have diode protection to VDb and Vss.

FIGURE 9-2: RA4/TOCKI PIN BLOCK
DIAGRAM
RD LATA
Data Bus D Q
WR LATA or
WR PORTA =
- CK -3 N WO pinit
Data Latch
Jr— D a Vss _J
Schmitt
WR TRISA — Trigger
CK.Q Ylnput
TRIS Latch ™ Bufter
Input
[ Buffer
RD TRISA
[#] D
EN
RD PORTA j

TMRO Ciock Input

-

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

® 2002 Microchip Technology Inc.
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PIC18FXX8

FIGURE 9-3: RA6/0SC2/CLKOUT PIN BLOCK DIAGRAM
(Fosc =191,111)
CLKO (Fosc/4) FromOSC1 | Oscllator
1 Circuit
Data Latch
Datz B 0
ata Bus D a .
WR PCRTA CKLE P RAB/OSC2/
CLKO pint?)
TRIS Laich .__‘E
D Q
N
WR TRISA cK LG
(Fosc =100, 4’
101, 110, 111} Vss
RD TRISA 1 Schmitt 7
Trigger
a D Input Buffer
EN
RD PORTA . {>P
{Fosc = 110, 100} _
Note 1: CLKO is 1/4 of Fasc.
2: /O pin has diode protection to VDD and V55,
TABLE 9-1: PORTA FUNCTIONS
Name Bit# Buffer Function
RAD/ANO/CVREF bit0 TTL |Inputioutput, analog input, or analog comparator voltage reference
output.
RA1/AN1 bit1 TTL [inputoutput or analog input.
RAZ/AN2/NVREF- bit2 TTL |Inputioutput, analog input or VREF-,
RAJ3/AN3/VREF+ hit3 TTL |Inputioutput, analog input or VREF+,

RA4/TOCK? bit4 ST/OD | Input/output, external clock input for Timer0, output is open drain type.
RAS5/SS/AN4/LVDIN bits TTL |Inputioutput, slave select input for synchronous serial port, analog input,
or low voltage detect input.

RAG/QSC2/CLKO bitg TTL |Input/output or oscillator clock output.
Legend: TTL = TTL input, 8T = Schmitt Trigger input, OD = Open Drain
TABLE 9-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Vaiue on Value on
Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
’ RESETS
PORTA — RAB RAS RA4 RA3 RAZ RA1 RAQ |-00x 00CO| -uun uuuu
LATA — | Latch A Data Qutput Register XXX XXXX | -Uuu uuur
TRISA — | PORTA Data Direction Register -111 1111 -111 1111
ADCON1 |ADFM|ADCS2] — [ — [PCFG3[ PCFG2 | PCFG1 | PCFGO [00-- 0000 |uu-- wuuu

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