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Thesis Title FOLLOW SPOTLIGHT AND SHOW TIME FOR STAGE PERFORMANCE
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Abstract

This project is the application of using controller to control the follow spotlight
and show times by radio frequency (RF). This system consists of 2 main parts transmitter
and receiver. In the part of transmitter, we use microcontroller PIC16F628 for data
processing and defined function the follow spotlight and show. time via radio frequency
433 MHz. In the part of receiver, we use microcontroller PIC16F877A for data processing
and writting code for the mode on demand controlled follow spotlight and time. We
use 7-segment super bright for displaying the time and settine mode condition. There is
a buzzer alarm for warning when the setting time is out.
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2.1 PIC16F877A

lulnsasulnsataainszna PICvasuIEvMicrochiplagtaniziuas PICI6FSTTA vu
lilasroulnsaweifildfunuiovedlunswarstesimidululasreulnsaiaesuuy uwsn 9 7
finguszananawuy RISC Processor (RISC ; Reduced Instruction-Set Computer ) Tngl4nds
nsUssiaasaLfios 33 35 mds wasldvailunisussnasdufiss 1ude 2 machine cycle
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e Mddalunnadsuseld dildnsvnuisadmn uensniuluilasiadaads
ﬂ?aﬂauéf’mm%mm%ﬁqﬁ%"uiuﬂaﬁw%’u‘l*ﬁ'&nuﬁmwﬁa 7 wnune iui luaa Analog to Digital
Converter , USART , Timer / Counter -, SPI, Compare / Capture / PWM, 12C Tludu T,mga
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= i
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finseauaund Interrupt WA 14 UHaS

I

a

- gnunsadensziunisdesduteaua (Code Protection)

y v
1

filnuaUszndawaaanu (Sleep Mode)
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- mMlUsnsud Twluy ICSP-CICSP, IneCircuit Serial Prograrmming )
annsareuildiEsrashud 20 V55V

wain I/Q Wiavuannsadulavldagnssialagan 25 mA

fluga Timer /- Counter lamuiansn3 7 Timer 0 Timer 1 wag Timer 2

- filuga CCP (CCP : Compare / Capture / PWM.) 91134 2 40

- filuga Analog to Digital Converter aanuasigeavua 8 Ua waz 10 Un 99u7u 8 geanialy
Fw

- ﬁimaagamiaqmmmv USART ( USART : Universal Synchronous Asynchronous Receiver
/ Transmitter )

- dnasw 1/Q 113U 5 #esn leun wesn A, B, C | B, haz £ 891 //0 saufid 33 an

- yhawiilvidee 2V0C 1 5.5VDC

- filuga CCP(Capture/Compare/PWM) 2 yafa CCP1 Uag CCP2

. o w = g . =i5 55 s @ s <2
Register @Aty Ag W.reg dailuRegister Milgtunsvintuinput Tviu ALU wazilus
o o & ° = X o s a o @ 1
LAUHAaNTINNIIHNULEY ALY, STATUS 1Uu Resister_nldinuaniuy n13vineuaasdds 11
& o o o = Ve & %) = e P o ey o I
Wadidihruaiawduineslsiuuntne galdselordluns@euldsensunuuiidaule, PC wds
i o s

<, X o o oo da < L uﬂ‘-ff»- o @
Program Counter (U1 Register anA3uusnsinu@An iwasanniddmsuusidin Amdaney
iyUssananaduey o dwnddlalumibeaud wanslugd 2.2



12 m— Owa Bus SORTA
={ Frogpam Cowiar 1[ FoT| RAGIAND
Flzan Ir EZER T
Feagmmn { RATHIRIPATRDE
Kosery 5 Laval Srack FAkE Y RAJANIREE
prinam Fit RALTOTUNEICUT
! Rogains FABRNEEECIOUT
Fragram = =
gs ISP 2R
P
Fratrueton reg I e
" a3 Ingivoct
“ Diagt a7 J[ sl aanr 1
| Ir FORTE
i
e - SCVECHISCL
b o B RCAE !
Decode & |5 BnIEDY
Cowrdd l
Timng | WWaizhory v
-] G&nn’a?‘r:r- GEL Timer FOST0
ECUCLK) e - ROWFSS0
SECMTLAD esnt La REIPE=Y
anireisit % AOZFSFE
Catiugoe B! 5 RO3EES]
P T [ o ROSPERY
Fronsoaining : RCEFSEE
¥ - H AOEPERE
B ROTIPERT
SORTE
MELR. ver, Yer 5] RERREANS
=2 e =[] sEiRaE
] sExTEaN
) Faratal
T
Timarg Tt 0.6k AT Slavn Por
L 1l I i Il
I T i} ) T |
. ektags
Caiz SEFROM coPiE ng';n iiw UBART Comparaioc Rutaennie

Ul 2.2 Block Diagram PIC16FBTTA

WHUAIN1TII9TURNYS

5.
[

©

TUVNWRURNT E_iiu

Auguvaiaresreulvsaed PICI6F8TTA

oot

PICI6FS77A dguusznol

idrAgyluntsvineu



PDIP

U 401 | =~ RBI/PGD

FCLRAPP e []1
RAQ/AND w— [T]2 361 - RBEPGC
RATANT —-— |13 38]] =— RBS
RAZANZNVREFJCVREF e 14 371 ] e RB4
RAGTOCK! =—a [ |8 35 3 - REZ

RASIANG/SS s []

340 e RB1
REQ/RDIANG -t [ 3

331 ] e RBOANT

D

RE [AVRIANG =— []g 320 -— VoD
RENCEANT ww {140\ |/ 31[] e vss
VED e [ 11 3{: 301 =— ROTPSP7
VSS e [11277 00 28] =—e RDBIPSPE
OSCHCLKIN ——» []15 % 28] =—= RDAIPSPS
| OSCZCLKOUT w——[T114 = 271 —e RDARSP4
RCOTIOSOMICK! s [115 2 551 wsd RCTRXDT
RCUTIOSHCEPZ e [] 18 B 951 e RGETNICK
RCUCCPY w—w 147 241] «+— RCHSDO
RCUSCKISCL =— [118 23] =—= RCAISDISDA
ROB/PSPO =—w [119 P[] |+ RDFPSPS
RDA/PSP 1 =a—a []20 21[] == RD2PSP2

U 23 41404PICT6F8T7A
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Weoananeiiiuriauduie gmﬁﬁgﬂﬁ‘é% 2 fEmudnsiterduriiey 2 fevsdedy
input wieoutput Ald a1 VDD asdusumisluides (+5v) uavan VSS asdeseainstag (GND)
RAO.RA7 uanssuvtanistdoniudiu input v%e output @ port A ffu d2u RB..RC Auans
Fruviiewes port B was C 678 Wiieaiut CLKIN uag CLKOUT deffupdanaa snuaiiuid
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Pin Name PDIP | PLEC | TQFP | QFN P Buyffer S
P | Pin# | Pin# | Ping | Type Type -
3 14 30 a7 sT/opGst | Geciliater orystal or extemal cook input
| Cszillator crestal nout or 2xtemal clook sourcs
input. 5T buffer when configured in RC mode
othanwize TMOS
CLKL | External ciook source input Aways associatad
with pin function G3C1 {see OSC1/CLH,
OSCHCLKD pins).
QSCHICLKG 4 15 33 33 —_ Osciliator crystal or clock output.
DECZ s} Oscillator erystal sutpur.
C@“ resis to erystal or resanator in Crysial
Zaciflator mode.
CLKD o sputs TLHG, which
521 and denoes the
1 2 g 18 &3 ;raw“ ng wolizgs (outpud).
i Master Slear iF’ gut. This pinis an astive
iow Resetin the d
Viz= = Pragramming voltage
FORTA 5 3 bideeciional 11O port,
2 3 = 19 Tik
e Bigetal 170,
A I Analog input .
RATAN] 3 2 26 X TEL
RAY Lol Cigial 10,
AN I Analog input 1.
RAXAMIMsErCVeEs| 2 3 b4 21 TiL
RAZ 0 Digital 1O
N2 | Analeg input 2.
| A/D refzrance voltage {Low) input.
& Coamparatsr Vass oulpet
-, g 22 2 TiL
ug Digieal 1902,
§ Analog input 3.
§ AD sefersnce voltage (HighY input.
TTOCKEGI DT a 4 3 23 %
Ras | O Dig#al ¥D - Open-drain when configursd as
ouipat,
TOCK: | Timerl 2xtemal clock input
CIoUT i Comparator 1 output.
RASANSESCR0UT 3 2 24 24 TR
i Dhgetal 70,
I Analog input 2.
| SPislave sslast input.
0 Comparatar 2 cutput.
G = guiput putfoutput F = power
Til = TTL input vitt Trigger input
< ar ' v el
E‘U‘lﬂ 2.4 fnUNBY VI‘HC]@‘?}']UWQE“?'}“J

=

ST: Schmitt Trigger input with CMOS levels anumuigifie viinsgvimiindilag A
audiil Buffer Type Uutuu ST ozl AN TMLIEUIISS Schmitt Trigger "L@mmﬁué'ﬂaaa
witlau CMOS ajﬂ(sumﬂm 1zl Digital Input fip ‘3mmmmiu‘auu‘uu Digital T
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dAmdussasainmsidoud "RC” a‘dﬂcaiﬁ"aL%’aﬂ%}ﬁmwﬂaamﬁ’uﬁmﬁu AuE
anagalalnas RC mmtsmcﬁ\ml“wmwm (REXT) wazdLAvuse 9 (CEXT) AlLay amwﬂﬂqu
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Watchdog Timer 138 WOT viwiid Reset lulesaaulnsalaas PICL6FSTTA dlonns
wuasdlulasreulvsaiaesans Tunisyvaudndvesreulnsaiass sudas Clear Timer w09
Watchdog mULmaamr‘.’mﬂﬂagmaa@na’l fipoulvsalasiaie ladvitau avliiinng Clear
Timer w81 Watchdog vinlvisa Watchdog @iy 101 Reset Microcontroller
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WDT Taner % e
i
! Boet MUK ["P‘“ FE2PSh
s i+ '
Engbie Bt
it T TMRE (Figure 5-13

ﬂ} |

MEX ee— PS4

WO
Fine-out

Hote: - PHA and PEIPED are bits in the OPTICN REG register

3Uil 2.6 WOT Diagram

WDT yina1udaszuudv RC d@rudsenau RC Oscillator Hazwenann RC Oscillator w84
0SC1 / CLK 91 tumsneanudndis WOT agvianuwsinutidntiu OSC1 / CLK wazwasw
0SC2 / CLKO wadgunsalnganiaviiey
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2.2 PIC16F628A

0OSC1/ CLKIN : Oscillator crystal mput / External clock source input. OSC2/
CLKOUT : Oscillator crystal output. waaaﬂum sR9ny crystalie resonator Eiuﬂim%aﬂu
crystal oscillator mode (Igdanawidnianaieuan)MCLR : Masterclear(reset) input
Programming voltage input. 1wy LOW U1 MCU asgn reset Snwihiiniweniine
azi¥lu input vas voltage programming PN program 7 MCU

RAO-RA3 : Bi-directional IO port. ilunasauuu dasfianis Aadaniiiu INPUT %3a
OUTPUT Alsaerslnadenils RAG/LTOCKI - Bidirectional. /O port. ilunaiauuuassiiana
da Benlifu INPUT w38 0UTPUT flsag1dlnaganils Snminiviiafife Clock input to the
TMRO Timer / counter. iy input @t dauuriniitatieuliu Timer 0 deogatelu MCU
Tunsdiil Bendumanmesdagiamasinmideuldiu Timer 0 Wildanareguan RBO/INT : Bi-
directional /0 port. Hunasauuudesiieviy Aadenlilu INPUT w3a OUTPUT Als aesla
aghanils Bnwiifindefne Extemal interrupt pin3udayaa interrupt daldnnnsidsuulas
yeedaynefivnil RBL - R8T : Bidirectional IO port. \iumasauundesiiana Aewdonliiu
INPUT w39 OUTPUT fils agalnatnanils VSS : Ground VDD : Positive Supply(+2.0V to
+5.5V)

Ul 2.7 PIC16F628A
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fisnunvasraulnsiand PIC16F628A

Highar ordar bitz are from the STATUS registar.

Fen1T91uiugIuiavuaLes PIC16F628A fidiudssnaudidnlunisinaiud
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RAZ/AN2/VReF +—] | 1 18 | Je—> RA1/AN1
RAJ/ANI/CMP1+—{ | 2 < 7 |+— rRAD/ANG
RA/TOCKI/CMP2+—{ | 3 § 16 ||e— RATIOSCI/CLKIN
RASIMCLRNVee ——— ]| 4 é 15 | Je—> RAB/OSC2/CLKOUT
Vss ---—-i~[ 5 5 14 ]*— VoD
RBOINT+—16 & 13 []«—>RB7/T10SIPGD
RB1/RX/DT «—{] 7 3 12 [Je— RBBIT10SO/T1CKIPGC
RBTXICK+——[[8 11 |Je—> RS
RB3/CCP1+—{ | 9 10 [ J«— RB4/PGM

Ui 2.9 w99 16F628A

MLYIEN e IC edifitdnwsgedinuld uavlianAsuaninisyiieu wazutsiuvis
1azddnusdaninnii 1 Afueg iwvharainlafuguresnase g Qﬂﬁi%ﬂ'&x‘l
doauansiirdurhoudmnien uidgarst 2 fanimmaasanduinn 2 fensiedu
input 3soutput #1441 VDD audlusunuludss (+5V) uazen VSs axdadoansiig (GND)
RAO..RA7 uanssivianisiuniudu input wia output 7 port A 119 du RB..RC fudna
Aumiavas port B uAz € e Idudeatue CLKIN uag CLKOUT fefuadanaa n1sainuddl
Amuall

msUsudygaun®ini (RA7 / 0SC1 / CLKIN PIN)  melulpsuusesntduddlsdiu
Fouiuiiiiu 01-Q4 fimsvinulasnisnensvameadyyinuiing 4 gnadu Q1-04 uandlusy
# 210
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2.5 HT12E

24

HT12E fs IC dmilsfiviindidngia anisaraieds Wi aesu wu nsdrnddls Un-
Uagdnsalaneg Tasanisesnedaluaniasudiviassufiannsadhsiasdald 2 fds
Jealdenlusuiidesmsnnsmunuszazing Insazvimsdudduaunsal HT120 lunisaonsita
e wwszasil Address uazymgUuUUTesayaTingaiu nMsiaIutes HT12E fu avhnis
Wiswatayann input wuusuiusenu1du output LL‘U‘UEJ‘Lgﬂ’iﬂJLm%%%ﬁﬁﬂﬁﬁé%ﬂ%ﬁﬁlﬁ‘iﬁi'm
\A3esdedeIns RF module %&"ﬁagaﬁmumzﬁ 12 bits wialu 8 bits address uag 4 bits
data. HT12E azviewdl active low lafidmiandniiet TE deyafiazgnasditu RF module
wiaAduauinarsideuldiu wdaslafien TE Watuanausadu hish nsds

sUfl 2,12 HT12E

HT12E  visthddnswaEncoders) L;azﬁ'mumﬁafg:(Address)ﬁ?ﬂawzﬁWﬁ DIP-SWii
\eusiafun A0-ATHR TS RaNRes LAY AGCAT muns1imitusdanineagiuansansnaiis
Aumialst 28 vie 256 umiseanituvun1sAId UL T iu1ADS-AD1 1 nsdatoya ON ldn1s
na SW defeyailusviaargiuaas Aa 0000-1111 Tayauazsia Address wazdayaannuIADS-
AD110 svgnifsviauazdaaanlufiun DATA fads FS-1000A 433 MHz



O8C2  OS5CH

HE O—> Oscillater

L »OD0UT

Gate Circuit

Y

Binary Detector

:3 Divider ~ [—|Dala Select
& Buffer
i A 4
- +12 Counter & Sync.
R 1 of 12 Decoder Circuit
12 Transmission

g‘dﬁ 2:13 Block Diagram HT12E

s 2 -ﬁ“ i @t
Ui waAInN S OLNUg MY HT12E Tunisdisva

AD

Al

A2

GND

Vee
QOutput
Oscl
Ose2
TE
AD3
AD2
AD1

ADG

5Ufi 2.14 Pin Diagram %84 HT12D
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Pin No. Function Narme

1 AQ

2 Al

3 AZ

il 8 bits for address pins A3

5 input Ad

6 A5

7 Ab

8 AT

9 Ground Ground

10 Do

11 4 bits data pins D1

12 output D2

13 D3

14 Valid © transmission; — active | Input VT
high

15 Oscillator Output QOsc2

16 Oscillator Input Oscl

17 Serial data output output

18 Supply voltage; 5V (2.4V- |V,

12v)

AN519T 2.1 wanantnfvasusazanuas HT12E




dilnvedyanal NEZRRNINAIMIANTEN
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ANSALTUNTS

YRALTIIE 2 Sususeunisds 4 O delasunisdanialeldan TE dwsu HT12E Haadn 0
stlagihgwesmsulafidimsldoy Wemsdsiuaiaduisndudng asinl

% | | .

—»| |4 < tword

Encoder
DOUT

le— 4 words —p fo—— gg?gﬁ?:gf@?y — g 4 words —p

Transmission timing for the HT12E

JUN 2.15 LianIseesvia

mMstvualkamIaanUsan Rk sdlianneuenianigd 2.16

e \| L LT U WL E U L L

Addrass/
Daig B

Address/Data bit waveform for the HT 12

gﬂﬁ 2.16 gﬁiﬂ?QUﬁifa;ga/LL%vagmiﬁ HT12E

143943
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« HT12E

[ Power on j
"

Standby mode

‘_?‘E<Traﬁsmiss§0§
enabled 7
Wit A

j;es

4 data words
fransmitted

Transmission
_siill enabled

Yes

4 daia words
fransmiiied
coniinuously

5U1 217 Flowchart HT12¢

. D

sdayasanlunansiadudaya 4 On 0000-1111 §i TE Wuddrdulaneuniazdsdoyad
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2.4 HT12D

Wunwssdiannseaeasiamddd 27 fmds mhiindnddiulnaanin Uiy
Lot Smasulvsasine q szuumuaumsinuszeslng asimiilunisaensiadeyaiignds
21 unzasdivune 4 daviidu Ssasvinisoensidld lunisldnuasdoddauddu SW-OIP8 uax
HT12E Ssgunsal SW-DIPS azifludaiivwun Address wuin 8 dnvasiads HT12E uazssu
HT12D lunananswatu Address Tasiduasiiudasnsaiy drlinseiuarliansnnansia
wazdstayald

UM 2,18 HT120

Tugduuudie 9 wwinwyes HT12D fAtugeestasantUeeidunuuouiy Tnofafus
nenTid Address uay doya ffﬂé’ﬁ]ﬂﬂmiﬁmwm wIeInaunIal RF aatwaj'iﬂwﬁaymmwmuﬁ
wieinTes HT12D Tnsil HT120 asaensiadynaldiuosdasdsiil Eror uasdoyausasih
doimseiu HT12D flaanuanisalunisoensstad 12 bits Ssasuvaidy 8 address bits was 4
data bits Ingie1viwvve 4 data bits sufmea il isuluauninasldsumlv



DIN C—| Bufter

G5C2 O8C1

l@sciuazor H Divider I——y

......

Sync, Detector

h 4

g --------------------------- {T) --------- (3 -----

Address

o e
Bgéaiss.ziﬁ i Laich Circuit | | | Data
> gisier L —
;i Daia Detecior I—] '
¥ hd
Comparator | ® Comparator Confrol Logic
1 :
4 ¥ i
Transmission Gete Circuit Buffer

¥DOB-— ¥SS

5UM 2.19 Block Diagrarn HT12D

wudauaan YU ues HT120 lumsaensia

AD
Al E
A2
A3 B

Ad

GND

v
Oscl

Osc2

D¢

5Ul 220 Pin Diagram %8¢ HT12D



-21-

Pin No. Function Name
1 A0
2 Al
3 A2
q 8 bits for address pins A3
5 input Ad
6 A5
7 Ab
8 AT
9 Ground Ground
10 Do
11 4 bits data pins D1
12 output D2
13 D3
14 Serial data input Input
15 Oscillator Output Osc2
16 Oscillator input Oscl
17 Valid transmission; active VT

high
18 Supply voltage; 5V (2.4V- Vi

12V)

AN5199 2.2 Munvadusaze1Yed HT120
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12 & i o 2 § B EEEY 12 kY
Leamsa 2 Auvdslsznaumsneansauasaid ielikennsaiugiuge 2 9893
VinsWauaznensialilasudeyanseiuiignddagnisidisanaznisiiaau N dausnuas
<, LV ' o o & o = 2
szozhanlusanoguardne 12-N Uadudeyai N Aevunoaviiaiios dyaialuan Dy Pald
NupLDesadalawmeizrnansanogilnu ey deya noasiaLAIsATIvdUNA Sustany
ATsetwdelies sHafiagiuailafunseiuiliemvesasasianieliluediv 12N Taves
dosaavignaensiaiellaldanuisentasu VT dnsigaiiassynisdadigneiag Liuudd
sgsieligndeaialsififyaaildSunisdieanven VT awsiledignaos

Decoder timing

Encoder i
Transmission —I_I l | |
Enable I

—»{ |4 < word
Encoder ‘
Dout
€= 4 words —m| el — _égﬁ%g’;fgfg?y —pla— 4 words —»] .
M| 2 clocks 3| 2" clocks
Decoder VT 1
[~ check —¥ M—  check —W
e \ AN AN W <
Data Out A S

JU? 2.22 nannlaluansoensia

2.5 DS1307

<

seuuguat Wudsddgiawsedluidluaunsald @amsetindlivainuats analu

Y il
13

as = o v v o a ¥ [
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=
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lilaspaulnsiaedioenil Timer e
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SUfi 2123051307

DS1307 401 IC g7unan Dallas Semiconductor aiivaiuddayauty 12¢ Fudunuy
2 wire annsadeansls 2 fiane (bi-direction: bus) §auIaIwed DS1307 tudnnsaufudaya
Fun, wndl, Falass, S, Fui, dou wazt s szuumasnsoilvngduuy 24 $9Tus wie
12 $alus AM/PM. Al nsfissuunsanduundsdnel Tnsdumasdeluvdngnénly 051307
annseadadludeanuunnss warirnudsly Tnefdanunsadnundenatild Tassadafion
Viawun 8 mﬁmﬁm‘tugﬂﬁ 2,26 WA ATWAABIANTSITNUBIRN 1 Fals

X012 I

X2 2 7 [SQW/OUT
Vear 13 6 [38CL

o L
L

GND 4 _1SDA

SUN 2.24 shuwswr DS1307
MSADY VBTV ILAASA LIS
1. VCC limalvifas +5v

2. GND: T#sansiia
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3. VBAT: liafuuunasd 3v iesnwinsvien lunsafliillvdassne

4. SDA: wiudelayasieszuula 12C

5. SCL: ndggawindwiunsiudelayamessuula 12C

6. SQW/OUT: weswndnyaias Square Wave anunsaidanaudld

7. X1, X2: Mnefunianaanufinnigiu 32.768 kHz teaduguaatasdiiiu ic

szuuladeyauuu 12C (Inter-IC Communication) Iégnimuntulauuidn Phillips na3
Fudsdoyalianadyyroanfisaud 2480 foanedygraideya SDA (Serial Data line) uay
awdngmuiiing SCL (Serial Clock line) Hns9iasuiduiuy Master, Slave I@a@ﬁniﬂiﬁﬁw
wiihdiiu Master (ilAsraulvsataes) ssaununisudedoya uasasuandnaaminuy
SCL shugunsal Slave (051307) tuspriisunislintsmusuresgunaal Master

nmssgldnuiuiululasreulvsameiiassuuda 12C duaaunsavilalegsadidiuniu

) < el v Y ¢ v @ oy w i
Pull up sawarsluzui 2 lunsdinfesnisratanfugdnsel Slave naigsa faunsavilalagse
gunsal Slaveruuiuly asinsadeanssznineguninl Master fiu Slave uiazfatdu azgnusn

lag Address sasgunial Slave Feazgnesanngunsal Master Tudsaunsal Slave fouBung
Sudsdoya

Ve Yeo
Veo
T )
} Vo 1
r .
§ DS1307 5 E
1 cipstal
lﬁ?u REL EHT 5§ SDA
MicroGontrolier sdsrL 3
b T sOwOUT “-—__t:—-”
RPU = /05 l
GHD

3U% 2.25 mawausia DS1307 wWhiululasaoulnsamadmassuudawuy 12C
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msSudsdeyauiuu 12C duiidaiuuney 2 Yssnismeaiufe
LmsTudeoyassiuuladisvaiaouzataviniy

2 luthsivinisiudedeyasy aedyyiu SDA deslidsuanurludaedi scL flanuadu
aadn “1” 61 SDA fimswdsuanuzluyien SCL \Juaeidn 17 ssfoinludygruaivnunis
Judviiaya

=

annuzvesnsivdsdayauuy 12C annsaudseanlailu 4 anusdsduduandusy
2.24 waziisngazdandiail

1. @n1usiny (Bus notbusy): &yl SDA way SCLassaudyanandu Hich

2. \Gudsdioya (Start data transfer); fin1stdsussdudymamueas SDA 370 High 1y
Low Tuagiedi SCL fssmudmaanty High #als

3. vgadsloya (Stop data transfer): fnsAnuseau Foyay19uv99,SDA 910 Low 1Ty
High luweusii SCL fseaudnanandu High dels

4. Sudwlaya (Data valid): fimsiudsdoyaruaedmyainu SDA Tnsdoyausazings
gnadludad SCU fisedundu High Tasludaeil SCL fanusdu High agifu SDA
yedadliifansweussauduaia

SDA asidsuszaunesdmano ludiedt scl  dsdudaunnandu Low windu s
wnsgrumsEdoya wuy 2C Haunsadsdasadnanimidyarnaniinigada 100 kHz il
MIVNUTTINAY WaE 400 kHz Aluuanasyianuuuua uidmsu DS1307 anansavhaldly
Tvuasssuawiniu

ABuiU (Acknowledge): IRnTuvaininiilnisiudateyansunds lngaunsal Master fias
a3nadryayn Clock vy SEL wudngn gUnsalmdum fudeyassisseavdnnnauy SDA 1y

Low ialvishdeiuiifasulasudayansundn

E E] 1
Start condiron ’ Daia Valid Ack ! 1 Stop condition
1 1 1 H [}
i
1
i
i

1 T vy
i

¥ 1
] E]
¥ 1
L] i

3UN 2.26 msudetiayanuta 12C
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lumsudedayasiuda 12C mem Master Lﬂufiai Ay Clock U SDA uay
Jushe IUANdnIUE Start way Stop Lwammmmaitawamamwm

m;awamahﬂmaﬂnim DS1307 @auans buiﬂw 4 lulpspeulvsaaasdesadnaniiy
Start neu mauummaw Address 984DS51307 9um 7 Uﬁ"?j\?llﬂ’ll.ﬂu 1101000 wazsusmeiin
szyfirnievasdeya lunsanlunisdsudoyaas DS1307 “-ws‘fauf%u “0”  31NUY

£

Lilaseaulvsiaasazdasdadiiumis Address meluddawmasuas DS1307 wmammw RGHERN

9)

windsrsnidudoyaas Inslunmsdaleyaudaslusiszdassetingin DS1307 wnlud dledsauasy
ui feszadwanms Stop Wendugaaiuying

Slave Address Register Address Data(n) Datain+1) Datain+X)
{s] 1101000 Jo]A] sooomox  JA| xosomex [A] oooooo JA] <. . [ oooox [A]P]
S-START
A-ACKNOWLEDGE
P-STOP SLAVE ADDRESS = DOH

= = 1% Py 3 b
3un 2.27 nraisuvayagUnsal Slave [l 12C

nelu 051307 f53awmeineluldidudoyaiiarvuin 7 lud 00H-06H Fauamalugud
2.28 fayadan uaviuitzgniiuegluzUuesiaagiu 10 -awtsmdenlaitbiinuuuy 12
luse vide 24 talue Tneruusiidnd 6 Aweainsa 02H Taadniy “17 asdiunnsiaulule
12 F3lus uassledonuuy 12 Flus 9100 5 Tuuentasa 02H Suazlduansit AMPM Tnadidn
Ay “17 2z PM lunsaiianwuy 24 49l Tndaslflunisuansivomsiauluremuie

3
ot

F7luanae

b

(il T S T LM

00H| CH 10 SECONDS SECONDS 00-59
0 10 MINUTES . MINUTES 00-59
o |12 u,% 10 HE HOURS El']_;
0 0 0 0 0 DAY 17
0 9 10DATE DATE
° 4 2 {Molr':m MONTH or-

10 YEAR YEAR 0090
oH| OUT 1 0 I 0 !SQWE 0 I 0 I RSL l RS0

JU#l 2.28 F3mmeinneluledgiunan DS1307
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2.6 7-segment

vaoauanina LED 7-Segment 1iugunsaidianussdndilélumsuanmaudondy
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dhsviateya uaveanuuuIsnmInTivdeudeyalen



35n13se 918lviidn VCC,GND waziien data in ssnunldeiu

Add

1.GND

2.DATA in meawn D12

3.VCC 91uld 3-12 Tqan
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usVinfl 44-52 lannaing STOPWATCH A buffer 9ty 0b11111101 duevinm
\Uu 0010

UITiad 53-61 Wlaneaing LEFT f buffer aswviniu 0b11111011 duavinmiu 0011

ussViafl 62-70 ienaaind RIGHT A buffer asiviiy 0b11110111 duonvinmiiu
0100

ussviai 71-79 Wloneaiad ZOOM IN A1 buffer 12a0.0b11101111 duawinmu
0101

UssTindl 80-88 lonaaing ZOOM OUT A1 buffer asiviaiy 0611011111 datavinm
Ju o110

USTViRdl 89-97 lanaeng FOCUS NEAR A1 buffer aswinfu 0610111111 dsio1wium

Wu 0111

UsIViR198-106 Wlanaaing FOCUS FAR #1 buffer a3ty 0601111111 Avatviny

Wy 1000

UITTiRT 107-115 \enading HOUR INC (SWEEP+ZOOM IN) #1 buffer azwihiy

0b11101110 dsaviwnidiu 1001

U5ITiAT 116-124 Lipnaaing HOUR DEC (SWEEP+ZOOM OUT) @ buffer aziini

0b11011110 detemiwmiy 1010

UISTIRT 125133 Wisnaaing MIN INC (SWEEP+FOCUS NEAR) fn buffer aziviniu

0b10111110 daavimnitu 1011

UTTViAl 134-142 ianeaiag MIN DEC (SWEEP+FOCUS FAR) A1 buffer azuinfiu

0b01111110 deayivvitlu 1100

UsIViRT 143-151 danmadsd UP daevinmiy 1101

IR 152-160 lanaaineg DOWN deieiviwniy 1110

ussiadl 161-169 1lanaadng START/PAUSE/ALARM duanvimmiu 1111

madgulusunsunasy
TUsunsuussnausmelWé Stopwatch PTZ RX.h uas Stopwatch PTZ RX.c
Stopwatch PTZ RX.h
U3l 1 include <16F877ah> Benl¥su library winwes IC 16F877A
ussvindi 3-11 ssfhvungunsaltugiulusillasneulnsaises
uIsiaf 12 fmusdinmswizailasld clock A2mE 20 MHz ¥as WDT
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UsIVad 13 fuussinswinaitedld clock A2ud 20 MHz
UssViad 15 vusluuauasaiwes i2c bus Liansa RTC

UTIViad 16 1 include <ds1307.h> Benldau library ndnwes IC DS1307(RTC)
ussTinTi 18-26 ﬁwuﬂ%amm%ﬂquﬁ&ﬁ%"um*aﬁwmu*uaa“i,weiaaa’i’m
ussiad 28-32 uuadeuiidinradoaisiu HT12D

VISR 33-3¢ fnuading wu/an und

ussvindl 35 Amundeuniildaiunz Buzzer

ussiadl 37-60 frvuadaufilddundnaues LED 7-segment

UsITIAT 41-82 Fmunaing iu/an Falas

usTiad 44-51 fvusdewiladunaives LED 7-seement

USSR 53-57 Aundonesn a-e

Stopwatch PTZ RX.c

UsTiATi 3 include <Stopwatch PTZ RX.h> Sunlwdirmununlday

vssiaf 5-8 AuuatlaAduildlunishanaiu DS1307(RTC)

UIWATIL0-16 Wag Ussvian 1830 misiiussusdmsiliny

UITTadl 31-35 fauusiinuaian

ussTiad 36 Arvuasausntasan

usTHRd 37 fmuadalls overflow w4 interrupt timer

U3IVRT 605-609 TUsunsundnimain program) i vunnasvhauiavaalaeilsunsy
goe Initial Wag Processing adanalu Tnsanianldnullsuniulugiudieg

uIsviAd 39-85 TUsunsudaw Displayl ED7Ses vmniisuaiuazdeasaavluuansuad
7-segment

ussTiad 87-93 lUsunsuges input_keycode ﬁmﬁwﬁ%ﬂ‘éﬁﬁﬁuwmm HT12D

ussTiRT 95-159 Wsunsuges clock lneussini §7-104 azenutiaiuniiniase RTC

oRly
DS1307 ussviaii 106-146 FwinTiuSusaaan Ussian148-156 USunsuaniuayasuniin
ussviadi 158 desdarluansiandl 7-seement

UITiRT 161-171 WWsunsuges BuzzerOn vrmtniidudeslds Buzzer

UsTIAT 173-284 WUsunsudas TimeOut uthiiudusiouluds 7-segment wlanaily
ANTIULIATNLAAS

UTIViAT 286-339 lusunsuges SetStopwatch viwinfinvuanatiunistuiaines

UTIVIAT 341-382 lusunsuges Stopwatch viwihiinjugumsiunaioesvas
USTAT 384-388 TUsunsy Interrupt IRmuAAIg LA TIUNNTIULRA00EWAY
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uss¥ind 390-429 Tsunsugen Initial vwmihiidvusasuiilunshauiosaues
Tsunsy
Usznaudng UsVind 392-401 Awuas e iBuwe/io1viunusIViad 403-408 fvuseiauys
UsIiAT 410-413 Awundt RTC ussiindl 415-623 81u RTC Ussvindl 425-428 fvuaAinis
ATUAN Timer

uss¥inf 431-603 TUsunsugan Processing viwthiiruasldesainsuageuaums
vnumeauning ussiad 435 Susiadumnafimruaunsiney ussiad 438-511 wagussiad
562-571 dwiumunulvidesaing usTvindl 512-561 Aussnning ussiiad 572-591 vl
AIUANNSNITUYEY Stopwatch UsIiaT 594:601 viuli i wiualvaa Stopwatch iU clock

ﬂ“&‘i‘ﬁN’ﬁfl,ﬁ‘iLi,ﬂ‘iil‘l}E]x‘mWﬂEi'@ﬂL‘uﬂr‘x'iﬁ\“sﬁ”lﬁdﬁWQLL‘JgQﬂ’Iﬂ‘%)ULLaﬁG@“\EEUﬁ 3.6
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Keycode = G000 Keycode = 1111

SW Dovwn Down

Keycode = Q001 Keycode = 1110

i

Set Stopwatch

Keycode = 0010 Keycode = 1101

& SW Sweep +
Left Decrease Minute
Zocus Far = o
Keycode = 06011 Keyeode = 1100

5 SW Sweepn
Right Increase Minute
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Keycode = D100 Keycode = 1011

Zaom In Decrease Houwrs
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No
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Zoom In = o

. Zoom Out Sweep +
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Yes
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Keycode = 0111

Focus Far
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Gudunsviauedlusunsuann Start Fudaya input_a/input b
dlelifimsnaaiad Al SW = off agagluaniuzdIne 928959 0000 aanly
dlefinsnnaind Sweep azdasiia 0001 aanly Wudsldvay AUTO
atinsnaaing Stopwatch szdeswa 0010 sanly Wumddsaluuauian
dlefinsnaeing Left szdasia 0011 santy WWusdslimudne
dlafinsnaeing Right axeavia 0100 aenly WWurddivsue
dlefin1snaaing Zoom In azassa 0101 asnly \Hudndalsed
lallnmsnaaing Zoom Out azdesa 0110 senly Wudddiyueen
dlefinisnaaing Focus Near asdesiia 0114 sentufuddlilnialulngs
Jlefinsnaaing Focus Far sedsavwe 1000 sanll [umdlilwiaoenun

Weiin1snaadng Sweep +Zoom In sgessvid 1001 sonk (Tuddsfiudlaswauiing
Wafinsnaaing Sweep + Zoom Out azdesyia 1010 senld WudmFaadlusveuniing
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Waiin1snaaing Sweep + Focus Near a¥dssna 1011 sonly Wumdlmfivunfinosunfing

\Waiin1snaaing Sweep + Focus Far agassia 1100 eanly wWuddilvanuriineauiing

\etinnsnaedag Up-agdsada 1101 oanly iudlvmguiu
Wadn1snaaing Down A=@4svia 1110 sanld Lﬂuﬁ?ﬁ’ﬂﬁmuaa

Wadnsnaaiad Start/Pause/Alarm 2udssvid 1111 aanld Wumdstulvusurinilsivinnissu

VA vgaaan wazdadsaRau

nihauldsunsmaimaiulumsiuAdame nlssusanedagui 3.7
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\\ 0000
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Pnmednfiavnusnuiledtuiinmue

$usiia 0000 azagluniziisadnds

Fuswa 0001 axvitinlvdasadnamyuwuu AUTO

Suswia 0010 sevhlidnluuauniing Wewdey Sunan

Susvia 0011 szvilvlvdesainmyulumede

Suswa 0100 sevitlalvdasadnomuldnisrn

Fuswa 0101 avilildasadlnagandnly

Jusvia 0110 zvirlilvidesadiegueenin

Fusia 0111 azvihlilwdesaiaeivinglulngds

Juswa 1000 asilvlwdesainelnizesn

Fuswa 1001 Wuntsdunaluniedali

Susiia 1010 1unnvaaatluminedalus

fusifa 1011 Wlunsifiunaitunigund

Susia 1100 Wunsaanatlumingund

Susia 1101 awvililvdesaineuaiiu

Suswa 1110 asvihinlvdesairmyuas

Fuwvia 1111 Wunnsldoumsludnmsiimana Tunsiiuiunm vesnauasdndoiou
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LaLsInnadIng PIC16F628A %zaia%anﬂgaaamﬂuﬁayjaaﬁm 0000-1111 HT12E ss3udayn

dipuarvuaninsaslinaniviainduazdvluiinindudiy RF Module paupuiiivgdi 433 MHz

wazillavhinisnatu Switch e o) Wiiaasnumresnsay fib

i
&

PORT ¥a AaanTusFIdy ArdnuLAANe

- Standby 0000 0000
Switch1 Focus Far 0000 1000
Switch2 Focus Near 0000 0111
Switch3 Zoom Out 0000 0110
Switch4 Zoom In 0000 0101
Switchb Right 0000 0100
Switché Left 0000 0011
Switch7 Buzzer 0000 114
Switch8 Sweep 0000 0001
Switch9 Start 0000 0010
Switch10 Down 0000 1110
Switch11 Jp 0000 1101

AT59Y 4.1 SausenIng
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HT120 szdudeyainannipdiuasasiadasulanasasninadng Wavinniinonsia

wivduavdeoyalun reulvsalaas wu A1ds UP deyaiild 4 O usia 1101 raulnsalaes

agviusulAavilisulisda 1101 Taod1y ULN2803A Wedunssuauazussiuliuamaimyu

° o & A I ° = 9
LaZNIRIUATES ‘Lwﬁ]?j"ﬁl‘%u?}u ﬂ’*.EE\“.au‘]ﬂ‘iﬂ’il‘*ﬂi’lu@\nﬂﬁ%ﬂu

svid 49 Port output ouput
0000 - g -
1000 Focus Far E2 Focus Far
0111 Focus Near El Focus Near
0110 Zoom Out EO Zoom Out
0101 Zoom in A5 Zoom In
0100 Right Al Right
0011 Left AD Left
1110 Down A3 Down
1101 Up A2 Up
11 Buzzer B7 Buzzer
0001 Sweep RA4 Auto

= Y o
A99N 4.2 Tviduaanimfsy
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Stopwatch PTZ Tx.h

O RN

-J

10
11
12
13
14
15
16
17
18
19
20
21
22
25
24
25
26
27
28
29
30

#include <16F628A.h>
#FUSES NOWDT
#FUSES INTRC 1O
#FUSES NOPUT
#FUSES NOBROWNOUT
H#FUSES NOLVP

used for I/O

HFUSES NOCPD
H#FUSES NOPROTECT
#FUSES NOMCLR

#use delay(clock=4000000)
#use fast io(A)

#define DO PIN._AQ
#define D1 PIN Al
#define D2 PIN_AZ
#idefine D3 PIN_A3
fidefine swlp PIN_A4
#define swDown PIN_A5
#define swStart PIN._A6
#define TE PIN_A7

#define swSweep PIN_BO
#define swStopwatch PIN B1
#define swleft PIN B2
#define swRight PIN_B3
#define swZoomin PIN_B4
#define swZoomOut PIN_B5
#define swFocusNear PIN_B6
#define swFocusFar PIN_B7

B R

ANANUIN .

//No Watch Dog Timer
//nternal RC Osc No OSC output
//No Power Up Timer
//No brownout reset
//Noilow voltage prgming, B3(PIC16) or B5(PIC18)

//No EE protection
//Code not protected from reading
//NO MCLR



Stopwatch PTZ Tx.c

1 /¥ CCS C Compiler V5 ****/
2

3 #include <Stopwatch PTZ TX.h>
al intl latchblank;

5 int i

6 int buffer,

7

8 void main()

9 {

10 set_tris_a(0b01110000);

11 set_tris b(OxFF);

12 port b pullups(TRUE);

13 latchblank = Q;

14

15 while(TRUE)

16 {

17 buffer = input_b();

18 if((input(swStart))&&(input(swUp))&&(input(swDown))&&buffer==0xFF))
19 I

20 ifllatchblank==0)

i {

22 for(i=0:i<=2;i++)

23 {

24 output_bit(D3,0); /7 #0 BLANK
25 output bit(D2,0);
26 output_bit(D1,0);
27 output_bit(D0,0);
28 output_bit(TE,0);
29 delay_ms(50);
30 }

31 output_bit(TE,1);

32 latchblank = 1;



33
34
35
36
37
38
39
40
41
42
a3
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

}

= EF=

iflbuffer==0b11111110) /7 #1 AUTO SWEEP

{

}

output_bit(D3,0);
output_bit(D2,0);
output_bit(D1,0);
output_bit(DO,1);
output_bit(TE,Q);
latchblank =0;

if(buffer==0b11111101) /1 #2 STOPWATCH

{

}

output, bit(D3,0);
output bit(D2,0);
output_bit(D1,1);
output bit(D0,0);
output bit(TE,0);
latchblank = 0;

if(buffer==0b11111011) [/ #3LEFT

{

}

output_bit(D3,0);
output_bit(D2,0);
output bit(D1,1);
output_bit(DO,1);
output_bit(TE,0);
latchblank = 0;

ifltbuffer==0b11110111) // #4 RIGHT

{

output_bit{D3,0);
output_bit(D2,1);
output_bit(D1,0);
output_bit(D0,0);



68
69
70
i
72
3
74
15
76
T
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

output_bit(TE,0)
latchblank = 0;
}
iflbuffer==0p11101111)
{
output_bit(D3,0);
output_bit(D2,1);
output_bit(D1,0);
output_bit{D0,1);
output_bit(TE,0);
latchblank = 0;
}
iflouffer==0b11011111)
{
output_bit(D3,0);
output_bit(D2,1);
output_bit(D1,1);
output_bit(D0,0);
output bit(TE,0);
latchblank = 0;
}
if(buffer==0b10111111)
{
output_bit(D3,0);
output bit(D2,1);
output_bit(D1,1):
output_bit(DO0,1);
output_bit(TE,0);
latchblank = 0;
}
if(buffer==0b01111111)
{
output_bit(D3,1);
output_bit(D2,0);
output_bit(D1,0);

// #5 ZOOM IN

// #6 ZOOM OUT

/f #7 FOCUS NEAR

/7 #8 FOCUS FAR
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103
104
105
106
107
108
109
110
111
112
115
114
115
116
117
118
119
120
121
122
123
124
125
126
127
123
129
130
131
152
153
134
135
136
1537

}

output bit(D0,0);
output_bit(TE,0);
latchblank = 0;

iflouffer==0011101110)

g

}

output_bit(D3,1);
output_bit(D2,0);
output_bit(D1,0);
output_bit(D0,1);
output bit(TE,0);
latchblank = 0;

iftbuffer==0b11011110)

{

}

output bit(D3,1);
output bit(D2,0);
output bit(D1,1);
output_ bit(D0,0);
output bit(TE,0%
latchblank = 0;

if(buffer==0b10111110)

{

}

output: bit(D3,1);
output_bit(D2,0);
output_bit(D1,1);
output_bit(DO,1);
output_bit(TE,0);
latchblank = 0;

if(buffer==0001111110)

{

output_bit(D3,1);
output_bit(D2,1);

// #9 HOUR INC (SWEEP+ZOOM IN)

// #10 HOUR DEC (SWEEP+ZOOM OUT)

4/ #11MIN INC(SWEEP+FOCUS NEAR)

// #12 MIN DEC (SWEEP+FOCUS FAR)
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138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

output_bit(D1,0);
output_bit(DO,0);
output_bit(TE,0);
latchblank = 0;

}

if(linput(swUp))

{
output_bit(D3,1);
output_bit(D2,1);
output_bit(D1,0);
output bit(DO,1);
output_bit(TE,0);
latchblank = 0;

}

ifllinput{swDown))

{
output_bit(D3,1);
output_bit(D2,1);
output bit(D1,1);
output bit(D0,0);
output_bit(TE,0%
latchblank = 0;

}

if(linput(swStart))

{
output_bit(D3,1);
output_bit{D2,1);
output_bit(D1,1);
output_bit(DO,1);
output_bit(TE,0);
latchblank = 0;

// #13 UP

// #14 DOWN

/1 #15 START/PAUSE/ALARM
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Stopwatch PTZ RX.h

DN

wn

10
11
12
13
14

15
16
17
18
19
20
21
22
23
26
25
26
27
28
29
30

#include <16F877a.h>

#FUSES NOWDT
#FUSES HS

PCD)

#FUSES NOPUT
#FUSES NOBROWNOUT
#FUSES NOLVP

used for I/0O

#FUSES NOCPD
#FUSES NOWRT
#FUSES NODEBUG
#FUSES NOPROTECT

=6

//No Watch Dog Timer
//High speed Osc (> dmhz for PCM/PCH) (>10mhz for

//No Power Up Timer
//No brownout reset
//Nolow voltage prgming, B3(PIC16) or B5(PIC18)

//No EE protection
//Program memaory not write protected
//No Debug mode for |CD

//Code not protected from reading

#use delay(clock=20000000,RESTART WDT)

#Huse delay(crystal=20mhz)

//Huse

rs232(baud=9600,parity=N xmit=PIN_C6,rcv=PIN C7 bits=8,stream=PC,errors)
#use i2c{master, SDA=PIN_C4, SCL=PIN_C3)

#include <ds1307.h>

#define Left PIN, AQ
#define Right PIN Al
#define Up PIN_AZ2
#define Down PIN_A3
#define Sweep PIN_ A4
#define Zoomin PIN_A5

#idefine ZoomOut PIN_EO
fidefine FocusNear PIN E1

#define FocusFar PIN_E2

#define DO PIN_BO
#define D1 PIN_B1
#define DZ PIN_B2



31
32
33

35
36
37
38
39
40
41
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57

fidefine D3 PIN_B3
#define VT PIN_B4
#define swMininc PIN_B5
fidefine swMinDec PIN B6&
#define Buzzer PIN_B7

#define DGO PIN_CO
#define DG1 PIN C1
#define DG2 PIN_C2
#define DG3 PIN_C5
#define swHourlnc PIN.C6
#tdefine swHourDec PIN C7

#define a PIN_DO
fidefine b PIN_D1
fidefine ¢ PIN. D2
#define d PIN-D3
#define e PIN_D4
#define f PIN_D5
#define g PIN_Dé
#define dp PIN D7

#byte port_a = 0x05
#byte port_b = 0x06
#byte port_c = 0x07
fibyte port_d = 0x08
#byte port_e = 0x09

=GP
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Stopwatch PTZ RX.c

O 0~ oy RN

T T
co ~N oo AW N = O

19
20

21
22
25
24
25
26
27
28
29
30
al

P CCS C Campiler V5 By
#tinclude <Stopwatch PTZ RX.h>

void ds1307_set date_time(void);

void ds1307_read_date_time(void);

void ds1307_write_byte(char addr, char value);
char ds1307 read. byte(char addr);

int sec;

int min;
int hour;
int day;
int date;
int month;

int year;

char num_ led[11] = {0xCO, OxF9, OxA4, OxBO, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90,
OxFF};

intl dotclock;

int1 latchSweep, latchRmHourlne, tatchRmHourDece, latchRmMining,
latchRmMinDec;

intl modeStopwatch, stopwatchRun, latchRmSetStopwatch, latchRmStart;
intl latchkeyHourlnc, latchkeyHourDec, latchkeyMining, latchkeyMinDec;
int i, j, k;

intdtl =5; ///5

int dt2 = 30;

int BuzzerTimelLong = 500;

int BuzzerTimeShot = 250;

int CO, C1, C2, C3;

int keycade;

int delaytimeNo = 0;

struct time
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59
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66

{

%

int min;

int sec;

struct time delaytime;

int16 overflow=0;

void DisplayLED7Seg(int1 dotclock, int C3,int C2

{

int buffer;
buffer = num’ led[C3];
iflinput(VT))
{

port_d = buffer & 0b01111111;
}
else
{

port d = Buffer;
3
output_high(DG3);
delay ms(dt1);
output low(DG3);

buffer = num_led[C2];
ifldotclock==0)
{
port_d = buffer & 0b011111171;
}
else
{
port_d = Buffer;
}
output_high(DG2);
delay ms(dt1);
output low(DG2);

, int C1,int CO)

Gl
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78
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83
84
85
86
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101

buffer = num_led[C1];
if(dotclock==0)
{
port d = buffer & 0b01111111;
}
else
{
port d = Buffer;
}
output_high(DG1);
delay_ms(dt1);
output low(DG1);

port_d = num- led[COJ;
output_high(DGO);
delay._ms(dtl);

output. low(DGO);

int input_keycode(void)

{

int command;

command = input._b();

command = command & 0b00001111;
return{(command);

void Clock(void)

{

ds1307 read date time();

sec = ds1307 regs[DS1307 SECONDS REG];
min = ds1307 _regs[D51307 MINUTES REG];
hour = ds1307 regs[DS1307 HOURS_REG];

day = ds1307_regs[DS1307 DAY OF WEEK_REG);
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114
1x5
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117
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119
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122
125
124
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126
127
128
129
130
131
132
153
134
135
136
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date = ds1307 regs[DS1307 DATE REG];
month = ds1307 regs[DS1307 _MONTH_REG];
year = ds1307 regs[DS1307 YEAR REG];

iflinput(swHourlnc)) latchkeyHourinc = 0;
if((linput{(swHourlnc)&&{latchkeyHourlinc==0))
{
hour++;
ifthour>23) hour =.0;
ds1307_regs[051307 HOURS, REG] = hour;
ds1307. set date time();
latchkeyHourlnc = 1;

iflinput(swHourDec)) latchkeyHourDec = 0;
iflllinput{swHourDec))&&(latchkeyHourDec==0))
{

ifthour!=0) hour-;

else hour = 23;

ds1307 regs(DS1307 HOURS REG] = hour:

ds1307_set_date time();

latchkeyHourDec = 1;

iflinput{swMining)) latchkeyMininc = 0;
ifl(linput(swMininO)&&{\atchkeyMininc==0))
{
min++;
iflmin>59) min = 0;
ds1307 regs[DS1307 MINUTES REG] = min;
ds1307 regs[DS1307 SECONDS REG] = 0;
ds1307_set_date_time();
latchkeyMininc = 1;
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171

iflinput(swMinDec)) latchkeyMinDec = 0;
ifl(input(swMinDec))&&(latchkeyMinDec==0))
{
iflmin!=0) min--;
else min = 59;
ds1307_regs[DS1307_MINUTES REG] = min;
ds1307 regs[DS1307 SECONDS REG] = O;
ds1307_set date time();
latchkeyMinDec = 1;

ifthour<10)
@B £ 10;
else
(C3 = hour./ 10;

C2 = hour % 10;

Cl =min/10;

C0O = min % 10;
dotclock = sec % 2;

DisplayLED7Seg(dotclock,€3,C2,C1,00);

void BuzzerOn(vaid)

{

output_high(Buzzer);

delay ms(BuzzerTimelong);
output_low(Buzzer),

delay ms(150);
output_high(Buzzer),
delay_ms(BuzzerTimeShot);
output_low(Buzzer);
delay_ms(5);
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void TimeOut(void)
{
beep:BuzzerOn();

for(i=0;i<3;i++)
{
for(k=0:k<10:k++)
{
for(j=0;j< 10:++)
{
port d = 0xC0;
output_high(DG3);
delay.ms(dt1);
output low(DG3);

port d = 0x40;
output_high(DG2);
delay ms(dt1);
output_low(DG2);

port_d = 0x40;
output_hish(DG1);
delay ms(dt1);
output_low(DG1);

port_d = 0xC0;

output_high(DGO);

delay ms(dt1);

output_low(DGO);

iflinput_keycode()==15) goto beep;
}
delay _ms(300);
iflinput_keycode()==15) goto beep;
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for(j=0;j<3;j++)

{

// Alarm 3 times

port_d = OxFE;
output_high(DG3);
delay ms(dt2);
output_low(DG3);
iflinput_keycode()==15) goto beep;
port d = OxFE;

output_high(DG2);

delay. ms(dt2);

output_low(DG2);
iflinput_keycode()==15) goto beep;

port_d = OxFE;

output_high(DG1);

delay ms(di2);

output_low(DG1);
iflinput_keycode()==15) gato beep;

port_d = OxFE;

output high(DGO);

delay ms(dt2);

output. low(DGO);
iflinput_keycode()==15) goto beep;

port d = OxFD;

output_high(DGO);

delay ms(dt2);

output_low(DGO);
iflinput_keycode()==15) goto beep;

port_d = 0xF3;
output_high(DGO);
delay ms{dt2);
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270
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274
275
276

output_low(DGO);
iflinput_keycode()==15) goto beep;

port d = OxF7;

output_high(DGO);

delay ms(dt2);

output_low(DGO);
iflinput_keycode()==15) goto beep;

port d = OxF7;

output_high(DG1);

delay ms(dt2);

output_low(DG1);
iflinput_keycode()==15)goto beep;

port_d= OxF7;

output’ high(DG2);

delay ms(dt2);

output_low(DG2);
iflinput_keycode()==15) goto beep;

port.d = OxFT;

output High(DG3);

delay_ms(dt2);

output_lew(DG3);
iflinput_keycode()==15) goto beep;

port_d = OxEF;

output_high({DG3);

delay ms(dt2);

output_low(DG3);
iflinput_keycode()==15) goto beep;

port_d = 0xDF;
output_high(DG3);
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delay ms(dt2);
output_low(DG3);
iflinput_keycode()==15) goto beep;

}
stopwatchRun = 0;

modeStopwatch = §;

[

void SetStopwatch(void)
{
stopwatchRun = 0;
if(latchRmSetStopwatch==0)
{
delaytimeNo++;
ifldelaytimeNo>6)
delaytimeNo = 1,
switch(delaytimeNo)
{
case 1:
{
delaytime.min = 60;
delaytime.sec = 0;
modeStopwatch = 1;
}
break;
case 2:
{
delaytime.min = 30,
delaytime.sec = 0,
modeStopwatch = 1;
}
break;
case 3:
{

// SetStopWatch

=T1.=
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328
329
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332
333
334
335
336
337
338
o 17]
340
341
342
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344
345
346

delaytime.min = 15;
delaytime.sec = 0;
modeStopwatch = 1;

}

break;

case 4:

{
delaytime.min = 10;
delaytime.sec = 0;
modeStopwatch = 1;

}

break;

case 5:

{
delaytime.min = 5;
delaytime.sec = 0;
modeStopwatch = 1;

}

break;

case 6:

{
modeStopwatch = 0;

}

break;

}
latchRmSetStopwatch = 1,

void Stopwatch(void)
{
if(stopwatchRun==1)
{
ifloverflow>18)
{

// StopWatch

= P
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381

}
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overflow = 0;
ifl(delaytime.min==0)&&(delaytime.sec==0))
{
TimeOut();
}
else
{
ifldelaytime.sec==0)
{
delaytime.sec = 59;
delaytime.min-;
}
else
{
delaytime.sec—;

iftmodeStopwatch==1)

{

if[delaytime.min<10) C3 = 10;
else C3 = delaytime.min / 10;

C2 = delaytime.min % 10;
C1 = delaytime.sec / 10;
C0 = delaytime.sec % 10,

if(stopwatchRun==0)
dotclock = 0;
else

dotclock = delaytime.sec % 2;

DisplayLED7Seg(dotclock,C3,C2,C1,L0);
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#INT_TIMER1
void INtTMR1 _isr(void)

{

overflow++;

void Initial(void) // Initial

{

set_tris_a(0x00);
set_tris b(OxTF);
set_tris_ c(0xC0);
set tris_d(0x00);
set_tris_e(0x00);
output a(0x10);
output_b(0x00);
output . c(0x00);
output d(OxFF);
output_ e(0x00),

latchSweep = 0;
BuzzerOn();
delaytime.min = 30;
delaytime.sec = Q;
modeStopwatch = 0;

stopwatchRun = 0;

ds1307_regs[DS1307_DAY_OF WEEK REG]= 1,
ds1307_regs[DS1307_DATE REG] = 1,

ds1307 regs[DS1307 MONTH REG] = 1;
ds1307 regs[DS1307 YEAR REG] = 2014,

ds1307_read date_time(); /7 ¥ Special RTC
sec = ds1307_regs[DS1307 SECONDS_REG];

i s
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min = ds1307 regs[DS1307 MINUTES REG];

hour = ds1307 _regs[DS1307 HOURS REG];

day = ds1307 _regs[DS1307 DAY OF WEEK REG];

date = ds1307 regs[DS1307 DATE REG];

month = ds1307_regs[DS1307_MONTH_REG];

year = ds1307 regs[DS1307 YEAR REG]
ds1307_set_date_time(); /7 ***** Special RTC

enable_interrupts(GLOBAL);
enable_interrupts(iNT_TIMER1);
setup_timer_1{T1 INTERNAL | T1 DIV, BY 4);
set_timer1(0);

void Processing(void)
{
while(TRUE)
{

keycode = input_keycade();

switchikeycode)

{

case 0: // #0 BLANK
{

output low(Left);
output low(Right);
output_low(Up);
output_low(Down);
output_bit(Zoomin,0);  // Green LED
output_bit(ZoomOut,0);  // Yellow LED
output_bit(FocusNear,0); // Blue LED
output_bit(FocusFar,0);, //Red LED
latchSweep = (;
latchRmSetStopwatch = ;
latchRmStart = 0;
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break;
case 1 // #1 SWEEP
{
ifllatchSweep==0)
{
iflinput_state(Sweep))
output_low(Sweep); // Active Low "OC"
else
output_high{Sweep);
latchSweep = 1;
}
latchRmHouring = 0;
latchRmHourDec = 0;
latchRmMinlnc = 0;
latchRmMinDec = 0;
}

break;
case 2: // H#2 SET STOPWATCH
{
SetStopwatch();
¥
break;
case 3: /1 #3 LEFT

{
output high(Left);
}
break;
case 4: /7 #4 RIGHT
{
output_high(Right);
3
break;
case 5: // #5 ZOOM IN
{
output_bit(Zoomin,1);  // Green LED
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output_bit(ZoomOut,0);
latchRmHourlnc = 0;
}
break;
case 6: // #6 ZO0OM OUT
{
output_bit(Zocomin,0);
output_bit(ZoomOut,1);  // Yellow LED
latchRmHourDec = 0;
}
break;
case 7. /£ #7 FOCUS NEAR
{
output- bit(FocusNear,1); // Blue LED
output bit(FocusFar,0);
latchRmMinlnc = 0;
}
break;
case 8: /7 #8 FOCUS FAR
{
output_bit(FocusNear,0);
output_bit(FocusFar,1); // Red LED
latchRmMinDec = 0;
3
break;
case 9: /7 #9 HOUR INC (SWEEP+ZQOOM IN)
{
iflllatchRmHourinc==0)&&modeStopwatch==0))
{
nour++;
ifthour>23) hour = 0,
ds1307 regs[DS1307 HOURS REG] = hour;
ds1307_set_date_time();
latchRmHourinc = 1;
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}
break;
case 10: // #10 HOUR DEC (SWEEP+Z0O0OM CUT)
{
ifl(latchRmHourDec==0)&8&(modeStopwatch==0))
{
ifthour!=0) hour--;
else hour = 23;
ds1307 regs[DS1307-HOURSREG] =-hour;
ds1307_set_date_time();

latchRmHourDec = 1;

}
break;
case 11: // #11 MIN INC (SWEEP+FOCUS NEAR)
{
ifl(latchRmMinlnc==0)&&modeStopwatch==0))
{
min++;
if(min>59) min = 0;
ds1307 regs[DS1307 MINUTES REG] = min;
ds1307 regs[DS1307 SECONDS REG] = O;
ds1307_set date time();
latchRmMininc = 1;

}
break;
case 12: // #12 MIN DEC (SWEEP+FOCUS FAR
{
if(latchRmMinDec==0)&&{modeStopwatch==0))
{
if(mint=0) min--;
else min = 59;
ds1307_regs[DS1307_MINUTES REG] = min;
ds1307_regs[DS1307_SECONDS_REG] = 0;
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}

ds1307 set date time();
latchRmMinDec = 1;

break;

case 13:

{

}

output_high(Up);

break;

case 14:

{

}

output high(Down);

break;

case 15:

{

iflatchRmStart==0)

{

iflmodeStopwatch==1)
{
if(stopwatchRun==0)
stopwatchRun = 1;
else
stepwatchRun = 0;
delaytimeNo = 4;
}
else
{
TimeQut();
}
latchRmStart = 1;

break;

// #13 UP

// #14 Down

// #15 START/PAUSE/ALARM
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592 }

593

594 IflmodeStopwatch==1) // Main Processing Mode
395 {

596 Stopwatch();

594 }

598 else

599 {

600
601
602
603
604
605
606
607
608
609
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ATANUIN V.

HOLTEK ; 5

HT12A/HT12E

2'? Series of Encoders

Features

+  Operating voltage
24V-5V for the HT124
2.4V~12V for the HTI2E
+  Low power and high neise immunity CMOS
technology
»  Lowstandby current: 0. 1IpAdyp ) at
Ynp=bV
«  HTI2A with a 38kHz carrier for infraroed
transmission medivm

Applications

= Burglar alarm system

« Smoke and fire alarm system
Garage door cantroflers

= Car door contrallers

General Description

The 2 encoders are s series of CMOS LSIs for
remote conirol system applications, They are
capable of encoding information which cunsists
of N address bits and 12-N data bits. Each ad-
dress/data input can be set to one of the twy
ogie states. The programmed addresses/data
are transmitted together with the header bits

Selection Table

= Minimum transmission ward
Four words for the HT12E
One word for the HT12A
Built-n azcillator needs onlv 8% resistor
Data code has positive polarity
Minimal external components
HT12AE: 18-pin DIP/20-pin SO puckage

« s 3=

= Car alarm svstem

s Security system

= Cordless telaphones

+  Other remote control spstems

via an RF or an infrared transmission medium
apon récept of a trigger signal. The capability
o select o TE wigger on the HT12E or & DATA
trigger gn the H'F12A further enhances the ap-
phcation flexibitity of the 2% zeries of encoders.
The HTI1ZA additionally provides a 38kHz car-
rier for infrared systems,

" Function] sddress | Addross' Data
Part No. . " Neo. Data Ne. | No.

Oseillator | Trigger | Package

Javrier | Negative
Qutput | Polority

450kHz 18 DIP

3 & i an de

HTi2A & 4] ] N NS-DLL 90 SOP 38kHz Nao
To1s - o | . g

HTI1ZE 8 4 kil AN TR 2080 | Ne No

Note: Address/Bata represemts pins that ean be address or data according fo the decoder require-

ment.

April 11, 3000
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HT12A/HT12E
Block Diagram
TE trigger
HTI12E
05C2 OSC1
T
ol _
TEQ-»  Oscimor w3 Dwider E -;-?Df?; Select,_peypouT
H st Jo
1«12 Counter §
AL - B *3 3 ot ecoder }Wﬁ
Bate Cueult g
AT Birary Detactor
A )
¥ o [o} D f- A
ADS ADLE VoD yes
DATA trigger
HT124
2 %
Boal’
| Oseiator |bs 576 Diveter o 3 Selocilp S goyy
H S S Efler | :
LIMB ey l B 7 \f
; s
:: : fos12 Couner & & 0
Aﬂ i 1 pf12 Docoder f
§ 12 Tr. 13 i
Ed - Bate Clrouit
87 Gr—w l% Binany DRfBEIDE bbi o g
i ’ :
AN,
Fin T 1555572
OB “Dit

VoD | VES

Note: The address data pins ave available in various combinations {refer fo Lhe address/data table).

April 11, 2000
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HT12A/HT12E
Pin Assignment
8-Address 8-Address 8-Address 8-Address
4-Data 4-Data 4-Address/Data 4-Address/Data
. [t s NCEl1 T re[ONC
AL 1a{7vop Az s 3vDD A0Tlz m{ovon
At 2 17[300uT AtEda DooutT  Aicia 18{DOUT
e kl 180 Azids Josct A2is 17[308¢C1
4 182 A3CT S sposcz  A3gds 16108C2
ols 14 IUME Alla 1B[TuMs [ T8 A4E BOTE
& 1301 A5y 14000 A[IAD1 ASE7 11 {JADY
7 12{1D10 A6l 131010 TADIn AsDls 1334010
2 110 Iy Cips 11 [T ADS ATl 12[T1ADS
vssile W0ps o [ AD8 ¥8Si11g 11 [3ADS
THT1ZA ThTizE
-18DIP - 20 SOP
Pin Description
§ . Internal .  —
Pin Name | VO Conldt St Description
CMOS IN
Pull-high
(HT12A;
so.d - NMOS | Input pins for address AD~AT setfing
TRANSMISSION | Thoege pins can be externally set to V8S or left open
GATE
PROTECTION
DIODE
(HT12E)
NMOS
TRANSMISSION
aps-Ap | 1 GATE Input pins for address/data ADB~AD11 setting
‘ g PROTECTION | These pins can be externally set to VS8 or left open
DIODE
{HT12E»
Input pins for data DE~D1I setting and transmission en-
DE~D11 1 CMOS IN able, active low
: Pull-high These pins should be externally set to VSS or left open
fsee Noted
DouUT 0 CMOS OUT Encoder data serial transmission outpui,
=™ Lateh/Momentary transmission format selection pin:
3 SN G
1/MB 1 ?’l\;’}?},lr: Latch: Floating or YDD
1E Momentary: V88

3 April 11, 2000
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HT12A/HT12E
Pin Name | 1O | Intern:.lt
Connection
TE 1 CMus N Transmission enable, active low isee Note}
Pull-high

 0SC1 | 1 | OSCILLATOR 1 | Oscillator input pin
0sc2 (0§ OSCILLATOR 1 | Oscillator output pin
X1 I 1 OSCILLATOR 2 | 455kHz resonator vscillator input
X2 (¢ OSCILLATOR 2 | 455kHz resonator oscillator sutput
Vss = WT Negative power supply, grounds
Cvop | .Il |-~ - Pasitive power supply

Note: D8-D13 are all dats input and transmission enable pins of the HT124.
TE is a transmission enable pin of the HP12E.

Approximate internal connections

NIOS CMOS IN
TRANSMISSION Puil-higly CMOS OUT OSCILLATOR 1
GATE
i EN ~m-n- S {2
el < 7% osct ('_‘»—Tl)‘[/"*“[ seljoscz
B o | ) oS B SO N T
OSCILLATOR 2 NMOS TRANSMISSION GATE
PROTECTION DIODE
e P Y 0
i S0
-

Absolute Maximum Ratings
Supply Veltage (HTI2A7 ........~0.3V to 5.5V
Input Voltage....ovvn.. Vg 0.3 to Vpp4 0.3V

Operating Temperature..........

1.~20°C ta 75°C

Supply Voltage (HT12E) ... -8V to 13V
Storage Terperatiire......pee. -B0°C to 125°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absclute Maxi-
raum Ratings” may canse substantial damage to the device. Funetional 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 reliability.

April 11, 2000
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HOLTEK aﬁ HT12A/MT12E

Electrical Characteristics

HT12A Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Voo Operating Voltage e S 24 3 5 v
v —— 01 1 A
ayn Seandby Current Oscillator stops
3% s 0.1 1 pA
! ) " 3V | Mo load — | 800 1 4006 | pA
{£14] Operating Current e d AL
sv | fose=d5dkiz — | 400 | 800 | A
Vou=0.9Vnps (Sourced A4 -1.8 — mA
Ipour | Qutput Drive Current 5V
Var=0.1Vpp {Sink) 2 3.2 e mA
Vi “H” Input Voltage O - 0.8Vnn! — Yy v
Vi "1 Input Veltage — [t} — 2V V
. DE-D11 Pull-high " "
Boas | Rosistance 5Y | ¥natas0V = 150 1R | 2
HT12E Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Von Conditions
Voi Operating Voltage o - 2.4 5 12 v
) 3V e a1 1 A
lsp Standby Current Oscillator stops
12V e 2 4 ud
I s o y 8V | Nolond — 40 ) [ 8
o Operating Curren T3
12y fose=3kHz — P50 | g0 |
Vou=0.9Vpp (Seuree) -1 -16 e mA
Inour | Gutput Drive Current 5V ul . o2
Vor=0.1¥pp (Sink) 1 1.6 B mai
Vg “H* Input Voltage e — 0.8Vpp! — Von A
Vig “1." Input Voltage — — 0 = 102Vppi V
fose Gaeillator Frequeney AV | Roge=1.1MO e 3 — 1§ kHz
Rig | TH Pull-high Resistance | 5V | Vig=0v =, 1.5 3 MO

=i

April 11, 2600



HOLTEK i ; HT12A/MT12E

Functional Description

Operation

The 212 series of encoders begin a 4-word transmissien eyele upon receipt of a transmisasion enable
(TE for the HT12E or DS-~D11 for the HT12A, active low). This cyele will repeat itself as long as the
transmission enable {TE or D§~D11) is held low. Once the transmission enable returns high the en-
coder autput completes its final evcle and then stops as shown below.

—p 4 < iword o o
Encoder E T "WV;
Bodt _| B -
- A wOrds b Janemied ——ala- S words <pi

Transmission timing for the HT12E

ey o I S W S, . ——
Hey-in H —

il b« wiord
Ercyder T
DGBT ik i ottt bl il 3
= e Tword —  Trersmited i e 1 word

Cantinuously
Transmission fiming for the HTI2A (L/MB=Floating or VDI

e
MR DA, A d AL

EHH T HUN R
o Transmitted >
Oc%nucus}y

1 word {afl aata=t}

Transmissgion timing for the HT124 (L/MB=VSS)

8 April 11, 2000
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WLTEI(# HT12A/HT12E

information weord

I L/MB=1 the device 13 in the jatch mode tfor use with the latch type of data decoders). When the trans-
misgion enable s 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 meode (for use with the momentary
tvpe of duta decoders). When the transmission enable is removed during a transmission, the DOUT
outputs a complete word and then adds 7 words all with the 1”7 data code.

An information word consists of 4 periads as illustrated below.

s e
E -~ - 13 bit syne. petiod
i
i st o
M pholpenod I2BISY 3 L  addiess cods period l- ”;fc”;” L
Conppogition of nformation
Address/data waveform

Eaeh programmable address/data pin can be externally set to one of the following two logic siates as
shown helow.

LUJUL"UUM U UTL
= e

2 W _é \EIPN =

Addressi
) Daase

Address/Data bit wavaform for the HT12E

b | A )
P m gﬁ@ ! I ket
e _| JRES O OO~

i Dala Bt e
o T
Address Bil[ ;

~ Address Bit -

Data Bit

Address/Trata bit waveform for the HT12A

-

April 11, 2060
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The address/data bits of the HT12A are transmitted with
troller flexibility.

HT12A/HT12E

h a 38kHz carrier for infrared remote eon-

Addressl/data programming {preset)

The status of each address/data pin ean be individually pre-set to logie "high” or "low”. If'a transmis-
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad-
dress/data serially in the order AQ to ADI1 for the HTI12E encoder and AO to D11 for the HT12A
encoder.

During information transmission these bits are transmitted with o preceding synchronization hit. If
the trigger signal is not applied, the chip enters the standby mode and consumes a reduced current of
fess than pA for a supply voliage of 5Y.

Usual applications preset the address pine with individual security codes using DIP switches or PCB
wiring, while the data is selected by push buttons or electronie switches,

The following figure shews an application using the HF12E:

W

0sC4+ 08C2

o + Transmission
OOUT S etum

AT_vSS TE ADE ADY ADID AD1 | |

Ag
J HM XY

L4
g
A
&

b ot

i
i
i
i
1
i

¥

L]

p—— it B

S, S g

e ¥4

R
L
T

p=
Mot

The transmitted information is as shewn:

Pilot | A0 Al Az A3 A4 Ab AS A7 1ADS : AD®  ADID ADLL
&
Synec. ) [ 5 g O G 1 1 1 i i ¢

April 11, 2600
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HOLTEK ; ; HT12A/HT12E

Address/Data sequence

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

) Address/Data Bits
Part No.
0 1 2 3 4 a3 & g 8 9 10 11
HTI12A AD Al A2 A3 Ad A3 A8 AT D3 D9 | D10 | D11
HT12E Al Al A2 Al L A4 AS AB A7 | ADS | ADS {ADIGADIY

Transmission enable

For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the
HTI12A encoders, transmission is enabled by applying a low signal taone of the data pins D8~D11.
Two erronecus HT12E application circuits

The HF12E must follow cosely the application cireuits provided by Holtek (see the “Application eir-
cuits”}.

+ Error: AD8=ADI1L pins input voltage » Vp+ 0.3V

g oscz /voD
t ALAAR
a5t ADTT
T A0
Apg %
vss
ADE s
G : 2
=>8
el
HT12E 7

o

April 11, 2000
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HT12A/HTI2E
* Ervor: The IC's power source is activated by pins ADS-ADI
i2v
f" 0sc2 VDD b Y —
: i
fm 0SCt  ADH1 s b AN
o FE AD1D o
- vS§ 8o "f'“"
. AGE — T |
AL
— -
HT12E B
Flowchart
» HT12a * HT12E
oy Cre=s)

E Standby mode

g Mo :/ﬁansnm\E\,}
a\_\enabled D,
RS

s Yes
Data with camer | i rmm woeds,

j senaoulput | | fransmitted |
i
e 1 e
" e Ores | Na -’fransmis-;;?-*\
24t end e LEE " - .
SETC *“"“‘j‘i o sUll enableg_.
o =Y
° Yes
ey ] H
/ e Yos 4 datawords |
‘\LMB“GNDEF-’)—_W Fansmitted
] conthuousty |
e B N g
i Send the | iScﬂd"?"?:&nws!ﬂfi
i lastcode ¢ fall of the data codes §

¥, I

Note: D8-D11 are transmission enables of the HT'124,
TE is the wansmission enable of the HT12E.

1B April 11, 2000

-90-



HOLTEK i ; HT12A/MHT12E

Osciliator frequency vs supply veoitage
tosc
(Scale}

Rosc {£2)
T.00

4708

510k

6.0

S60k

504

400

{3kH2)3.00

2.00

e |

"
»

|-

o

1O ¥ -

& # 16 | 11 12 13 Voo (¥ OC)

The recommended sscillator frequency is fngep (decoder) 2 50 fosep THT12E encoder)
- 3 fosce (HT12A encoder!

& April 11, 2000
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Application Circuits

10002
vy
T
18
YO0 -
47 i0kO r?‘mm
BOUT AR~

vss
HT124

Note: Typical infrared dinde: EL- 1.2 (KODENSHI CORP}
Typical RF transmitter: JR-220 (JUWA CORP.)

12 April 11, 2000
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HT12A/HT12E

Holtek Semiconducior Ine. (Headguarters)
N Cr
Tesh: BAG-3-563-1999
Fax: 886.3.663-1189

Holtek Semiconductor Inc. £Taipei Office)
5F, No.576, See.7 Chung Heiao E. Rd., Taipe, Taiwan, R.O.C.
Tel: 886-2-2782-9635

Holtek Semiconduetor (Hong Kong) Lid.
RM.711. Tower 2, Cheung Sha Won Plaza, 333 Cheung Sha Wan Rd., Kowloon, Hoeag Kong
Tel: 852-2-745-8288

Fux: 852-2-742-8657

ativn R, 11 Science-based Industrial Park, Hainche, Tabwan, RO.C.

§ Capytight 5 2000 by HOLTEK SEMICONDUCTOR INC

v information appearing in this Data Sheet 1@ believed to be accurate ot the time of publication. Hewsver, Holtek
assumes no responzibility arising from the use of the spee:fications described. The applications mestioned herein aee
i used solely for the purpose of ilfustration and Holtek makes uo warranty or representation that such applications
i will he suttable without further modification, ner recommends the use of its products for applieation that may pres-
ent o rigk to buman Tife duedo malfunction or stherwise, Holtek reserves the right to alker it predurts without priar
¢ notification. Forthe moat gp-to-dute information, please visit oy web site at hitpfAswwholiek com.ow.

April 11, 2000
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HOLTEK

HT12D/HT12F
2'? Series of Decoders

Features

Operating voltage: 24V-12V

Low power and high noise immunily CMOS
technology

Low standby current

Capable of decoding 12 bils of information
Binary address seiling

Received codes are checked 3 times
AddressiData number combination

- HT120: 8 address bits and 4.data bits

HT12F 12 address bils enly

"

Applications.

= Burglar alarm system

* Smoke and fire atarm system
= Garage door cantrollers

= Car door controtiess

General Description

‘The 272 docoders are a series of CMOS LSis for remote
contral system apphications. They are paired with
Holtek's 2'% series of encoders (refer to the encoderide-
coder cross reference table). For proper operation, 2
pair of encoderddacader with the same number of ad-
tresses and dala format should be chosen.

The decoders receive serial addresses and data from a
programmed 2 saries of encoders that are transmilted
by a2 camier using an RF or an IR transmission medium.
They compare the seral inpul data three times conlinu-

Buill-in oscillator needs only 5% resistor
Valid ransmission indicator

Easy interlace with an RF or an infrared transmission
medium

.

.

wMimmal external components

Pair with Holiek's 2° series of encoders
18-pin DiP, 20-pin SCOP package

Car alarm system

Security systen

Cordfess lelephones

Other remote contrel syslems

cusly with their focal addresses. i no error or un-
maltchad codes are found, the inpul data coges are
decodad and then iransferred lo the output pins. Tha VT
pint also goes high o indicate & valid transmission.

The, 2% series of decoders ate capable of decading
infotmations that consist of N bits of address and 12-N
bits af data. Of this seres. he HT12D is arranged o pro-
vide B address bits and 4 dala bits, and HT12F isused to
decode 12 bils of addiess information.

Selection Table
" Funeti Data
\\"\«., il Adgress Oscillator Trigger Package
Part No. =] \id No. | Type
HT12D 8 4 B RC oscillator | DIN active “Hy* | 1BDIR, 20850P
HT12F 12 0 — RC osciliator DiN aclive "Hi" { 18DIP. 20S0OF

Notes. Dala type: L stands for fatch type data output.

VT can be used as a momenlary data oufpul.

Rev. 1.10

November 18, 2002
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HT12D/HT12F

Biock Diagram

Data Shift %‘“‘

v
§osc:‘;raxo.-‘r—-—p§ Divitter b

+

.l Regster ; >

iy

i
i

DIN (i Buffer

el pagini | ]
___’gaaiﬂ De.ecrcrrm

¥

v

i$yns. Detector

Comparator I ¥

Camparator |

[y

i Transmussion Gale Cirouit i

4

Address

o

C

1
2

Male: The addressidala pins are availabie In vadous combinalions {see the addressidata {able.

Pin Assignment

8-Address 8-Address 12-Address 12-Address
4-Data 4-Data 0-Data 0-Data
. —d . Sy L
NC{] 3 207INC — KELt

Aerd 1BIVDD AL 2 1913vR0 BTy oasllz

At 7LIVT A3 1811VT 17{TVE A3

Az[d3 60sC: A4 #IIosct. AzZLl3 Bl10sCl. AZLl4 1

A3(]4 15[108C2 | A3[l5 BI6sc: A4 15[308C2 - A3Ls 1610802

Adl]E 14T DIN Aslls 151DIN A4S w@iiom 24l 130N

ASCIE 1O AsCl7 4D A5C16 3[3A11 #3517 14 llate

AE(D7 20w 468 13inie asl7 w2am ASTIE 13 2AT0

AT e 111708 a7 lle 127109 Atfla A A7 ds 12{1a8
vss(l8 wps VESLI 10 Exiwl et SO{IA8 VSS90 11388

HT12D HT120 HT12F HT12F
-18 DIP-A — 20 SOP-A =18 DIP-A ~ 20 SCP-A
Pin Description
Internal o
Pin Name o Conration Description
- " Inpul pins for address AG~AT1 setting

R B3 ; NMOS These pins can be exernally sel to V5SS or lefi epen
AO-AT (HT120) Transmission Gate. | inngi pins for address AD~AT selting

These pins can be externally set 1o ¥SS or lefl open.

DB~D11 (HT120) | O CMOS OUT Output data pins, power-on state is iow.
DI i CMOS IN Serial data fput pin ’
VT [ CMOS OUT Valid transmission, active high o
088G i Cscillator Oscillator input pin
Qsc2 o Csciltator Oscillaior culput pin
V8§ — e Negative power supply, ground
VoD — - Positive power supply o
Rev. 1.10

2 Movemoer 18, 2082
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HOLTEK ; s HT12D/HT12F
Approximate internal connection circuits
NMOS
Transmisson Gote TMOS TUT CMOS i Osedtstor
o “ ik o S
_# 5 __{)c,_g Tid e

Absolute Maximum Ratings

Supply VORAGE .o pisfins =3V 30 13Y Storage Temperalure . v 50°C 10 125°C
Input Volage ..o, Vge~0.3 10 Vpg+ 0.3V Operating Temperalure....................~20°C to 75°C

Note: Thase are stress ralings only. Stresses exceeding the range specfied uncer "Absolute Maximum Ratings” may
sause substantial damage to the device. Functional operation of 1his device at other condifions beyond those
listed in the specification is notmplied and prolonged expesufe (0 axtreme conditions may alfect device reliabil-

ity.

Electrical Characteristics Ta=25°C
Test Conditions
Symbei Parameter ) Min. | Typ. | Max, | Unit
Voo Conditions
Voo Operating Voltage - - 24 E] 12 Vv
5v e W01 1 HA
ls1s Standby Current Osciltater stops
12v 2 4 A
Ingy Operating Current 8V | Nodoat, fhee=150KF2 | 200 | 400 | pA
' Data Oulput Source Current (DB-D11} | BV | Vou=4.5V gl | fedls | W mA
o
Data Qutput Sink Cument {D8~D11) SV | VMo =0.5V 1 1.6 e mA
| VT Outpul Source Current . Mep=d 5V o | ~1.8 - A
her E)
VT Output Sink Current Vo =05V 1 16 8 mA
Vin “H* Input Voltage 5 - iy 5 v
Vi “L* Input Voltage 5v - ¢ - 1 v
fosg Osciliator Frequency 5V | Rose=5h1key — L 180 | e | kHz

Rev. 1.10 3 November 18, 2002
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HT12D/HT12F

Functional Description

Operation

The 2% series of decoders providas vanous combina-
tions of addresses and dala pins i different packages
s0 as to pair with the 2™ geries of encoders

The decoders receive data that are ransmitted by an
encoder and interpref the first N bits of code period as
addresses and the last 12-N bils as data, whers Nis the
address code number. A signal on the DIN pin activates
the osciliator which in turn decodes the incoming ad-
dress and dala. The decoders will then check the re-
celved address three times continuously # the received
address codes all malch the contents of the decoder's
local address, the 12-N bils of data are desoded to acti-
vate the ouiput pins and the VT pin is et igh lo indicate
a valid ransmission. This wili last uniess the address
cade is incomect of no signal is recelved.

The cutput of the VT pirvis high only when the fansmis-
sion is valid. Otherwise i is always low.

Qutput type

Of the 2'? series of decoders, the HT12F has no date
output pin but its VT pin can be used as a momentary
data outpul. The HT12D, on the other hand, provides 4
lalch type data pins whose data remain unchanged until
new data are received.

Part | Data | Address | Qutpit | Operating
No. | Pins Pins. Type Voltage
HTi20 | 4 8 Latch 24V-12V
HT12F o 12 e 2.4V-12Y

Deceder timing

Flowchart

The osaillalor s disabled in (he standby state and acli-
vated when a legic "high” signal applies (o the DIN pin.
That is lo say, the DIN should be kept low if there is no
signal nput.

[ Stoncy meds

| SR s

g R Disabie VT 8|
i Codein? ignore the rest of |
i iz word é

‘-r?‘es

“/’u
=77 Address bits
‘“«\\‘ matched 7
"‘\.,‘_‘ ",./’
£ YBs

Latch da';

1o ouiput

aclhate VI i
b

Bhcodar iy g R
Trandmission }j
Enable
-] - < 1 wont
Encader
oul |
Awards 8 Transimi =z T
- 2 words L()s?&m.)‘:;if i 4 words .
2 cingks
Docodes VT jr
- oneck s chack  ~#
Latched - o )'; .
Dgia Ot N\

Rev. 1,16

MNovember 18, 2002
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EncoderiDecoder cross reference table

Package
[ia:ﬂeor.s Data Pins Address Pins vT Pair Encoder Encoder Decoder
ol sop DiP S0P
i HT12A
HT12D 4 8 i HT{2E 18 20 18 20
- . HT 128 iy
HT12F 0 12 J WT12E 18 20 18 20

AddressiData sequence
‘The following table provides address/data seauence for vanous modsls of the 2™ series of decoders,

AddressiData Bits
2 3 4 5 6 A 8 L) 10 ki)
AZ A3 Ad A5 | A8 AT DB D& D1 | D11
A2 A3 Ad A5 AS AT A3 A8 A0 | AT

Part Ne.
o 1

T120 AD Al
HIZE Al Al

Oscillator frequency vs supply voltage

fosc
{Scate)
Rose {£)
100
270
350
. N
.
300 b
36xe
b 39403
a0
250 <
P
BTk
2ok 56kc
620
- B8kt
75Kke1
150 sk
- 100ke2
100KHZ) 100 = ek
150k
e T80KE
220k
550 L
225 |-

10 11 12 13 VDD v DE)

Male:  The recommended oscillator frequency is fuscn (decoder) = 58 fosee (HT12E encoder)
1
E ‘é'csf_:g {HT12A encoder}

Rev. 1.10 5 November 18, 2062
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HT12D/HT12F

Application Circuits

ot ng vop &1
13

= VSS be 1—<"‘,
HT12D

Rev 1.0

L

November 18, 2002
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HT12D/HT12F
Package Information
18-pin DIP {300mil} outline dimensions
Syeatind _ Dimensions in mil
Min Nom, Max.
A 895 - 815
B 240 — 260
C 125 — 135
o 125 s 145
E 16 — 20
F 50 — 0
G 100 o
H 295 £ 315
i 335 e 375
[ o - 452

-
-

November 18, 2002
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HT12D/HT12F

20-pin SOP (300mil) outline dimensions

Symbaot Dimensions in mit
Min. Nom. Max.
4 s o 49
== 5, X
¢ 14 p: ¥
2 b - 510
o a2 W 5
E 50 =
£ 4 Tl 7
= 2 - 3
R 4 4
v e e 10¢
Rev. 110 November 18, 2002
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HT12D/HT12F
Product Tape and Reel Specifications
Reel dimensions
o
E
4 LA ™
™~
i \\
1’3 \'\‘
{ A
/ Ly
5 /
\ %

SOP 20W
Symbaol Description Dimensions in mm

A Reel Owter Diameter 330210

B Reel Inner Diameter 62:1.6

& Spindie Hole Diameler ?B'ng_ 25

D Key Skt Width 20205

T1 Space Between Flange 24'8’_’;)':

12 Reel Thickness 30,2:0.2

e

Rev. 1.

MNovember 18, 2002
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HT12D/HT12F

Carrier tape dimensions

: e
p s i
POEHOOOCODOD ||
2 1
1]
3 £ £ H : ié iw
Y g § + I
lellglleilelle]l | " -
pi/ P
A e
SOP 20W
Symbol Degcription Dimensions in mm
W Carrier Tape Width 25‘072]',3
P Cavity Pilch 12.0:0.1
(s Perforation Position 1.7530.1
F Cavily to Perfaration {Width Direction) 11.520.1
o Perforalion Diameler 1.5+0.1
D1 Cavity Hole Diameter 1.5+0,25
PG Perforation Pilch 4.0:0.1
Pt Cawvily to Pertoration (Length Direction) 2.0:0.1
AG Cavity Length $0.8:0.1
BO Cavity Width 13,301
KO Cavity Depth 3.2:0.1
1 Carrier Tape Thickness 0.3:0.05
[ Cover Tape Width 213
Rev. 1.10 10 November 18, 2002
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Hoftek Semiconductor Ine, (Headquarters)

M3, Creation Rd. U, Sdence Park, Hsinchy, Talwan
Tel 886-3-663-1999

Fax: 886-3-563-118%

hip e hollek.com e

Holtek Semiconductor inc. {Taipei Sales Office}

4F-2, No. 3-2, YuanQlu 51, Nankang Software Park, Taipel 115, Taiwan
Tel 886-2.2655-7070

Fax B86-2-2855-7373

Fax: B86-2-2655-7383 (International sales holline}

Haoltek Semiconductor inc. {Shanghai Sales Office)

7th Fioer, Building 2, No.888, YiShan Rd., Shanghal, China 200233
Tei: 021-5485-5560

Fax: 021-6435-0313

Bitpi/Aen holiek com.en

Holtek Semiconductor Ine. {Shenzhen Sales QOffice)

SIF, Unit A, Productivity Building, Cross of Science M 3rd Road and Gacxin 81 2nd Rond, Science Park, Nansiban Distriet,
Shenzhen, Chine 518057

Tai: 6755-56 16-9908, 8515-3308

Fax; 755-8616.9533

Holtek Semiconductor Inc. {Beijing Sales Office}

Suite 1721, Jinyu Towar, A129 West Xuan W Men Steeet, Xicheng District, Beliing. China 100031
Tel: 010-6841-0030, 55417751, 66417752

Fax 010-6641-0125

Holtek Semicond nc. [Ct du Sates Office)

709, Building 3, Champagoe Plaza, No.97 Dongda Stieeet, Ghengdy, Sichuan, China $10016
Ter 028-6653-6590

Fax. 0R8-8653-6591

Holmate i d . Inc. {North America Sales Office)
46728 Fremont Blvd., Fremont, CA 24538

Tel: 510-252-0880

Fax: 510-262-9885

htip-/fewey holmate.com

! Copyright © 2002 by HOLTEK SEMICONDUCTOR ING.

i The information appearing in this Data Sheot is believed to be accurate at the time of publication. However, Holtek as-
sumas no responsibifity arising from the use of ths spedifications described. The applicaticns mentioned herein are used
solety for the purpose of flustration and Holtek makes na warranty or rep: aticn that such it ns will be suitabl
wilhout further modification, nor recommends the use of its products for apphication that may present a risk to humar lite
due te malfunction or otherwise. Hoitek's products are not authorized for use as critical components in life support devices
or syslems. Holtek resarves the right To alter its products without prior notification. For the most up-to-date information,
please visid our web site al hittp:/fvww hollek com tw.

Rev. 1.1G 11 November 18, 2007
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.
B SEMICONDUCTOR

v tia W‘

FEATURES

*  Real time clock counts seconds, minutes,

hours, date of the month, month, dav of the

week, and year with leap year compensation

valid up to 2100

56 byte nonvolatile RAM for data storage

2-wire serial mterface

Programmable squarewave output signal

Automatic power-fail detect and switch

circuitry

= Consumes less than 500 nA in battery backup
maode with oscillator running

= Optional industrial temperature range
-40%C to +83°C

= Available in 8-pin DIP or SOIC

*  Reeognized by Underwriters Laboratory

" = & =

ORDERING INFORMATION

DS1307 8-Pin DIP

DS13072 8-Pin SOIC (150 mil}
DS1307N &-Pin DIP (Industrial}
DS13074N 8-Pin SOIC (Industrial)
DESCRIPTION

PIN ASSIGNMENT

s 18l

T Ve
70 SOWIOUT
Miaay 3 3 G CFSCL
GaD 4 3 ShA
DS1307 8-Pin DIP (308 mil)

%4 m'IT_"s" I Vee
X2 (B2 7 (B sawiouT
Viar (B} 5 6 [ SCL
GnD TEis s B SOA

DSI3077 8-Pin SOIC (150 mil)

PIN DESCRIPTION

Yee - Primary Power Supply

X1, X2 - 32.768 kHz Crystal Connection
Viar -3V Batlery Input

GND = Giround

SDA - Senal Daia

SCL - Serial Clock

SQW/OUT - Square wave/Qutput Driver

DS1307
64 X 8 Serial Real Time Clock

-105 -

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 byies of

nonvolatile SRAM.  Address and data are transferred serially via a 2-wire bi-dircctional bus.

The

clock/calendar provides seconds, minutes. hours, day, date, month, and vear information. The end of the
month date is automatically adjusted for months with less than 31 days. including corrections for leap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery

supply.

Lof 11

081860



-106 -

DS1307

OPERATION

The DS1307 eperates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subseguent registers
can be accessed sequentially until 2 STOP condition is exccuted. When Vee falls below 1.25 x Vgarthe
device terminates an access in progress and resets the device address counter. Inputs to the device will
1ot be recognized at this time o prevent erroneous data from being written to the device from an out of
tolerance system. When Vec falls below Vipar the device switches inte a low current battery backup
mode. Upon power up, the device switches from battery to Ve when Ve is greater than Vigar 0.2V and
recognizes inputs when Vee is greater than 1.25 x Vgay. The block diagram in Figure | shows the main
elements of the Sernial Real Time Clock.

DS51307 BLOCK DIAGRAM Figure 1

x1 X2
OSCILLATOR I
AND CEAOER
ool ] SCUAREWE ‘ B
e X
QORI
vl H.T WW LCGK
Vou ~ \ ; et
¥ POWER . 1
ke, k! sontRoL
Iy 10 = L
| — § SAlo
5 | SR S ¢
S04
£ I {
L i ; T
SIGNAL DESCRIPTIONS

Vee, GND - DC power is provided to the device on these pins. Ve s the +5 volt input. When 5 volts is
applied within normal limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and Ve is below 1.25 x Vyar, teads and writes are inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As Ve falls below
Vaar the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at
Viar.

Vaay - Battery input Tor any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voliage at which
access to the real time clock and user RAM is denied is set by the internal circuitry as 1.25 X Vaar
nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.

2of i



-107 -

DS1307

SCIL (Serial Clock Input} - SCL 15 used to synchronize data movement on the serial imterface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Qutput Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1 Hz, 4 klz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an exiernal pullup resistor. SQW/OUT will operate with either Vee or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified Joad capacitance (CL} of 12,5 pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 38, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
external 32.768 kHz oscillator. In this configuration, the X1 pin is connected 1o the external oscillator
signal and the X2 pin 15 floated.

Please review Application Neote 93, “Interfacing the DS1307 with a 8051-Compatible Microcontroller™
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers are located in address
locations 08h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
space. it wraps around to location 00k, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

08H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
O7TH CONTROL.

08H RAM
3FH aida.

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the
appropriate register bytes. The contents of the time and calendar regisiers are in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a 1, the
oscillator 1s disabled. When cleared to a 0, the oscillator is enabled.

Please note that the initial power on state of all registers is not defined. Therefore it is important to
enable the ascillator {CH bit=0) during initial configuration.

Jof
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The DS1307 can be run in either F2-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit, When high, the [2-hour mede is selected. 1n the 12-howr mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit {20-
23 hours).

On & 2-wire START, the current time is transferred to a second set of registers. The time information is
read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

e S L
BoK Cit 10 SECOKCS SECOHDS QW-55
X 10 BHUITES HINTTES D=5
Yag o b SN Lo o] €112
X y Py o UL HULRG b
x x x b4 x BAY -7
by
* 15 ATE BaIE i
% % % gugjﬂ, HORTH 8f-1z
10YEAR vers 0-98
o7 | OUT i % l x Misomel (w0 | & ! RS1 ! Aso

CONTROL REGISTER
The DS1307 Control Register is used to control the operation of the SQW/OUT pin.

BIT7 BIT 6 BITS BIT 4 BIT3 BIT2 BIT 1 BIT ¢
QuT X X SQWE X X RS1 R50

OUT {(Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. 1f SQWE=0, the logic fevel onthe SQW/OUT pinis 1irOUT=1 and is 0 if QUT=0.

SQWE (Square Wave Enable): This bit, when set to 4 logic |, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RSO and RS1 bits.

RS {Rate Sclecty: These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 Hsts the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OQUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
o 0 1Hz
0 1 4.096 kiz |
[ 0 8.192 kilz
1 1 32768 kHz
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2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-directional 2-wire bus and data transmission protocol. A device that sends
data onto the bus is defined as a transmitter and a device receiving dala as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master arc referred to as
slaves. The bus must be controlled by a master device which generates the serial clock {SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

g [

£ha

VR
SERLV. DATA
LS

DS107 GTHER
LICHD- %
L5 e WEAL TIME

Figures 3, 6, and 7 detail how data is transferred on the 2-wire bus.

* Data transfer may be mnitiated only when the bus is not busy.
*  During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the elock line is high will be interpreted as control signals.

Accordingly. the following bus conditions have been defined:
Bus not busy: Both data-and clock lines remain HIGH.

Start data trapsfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
defines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH. while the clock line is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition. the data line
i stable Tor the duration of the HIGH period of the clock signal. The data on the line musi be changed
during the LOW period of the clock signal. There is one clock pulse per bit of data.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferved between START and STOP conditions is not limited, and is determined
by the master device. The information is transferred byre-wise and each receiver acknowledges with a
ninth bit. Within the 2-wire bus specifications a regular mode {100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.

Sot1l



-110 -

DS1307

Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
reception of each byte. The master device must gencrate an extra clock pulse which is associated with

this acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data to the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,

the slave must leave the data hine HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

\ —
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8Cq 1 1 i Y
Volry, ' Ay IDERRAS,
b ACK
START
CODNDIT‘O-‘J o

IESEWENAVES
ACh

STOP LONDTER

BESEATEDIF OF REPEATED
- BYTES 3 START CONDTION

TRANSFERRRD

Depending upon the state of the R/ W bit, two types of data wansfer are possible:

i. Data transfer from a masfer transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes, The slave retumns an acknowledge

bit after cach received byte. Data is transferved with the most significant bit (MSB} first.

2. Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then retums an acknowledge bit, This is followed by the slave
trapsmitting a number of data bytes. The master returns an acknowledge bir after all received bytes

other than the last byte. At the end of the last received byte, a ‘not acknowledge” 15 returned.

The master device generates all of the serial clock pulscs and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition s also the beginning of the next serial trunsfer, the bus will not be released. Data is transferred

with the most significant bit (MSB} first

aof 1l



-111 -

DS1307

The DS1307 ma)" 'upc':ratc m the following two modes:

L. Slave receiver mode (DSI307 write mode): Serial data and clock are received through SDA and
SCL. Atfter each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the begmning and end of a serial transfer.  Address recognition is performed by
hardware after reception of the slave address and *dircetion bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains
the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W ) which, for a write,
is a 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
fine. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the regster pointer on the DS1307. The master will then begin
transmitting cach byte of data with the DS1307 acknowledging cach byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

¥
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(f i
113

&~ START
A — ACKNCWLEDSE
P

rom
“RAT ~ READWRITE OR IISECTION 81T AODRESS = 80

2. Slave transmitter mode (DS1307 read mede): The first byte is received and handled as in the slave
receiver mode.  However, in this mode, the *direction bit will indicaie that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the scrial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byle is the first byle received after the start condition is generated by the
master. The address byie contains the 7-bit DS1307 address, which is 1181000, followed by the
*direction bit {(R/W ) which, for a read, is & 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7
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ABSOLUTE MAXIMUM RATINGS*
Yoltage on Any Pin Relative to Ground -0.3V 1o +7.0V
Operating Temperature 0°C 10 70°C (-407C 10 85°C for industrial)
Storage Temperature -33°C to +125°C
Soldering Temperature 260°C for 10 seconds DIP

See JPCAEDEC Standard 1-STD-020A for

Surface Mount Devices
* This 1s a stress rating only and {unctional operation of the device at these or any other conditions above

those indicated in the operation sections of this specification is not implied.
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS
(01T to 701T or -401C to +851C)

Exposure to absolute

PARAMETER SYMBOL | MIN | TYP MAX UNITS | NOTES
 Supply Volige /"= SIS Vee S 50 SAN YV L
Logic 1 Vi 2. Veet0.3 v 1
Logic O Vi 0.3 +{}.8 \Y I
Vuar Battery Voltage Vpax 2.0 3.5 \'s 1

DC ELECTRICAL CHARACTERISTICS

s

0YC to 700C or -401C to +851C; V

ol =4 5V to 5.5V

SOW/OUT ON (32 kHz)

PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
Input Leakage Ly 1 xA 1)
170 Leakage Lo ! oA 5
Logic § Qutput Var 0.4 hY 2
Active Suppty Curreat leea 145 mA 9
Standby Current Tecs 200 WA 5
Battery Current (OSC ON); Ipar 3060 500 nA

SQW/OUT OFF N 2z g I

Battery Current (OSC ON); Inats ; 480 800 nA 4
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AC ELECTRICAL CHARACTERISTICS

(0XC to 701C or -40YC to +851C; Ve =4.5V to 5.5V)

PARAMETER [SYMBOL | MIN | TYP MAX | UNITS  NOTES

SCL Clock Freguency fseg 10 13 kHz

Bus Free Time Between a STOP and thur 4.7 %S

START Condition

Hold Tune {(Repeated) START Condition LD-STA 4.0 org 3

LOW Period of SCL Clock tLow 47 o*s

HIGH Period of SCL Clock Yicn 30 s

Set-up Time for a Repeated START LS5 4.7 o

Londition e

Data Held Time o thooat . N, S I »

Data Set-up Time TSt oAy 250 ns

Rise Time of Both SDA and SCL Signals tr 1000 ns

Fall Time of Both SDA and SCL Signals Ty 300 ns

Set-up Time for STOP Condition tsisto i T xS

Capacitive Load for each Bus Line Cgp 400 pF 8

1O Capacitance Cra 10 pF

Crystal Specified Load Capacitance 12.5 pF

NOTES:

1. All voltages are referenced ro ground.

2. Logic zero voltages are specified at a sink cumrent of 5 mA at V=45V, Vg =GND for capacitive
foads,

3. lges specified with V=50V and SDA, SCL=3.0V.

4, WY, VoV

5. After this period, the first clock pulse is generated.

6. A device must internally provide a hold time of at least 300 ns for the SDA signal {referred to the
Vinay of the SCL signaly in order to bridge the undefined region of the falling edge of SCL.

7. The maximum typ.nat has only to be met if the device does not stretch the LOW period (t ow) of the
SCL signal,

8. (g - total capacitance of one bus line in pF,

9. Ipea - SCL clocking atmax frequency = 100 kiz.

10. SCL only.

1. SDA and SQW/OUT
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TIMING DIAGRAM Figure 8

1h

1o ~
L r O
IS
- i}-— - L T
DS1307 64 X 8 SERIAL REAL TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS
et o PKG FR
T DiM MIN_| MAX
¢ AN, | 0380 | 0.400
8 MM | g14 | 10.16
4 BN | 0590 | 0260
o T lele mM | 610 | 880
LA A TN | 0.120 | 0.140

MM 3.08 3.56
D IN. T 0300 | 0325
MM 7.62 8.26
E IN. | 0015 | 0.040
MM 0.38 1.02
F N, | 0120 | 0:140
MM 3.04 3.56
G IN. | 0.080 | 0.110
MM .29 278
HIN. | 0320 | 0370
MM 8.15 9.40
4 N 0.008 | 0.012
MM 0.20 0,30
KN} 0015 | 0021
MM 0.38 0.55
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DS1307Z 64 X 8 SERIAL REAL TIME CLOCK

8-PIN SOIC (150-MiL) MECHANICAL DIMENSIONS

fteril

8-PIN

Bys {150 MiL)
DI MIN MAX
AIN. | 0188 | 0.196
MM 4.78 4.98
B IN. | 07350 | 0.158
MM 3.81 4.01
CIN. | 0.048 | 0.062
MM 1.22 1.57
E IN. { 0.004 | 0.010
MM 0,10 0.25
FiN. | 0052 | 0069
MM 1.35 175

G IN. 0.050 BSC

MM 1.27 BSC
HIN. | 0236 | 0.243
MM 5.84 6.20
JIN. | 0007 | 0.0
MM 0.18 D28
K IN. | 0,012 | 0.020
MM 0.30 051
L IN" ] 0016 | 0050
MM 0.41 1.27
phi [ 8T

36-G2008-001




ATANUIN 3.

RF Module
TX FS1000A
RX XY-MK-5V

DATA 7.2V GND 5V ‘:f;z i GND
PINT1
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ANANUTIN 2.

LD DATA SHERT
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PART NO. TOS~18102AMRL~B
n APPEARANCE TECHNOLOGIE AlGaInP /Gahs
M S, — SOURCE COLOR | Ultra-Red
ACE |SHEMENT) PN DRIVER_MODE Com. Cathode
i Black | White | 00.51x10.28| pAcCKING Tube
PACKAGE DIMENSIONS
T
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Sagis TAIWAN 0ASIS LED SPECIFICATION
N\ a7
PART NO. : TOS-18102AMRL-B

ABSOLUTE MAXIMUM RATINGS AT TA=25°C

PARAMETER VALUE UNITS
Power Dissipalion Per Segment (Bscept hp) 195 mw
Peak Forward Current Per Segment
(1/10 Duty Cycle, Oifs Pulse Widlh) R ma
Continuous Forward Current Per Sesment 20 ma
Recommend Operating Current 12 mA
Reverse Voltage Per Segment/Except DP 15 Y
Operating Temperature Range men e )+85 °C
Storage Temperature Range ~30 to.+85 e
Junclion Temperature >85 °C
Lead-Free Solder Temperature(1/16 Inch Below Sealing Plane) 260°C for 3 sec.

ELECTRICAL/OPTICAL CHARACTERISTICS AT TASR25:C

PARAMETER SYMBOL| MIN. i TYP. .- MAX. {UNITSATEST CONDITION

Luminous Intensity Per Segment | Iv 32907 ped| lr=10mA
Dominant Emission Wavelength Ad 640 nm | [r=20mA
Speciral Line Half-Width AN 15 nm i Ir=20mA
Forward Voltage Per Segment v ) i
Reverse Current Per Segment Ir 100 BA | Vr=15V
Luminous Intensity Malching Rale| [v—m 2.0:1 Fr =20mA
DATE | 10/22/08' | SCALE | e DRAWN; C.D.P CHECKED

SHERT No| 272 |PRAWING MO S-BOMR-B-L Foerie APPROVED

UNIT
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