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Abstraci

This project studies about the design and the way to create electronics scoreboard.
Scoreboard accessory are composed of three path . First is scoreboard path, Second is time of play
path that is split to 4 quarter (one quarter = 15 minutes) and last one is shot clock path which count
down 24 seconds for the permission to shoot the ball.

This scoreboard is built for Basketball game, however it can adapt to use for other kind of

sports by setting application of scoreboard. Scorchoard path can be controlled by remote control in

range about 10 meters
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2.4.2 msﬁ'ammuucﬁﬂmﬁa (Synchronous Transmission)

- aisemsuuudalanie seimsianguuesdoyadiunguq uazvnsdadoya
L d »

¥ a o o o ' 3 i v &
vangu lwioutuluiiey isuSunnguussdeyailn nguyavesdoya (Block of Data)

[

Qs

Fardnysausn uazaade luneglunguidoitiuse lulies lsufumiousdraiu

a o dw Y A& oy a o o @ e " aw a v o4
E):‘TNIﬂﬁu’d Vlﬂ'ﬂ\‘lql‘[ﬂJﬂﬁ Ui LLa:UﬂﬂuQﬂﬂu‘v]ﬂq AIDNYIT llﬂﬂzumﬂi&ﬁliﬂﬂu“ﬁ%fﬂu

i 4 > 3 Toar e d' hd ar , = s
dnuaizvoslianenduwe 1H311uAs yasuAauveInguAIdnysiMdedauS vefiudhan

Y a

= o

1% BAYIZFA (SYN character) Inehdnusedaiigyuvuiia Ain 00010110 A7I9813UBIN5TH

uaaalasagy

¢iuma —p  YmrgWR

Y, fnwaiafl 3 | Snwwnfi2 | Sl 1 | SYN

5UN 2.10 namamsaanlFdnus e 1

LT

nnglidiodmomensiowudnuszda v3e 000101 10 uieens i ldviuiiian
AR UaR I8 nE S URazA ) uans I9onus TR ufsIs 1 RnveRanan 1d iy dus

t o Qr ar as - 1 v é a’ ar = = Qs ar
A30nYS b LATAIONYT a ArAon 1 ¥3r28nus b UguvulaRe 01100010 LAZAIONYS

a igiluuudiafe 01100001 Msasvzudaslnasgy

$iumny —p @M

. (3 () YN

/ 01100801 | 01100010 00010110

19 2.1 uaasmsdan 1 gonvs2F 2



20

o 1 1 ar a 0 =Y @  ar a o
%zmmuﬂ?mﬂmumaﬂ:m‘mwuaﬂ‘usmas:mnumaamanys b LHAZMIDNYT a

o 1 e v = ' P o ar 5 o o n;
il lohdase lUazifuiinveangudeya daseir lims sudeyaiuiafananiu1d

v
e s g

aniuauddamidaoms 19dnuszds 2 Mdedudludruazvesinmreiiventdnswnily
isuAuavengudoya Aredrtveams 1¥dnuszde 2 dlunsfomsuuudalasde uns

s a g (-] = ) 3/ 5 o
msdaunrvesindeyasendunguiias 8 Un iveunudoyauanslddag

quny YAtieia

_—— dnwwind 2 anwFa 1 SYN | SYN
SOLHT &

Receives

31U 2.12 uaasdrediams I8nuseds 2 drlumsdemsuuudelnia

i i]

unarrnmauiflaumnisya

funn
ointq::oa1no -
Source
oo Lo 4
dhinwaid 2 ¢ nem
sl 1 _
annsmnula
g

U 2.13 yamamsdaunavesdasemilungua ay 8 ia

msaemsuuudalmiadinldlunmsdenessuinnounumes dsednsnmuoams

dvrinudeyauvuosds Inde uazuuuds Tande

o) ; ; w5
5 1o pojop @ of o t] ofofr]ifrfr|ojoop A

é!

Jronwsd 3 g 2 : dhdnusd 1

3UN 2.14 ugmsmsdasnudoyauuuga Insiia



21

o . o)
A 1ot |s sfof1fpr o p g $

p=24
n
o

5U# 2.15 uamamsdaud oyauuusz g lnsia

- puuga lasua
TavnidanuseFai 1%z 18 SYN 3 &2 1D 3 x 8 T = 24 T
AT WYDITAREDIAITINUA = 1920 + 24 = 1944 T
§asrdnserimsdadoyafidoadaeie fusuiianmuaiisuiiudosdfe
1920 15870 1944 vz 1AUs52070e 99 %

- wuvoaa Ingia |
SaSudy uaxﬁméumﬁi%’w'lﬁ' 2 x 240 = 480 1@
HRSIVDITATIABFITINIA = 1920 + 480 = 2400 11
§ardmszninmsdedoyandosdania fusaudanmuaiisuiludpad e

1920 H15870 2400 92 19152110 80 %

2.4.3 M3 1¥UAAS WL BRANAIA

Py Y o P aaya 3 a o 9 & o 9 P [ 4
teasledonannin niensaun sxtluliad lgweriminas nasunnugaaes
d' A é -1 . ar 'y t:;
vad%y’a 3 YUY 2 puuAeiufe MIATIVTOUTININA (odd parity) UATNITATIVADY -

§1UUA (even parity)

u

.
o = o5 DAl

- NIIATWABUSIUIUA (Odd parity) U TaasvaouIzdviuianiiinees 1 dmsy

o™ o

nauvasiinfivzduazdeamsasoasuegiiuinud wu duiudaniimees 1 lunguees

o ' . EY o | a a ¥ oo . A o

VAN LLASADINT mmﬁau'lmﬂumu?uﬂ uminaaummmuﬂuﬂu 1 TN
o o vy o Y 9/ o d a o ot a ] ] &

LﬂUi]'lli?‘Nﬂ lLﬂﬂTﬂ1H3UUU1ﬂL{|u%1N’JUﬂ Uﬂﬂi’]ﬂﬁf)ﬂﬂﬂzﬂﬂuﬂu 0 ATDUNYU TUYAN

¥ a

ddoyafidpanisdadl 7 i Ao 0110011 Tansreapuiuaufszdsaiianilu | madutied

a0 ¥ 1 ar a & oA a @ o Aaa 1 g o [ 1 4
uMUod | 1ﬂl.°fl_Tﬂ1J 491 mrﬂum‘ug} LN@?'JHF)U‘UGIGITN?(BU‘D'lll'JUﬂYliJﬂ'll‘lJu | ﬂﬂzuﬂ'lﬂ

as A a' L} =
dhu s Fafluesfuazmisdedoyanoudansroaeulas Witk 10110011

s v

- A13ASIVAOUSINIUG (Even parity) vunaia Tansinaeuszasiutaniinives | dmiy

=

nguyesdafiszdauazdeinisasnasvogiluiuaug iwu dnfuianiicives | lunguues



22

a o \ Y 3 ° A s Y I
UANIEAILASADING ﬂi?ﬂﬁau1ﬂlﬂuﬂ1u'}u@‘ Uﬂﬂi')ﬂﬂﬂﬂuﬂzﬂﬂﬁ“ﬂuﬂu 0 IWONITIY

v

° ' T o a ° da = o as 0 ' &
Wudnoug uadi$ iy IBduiuong daasnaeufedisuiu 1 Fetiugu auyih

e

Weyahidesmsdsfl 7 0a fie 0110011 Tansdeaeusmugizdesiiauilu o maziudnd

i 1 ' o o é 1 1 .3 :

fifves 1 vy 4 47 Fathuavg msasdoyandoudanssnaouyez 185 oot 10011

MIATRTeUANNYAResi1 1dTas szrisdumuazdmenisezdesanasiuiee

ldeminderananwiala f1lddmsndefanaranuudmouiudaielmensiudeyo

szasnaouiudianfauiu 1 Jududuoudniel S luduiuduansideyaina
a J L g 3 v vy 19 a1 o‘:

ANVHANAIATN dmenisezAsaudldaunaniiu ez IvaundadoyaunInisnais

[} & o ) ° =4 Voo ¥ a

dumslfasederanaauuusuugheslandnmandion Au

2.5 MR INTUUULIUIY DS (Manchester encoding)

-

. 5 * . . « . . - .
. ' 1 . f . ' . . '
+ . 1 * i .
H T 5 ] ' . . 1
' " ' . . . . .
. . . \ . . . .
. N . . . . x . .
. N , 4 B . AR > ®
H + i . . » - » » -
0 .- P Y ) . ey M
v ] ) [ i 2 ) N . v I
v - ) [ ’ 3 )
. . Il f . v . s '
: . ] 4 . . . .
. ’ . I ' ' »
-— enrmnsd . . B
. . . + H . . . .
. fl N . . f . . .

51 2.16 madsWouuuuYmAe Y

r=l 9 o v e oy é 1 a‘ o é (] 9 ar W ]
AeMsIIHauoyaRIneaitvils Asundoyadgiium s s Haudsgnaldues

]
o

- ¥ «l s = o v 4 1 - 3
wa weuAyrunetumIgalas lugvasdaya leaninmsdinsenedygnamulnftu

winimIdedynaineatusyAuduiiaaefuiugien wu didfmanursaeaniian

v

B o oo (Y a = L4 < :
aptnidu 1 oonll 20 indadedu sxvi ImsFalns ludvestoyaifansaaaniou

¥

w5z lalnfraesdtneaszlsumsgalas lugvesdoualdanzlugianiinmsidous ey

L)

k2 @

vo3doyanin 115l 0 wievin 019u 1) uazih Itsudeyafiawma medlosduilamidsnan

o & ey ]

=1 = 1 @ = s L4
Sazdealimahdyanaaineadnd ldudsiadoneu Tasmsdhsiauuuuusames

zifdoulddygrufineanedn 0 grunudonisildouson assn 01iu 1 uasdayaw

[t 1)

v
e ey ]

AvRDaanln | unuAlenNsiasuaininastn 1 Wy o JeAvesnisitsiauuviinaeviilims
waguszavvesdeyannqaduiiulediuniueunieifamadriimgg (Synchronize) fuves
o <& e Y o aday a1 1 a adq Vo o
voyauues uamsinsWanuuiniidaivegnaforininuiilslumsdideyades

A‘ J L]
wuuly 2 9m



23

o
Unn 3

HannIsPBNIIY

il lunisuyadu

60:00

=1
=
=2
—
=
=
=
[\

a1y

24

G

317 3.1 JUuvvveUATDILEAIHAM ST

3.1 M500NUUVIIDIIALTIN
1Y =] d‘l Ve oA 9 -; v o ' Pz} ]
JUMUUNABIAT DILAAINAMSHYITUNIZ AT 190U wkailu 3 dau Ae diuveaal
MSHVITUNLAAIRAAIHADALTAIND 7 AIUTIUIY 4 ¥dn waaanaanmsaou Tl sunsy
. » ¥ ' 1) )
Taoisuninmsdaaminsuasiudiumisowni niniuidenatfusumsham wikmozsy
" Y] T d' : b nlz =R 1 d'd. s o 1
WnneerdnaImnag 1l sunsznaia o Taslussnhenimsiuesonas awnsonaily
d' r ) d'. a [ L] b
Worganal nienatjunes i nm v la
v ¥
T IUNTIAD A IUUAAINAAZLUUYDININDINY LAAINA TAENADALITAING 7 TIU
I3 ar ° Vv A ] 9 =2 P=1 o
fwaz 2 vian M ldansamuiiazeuy Tdgagad 99 azuuu Tasmsidieu T sunsuuuiy
1 1 o
o 9 = = a a 9 as [
mimusanamuazuuuias 1 azuuY 193NN ANAALDAIZIN TMIAZIUY 1A e
= Y
1 Aznuuu1Ingn Ine 2 azuuusz luwa Iny uag 3 azuuuninuenua Tny Teeoauun 1Al
msmuaziuunaz 1 ey lududoulumsldau minlimspamuazuuuiRa ninan
azuuu ld Tagmianatjuaanzuuuain Tasezaanzuuuasiias 1 azuuEuiu IMMaHA

BNy



24

1 (Y [l P ] aa = 3 24
uagludrugee Wudnfuaassrsnarfitchefiuynannsonseunseagnld Ao 24
i minmelunaidmua gninsnavea lulims dudaTautae hefinynazgadonts
s 1 o 3 =t @ w v o s ! ¥
asounsoandn lil 1 unthesu uamingnunmnaueaiinis duid Tauvag daaarSimnawia

¥
= g a4 ] o

v Q. Y LY lci = e Yar a Q' Qs pﬁ' 1
nau TS udwiTnIng 24 Tud Aremat v ey Tlsunsuldddunasuniudiorhe

q

.
Sy=-0-1

yndnuindersvesehedy Muiiniinmanaiwaumsiten 15ui 24 T dusoenduiow
' P = @ w1t 24 g - oA v oa a W
auauda o uatialangniimaduraiuv i yeanfelmsnalusind dniunainssudiez
adulGuiuaesudsing 24 Jurdinum
¥ a 3 A ot e
Tudrumadoulisunsuez l¥mudiiiosninawnadade 111
= 3 [l t Qo 9/ @ Qs 1
L% Wuniwn Iasead e Sigasnmisinnudt e Y5ud e uasWaunee
=1 Y e =1 @ tey q‘: P=i Y o 2
2.017% MndnmsdsuTilsunsunpvatelvniinsndusuuTassahaumzesuand
A g (J a 4 .4 g A = [
3.0 Wunwmasy i liduiuaianad (ulasaeuInsaes) ianudangulu
o 4 4 1
ms3 loathohlnudylulnsaeuInswesnszgaduldiie (Portable to other system)
asrmeulwaniuazfunesveamudinswannaasanmaniinuauniog
= e a' = [ oA e t
5.0 nsesilo Tumswan TisunsuniFen 1 Integrated Development
environment {IDE)
= 3 ar Y = o .4 b3 o‘: ,
6.muE Harnud i ldduawwetsuualuszduaeda IAaia Inline assembly

wazn15a9n (Link) Tlsunsudhiudae



25

- jesay

“wxoo_o.ﬁc_m .

mf_mh |
asneders

()
- Bumes

dngwesl|

3

IG¥0=Ed

[ ]

4040=td

»

43%0=Cd-

£4%0=Ed

A+4%0=td Q0=td

000 =,

oA
A £

pRAsigg /-

5UM 3.2 LaA3 Flow Chart ¥9am519uvesthevonazuuy

¥




donswinvaznisminuuazdn i lfideuneniugumsiiauuda vzaesm

' 4 0 q " d o e H
gUnsaluuneauiiuaSesanananisutaty TasUsznoudoginsoindng dde T

1.2 lulnsnoulnsiaes

Tulnsaounsmeinidontdezilunszga Mcs-51iululnsnoulnsiaesfusn

a v e 4 4 ) @ & . v&d & a N A o '
fumaldwaudums ¢ w1 sweuvSinueawa lddoaudns lumawauide

¥
vlnuauUAnal

P,
P1.
P,
P1.
P

2 kY = Ty
piep e gt i it

{(TATTY P35
{TNTT) Pa
ARG
(r1y P
W P
T pL 7
XTaL2
RTaLd
GHD

— 53
P
y ]
=]
g S e Py = (O — O G

fa )

=]

I SR SPRY 0 B oA TN S S R

o

-

e
—_—

Il

13
14
15
16
17
18
18

0

49
38
38

35
34
3:
33

i

37
29
28
e

-
zh

25
2:¢

S
o

Y
£

2:

1% CC
[ PO O
PO i
P02
) Fo oz
PO -
P s
PO G
[P0 7

) SO

p27
P20
1 P2
] P2
P2
M P2
P21
[1P20

Lo La €N

L]

JUM 3.3 AWMU auIved MCS-51

{ADG)
{AD1)
1AD 2
80D
A D4
FADE
WADBY

PR TANPR
O ALZ/PROG
BI“SEN

A5
1A}
A1)
1AL
A1
"A10)
JAD)

(AEI

b d
dmiues AT89CS1 Tigmautinnadl

9 1

U o =

- goamsurasniolv +5s Tanyaden

o ] o o
- Imieanuii lsunsuania 4k lud
-fimissanuirdmiunudeya 128k lud

a o o o o o o ¥
-Hindwesanvimes 16 Un 2 g vhamld
4 Tnua

o o (‘w F 4 1 o
- FuBumeiin1d 6 unas 5 nawmos
- fiweiniudadoyasynsy 2 wosy

LU Full Duplex 1Aon 1A 4 3uuuy



27

o 4 = = P ] o o LY a o Yo o
woeinne voaluinsasuinuass szlinwwaziduatuanasnuantiss vy lddan

= ' P ar ° <o o o o ¥ '
19 HUAWANUIINAINNY lla:‘ﬂ’]u']u'ﬂﬂﬂﬂaﬂ‘ﬁu.lﬂulﬁﬂi HHAIAIAT1T1IU19019

waf uufmmmfiﬂl‘ﬂﬁtnruuufﬁn wiliarudntiaya uudn TIMERS
8051 4K 783 ( ROM) 128 lud 2
8031 . 128 lust 2
8751 4 K Swrou { EPROM ) 128 Yuif 2
8052 8K 701 { ROM } 256 lusl 3
8032 : 256 lug

8752 8 K Avirau (EPROM ) 256 tued : 3
BOCS1 4 K 4riroi (EPRCM ) 128 lud 2

= ¢ '
a15199 3.1 lulasaouInsamesinsznanieg

]
o o o s

v
molulnssadralulasaeuInsames sxdszneuldrudundng RdiAy dail

- ALU (Arithmetic and Logic Unit) - Accumulator
-58enmnd RO-R7 $117U 4 nqu - RAM Moy
-anduTdsunsn (Program Counter : PC) -ROM mu"lu_

- fhaaudn (Stack Pointer :SP) : - 2995 BUADT THA
- WOINBUNNAB VWM (170 Port) - 2TUIRN

- Ingweiannimes | - WaINBYATY

° 1 o o 3/ :i v o o [
msmnuveamazidaes Idna lunmsszuananiuanaisiuly Tasniumuloyes
o = - A
seuUMs¥Tau nisuurdulsRa (Machine Cycle) $9e13130M1 18910 T = MC x 12/f-xtal
d’l - 1 c; 9/ [ e't
we T - foawianldlumsyszuranamds
MC  :Asfuuuuedu laAa
fxtal :ABAIANUDVBIRSARDN 1Y
12 :felu 1 uwyulmda cpu wslddyanuunin 12 gn
msmawantu 1 nusduluda
msmauveamdunm luTnuaag wlddggraunimnegmoluveds
] 4 o & ‘daa a1
Tulnsaou Insaes swnasudulumsdunSeasnaegnidmaes THx , TLx uazaziuiy

: o n’: L = J = - :;
nnnsarean Iy Tl afswsamsiy Aemsindunn Lunydulufa (rueanudannud



28

FanuunRnMIsAIL 12) WS IZRZTUMSMAINsTUIE ATl Anwdvneniaaean
inl¥dn smnsornarly | uwydulsdaldsed
Brimualinnudueusasanaa X-al U1 2 MHz (12 x10 ©)
T=MC x 12/f X-tal ; MC Machinc cycle
T= 1x12/12x10(6) ; 12: fie $urundonwadin 1ol 1 wwadulufa
T=1x10"" sec 30 1 TulnsIud
fitvualdaudvesadanea X-tal (MU 11.0592 MHz (11.0592 x10 %)
T=MC x 12/f X-tal
T= 1x12/11.0592x10(6)

T=1.085x IOH’ sec ‘H";E) 1.085 microsecond

v
o e

FotudaergyldnlumsinuaeslulnsaouInsames 1 wusduleda dnnld
AFaAea 12 MHz 92191901 1 microsecond nazdminldnianen 11.0592 MHz 93 151am

1.085 microsecond

o5V
Swi T
Reset ? 1
[ lmur 20 oWy 01 | BCSS7
3 [ ovee le S (;) 02 | BCS57
e P3I3 z " S &
10K ! . A
il ol 20 30¢ Ny
_— T— ‘B :
= S PLO (y—2]00 VCC qofe—p— 2 2
0P ;1_4 — Pl D1 ) f b f
- 4 17_c
= g Pl2me—piD2 O Q2R3
30P 44— S P03 8 a3 o T
g PlMI—ID4 I 04 ; . :
- 14
; = P15 D5 ~ Q5 e c e C
110592 MHz < g 18 38 06 QB&._LM_
: pr7 2 _Slp; Q7fie—= 4> —d "5
—in "NV LED7SEGT LED7SEG?2
paafE—o o )
_Ax2 o1 P35 3 5 G GND Commaon Anade
X 31 b3y 11 L1,
> Yo P X

1

14 3.4 2905015 1w Tnsnou InsamesinruguraoauamIng 7 dau 2 ndn



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



30

MavauaaIna 7 daudmsouteany Tassadenielulaidu 2 wiia Yaun uuy

117 1nA3 34 (Common Cathode) HAZHLILILD 1HATIN (Common Anode) LeTAIRININ

a7 S
S S, S R
b P Cammon BN Camran
O—&L‘ Cathode O_—i\‘— Anode
i ' i O_—'—C u
d Vs d N
¢ |/-/- ¢ N
£ l// PN
a P 9 RE
(a) npuialnasm (b) uuute luas

[ ¥
317 3.6 Inssadameluvemasauaaska 7 drunsao sy

Py [ (=4 as 2 ar
1599 w7 InssadanaonuaaHa 7 daundsznsudislalen 7 @) innaseeruld
= | .4?‘ cl 1 at 7 dd‘ =} J 1 o
Hhuadlouay s vialvgdiu Tavh laloaudazarsgedemw uazli¥oSonuaazdiuds

NN

Common Cathode Display

HBCDEF‘G-;..:;E.
: ’

ispLAaY
LY # % %%;%;Zﬂz:m
B [ : S
anmamey ! ‘
| é cc 'Y cc -
€] L o Commonr Ancde Display
. l | ﬂ B cC D E F G oo
E cC | ! T 1 T
b |
- e
0 Sy + !
cal cay

Fig.7-- Common Anode/Cathode DISPLAY Sam B0
A ¥
119 3.7 mInsuuuverasalaang 7 aauneTasiuy

Msvasauaadna 7 U 1 1FIuI AU TaensAovIveIMABALEAING 7

g luusasaiy WuunuduanudefuiuveMaoauanIng 7 aaua10uq



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



32

3.4 IC Regulator 7805
= ar ' Yy v P M £
duledmunuusiuvssmane ldimasiuasasiuaue Tasassngamesi
=Y L4 a a ar ax o ' ]
IFoulfnduwued 78xx Taeh xxX azuswalumsdSuus edu T daited1aau 7805 ez
Yrusgaunsduld 1@ s Thad, 7809 azilsuusesn1d I8 Rdoadiladefie doaious sy

Tadu lod i unaszabusdunaziimsdsu u 7805 szdeatleuussauld lad lidinn
g as ¢ ' ' o o =t o a Y]
5 Taas ws1zd s 1tleuns sdudeond wu faulv 3 Tiad usedun ldnn ledFnaziidaumou
o
3 Thaddan
a a o o ° Y 1 o o ar A
mstnlsrantnimmsiaveessngaa M d lasmadedunuilszy 2 49
9 dy E = bl = A
Wl luaees wennniilumsldaulodis nQaaazAssna s wLITIAUBUNN (V) ma1emn

] @ o = 1 3 a L3 ° ¥ o -y a a2
TssRuaunA IMgannaTusIdweine (v ) 1109 sildifannudoui leala g

out

. ¥
asoud el Taomsmuaadiumual i donssedilumsldanuledinge Tinsla

@ a = o
HIIAUNTSUAATIDURAINY 10 I?ﬂﬂ

78xx, 7BMuxn, 785X 7BLxx

FRONT VIEW BOTTOM VIEW
j ]
| N 1
]
=

30UT6 1m

' 2 GND

| Figure 1: Pin-out diagram of the
: 78xx% series of regulator ICs :

a 21 o
1% 3.9 laozunsuves leFisngames

| N 1 3 0UT g
| Vs 7805 SV
: ;

2 GND i
| SMOOTHED SvOC |
. DC - REGULATED
| OuTPUT 0.1pF | D.1pF OuTPUT |
3 oV v

‘ Figure 2: Wiring up a regulator IC

+

= J = o
7117 3.10 m3ar995904 ledsnquames



33

3.5 RF MODULE
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3.6 IC ENCODER/DECODER
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3.8.5 mdaldsunsunls

#include <reg52.h>

#include <stdio.h>

sbit sw0=P3"0; //

sbit swl=P3"1; //

sbit sw2=P3"2; //

sbit sw3=P373; //

sbit sw4=P3"4; //

sbit sw5=P3"5; //

sbit sw6=P3"6; //

sbit sw7=P3"7; //

code unsigned char num[10] =
{0x7e,0x0¢,0xb6,0x9¢,0xcc,
Oxda,0xfa,0x0e,0xfe,Oxde};

int shortclock = 24;

int timeint = 600;

int shortcount = Q;

int timecount = 0;

unsigned char subseconds = 0;

void timer_interrupt(void) interrupt 3
{
TL1 = 0x00;
THI = 0xEE;
subseconds = subseconds + [;
if (subseconds == 200){
subseconds = 0;
if (timecount && (timeint>0))

{
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timeint--;
H
if (timecount && shortcount && (shortclock>0))
{
shortclock--;
}
)
}
void delayO(void)
{

unsigned int i,j;
for(i=0:i<150:i++)
{
for(j=0;j<160;j++);
}

}

void delay(void)

{

THO = OxFA;
TLO = 0x00;
/ITHQ = 0x00;

HTLO = OxFE;

TFO =0,

TRO =1; // TIMER Start
while(TF0==0);

TRO =0; // TIMER Stop
}

void main()
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{

int counter,swcheck, swcache teaml team?2;
swcheck = §;

counter = 0

timecount = 0,
shortcount = 0
PO=0xT7e;

P1=0xft;

P2=0x00;

P3=0xff;

timeint = 600;

team! =0,

team?2 = 0;

shortclock = 24,

TR1 =1;

TMOD = 0x11;

ET1 = 1;

EA =1;
while(1)

{ delay(); //600hz

if (counter > 600)

{ counter=0;

}

counter++,

1/ SCAN SEGMENT
if ({(counter%10) == )
{

/1 TIME 1
PO = num|[(timeint/60)/10];

P1 =0x08;



}

else if ((counter®10) == 1)

{
/I TIME 2
PO = num([(timeint/60)%10];
Pl =0x04;

}

clse if ((counter%1Q) == 2)

{
/I TIME 3
PO = num([(timeint%60)/10];
Pl = 0x0c;

}

else if ({(counter%10) == 3)

{
// TIME 4

PO = num[(timeint%60)%10];

Pl =0x02;

}

else if ((counter%10) == 4)

{
// TEAM 1-1

PO = num[team/10];

Pi = 0x04;
H
else if ((counter%10) == 5)
{

/i TEAM 1-2

48



PO = num[team1%10];
Pl = 0x06;
}
else if ((counter%10) == §)
{
// TIME MINTEN
PO = num[tcam2/10];
P1 = 0x0e;
}
else if ({counter%10) ==T7)
{
/f TIME MINONE
PO = num[team2%]10];
Pl =0x01;
}
else if ((counter%10) == R)
{
// TIME SECTEN
PO = num[shortclock/10];
Pl =0x09;
}
else
{
/1 TIME SECONE
PO = num[shortclock%10];
P1 = 0x05;
3
swcache = §;
if (sw0==0)
{
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swcheck = 0;

}
else if(sw1==0)
{

swcheck = 1;
h
else if(sw2==0)
{

swcheck = 2;
}
else if(sw3==0)
{

swcheck = 3;

}
else if{sw4==0)
{

swcheck = 4;
h
eise if(sw5==0)
{

swcheck = 5;

h
else if(sw6==0)
{

swcheck = 6;
}
else if{sw7==0)
{

swcheck = 7;
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else

if (swcheck = 8)
{

swcache = sweheck;

}

swcheck = 8;

// Do Switch Function
switch(swcache)
{

case 0:P2=0x08; delay0();

if (team1 < 99)

{
teaml = team1+1;
}
else
{
teaml = 0;
}

1f{P2==0x08) P2=0x00;
break;
case 1:P2=0x07 ;delay0(),

if (team1 > 0)

{

teaml = team]-1;
}
if(P2==0x07) P2=0x00;

break;
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case 2:P2=0x06 ;delay0();
if (team?2 < 99)
{

team?2 = team?2+1;

else

tcam2 = 0;
}
if{P2==0x06) P2=0x00;
break;
case 3:P2=0x05; delayQ();
if (team?2 > 0)
{
team?2 = team?2-1;
}
if(P2==0x05) P2=0x00;
break;
case 4:P2=0x04; delay0();
if (shortclock = 24)
{
shortcount = 0;

shortclock = 24;

else

shortcount = 1;
}
if{P2==0x04) P2=0x00;

break;



case 5:P2=0x03; delay0();
timecount = !(timecount);
if(P2==0x03) P2=0x00;
break:
case 6: P2=0x02;delay0();
shortclock = 24;
timeint = 600;
team] = 0;
tcam?2 = Q;
timecount = 0;
shortcount = 0;
i P2==0%02) P2=0x00;
break;
case 7: P2=0x01; delay0();
shortclock = 24;
timeint = 600;
timecount = 0;
shortcount = 0;
if (P2==0x01)P2=0x00;
break;
case 8:
break:
}
} // While End
}
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ntel.
MCS® 51
8-BIT CONTROL-ORIENTED MICROCONTROLLERS

Commercial/Express

8031AH/8051AH/8051AHP
8032AH/8052AH
8751H/8751H-8
8751BH/8752BH

High Performance HMOS Process @ Boolean Processor

Internal Timers/Event Counters @ Bit-Addressable RAM

2-Level Interrupt Priority Structure ® Programmable Fuil Duplex Serial
32 1/0 Lines (Four 8-Bit Ports) Channei

64K External Program Memory Space ® 111 Instructions (64 Single-Cycle)

Security Feature Protects EPROM Parts @ 64K External Data Memory Space
Against Software Piracy m Extended Temperature Range
(—40°C to +85°C)

rhe MCS® 51 controllers are optimized for control applications. Byte-processing and numerical operations on
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM. The
nstruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide instruc-
ions. Extensive on-chip support is provided for one-bit variables as a separate data type, allowing direct bit
nanipulation and testing in control and logic systems that require Boolean processing.

Fhe 8751H is an EPROM version of the 8051AH. It has 4 Kbytes of electrically programmable ROM which can
e erased with ultraviolet light. It is fully compatible with the 8051AH but incorporates one additional feature: a
*rogram Memory Security bit that can be used to protect the EPROM against unauthorized readout. The
3751H-8 is identical to the 8751H but only operates up to 8 MHz,

fhe 8051AHP is identical to the BO5S1AH with the exception of the Protection Feature. To incorporate this
Jrotection Feature, program verification has been disabled and external memory accesses have been limited
0 4K.

fhe 8052AH is an enhanced version of the 8051AH. It is backwards compatible with the 8051AH and is
‘abricated with HMOS 1l technology. The 8052AH enhancements are listed in the table below. Also refer to this
‘able for the ROM, ROMIless and EPRCM versions of each product.

-

Internal Memory Timers/
Device Event Counters Interrupts
Program Data
B031AH none 128 x 8 RAM 2 x 16-Bit 5
B8051AH 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit 5
B051AHP AK x 8 ROM 128 x 8 RAM 2 x 16-Bit 5
B751H 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5
8751H-8 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5
8751BH 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5
8032AH none 256 x 8 RAM 3 x 16-Bit 6
B8052AH 8K x 8 ROM 256 x 8 RAM 3 x 16-Bit 6
8752BH BK x 8 EPROM 256 x 8 RAM 3 x 16-Bit 6

intel Carporation assumes no rasponsibility for the use of any circuitry ather than circuitry embodied in an intel product. No other circuit patent
licenses are impliad. Information contained herein supersedes previously published specifications on these devices from Intel.
® INTEL CORPORATION, 1994

October 1994

Order Number: 272318-002
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Figure 1. MCS® 51 Controlier Block Diagram

PROCESS INFORMATION

The 8031AH/8051AH and 8032AH/8052AH devic-
es are manufactured on P414.1, an HMOS Il pro-
cess. The 8751H/8751H-8 devices are manufac-
tured on P421.X, an HMOS-E process. The 87518BH
and 8752BH devices are manufactured on P422.
Additional process and reliability information is avail-
able in Intel’'s Components Quality and Reliability
Handbook, Order No. 210997.
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PACKAGES
Part Pretix Package Type bja Bjc
8051AH P 40-Pin Plastic DIP 45°C/W 16°C/W
8031AH D 40-Pin CERDIP 45°C/W 15°C/W
8052AH N 44-Pin PLCC 46°C/W 16°C/W
8032AH
87528H"
87514 8] 40-Pin CERDIP 45°C/W 15°C/W
8751H-8
8051AHP P 40-Pin Plastic DIP 45°C/W 16°C/W
8] 40-Pin CERDIP 45°C/W 15°C/W
8751BH P 40-Pin Plastic DIP 36°C/W 12°C/W
N 44-Pin PLCC 47°C/W 16°C/W
NOTE:

*87528H is 36°/10° for D, and 38°/22° for N.

All thermal impedance data is approximate for static air conditions at 1W of power dissipation. Values will
change depending on operating conditions and application. See the Intel Packaging Handbook (Order Number
240800) for a description of Intel’'s thermal impedance test methodology.

I 8052/8032 ONLY *
I . = A = T et 8588
126X P11 (]2 381 PO.0 ADO INDEX ce L S
P12 073 381 Po.1 AD1 COANER t2d-2883s583
P13 4 37 Po.2 AD2 \\ esan ﬁfﬁ”,_g_,ghg, 2 N
Pragc]s 36 P0.3 AD3 [’ SR REREEEEERE
P1sCde 353 Po.4 AD4 P18 130 ] PO.4 (AD4}
P16 ] 34 1P0S5 ADS P1a]e; {3] PO.S (ADS)
PI7C]s 33173 P06 ADS P12 {3 {3.] P0O.6 (ADS)
RST 9 32{0 P07 AD? RAST { i} 73 1£0.7 (AD7)
AXO P3.0 (] 10 8X5X N EAVpp {RXD} P3.6 [ 17} (3] EAsvpp®
TXO P31 (11 0[] ALE/PARDG” Reserved« [ii} Bxsx 11 | Resarved**
INTO P32 (] 12 29173 PSEN oy e i r31 ] ALE/PROG®
INTY P3.3 (] 13 2 [ P27 A1S (INTO)P32 1302 r3: ] BREN
M ras e KDresais  (WToeaa b x| P2 ais)
wh Psl.s s 253 P24 A12 (10 #3.4 13e (RIP26 (AN4)
RO P3.7 (17 241 P23 AN (T2) 835 1ai L o q:-” Pas@y
XTAL2 [] 18 23[3 P22 A10 S EEeRRA R RER )
XTALI (] 19 2270P25 A9 =i IRl S vl B
Ves (] 20 2177 P20 A8 fgc> a.E;Eﬂ
ggk% §zzess
3 - e o A «
s L
272318-2
DIP PLCC
*EPROM only
**Do not connect reserved pins.

Figure 2. MCS® 51 Controlier Connections
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PIN DESCRIPTIONS
Vee: Supply voltage.
Vgg: Circuit ground.

Port 0: Pori 0 is an 8-bit open drain bidirectional 170
port. As an output porl each pin can sink 8 LS TTL
inputs.

Port 0 pins that have 1's written to them float, and in
that state can be used as high-impedance inputs.

Port O is also the multiplexed low-order address and
data bus during accesses to external Pregram and
Data Memory. In this application it uses strong inter-
nal pullups when emitting 1's and can source and
sink 8 LS TTL inputs.

Port 0 also receives the code bytes during program-
ming of the EPROM parts, and outputs the code
bytes during program verification of the ROM and
EPROM parts. External pullups are required during
program veritication.

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with
internal putiups. The Port 1 output buffers can sink/
source 4 LS TTL inputs. Port 1 pins that have 1's
written to them are pulled high by the internal puli-
ups, and in that state can be used as inputs. As
inputs, Port 1 pins that are externally pulled low will
source current (I on the data sheet) because of the
internal pullups.

Port 1 also receives the low-order address bytes
during programming of the EPROM parts and during
program verification of the ROM and EPROM parts.

In the 8032AH, 8052AH and 87528BH, Port 1 pins
P1.0 and P1.1 also serve the T2 and T2EX func-
tions, respectively.

Port Alternative Function

Pin

P1.0 T2 (Timer/Counter 2 External input)

P1.1 T2EX (Timer/Counter 2
Capture/Retoad Trigger)

Port 2: Port 2 is an 8-bit bidirectional [/O port with
internal pullups. The Port 2 output buffers can sink/
source 4 LS TTL inputs. Port 2 pins that have 1's
written to them are pulled high by the internal pull-
ups, and in that state can be used as inputs. As
inputs, Port 2 pins that are externally pulled low will
source current (. on the data sheet) because of the
internal pullups.

intgl.

Port 2 emits the high-order address byte during
fetches from external Program Memory and during
accesses to external Data Memory that use 16-bit
addresses (MOVX @DPTR). In this application it
uses strong internal pullups when emitting 1's. Dur-
ing accesses to external Data Memory that use 8-bit
addresses (MOVX @Ri), Port 2 emits the contents of
the P2 Special Function Register.

Port 2 also receives the high-order address bits dur-
tng programming of the EPROM parts and during
program verification of the ROM and EPROM parts.

The protection feature of the 8051AHP causes bits
P2.4 through P2.7 to be forced to 0, effectively limit-
ing external Data and Code space to 4K each during
external accesses.

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with
internal pullups. The Port 3 output buffers can sink/
source 4 LS TTL inputs. Port 3 pins that have 1's
written to them are pulled high by the internal pull-
ups, and in that state can be used as inputs. As
inputs, Port 3 pins that are externally pulled low will
source current (I, on the data sheet) because of the
pullups.

Port 3 also serves the functions of various special
foatures of the MCS 51 Family, as listed below:

Port
Pin

3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 | INTO (extemal interrupt 0)

P3.3 INT1 (extemnal interrupt 1)

P3.4 TO (Timer Q external input)

P3.5 T1 (Timer 1 external input)

P3.6 WR (externa! data memory write strobe)
P3.7 | RD (external data memory read strobe)

Alternative Function

RST: Reset input. A high on this pin for two machine
cycles while the oscillator is running resets the de-
vice.

ALE/PROG: Address Latch Enable output pulse for
latching the low byte of the address during accesses
to external memory. This pin is also the program
pulse input (PROG) during programming of the
EPROM parts.

In normal operation ALE is emitted at a constant
rate of '/ the oscillator frequency, and may be used
for external timing or clocking purposes. Note, how-
ever, that one ALE pulse is skipped during each ac-
cess to external Data Memory.
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PSEN: Program Store Enable is the read strobe to
external Program Memory.

When the device is executing code from axtarnal
Program Memory, PSEN is activated twice each ma-
chine cycle, except that two PSEN activations are
skipped during each access to external Data Memo-

ry.

EA/Vpp: External Access enable EA must be
strapped to Vgg in order to enable any MCS 51 de-
vice to fetch code from external Program memory
locations starting at 0000H up to FFFFH. EA must
be strapped to V¢ for internal program execution.

Note, however, that if the Security Bit in the EPROM
devices is programmed, the device will not fetch
code from any location in external Program Memory.

This pin also receives the programming supply voit-
age {VPP) during programming of the EPROM parts.

c2
——)b——l XTAL2
-
ol

CH

—r_ vS$

C1,C2 = 30 pF + 10 pF tor Crystals

272318-3

For Ceramic Resonators contact resonator manufacturer.

Figure 3. Oscillator Connections
XTAL1: Input to the inverting oscillator amplifier.

XTAL2: Output from the inverting oscillator amplifi-
er.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in Appli-
cation Note AP-155, “Oscillators for Microcontrol-
lers,” Order No. 230659.

MCS® 51 CONTROLLER

To drive the device from an external clock source,
XTAL1 should be grounded, while XTAL2 is driven,
as shown in Figure 4. There are no requirements on
the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a
divide-by-two flip-flop, but minimum and maximum
high and low times specified on the data sheet must
be observed.

EXTERNAL

OSCILLATOR st Y TAL 2

SIGNAL

XTALY

| vSS

2723184

Figure 4. Externai Drive Configuration

EXPRESS Version

The intel EXPRESS system offers enhancements to
the operational specifications of the MCS 51 family
of microcontrollers. These EXPRESS products are
designed tc meset the needs of those applications
whose operating requirements exceed commercial
standards.

The EXPRESS program includes the commercial
standard temperature range with burn-in, and an ex-
tended temperature range with or without burn-in.

With the commerciat standard temperatute range,
operational characteristics are guaranteed over the
temperature range of 0°C to + 70°C. With the ex-
tended temperature range option, operational char-
acteristics are guaranteed over a range of —40°C to
+85°C.

The optional burn-in is dynamic, for a minimum time
of 160 hours at 125°C with Voo = 5.5V +0.25V,
following guidelines in MIL-STD-883, Method 1015,

Package types and EXPRESS versions are identified
by a one- or two-letter prefix to the part number. The
prefixes are listed in Table 1.

For the extended temperature range option, this
data sheet specifies the parameters which deviate
from their commercial temperature range limits.
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intel.

Table 1. EXPRESS Prefix identification

Prefix Package Type Temperature Range Burn-in
P Plastic Commercial No
D Cerdip Commercial. No
N PLCC Commercial No
TD Cerdip Extended No
TP Plastic Extended No
TN PLCC Extended No
LD Cerdip Extended Yes
LP Plastic Extended Yes

NOTE:
Contact distributor or local sales office to match EXPRESS prefix with proper device.

¢ The BOS1AHP cannot access external Program

DESIGN CONSIDERATIONS

* {f an 87518BH or 8752BH is replacing an 8751H in
a future design, the user should carefully com-
pare both data sheets for DC or AC Characteris-
tic differences. Note that the Vyy and I|y specifi-
cations for the EA pin differ significantly between
the devices.

* Exposure to light when the EPROM device is in
operation rmay cause logic errors. For this reason,
it is suggested that an opaque label be placed
over the window when the die is exposed to am-
bient light.

or Data memory above 4K. This means that the
following instructions that use the Data Painter
only read/write data at address locations below
OFFFH:

MOVX A,@DPIR
MOVX @DPTR, A

When the Data Pointer contains an address
above the 4K limit, those locations will not be ac-
cassed.

To access Data Memory above 4K, the
MOVX @Ri,A or MOVX A @Ri instructions must
be used.
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\BSOLUTE MAXIMUM RATINGS*

Jmbient Temperature Under Bias . —40°C to + 85°C

itorage Temperature .......... —65°Cto +150°C
‘oltage on EA/Vpp Pin to Vgg
B751H ......... ... .. —0.5Vio +21.5V
8751BH/8752BH ............ —05Vto +13.0V
‘oltage on Any Cther Pinto Vgg .... ~0.5Vto +7V
‘ower Dissipation. . ........................ 1.5W

JPERATING CONDITIONS

MCS® 51 CONTROLLER

NOTICE: This is a praduction data sheet. It is valid for
the devices indicated in the revision history. The
specifications are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure bsyond the “Operating Conditions”
may affect device reliability.

Symbol Description Min Max Units
Ta Ambient Temperature Under Bias
Commercial 0 +70 °C
Express —40 +85 °C
Vee Supply Voltage 45 5.5 v
Fosc Oscillator Frequency 35 12 MHz

JC CHARACTERISTICS (Over Operating Conditions)

ill parameter values apply to all devices unless otherwise indicated

Symbol Parameter Min Max Units | Test Conditions
Vi Input Low Voltage (Except EA Pin of -05 0.8 v
8751H and 8751H-8)
ViL s Input Low Voltage to EA Pin of 0 0.7 Y
8751H and 8751H-8
VK Input High Voltage (Except XTAL2, RST) 20 {Vgc+ 05| V
Vil Input High Voltage to XTAL2, RST 25 Ve +05 \ XTAL1 = Vgg
Vinz Input High Voltage to EA pin 4.5 5.5V
of 8751BH and 8752BH
VoL Output Low Voltage (Ports 1, 2, 3)° 0.45 Vv loL = 1.6 mA
Vour Output Low Voltage (Port 0, ALE, PSEN)*
8751H, 8751H-8 0.60 v lop = 3.2mA
0.45 Vv |0|_ = 24mA
All Others 0.45 Vv lop = 3.2mA
VoH Output High Voltage (Ports 1, 2, 3, ALE, PSEN) 24 V |loy = —B0pA
VoH1 Output High Voltage (Port 0 in 2.4 v loy = —400 uA
Externat Bus Mode)
m Logical O Input Current (Poris 1, 2, 3, and RST) —500 pA | Viy = 0.45V
his Logical 0 Input Current (EA)
8751H and 8751H-8 -15 mA | Viy = 0.45V
8751BH -10 mA | Viy = Vss
8752BH -10 mA | Vjy = Vss
0.5 mA




MCS® 51 CONTROLLER inte|
®

DC CHARACTERISTICS (Over Operating Conditions)

All parameter values apply to all devices unless otherwise indicated (Continued)

Symbol Parameter Min | Max | Units Test Conditions
iz Logical 0 Input Current (XTAL2) —-3.2 mA | Viy = 0.45V
L Input Leakage Current (Port 0)
8751H and B751H-8 100 pA 0.45 < VN € Vo
All Others 10 pA | 045 < VN £ Vo
hH Logical 1 Input Current (EA)
8751H and 8751H-8 500 pA | Viy = 2.4V
8751BH/8752BH 1 mA | 45V < Viy < 5.5V
liH1 Input Current to RST to Activate Reset 500 pA | ViN < Voo - 1.5V)
Icc Power Supply Current:
B8031AH/8051AH/B051AHP 125 mA All Outputs
B8032AH/8052AH/8751BH/8752BH 175 mA | Disconnected;
8751H/8751H-8 250 mA | EA = Voo
Cio Pin Capacitance 10 pF Testfreq = 1 MHz
NOTES:

1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo s of ALE/PROG
and Ports 1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins
make 1-to-0 transitions during bus operations. In the worst cases {capacitive loading > 100 pF), the noise pulse on the
ALE/PROG pin may exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address
latch with a Schmitt Trigger STROBE input.
2. ALE/PROG refers to a pin on the 8751BH. ALE refers to a timing signal that is output on the ALE/PROG pin.
3. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum g per port pin: 10 mA

Maximum lg|_ per B-bit port -

Port 0. 26 mA
Ports 1, 2, and 3: 15 mA
Maximum total lg_ for all output pins: 71 mA

tf o exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions. :



SN541.S540, SNS4LS541, SN74L.S540, SN741 S541
OCTAL BUFFERS AND LINE DRIVERS
WTH 3-STATE OUTPUTS

SDLS180 ~ AUGUST 1979 ~ REVISED MARCH 1988

¢ 3-State Outputs Drive Bus Lines or SN54LS540, SN54LS541 . . . J OR W PACKAGE

Buffer Memory Address Registers SN74L5540, SN74L5641 . . . DW OR N PACKAGE
e P-N-P Inputs Reduce D-C Loading (FOP VIEW)
e Hysteresis at Inputs Improves Noise Margins sl U2 vee
. 2 1
e Data Flow-thru Pinout (All Inputs on A1E3 ‘2 % 5?
ite Side from Outputs A2
Opposit puts) mbe v
- 5 16
description asl] v
A5E 6 15 3 Y4
These octal buffers and line drivers are designed to as1? 14[1vs
have the performance of the popular SNS415240/ A'IEB 131jY8
SN74L5240 series and, at the same time, offer a as(]e 121} y7
pinout having the inputs and outputs on opposite GNDC 10 1 Y8

sides of the package, This arrangement greatly en-
hances printed circuit board layout.

SN54LS540, SN54LS541 . . . FK PACKAGE
The three-state control gate is a 2-input NOR such

o —= {TOP VIEW)}

that if either G1 or GZ are high, all eight outputs are O

in the high-i d tate. - -

in the high-impedance state 2 prape) 5’18

The ‘LS540 ofters inverting data and the ‘L5541 3 212019

offers true data at the outputs, 18
17

The SN541Sh40 and SN54LS541 are characterized e

for operation over the full military temperature range 15

of —=55°C to 1256°C. The SN741.5540 and SN74L5541 14

are characterized for operation from 0°C to 70°C. 810111213

G)QW;‘D

<z > >
&
TYPE AATED RATED TYPICAL POWER
1oL toH DISSIPATION
ISINK {SOURCE * |ENABLED)
CURRENT} CURRENT) ‘L§540 ‘L5541
SN54LS’ 12 mA - 12 mA 92.5 mwW 120 mW
SN74LS’ 24 mA - 15 mA 925 mW 120 mW
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL DUTPUTS
Veo —— ctmn e o Voo
>
3 Flea NOM
INPUT-“—Q‘—(
QUTPUT
Enabla inputs: Rgg = 9 k{2 NOM
All Cther Inputs: Rgg = 10 kI NOM

PRODUCTION DATA snformalion is cuvert as of publication date

mm‘m gﬂgiwwlmgsr: Texas Inm ”
testing dmas on processing recessany! TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright iz 1988, Texas instruments Incorporated



SNOALS540, SNo4LS541, SN74L.S540, SN741 S541
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SDL5180 - AUGUST 1979 - REVISED MARCH 1988

logic symbolst

‘L8540 L5541
& &
& LTI N 1 e N
3208 o FORALU W
L .
A1 121 I S 'S} 118 vi At 12} T ) 'y 118} vi
a2 {3) nn v2 a2 [&E] | 17 vz
A3 {4} {1€) Y3 A3 14 {161 Ya
™ i8] 1186) Y4 A4 {5} {181 Ya
L] LTIV A58 18 o
A6 §7} (13) Y6 A6 17} (13} vé
ar el 121y, Ay 8l 12)_yy
agdd 11 vy agle ARTIeN
! These symbols are in accordance with ANSIIEEE Std 91.1984 and EC Publication 617-12.
logic diagram {positive logic)
‘LS540 'L§541
61(11 6}(1\ e
5,18 YAkl
| 1 | r‘"‘%
o | | |
2] i p[
arl B ! a8, a2l Ha i (8,
! | ] I i
@ T3 G @ Fmmm ot G
AZ— —v2 Az —v2
e 4 b— e — - —
agldl —4 (16} Azl —4 1161
be— - e -
PORLL —e } (15:“ M(En —e (|5|Y4
(61 !'_'__LF" (14) 6 F_—__Ll—ﬁ (14)
A5 b———1s A5 ——| +———vs5
b |~ bomm e — 9
7 —d 7
ag 'l U3 ag —e a3, .
b 1 pm = .
ar'® — _aa,, a7i8t - 2.,
@ 7T gy @ o=t g
AB—— s AB—— ———v8
e 4 Lo e d
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

NOTE 1: Voitage vajuas are with respect to the network ground terminal.

~55°C 10 125°C

*? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

- 65°Cto 150°C



SNH4LS540, SNSALS541, SN74LS540, SN74LS541
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SDLS180 - AUGUST 1879 - REVISED MARCH 1988

recommended operating conditions

SN54LS’ SN74LS’
PARAMETER unNIt
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vi (see Note 1) 4.5 5 5.5 | 4.75 5 5.25 v
High-level output current, igH -12 -15 mA
Low-level output current, 1g 12 1 24 mA
Cperating free-air temperature, TA -55 128 a 70 °C

NOTE 1. Voitage vaiu2s are with respect to network ground terminal,

electrical characteristics over recommended operating free-air temperatuse range {uniess otherwise
noted)

- SN54LS’ SN74LS’
PARAMETER TEST CONOITIGNS UNIT
MIN  TYP? MAX | MIN TYP? MAX
Vi High-level input voltage 2 2 \
V)L Low-evel input voltage 0.6 0.6 v
Vi Input clamp voltage Voo = MIN, i = —1B mA -15 -1.5 v
Hysterests (V4 — Vy_) Voo = MIN 0.2 0.4 0,2 0.4 vV
v = MiIN, v =2V,
ce H 2.4 34 24 34
R VIL = Vi max, log = —3 mA
Voy High-level cutput voltage v
Ve = MIN, Viq = 2V, 2 9
Vi = 0.5V, igy = MAX
Ve = MING g = 12 ma 025 0.4 0.25 0.4
VoL Low-level output voltage Vig = 2V, v
ViL = VL max Igt, = 24 mA 0.35 0.5
Qtf-state output current,
lozH i vee = MAX, Vo = 2.7V 20 20
high-level voltage applied v 2 v A
| Off-state output current, V|H - v ! v 0.4V 20 20 .
= m = 0. - -
o low-level voltage applied it i max 0
lnput current at maximum .
[ Vee = MAX, Vi=7V 0.1 0.1 mA
nput voltage
HH High-level tnput current, any input] Ve = MAX, Vy=27V 20 20 wA
L Low-level input current Voo = MAX,  Vp = 04V -0.2 -0.2 mA
Inps  Short-carcuit output cuirentd Vee = MAX -4Q - 225 | -40 ~225 mA
o ts hich ‘LS540 13 25 13 25
t
utputs g ‘(5541 18 32 8 32
VYoo = MAX, | 'LS540 24 45 24 45
| Supply current Outputs lo mA
CC supRly cdiren PUIS O T utputs open | (5541 30 52 30 52
All outputs ‘LS540 30 52 30 62
disabled ‘L8641 32 55 32 55

TFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating canditions.
LAl typical values are at Vee = 5V, Ty = 26°C.

INot more than one cutput should be shorted at a time, and duration of the short-circuit should not exceed one second.

{'r‘ TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 K]



SN541.5540, SN54L.S541, SN741.S540, SN74L.S541
OCTAL BUFFERS AND LINE DRIVERS
WTH 3-STATE

SDLS 180 - AUGUST 1979 ~ REVISED MARCH 1988

switching characteristics, Vg = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS L5549 L5541 unNiT
Min TYP MAX MIN TYP MAX
Propagation deiay time,
tPLH P9 . Y 9 15 9 15 ns
low-to-high-level cutput
Propagation delay time, CL = 45pF, AL = 6671,
L Y - ° N 5 15 10 18] ns
high-to-low-level cutput See Note 2
| 1PzL Output enable ime 10 ow leval 25 34 25 jel:} ns
tpzi  Output enable ume to high level 156 25 20 32 ns
tprz  Output disable time {rom low level | C| = 5 pF, R = 6674, 10 18 10 18 ns
1prz Output disable time from high level | See Note 2 15 25 18 29 ns
NOTE 2: Load circuits and voltage waveforms are shown in Secuon 1.
‘Ui TEXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




National Semiconducitor

54154/DM54154/DM74154

4-Line to 16-Line Decoders/Demultiplexers

General Description

Each or these 4-ting-to-16-line decoders utilizes TTL circuit-
ry to decode four binary-coded inputs into one of sixteen
mutually exclusive outputs when both the strobe inputs, G1
and G2, are tow. The demultiplexing function is performed
by using the 4 input lines to address tha output line, passing
data from one of the strobe inputs with the other strobe
input low. When either strobe input is high, all outputs are
high. These demultiplexers are ideally suitad for impiement-
ing high-performance memory decoders. Al inputs are bufi-
ered andg inpul clamping diodes are provided 10 minimize
transmigsion-kne effects and thereby simplify system de-
sign.

Features

June 1989

Decodes 4 binary-coded inputs into one of 16 mutually
exclusive outputs
Performs the demultiplexing function by distributing data
from ane input line to any one of 16 cutputs
input clamping diodes simplify system design
High fan-out, low-impedance, tolem-pole outputs
Typical propagation delay

3 leveis of logic 19 ns

Strobe 18 ns
Typical power dissipation 170 mW
Alternate Military/Aerospace device (54154} is avail-
able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package

INPUTS

OUTPUTS

24 23 {22 |2

Vec A B C D G2 GI 16 14 13 12 11
i 0 1o [10 [ Jos s [ Jo

L

RERREAREN

It !2 |3 |4 ls ls l? Ia |9 l1o Iu !12
0 t 2 3 4 S5 6 7 & 9 10 GND

“

QUTPUTS

Order Number 54 154DMQB, 54154FMQEB, DM54154J or DM74154N
See NS Package Number J24A, N24A or W24C

TL/F/G54B-1

£1995 National Somwconductor Corporation  TL/F /6548

RAAD-B304 105 /Printed it U. . A

siaxa|dnjnwag/si9pooag aull-91 0} suli-v vSLYZWA/PSLYSWA/PSLYS



Absolute Maximum Ratings (note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
input Voltage 5.5V
Operating Free Air Temperature Range

DM54 and 54 -55°Cto +125°C

DM74
Storage Temperature Range

0°Cto +70°C
—65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the davice cannot ba guaran-
teed. The device shouid not be operated at these limits. The
parametnc values defined in the *‘Electrical Characteristics
table are not guaranteed at the absolute maximum ratings.
The “Recommendad Operating Conditions ™ table will define
the conditions for actual device operation.

Symbol Parameter DM54154 DM74154 Units
Min Nom Max Min Nom Max
Voo Supply Voltage 4.5 5 55 475 5 5.25 v
Vig High Level Input Voltags 2 2 v
Vi Low Level Input Voltage 08 0.8 v
loH High Level Output Current -08 -08 mA
laL Low Level Output Current 16 16 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommendad operaling free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
{Note 1)
V) Input Clamp Voltage Veg = Min, I = —12 mA —15 \Y
Vou High Level Qutput Voo = Min, Igy = Max 24 32 v
Voltage VL = Max, Vi = Min ' )
VoL Low Level Qutput Voo = Min, gL = Max
Voltage ViH = Min, V) = Max 0.25 04 v
b Input Current @ Max Voo = Max, V) = 5.5V
1 mA
Input Voltage
™ High Level input Current Voo = Max, V| = 2.4V 40 BA
i, Low Level Input Current Voo = Max, V| = 0.4V -1.6 mA
ips Short Circuit Voo = Max DM54 —20 —55 mA
Qutput Current {Note 2) DM74 8 57
lce Supply Current Ve = Max DM54 34 49
Note 3) mA
{ DM74 34 56

Note 1: All typicals are al Voo = 5V, Ty = 25°C

Hote 2: Not more than one output should be shorted at a tima.

Note 3: foe s measured with all cuiputs open and all inputs grounded

Switching Characteristics atvge - 5vand T, = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter 'flfom (Input) Ry~ 4000 Cy — 15pF Units
o {Output) Min Max

tpLy Propagation Delay Time Data to 15 ns
Low o High Level Qutput Qutput

tpHL Propagation Delay Time Data to 33 ns
High to Low Level Output Output

Ly Propagation Delay Time Strobe to 30 ns
Low to High Level Output Output

tpHL Propagation Delay Time Strobe to 27 ns
High to Low Level Output Qutput




Function Table

Qutputs

H 12 13 14 15

10

H

Inputs

G2

G1

H = High Level, L = Low Level, X = Don't Care

Logic Diagram

QUTPUTS

{16)

0h

TL/F/6548-2

-

1

i

FG

£.4

(22)

(21)]

(20)

INPUTS







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 nocise immunity CMOS
technology

+ Low standby current: 0. 1uA (typ.) at Vpp=5V

¢ HT12A with a 38kHz carrier for infrared transmission
medium

Applications

¢ Burglar alarm system

+ Smocke and fire alarm system
« Garage door controllers

+ Car door controliers

General Description

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

Selection Table

* 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

« Pair with Holtek’s 2" series of decoders
* 18-pin DIP, 20-pin SOP package

* Car alarm system

s Security system

= Cordless telephones

» Other remote control systems

bits 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 application flexibility of the 2'2 ge-
ries of encoders. The HT12A additionally provides a
38kHz carrier for infrared systems.

Function| Address | Address! . . Carrier | Negative
Part No. No. Data No. Data No. Os‘culator Trigger Output | Polarity Package
HT12A 8 0 4 | 5KHZ | ng b1 | sakHz No |18DIP, 20SOP
resonator
RC =
HT12E 8 4 [¢] . TE No No 18DIP, 20SCP
oscitlator

Note:  Address/Dala represents pins that can be either address or data according to the application requirement.

Rev, 1,10 1

January 24, 2003



HDLTEK#

HT12A/HT12E

Block Diagram
TE Trigger
HT12E

0sC2 0OsC

£

TE O]

Oscillator H -3 Divider

AD O—

+12 Counter &

12 Transmissian

1 of 12 Decoder

Sync.
Circuit

Gate Circuit

Binary Detector

DATA Trigger
HT12A

2.4

AD11

A S

vbD VSS

L

lJ—D() DOUT

[ Oscillator H 576 Divider

Data Select
I—N DOUT
& Buffer ?

LUMB o—}

l

g~

+12 Counter &

Sync.

1 of 12 Decoder

0O+

12 Transmission

Circuit

Note:

: Gale Circuit

A7 Q: > Binary Detector
- -
D8 ----eeeee D1 VoD VSS

The address data pins are available in various combinations (refer to the address/data table).

Pin Assignment

8-Address 8-Address 8-Address 8-Address
4-Data 4-Data 4-Address/Data 4-Address/Data
NCT1 20[ANC - NC {1 ~ 20[NC
A0 1 13[JvDD AoC]2 19[3VvDD ACLC] 1 181 vDD A0 2 1911vDD
A2 17 [JoouT A3 18[DouUT A1 2 171D0UT ATl 18 [ DOUT
A2[73 16 X1 A2 4 17 X1 A2[]3 16{10SC1 A2 4 17[J0sC1
A3[] ¢ 15[x2 A30s 16 12 A3[]4 15{7108C2 A3[s 16[Q 0sc?
A4L]S 14 [JUM A6 15UM A4S 14 TE A4{]6 15[ TE
AS(16 13[on ASOY7 14[D11 A5(] 6 135 JADM AS(]7 14[J AD11
ABT7 12010 ASC8 133010 A7 12[JAD10 A6 (] 8 130 AD10
AT 8 11[JD9 AT 9 12{1D9 AT[Os8 11 AD9 ATo9 12[JAD9
vss(]9 i0[JD8 vSS[510 11{D8 vss[]9 10{JAD8 vss] 10 11[JADB
HT12A HT12A HT12E HT12E
~18 DiP-A —20 SCP-A ~18 DIP-A —20 SOP-A
Rev. 1.10 2 January 24, 2003



HOLTEK i ; HT12A/HT12E

Pin Description

Internal

Pin Name |10 )
Connection

Description

|
1
: —
I CMOS IN Pull-high input pins for address AG~A7 setting

AG-A7 : (HT12A)

| INMOS TRANSMISSION
. GATE PROTECTION
. | DIODE (HT12E)

' NMOS TRANSMISSION
ADB-AD#1| | | GATE PROTECTION
DIODE (HT12E)

Input pins for address/data AD8~AD 11 setting
These pins can be externaily set to VSS or left open

i Input pins for data D8~D11 sefting and transmission enable, active
D8-D1 t | CMOS INPull-high | low

i These pins should be externally set to VSS or left open (see Note)

S , .
pouTt [0l CMOS ouUT Encoder data serial transmission output

. : Latch/Momentary transmission format selection pin: :
LM I, CMOS IN Pull-high Latch: Floating or VDD
' Momentary: VSS

vﬁT-E ; i CMOS IN Pull-high Transmission enable, active low (see Note)
QS5C1 7IW OSCILLATOR 1 QOscifiator input pin )
0SsC2 0] OSCILLATOR 1 Oscillator output pin i
X1 o i OSCILLATOR 2 455kHz resonator oscillator input
X2 ) O OSCILLATOR 2 455kHz resonator oscillator output
VvSS | — Negative power supply, ground
vpD i —_ Positive power supply

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

Approximate Internal Connections

NMOS CMOS IN
TRANSMISSION Pull-high CMOs ouT OSCILLATOR 1

GATE

EN-----
OSCILLATOR 2 NMOS TRANSMISSION GATE
PROTECTION DIODE
R

X1 X2 o

E Voo

Rev. 1.10 3 January 24, 2003



HOLTEK ; 5 HT12A/HT12E

Absolute Maximum Ratings

Supply Voltage (HT12A) ........... Vgg-0.3V to Vgg+5.5V Supply Voltage (HT12E) ... -0.3Vto 13V
Input Voltage ............ococreevinnnes Vs5-0.3 to Vgp+0.3V Storage Temperature ........c...cecceveeeene... ~50°C to 125°C
Operating Temperature..............coccooeo... -20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maximum 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 exposure to extreme conditions may affect device reliabil-
ity.

Electrical Characteristics

HT12A Ta=25°C
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Vpo Conditions
Voo Operating Voltage — — 2.4 3 5 Y
3v — 0.1 1 uA
isra Standby Current Oscillator stops S
5V — 0.1 1 uA
I 3V | No load — 200 400 WA
DD Operating Current _ =
5v | fosc=455kHz — 400 | 800 WA
Vou=0.9Vpp (Source) —4 16 — mA
Ipout Output Drive Current 5V
Vor=0.1Vpp (Sink) 2 3.2 — mA
Via "H” Input Voltage — — 0.8Vpp - Voo v
Vi “L” input Voltage — — 0 — 0.2Vpp
D8~D11 Puil-high
V =0V —
Rpata | Resistance 5v | Vpara=0 150 300 kQ
HT12E Ta=25°C
B Test Conditions .
Symbol Parameter sy Min. Typ. Max. Unit
Voo Conditions
Voo Operating Voltage — — 2.4 5 12 v
3v _ 0.1 1 pA
Iste Standby Current Oscillator stops -
12v — 2 4 A
v — 40 80 pA
lpp Operating Current --—-| No load, fogc=3kHz —
12V — 150 300 pA
Von=0.9Vpp (Source) -1 -1.6 — mA
toour Output Drive Current 5v z SN _
VoL=0.1Vpp (Sink) 1 1.6 — mA
Vi "H" Input Voltage — — 0.8Vpp — Voo v
Vi “L" input Voltage — —_ 0 — 0.2Vpp v
fosc Oscillator Frequency 5V | Rpsc=1.1MQ — 3 — kHz
Rre TE Puli-high Resistance 5V | Vie=0v — 1.5 3 MO

Rev. 1.10 4 January 24, 2003



HOLTEK HT12A/HT12E

Functional Description

Operation

The 2'% series of encoders begin a 4-word transmission cycle upon receipt of a transmission enable (TE for the HT12E
or D8~D 11 forthe HT12A, active iow). This cycle will repeat itself as long as the transmission enable (TE or D8~D 11} is
held low. Once the transmission enable returns high the encoder cutput completes its finat cycle and then stops as
shown below.

i l
—»| |4 <1word
Encoder
DOUT

T it
{4~ 4 words —p l— Céﬁ“gmnﬁ?y —le— 4 words —p

Transmission timing for the HT12E

D8~D11 ] I
Key-in

—»| (4 <1 word
-+ e 1word le—  Transmited > 4 1 word

Continuously

Transmission timing for the HT12A (Uﬁ=FIoating or VvDD)

D8~D11 | | |
Key-in (all data=1)

-» & <1word {4 7 words |
Encoder
Transmitted
~—» {4 7 words - je— Contintiusly —»| & fword

1 word (all data=1)

Transmission timing for the HT12A (Llﬁ=VSS)

Information Word

If L/M=1 the device is in the latch mode {for use with the latch type of data decoders). When the transmission enable is re-
moved during a transmission, the DOUT pin outputs a complete word and then stops. On the other hand, if L/M=0 the de-
vice i in the momentary mode (for use with the momentary type of data 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” data code.

An information word consists of 4 periods as illustrated below.

—» g~ 1/3 bit sync. period

«——  opilotperiod (12 bits) ———# 4-- address cods period —mid— da‘l’zﬁgge .

Composition of information

Rev. 1.10 5 January 24, 2003



HOLTEK i ‘ HT12A/HT12E

Address/Data Waveform

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

we TUUULAUUILN AL
we | T JL T[]

o | [ SE I

Address/
> Data Bit

Address/Data bit waveform for the HT12E

fosc PR e ]

“ " 38kHz
One m II ” I“camer
Data Bll[

- DataBit

Gaaca O 111011111

— Address Bit -

Address/Data bit waveform for the HT12A

The address/data bits of the HT 12A are transmitted with a 38kHz carrier for infrared remcte controlier flexibility.

Address/Data Programming (Preset)

The status of each address/data pin can be individually pre-set to logic "high” or “low”. If a transmission-enable signal
is applied, the encoder scans and transmits the status of the 12 bits of address/data serially in the order AQ to AD11 for
the HT12E encoder and AQ to D11 for the HT12A encoder.

During information transmission these bits are transmitted with a preceding synchronization bit. If the trigger signal is
not applied, 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 PCB wiring, while the
data is selected by push buttons or electronic switches.

The following figure shows an application using the HT12E:

™7

0SsC1  0Osc2

Transmission

DOUT ™™ " madium

VDD A0 A1 A2 A3 A4 A5 AG A7 VSS-T-E. AD8 AD9 AD10 AD11

[T
LILLTTT

ves
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HT12A/HT12E
The transmitted information is as shown:
Pilot AO Al A2 A3 Ad AS A6 A7 AD8 AD9 | AD10 | ADM1
&
Sync. | 1 0 1 0 0 0 1 1 1 1 1 0

Address/Data Sequence

The following provides the address/data sequence tabie for various models of the 2*2 series of encoders.

Address/Data Bits

0 1 2 3 5 6
AQ Al 1 A2 A3 Ad A5 AB
AD Al A2 A3 A4 A5 AB

7 9 | 10 | 11
L IV U SR S S
A7 D8 09 | D10, DM
A7 | AD8 | AD9 | AD10 | AD1%

Transmission Enable

For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the RT12A encoders,
transmission is enabled by applying a low signal to one of the data pins D8~D11.

Two Erroneocus HT12E Application Circuits

The HT12E must follow closely the application circuits provided by Holtek (see the "Application circuits”).

* Error: AD8~AD11 pins input voltage > Vpp+0.3V

05C2 VDD
0sc1 AD11
TE AD10
VSS AD9
ADS |—»
HT12E

* Error: The IC’s power source is activated by pins AD8~AD11

12v

st |

12V

ol

oscz VoD
0S¢t ADN
TE AD10
AD9
vSS
ADS
HT12E

CEEL

0

Rev. 1.10
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HT12A/HT12E

Flowchart

*« HT12A

Standby mode

Data enable?
Yes

Data with carrier
serial output

Data still enabled ?

4
Send "1" 7 times for
alt of the data codes

Send the
last code

3 |

+ HT12E

Power on

Transmission
enabled ?

4 data words
transmitted

Standby mode

Transmission
still enabled

4 dala words
transmitted
continuously

|

Note:  D8~D11 are transmission enables of the HT12A.
TE is the transmission enable of the HT12E.
Rev. 1.10 8 January 24, 2003



HOLTEK HT12A/HT12E

Oscillator Frequency vs. Supply Voltage

fosc
{Scale)

Rosc {€2)
7.00 B .
' ) - 470k

. 510k
6.00 .

500

4.00

{3KHZ)3.00

2.00

! 1 : i : L . 1 !

~
w
s
o
=)
~
@
@
3

1112 13 Voo (vDC)

The recommended oscillator frequency is foscp (decoder) = 50 fosce (HT12E encoder)

= ?; fosce (HT12A encoder)

Application Circuits

Voo 1000
N

oo A0 vop e 8050 NPT vopli8 ?
b oo a1 pout | | ~o2a pour|t7
} o3 A2 x1 18 453K |4 100pF | so3lne  oscilis
+o~o—H A3 x2 18 T mel 100pF b o4 A3 0sC2 &]
o o2 Ad V) LA S | b o~o—2 A4 TE4_ g
L PV pr1l® g L ~o-8las  Ap11{13. g
v o] A6 po|? g | A F Y AD10112g
bo~o-8| A7 Dot e | oo A7 apg 13

9 vss o) L S| vss  aps{lg

7 HT12A 7 7 HT12E
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HT12D/HT12F
2'2 Series of Decoders

Features

» Operating voitage: 2.4V~12V

¢ Low power and high noise immunity CMOS
technology

+« Low standby current

« Capable of decoding 12 bits of information
* Binary address setting

* Received codes are checked 3 times

¢ Address/Data number combination
- HT120: 8 address bits and 4 data bits
- HT12F: 12 address bits only

Applications

« Burglar alarm system

+ Smoke and fire alarm system
¢+ Garage door controllers

¢ Car door controllers

General Description

The 2'2decoders are a series of CMOS LSs for remole
control system applications. They are paired with
Holtek's 2'? series of encoders (refer to the encoder/de-
coder cross reference table). For 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 2'2 series of encoders that are transmitted
by a carrier using an RF or an IR transmission medium.
They compare the serial inpul data three times continu-

Selection Table

= Built-in oscillator needs only 5% resistor
» Valid transmission indicator

* Easy interface with an RF or an infrared transmission
medium

» Minimal external components
« Pair with Holtek's 2'2 series of encoders
* 18-pin DIP, 20-pin SOP package

* Car alarm system

* Security system

+ Cordless telephones

= Other remote control systems

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

The 2'2 series of decoders are capable of decoding
informations that consist of N bits of address and 12-N
bits of data. Of this series, the HT12D is arranged to pro-
vide 8 address bits and 4 data bits, and HT12F is used to
decode 12 bits of address information.

Function Data
Ad:ress Oscillator Trigger Package
Part No. e o. No. | Type 7
HT12D 8 4 L RC oscillator | DIN active "Hi" | 18DIP, 20S0OP
HT12F ] 12 0 — RC oscillator DIN active "Hi" | 18DIP, 208OP

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

VT can be used as a momentary data output.

Rev. 1.10
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HT12D/HT12F
Block Diagram
0SC2 0SCi
......... .O‘.“,“,, .
T3
1 Oscillator l——-—-pl Divider I—b Data Shif Lateh Gireu —’O Dala
i »| Register |y
Dite (| Buffer ;iDaia Detector]— I

Sync. Detector

!

Comparator

« 'F'{ Comparator Control Logic

ry

Y

l 4

Transmission Gate Circuit

A
l Buffer ,—D( VT

4

-

Address

vbD VSS

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

Pin Assignment

g-Address 8-Address 12-Address 12-Address
4-Data 4-Data 0-Data 0-Data
A
NC 1 20[INC o NC[]1 ~ 20O NC
A0 1 18] VDD A0 2 ta[JvoD A0 18 VDD A0 2 190 vDD
A1 2 17T A3 @V Al 2 17 3VT A3 180IvT
A203 161 OSCH A2(]4 1713 0scC1 A3 16 [10SC1 A2 4 173 0scC1
A3[]4 15[30sc2  A3Qds 1B[{10sc2  A3Cl4 15[0J0sc2  A3ds 187 0sc2
A4[]5 14 DIN A4 6 153 DIN A4 5 141 DIN Ad]e 151 DIN
A5(16 1300114 AS(]7 1411011 A5[]6 133A11 As(17 140 A1
A7 1200010 A8 8 133010 A7 120410 A8 8 130 A0
Ar(]s 11{] 09 A7TC]g 1213109 AT 8 1A AT[9 12[J A8
vss[]9 100 D8 vss ([ 10 11708 VSS9 10[1A8 vss{ 10 110 A8
HT12D HT12D HT12F HT12F
—18 DIP-A ~ 20 SOP-A —18 DIP-A - 20 SOP-A
Pin Description
. Internal e
Pin Name 1o Connaction Description
- Input pins for address AO~A11 setting
AO-AT1 (HT12F) NMOS These pins can be externally set to VSS or left open.
| L
Transmission Gate i - i
AO~AT (HT12D) input pins for address AQ~AT setting
These pins can be externally set to VSS or teft open.
08~-D11 (HT12D) o} CMOS OUT Cutput data pins, power-on state is low.
DIN | CMOS IN Serial data input pin
VT (o} CMOS OUT Valid transmission, active high
OSCHt | Oscillator Osciltater input pin
0OSC2 o] Oscillator Cscillator output pin
VSsSs —_ — Negative power supply, ground
vDD _ — Positive power supply
Rev. 1.10 2
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HDLTEK# HT12D/HT12F

Approximate internal connection circuits

NMOS
Transmission Gate CMOS OUT CMOS IN Osgillator

ﬁ——D —DO—D D—{>& OSEP“IIDT—T_—‘D‘}EIMOSCZ

Absolute Maximum Ratings

Supply Voltage ..., -0.3V 1o 13V Storage Temperature ..........c.cooeeeeeenn. -50°C to 125°C

Input Voltage .........ccoeci e, Vgs~0.3 to Vop+0.3V Operating Temperature..................co....... -20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absclute Maximum 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 exposure to extreme conditions may affect device reliabii-

ity.
Electrical Characteristics Ta=25°C
Symbol Parameter Test Conditions Min, | Typ. | Max. | Unit
Voo Conditions
Voo Operating Voltage — — 2.4 5 12 v
5V — 01 1 uA
IsTe Standby Current Oscillator stops
12v — 2 4 uA
loo Operating Current 5V | No load, fogc=150kHz — 200 400 uA
| Data Qutput Source Current (D8~D11) | 5V | Vou=4.5V -1 -1.6 — mA
© Data Qutput Sink Current {D8~D11) 5V | Vg =0.5V 1 16 — mA
:v; o ;T Output Source Current sv Von=4.5V -1 | -1.6 — mA
VT Output Sink Current Vo =0.5V 1 1.6 — mA
Vi 7 “H" Input Voltage o Y — 3.5 | — 5 v ]
Vi "L" Input Voltage 5V - 0 — T \
fosc Oscillator Frequency 5V | Rosc=51kQ} — 150 — kHz
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HT12D/HT12F

Functional Description
Operation

The 2'2 series of decoders provides various combina-
tions of addresses and data pins in different packages
50 as to pair with the 2'? seres 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 ad-
dress 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 dala are decoded to acti-
vate the output pins and the VT pin is set high to indicate
a valid transmission. This will last unless the address
code is incorrect or no signal is received.

The output of the VT pin is high only when the transmis-
sion is valid. Otherwise itis always low.

Output type

Of the 2'? series of decoders, the HT12F has no data
output pin but its VT pin can be used as a momentary
data output, The HT 12D, on the other hand, provides 4
latch type data pins whose data remain unchanged until
new data are received.

Part ! Data | Address | Output | Operating
No. | Pins Pins Type Voltage
HT12D | 4 8 Latch 2.4v-12v
HT12F 0 12 — 2.4V~12Vv

Decoder timing

Flowchart

The oscillator is disabied in the standby state and acti-
vated 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 inpul.
>l

Standby mode
No Disable VT &
ignore the rest of
this word
Yes 4

Address bits
matched ?

Yes

—_—,

previous stored
data ?

3 times
of checkin

%

Latch data
to output &
activate VT

Address or
data error 7

Encoder
Transmission I I
Enable

—»{ |4 <1word

Encoder
DouT
T It
{4 dwords —f 5 jt— céﬁ%ﬁﬁ'éuesy ——dla— 4 words —p 3
] 2” clacks b 2" clocks
Decoder VT ‘ | |
|4 check — [#—  check —DI
Latched ( x
Data Out H
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HT12D/HT12F
Enceder/Decoder cross reference table
Package
Dpe::t:‘eors Data Pins Address Pins VT Pair Encoder Encoder Decoder
DIP S0P DIP SOp

HT12A

HT12D 4 8 J HT42E 18 20 i8 20
HT12A

T I
HT12F [ 0 12 ¥ HT12E 18 20 18 20

Address/Data sequence

The following table provides address/data sequence for various models of the 2'? series of decoders.

Address/Data Bits
Pan NO. i e i e = e . . —
0 1 2 P03 4 5 6 7 8 9 10 1
HT12D | A0 | A1 | A2 [ A3 | Ad | A5 | A6 | A7 | D8 | D8 | D10 | D11
HT12F ! AO A1 A2 i A3 A4 A5 A8 AT AB A9 A10 | AN
Oscillator frequency vs supply voltage
fosc
(Scaie)
Rosc ((})
4.00 ; \ |
| 27k
350
30K
: - 330
300, - . 36kQ2
39k
43k2
2.50
47k
3 [te}
2.00 = 56kC2
62k
| B8RO
75K
1.50 - 82k
! 100k
(100kHz)1.00 ‘ 120K
150k
180k
220k
0.50 -
0.25
2 3 4 5 6 7 8 9 10 11 12 13 VDD (V¥ DC)
Note: The recommended oscillator frequency is foscp {decoder) = 50 fosce (HT12E encader)
1
= 3 fosce (HT12A encoder).
Rev, 1.10 5 November 18, 2002



HOLTEK i ’

Application Circuits

g g
e - L [ |
Voo
Vob
AO VDD 18 oY ag VDD QB

A1 vT 17

HT12D/HT12F

5

\O—A1 VT'—1-7—O

A2 osci e o2 A5 osc1H8

A3 0SC2 L—mcj o4 a3 oscz ;’W\lﬂ—l

A4 (Y] L ~o—2] Aa (1] LAY

As YR RENVGH 5~ a5 APE o

A6 p1of2 o o as T LS

A7 ool o o387 PY'] LS N

VSS ps{ld VSS P iU

HT12D HT12F 7
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