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ABSTRACT

This thesis presents the satellite television receiver by developing the circuit to diminish
the complication, the small size, high efficiency and the low cost. In particular, vision and sound
part in stereo system uses IC and designs the supplement circuit. Moreover, adjusting polarization
of receiver to accrue obviousness of signal. The test result from the satellite television receiver can
receive between 950 - 1,450 MHz in C - Band and 1,450 - 2,050 MHz in Ku - Band. The

experimental results quite agree with the theory which is shown in this thesis.
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1974 single-key data code table
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KEY Data Codes Data Code iﬁ(ﬁﬁ’/ﬂgﬁmﬂ‘!
Do-Dé6 D7 Data Code

0 0000 100 1 09H
1 1000 100 1 89H
2 0100 100 1 49H
3 1100 100 1 C9H
4 0010 100 1 29H
5 1010 100 1 A9H
6 0110 100 1 69H
7 1110 100 1 E9H
8 0001 100 1 19H
9 1001 100 1 99H
A 1111 000 1 F1H
\Y% 0111 000 1 71H
IF/BW 0001 000 1 11H
RECALL 1111 100 1 FOH
SKEW 1010 000 1 AlH
MEMO 1110 000 1 ElH
POWER 0000 000 1 01H
VIDEO 0010 000 1 21H
H/L 0101 000 1 51H
CLEAR 0100 000 1 41H
LNB 1101 000 1 DIH
AUDIO 1001 000 1 91H
MUTE 1011 100 1 B9H
DECODER 0101 100 1 59H

*D7 = 1 IN512ABNY VSS
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38KHz
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= 0.1l21F = —
8 l—‘sL 12 Ts T4 Ts Te
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R, 220K 14 3 T 17 18 19 I 22 20 21 1 2 23 24
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DYV
oro 3 2 52 AL CLEAR
A e e Y e A ! £
ot gt fob job ek s
RECALL SZIE SCRN S S [ EM0
F oF JoF |k ok oF
B ) 0 3 VIDEO |_POWER
E £ 3 EaRE
Imote ] s IR Mg AUDIO SKEW
E I B 3

311 4.34 23355 Tun (Roonuyy)



73

¥
¥ Y =2

fofvoslofues HT6222 Apvazimsnadinddiduyanugadoyaszgnadiedy

v 9 @ v

LY a 9 [] (] 9 t a o Y 'y
MusHa luu3 HGFEDCBA udrdoon lminds lunuaudunainddsnagnnadieegdoya

¥ U

1 4 (3
yaRuzgnadntuinlmi udrdeeenlisesq Taoitanmdslasiaduduengadoya’ls

q v

e

o/

= t s J 9 a A Gdo ] 9 =2
wezminiinsasvaing  Joyaludinfindendsnsgndieen llsunuaudSangaduaia

)

A v

vyeidudygafiiduzgadesnind v1 7

o =

dyanauerdnain 7 vesledues HT6222 awtenszuaoenuufios linfaduowd

a

& A s Y] a Q2 o Vv = Y g o s
%Q‘lﬂJLWUQWBﬂ‘Uﬂﬁ‘U‘U LED E)uﬂi’lﬁﬂﬂd‘il’l!‘ﬂlm?JsliJVli'Iu“lfﬁLﬂ’E)i‘lf'JU‘U‘UﬁﬂJﬂJ'lm

d
03 ieNBgIaINeS (RF Modulator)

o/ t

oflonuegrames  shmhilvegandyaanimzdesvesduyananmaid 443

L7}

MHz uazaduwmzdganados Sdinnudnmzdevvedyanunmdeiesi 5.5 MHz
aos = 3 o a o’: s [ = =) d‘
dmfuszuudosTuTu ulhussuudoumumas Teriu Fygrammsdosveufonsiinaug

BgNNDLTOINIAR Y

Q
+5V
3 2 To TV
+5V RF out p——0
: oost

I/P From RF MOD

Video Amplifier
o———2Video
o——4 1 Audio

I/P From
Audio Amplifier

114 4.35 29vser5iorluequames



74

Tsunsumugumsiau

Tugilit 436 Ruanlfiiudrenfunfusaniosiudaa e Insvmimumaiion
wuumsinuvesdwlylasaeulnsames  Teudouesnunlugdvesivadinsa  (Flow
Chart) iilefimstioWidnludundeslu lnsneufinnofas dadroirdsauaudue Suudids
funsinmizeanuiinioueniiGend) EPROM (Electrically Erasable and Programmable Read-
only Memory) lag1i28n21u81 E’PROM fozemsidaoonin Tavsdssananiiiuddad
i3 HudeyaqatoteuiiozTanios mirvaruiuwuiannsoftezan Tsunsy uax
aunsoiier Tsunsundalmild Tasazdszuvveamsmiuguilsian, madentes wazduq

] ] td [ .
memnsofisznldsunlasdeyamelumizoanuswuuil 18 Tas lus s anuiisesdoans

¥y
o = )

Tugdi 437 Wuldadniauaasnisaoasial Guusnezadlfudazingsii daf

b.

]
SO 1

0,4 UAunny 8 Uafi1,5 Ay 4 dan2,6 Taumiu 2 Tafi3.7 fauiity 1 Weiimsds

o o 9 I3

1 4 ) [ v
Wadiwnnnzaseaeuiiva lvudante udwhmssnadedi (Sefo+iafii+Tafior

v
Y o

Unfi3)x100+( Dana+inns+infe+infi7) vz ldniadoanady HEX eonuudlifaste

asufumsudoyaiiouaanasely



o L4
( I3UNY )

SUMT91n
1 v
TIUB

A 4

<
]

y

>
A

gudeya NI UG
AdYe4 uazasllsunsu

y

} o s d
TINAUNUNABUDINE

A ay
e lyau

f1339a8U

o T a l=;
AUNRUIUANNA

@ o ﬂ:l =
SUMF91In3 1uN

a8asHal

A 4

y

o day
AIILaRUALNNA
MYy

WA

A lasy
o & [}
AANAIANI® 13

HUNNM

o

75

i 436 aimniamshanwes Isunsussuumugulundesudyaamuiion



fonsHal

1) Y 1 [ 1 a
NAIA A MUH I TR

'

A30a0UM

[ A R R TSI

l

L=iiafo+ian1+dan+iana
M=tiaNd+Dans+infe+anT

:

O=Lx10)+M

RET

U 437 Watsianmsasasiia

76



77

° : [V %) v ¢
mamauveunsesiudyanadnsiminiuaauiia

y
visznou ludendng aede Uil

msihinuveamangIv

Sunnfimsswusaiuadudnn 3 gadhlUdinesdnaie 3 g Sulsznoudan
TaTeausaduazanhdinessidnlns laduazanhdine sSuremadygiusuniuanuiga
roufivzdudiglodaiflosisqnesu LM7812,LM7805,LM317 muusnzem

Tugausn  szudawseduidihldeennmiiu 12v - tesnsesdyanudionithd
wefdidnTns ladinzanhdmesineomadyaonie s wn Mdousduudaduds Q2
wdadallds 1c1 Bndunilafezdadh Q29 Fnls 109 412 e s sw. 1% cpuU &
A15%11974 POWER ON (HIGH) , POWER OFF (LOW) uaz?)nﬁau%:da"lﬂ(ﬁyﬂaqﬂﬂm‘f@haq

Tugaficosrzilasinoenuify sv niesdennhd@mesadalaslosd  uas
anhdmesuomadoana uﬁ'ﬁ'aﬁq"lﬂx?iyﬂqqﬂﬂmfﬁinq

Tusgaiiaw leFisgraweSandluuuuiSusussueana’ld Tasan ADI vzaory
Q32 vioidhy sw. W cpu duilu A-2B-2 (HIGH) %3e A-1,B-1 (Low) (Taval, B1 hild
pulse 22 kHz ua A2, B2 9219 pulse 22 kHz) Bndauszdash Q31-1iies1e11ds tuner 41 13,14
wazveIdmezaeidh Q30 ety sw. 18 cPu da HLOW) funissdu 18V 130 L(HIGH)
Huusedu 13V uazussdudndammilsfividuna srdarin R188 €h1UFn 4 vee TUNER

4
v u 2 . 4
s i lWides TUNER danila

MININIUVDITLUUMN

1 I o °

Wenusudygraniverdyans RF dhgyuues pumesvzimihgudndaaa

Vv v

anudang  Tuudasnsuddeuned nazdhdygradinan lilhinsamanimesnuuiiu
Foygnoauuauuud daudygnudocdneglugivesdyanaueniduduny dyaraauuud
waandinnhdmes Ci %@ﬁmﬁ]ﬁtﬂumﬂﬁma3’51]1]5»1':1"@@11mmmmu¢'{n’hq’mmfmm
instidies gt Taonsmdanes Ql usndygrueen llasinndrvadndiden

A A U o & @ = “a <&
HUUA ﬂmaamflumummn C-BAND NINHINNUIUANND KU-BAND 8ANIIHUY



78

a9y va Y v

Tyanad Taezded wmihdwesmhlfadyanaudhgresvosdyans Q3, Q4 uaz

g 9 L

t =3

Iidyanudndiuniannenn Q2 #1Q2 wiuMmdnin CPU ellfuanuaing, davoinn

Y o [

Tag drdyyanauiy HIGH nmezila uaddyananiu Low amezadie fus i85 Tunisd

v o
[

4 ]

Tamsdsui vR1 unud 18 dyansuerdyaves Q3, Q4 sxdud lUfmsmdmnes Qs Fudhy

9

] ¥ ]
2stiviresimihfivensdygraliusedy  edelUfnasdiuang  Taoezda s

[}

o P (] @ [~1 a 4 [
295 AsewaundiMvessTuLdsdudw T SesAvurhde  diesnnduyann
] 3 v o 3 P p=1
rmumsnauuluszuueWidy. nwfiui ludahesiilgmludanudgededod

2 o

nsSdude diomnduniesiufeduiiudesanszdunimusvosdyanauniigalfedlu

ay @ Py A e =N a . 9 o
ﬂ.ﬂ'I’J:ﬁﬂﬂﬂﬂ'lﬂ’)ﬂﬂ'i’ﬁﬂia‘iﬂUﬂ')'lllﬂﬁGV!SiElﬂ')'lﬂlE)ﬂJﬂ'l“]fﬁ (De-emphaSIS) AWNITNINIUUB

LY

4

R19, C11 feudaisesiines Qs Tumedymia 1dTanuus annduiesvsonmann
Q7,Q8 sin'ly

Fynnaifidaeanunninawsvey 7, Q8 wdslfnwsnsesnimiadritenses
mmxﬁmﬁtytymmwc‘?qﬁﬂ'nu?ié{mwi s MHz  aundedalidassdy Ty ldinaniw
Tordosusosuines 2eesdniisaldmsndmand Q9. Q10 msvte Ty inn fowea
rsesstlied Qi1 venly 2 dau Tasdnusndssdudunnadionesunani ©c
Clamp) FafinsmFames Q12, Q13 Famdhitdasvas. Tnudyanunoudwsadusanan
i lusaualimsndansiuonaes Q14 dedyanaliis SCART oldamm ms
oA daufiaesiioensin Q11 vedudigrnsudagn Taovelidyananduniiaees
swdyma 3 dan dauusneznnn Qi1 Fadludyananm dad 2 Wudyaremsa
qumadenld daneasiia u3elild 910 cPU Srdaiin HIGH wiflumslddooasiia &
Wu Low 9zhild faneasia uazdudt 3 Hudyanaufoefiinenies DNR vintfuid
Foyanmeen’ly 3 dwu aauusndyanafiunen DNR udldessandayaa dudwieesn
T maesuondyga dandi 2 hdyanunmuazidosdeesn i SCART Weldlumsoon
sWar uazdnudi 3 dedgygaeonludnumage dnauediale thiuda RCA PHONE win

wih hfldfuniosuInsimifilifiszumed.  sedoawoguanluerfion voquamed (RF

*
°o_ @ ~

Modulator) std 8 uhdanafirumsnauuda 110y

MIMNIUVDITZ YIRS
o = o u’;’ =2 9/ o ° = kY 1 a o
AYUABINAWTTUDURIDTPUIMBS LTI ANOGIARNTNDENUILAD LAiFBad

A =] [ ° ' N Y]
Wundueridy. desdmadorousuihl141d nswazBoavedises Wy uilee 1Ty



79

wanuuAngesnseauaudmulutnNd 5-8 MHz eusnioIRAUMHZIGsI0DN
Y &£ £ a 4 0 o Vet P ' 1
wud¥ede s wsames Q19 Mimsvnedygnaldiinnuusuiivans  Aouszaa’ly
o w o a S v o o A q9a a o
dafuanudesagammesidunainled.adongn eldifaniwdloed. aumdnms

vosszuuglinlesisameIsand domsiondaanadinania  (Beat) fuanuteeadai

DT FIHEANIIIN 2993AIWAMSHAANLDAI0US 3% 11 (Voltage Control Oscillator : VCO)

<4 y ° o ] a -1
lodiladoagiiiszaruguaisihiiunazud luadygruTasmilssdaiay
i 4 0]
aoulnsa lod. dail sxshimsndannuddronsmivguszuumandeyaoynsy dannn
Qs ] 4 < ° Y ° a
CPU dyanmdiunisvesssuumadongdgnih ldeiunsiinuvesssesasamesi
215, 204 dluginsaimdnvesnmsimuaanud Taeinsuay b1 vmhiidunion/don
- o < 1 Y (] ] o o
wlasnnud, viumaninnisauguuearadengll diudygrudndluseasllfnenlsy
o ¥ [ d’ [ 3
Tns lsdoUSun/asuns SKEW Tasuseeuszilaouuaqly
o o (] Y I o a d 1 7
ANUdvoUs Iuuggadudgesaudinwosuazeeddaamesy deeen’lyldy
awdmiy  daduuasiFesdelt iddiuaiudloed.  wazdsleundulugdiuuuong
flounduiFauan (Positive Feed Back) IHoSn¥IszAUANNUIITUaNMDodTaanns 1N
uoNilaganan
dyanaudndiunitsiiuer lFnuszgrdenduindrsramlasuaiudluresla
< = I'd (] ) v
aongl lurnesla@mames (PD) Tasnsdandusiu R210, C214
dyanoufosndiuuniBes  Fuwnsennnndyansuuauuusiazanuiosddam
s o = o a P ' Py (] a
wosN 1A wihmsdadyanalfiiaduanudleed ol menuddiganiaianes Fi,
F2 18 10.7 MHz, 10.52 MHz anud sy Taone 10.7 MHz 9219 s 1iiafames 2 &2 Taod
a s [ [] o o o ﬁ' [ oI o
osueuld Iveodyanutouazsuimdsnn cPU  melSunuuding 150280 kHz
' . 1% v ]
(150kHz TS UAITe HIGH 280 kHz M1de LOW) 91niudnnud leerveudos 7114 1%
a 1Y = I -S4 s ay =) o
nmsaneadyyranfesssnainuaiiSosiludyaianffreraesaleamsnesamanes
A g o o o - a o w A
1392995 Y. AmamesiasFynaficsnnin 4 wilumsdades (frde HIGH) e
o o o o 1 as P v o a
Yaudoa (M1de LOW) A1ef1d191n CPU daudaanaifionnniav 8 szilumsdsudduvhda
duiludyana HIGH suitu 117 duiludayana Low vl 50.75
A Y 1 o P & o a o
HonnnuuaNdyauninmuaauluuuuerioy.  Tlgminsasenuniees
y

iad  dniuleesueqgannselnsHANAAUTBUATEAENIIRBIIIM NI EAUANIT 1VeN

Anudgan wedygudnanduwnduniesy wieeduszdeniinmsanssRuaudgansdl

Yaa

v "
wundoaumanazesnyunulndsuilauda luldiavesnsauudossssuna  Tunune



80

v 1o o a J
ANUNNOARTYYIUDONUIVINNITOWIBY. ANAADS (Frequency Modulator Detector) 130
= 1 o Y i ad a 4
219510W1B1. FudRIAIADS (FM Demodulator) 12 Aeadedgmnaiiidhgrasadurhdaiioan
seruaNuussvesnnudgenewih I ldnudaluginesssundseduiiaes

= v = by =g a A a
'N%553‘1]'1]Lﬁﬂﬂuﬁ?u‘}’lﬁﬂﬂﬂizﬂGUﬂ?ﬂ ’NﬂﬁﬂLE)i.I“V‘l'I“‘HfTLW’E]aﬂSSﬂ‘ljﬂ’ﬂllll'ixi‘llﬂd

]
L= '

anudganowh llldou  uazdudigressvorennuussdynia Aoudud1iees DNR e

as

andyausunualmzasdygsndnsTndyaa wneondly 2 dw danusarh

L

Yuanunmuazdsadesn Uil SCART iieldlumsoeasia dwdt 2 dariunees sau
Tyl 1919 Wesuendayno Lﬁamﬁmuqnmﬁmcfmwﬂ:dwﬂugﬂuuwmﬁmiywmLwh
w199 sonmnldnumsziannmsvessvuduiiiudyaraaenimn dyanaudesszuy
unud uazdug enssudunfudygrandelfaunsedeenidiss TonlidTaoimds
muifion TuTu (LOW) nio maes s (HIGH) 91 CPU dauidesitezdasenldieesension.
uegnama%’fuﬁ'mﬁﬂ15ﬂumﬁtymmxi)muwuuaq’hUmmwﬁmﬁwauﬁnﬁym‘lﬁﬁ]u
dyaandesluszuu Ty Tudeneu Tnsduddiwaudyann RF Sulluainos Tefdeoannig

AUDIO OUT Fuiluuda RCA 2 8u

MALaAING

[
o) =

e CPU Aoamsumadnassaadunnuoonu1fi INPUT IC 74164 Fadlulodawh

o o

3/ o

a d a a - = | tat
Svmaniyiadoyadunauvueynsulidoyaerdnasuiy 8 Tamoudeyaldneunudifios

@

861907 Tumsiandnd nildduvBunmessdoyadal 2 vinedeslivmiegiiasin

9

'3 ¥ [}

19 Y o Y 9 & = P a o a a o]

17 wanhveyaidnvinindivae vundesizdetegain <17 dyanannitmnn/asusin
aedn “0” Ty 17 sxshmsiaoudoya nismoudeyaszidonsin A 11§ B 90 B Wd C
y A ' 4 ‘v v A dd o Y Y v o ¢ s o
wdndousie lliFosq aumun Sidesmsiades i 1dTasmsdvundesitu «o” widwannda
wiilu “0” nua udrdedoyanenlilni ouTPUT 108 4-DIGIT TnefinsuGmand 4 Fuilu
draunusudeyasin CPU welniuqu 4-DIGIT  iielimsuenfnfinsugamesaaluy

a =Y o n’a’ 1c3 a =5 a o o ]
DIGIT fignnsiudamassaniuniuquegiezin wilmnudames 3 daiildmeda cPU sau
4 E4 '
AUNY SW.PWR, SW.UP, SW.DOWN (SW. ima1iiaassegniiingss) Tagdionsugmaesm
{ o $ ' [~ ) ¥ g’: ]
wihfiiSemudinaudadiedu cpu szdaiiimnarulruves sw. manfundenla
(Y s

' Y
S lhhumudideveainiu u na SW.UP, SW.DOWN CPU fiazdadayanmdoya’ly

T v v 14
£ TUNER tie1sunlasunanud luautessionisiiug



81

MATTUUNMTNNY

NI U993 Tudmmsauauszuumstiomlsled o wed 8051 Tasms
ﬁmunﬁ'n”la%.ma’:ff:ﬁmﬂizﬂauﬁaﬂﬁﬁﬂszuwﬁnq Fiitae

1. FeaiilWnnmibzusgames 5 Taavso it 40 Fudiuan vee

2. feddinsnandiiivtan-a o Husddunle dorwssrelnludni

witluTadinaon
3. wiwooadamiae 10.00 MHz Aesdnnsonaanuigiunarld
lod.aounsaiand Tnsaunsodisennasaaeaiivg 18-19 vea'led.

wenniidededdiled Uszneududn iy 1 10 Hulodmizonanud os1oyaiid
Wiiudeyaficunsa Tsunsmnanlssay Gaanudsnadunthiivesdvoundoaly
mstudinldsunsudeg Tsunsuanil deelanstulalsunsulvu dau ic 11 feled. s
Fyanenns lumaeuInsa - tedsdeyamdall Swifudyanadursusaviii 13 voq
lod.601

Joymiftotiafylo® wladongyldundeyaiiconds Joyasunsu-desennan 14
dunmdnuguiiienFEsandendseenman s, Midanauaunistie I-mneseen
poW#IBENII 12, MdsAIuAUNISIREN MONO/STERIO daenniaun 3, fdaniugunis
1Sy SKEW daoenniaun 4, mdsnangunsia-Sades deoonman s, f1danIuANNTS
15U AUDIO deeenmiau 6, frdaaunumsidonnmsld LNB uyy 22KHz 149 Pulse wio'li
¥ devonman 17, Sidsmrugumsiden 13v/18V davennian 32, fdsugumsiden
Aduvhda devennan 33, MAeRIURUMIIEDN BW. Namrow/Wide 8199AN1991 34, fds
ARuNIsden IF/BW deeenniw 35, Mdsmununisidennismauvesiineasia da
pONMIN 37, MdsmIunumadenanudin disenniavt 38, fidrauguasiden LNB

A/B @499AN1991 39



82

12V
” ,,-J >
L

AC CORD 47K

12— Wy I\Ti“
!

o ¥ Y w
230V 250mA S00UFRSV | g 01 1006V | 0.01F 1°°“F“WI 00t
;1
= = = = = K
w, 12100 |
Ca1904f
147
ax
IC14 =
A [7305 |—¢ W

e

€100 10 ct02 | o103
GB00UFIIEY | 0.01uF 100uFIGV | 0.01uF

K15
Lw? Ri52
4K
0 P s21cs |
c104 106 e
1000uF750V | 0.01uF
T 1 L Riss
= b A\ [
I/l n l
3 4
r—t Xoes =
C3198
l J_ I —{ 1214 TONNERD>
SR154
C106  Tocio7 e R155
100uFI3SV | o01uF 47K
L o Wy RIS
N s o gy o
0-‘7“5]: :[ 001F  Kn2222A 1719

31 4.38 mag1o i



R174

R172
27K

28C

5V
R163
22

c110
4TO0uFHOV

83

=
Ll

R163 SRIG2SR161 SRIC0 S
100 2100 100 ¥ 100 &

=

4

-
-
WA/

DECODER ‘§

STEREQ

R1s6

ity

RI6T ¢

ﬁﬁ'z'

31 4.39 mauaana



5V
Q
s ] = 1610
-0 +16V R136 0.01ufF 4TOUFMQY 24C08
v
ic11 R14: b d ps So
LTM8705D 3ok ¥ FRII ” 0 121 __4KE 2137 riss
3 4 2 < EA 1 10K 220 s1
DET 43 ] Pas W 5 SDA
cs8 R139 s2
vee (2 Hq1urnev P36 w220 3
ND
cno ¢
- wC
<5} 2 1 p2 po1 [ 183
2 BORD2 4 Jp13 poz |28 [’ >
<zl i pos 7 [r>
<{TUNER |- £ {p1s pos |26 {RET_>
s
10K pos |-24 {F>
! IC9 2
Fria 8051 Po§ 104
61C3 < J0K 8 32
<] - (R
C2TUNER | pay A8 [RET>
<rt#_ | 121 p32 p2s |41 —{R17T >
8V R1az pas |20 [Fmm>
10K
/AR {R>
<TUNER } P23 24 [Frromm>
<7ics { 144 534 P22 22 {ReT_>
osv< Rise_] = 17 pa7 P21 TIC12
U y rao |24
! RST
R143 %10‘?’:“, lx2__ x1Ves P20 P20P20

ca

il

€92
33p

=n.

4.40 AIATSUVNISTNINIU

84



950 - 2050 MHz

TUNER

T T T e e

31 4.41 vaenlaszunsuszuun N

C-BAND AP DE-EMPH AMP LPE
-~
BUFFER \_ BUFFER —~
P
KU-BAND y
AMP
BUFFER CLAMP DECODE
DNR > MUX N
— ——3 RFMOD
——J VIDEO OUT
Hhisraf
DEMUX
cPU »

S8



- = o — Stz

- AMP it e il hal - o M e wm o s e e e o
BPE MIX AMP 10.7MHz  £M DEMODULATOR
P 'WIDE-BAND N P
FROM VIDEO >— N —@-— -—o\_,—— =2 B‘l | ————9 AUDIO LEFT
NARROW-BAND| A A
10.7MHz AMP
~
N
G cPu l cPu
PLL LOCAL vCo 10.52MHz y y
CPU P 5' | g BUFFER = B' ——— AUDIO RIGHT
L FM DEMODULATOR

317 4.42080n lavzunsussunioedau 1

———» VIDEO

SCART -
—P> RF MOD
DE-EMPH I—> VIDEO OUT
AUDIO
LEFT ~— |

PHONE AUDIO
(LEFT)

v

o DNR MUX DEMUX 6 RF MOD AUDIO

DE-EMPH

AUDIO _ . »nPHONE AUDIO
RIGTH el (RIGHT)

U 443000 laezunsuszuuidesday 2

98



B B R -

<
e,
oy P
wA ..
[ ]
- |
™A .0
roven o T T Ly R ;%_’
“ o .:-. m F 1%a1a | 150ta 3:
-4 indoor T -
e 3 < [y i 1"‘ G >
ax 2 < <=
ap —<5)

U 4.44 2995520vB95T LA M

/8



+11Y

wr .
3% (1]
L g
Re4
1o ba
| FROM vnmq} AL ? + 2
[V ST [
s X Leult 120p o g
1900 | ggatt 18 1z
bl NPS1AN
0 7
v
-]
[ I
k1 | ogivF
K
[ R4 R (=2 s | o
np K K DOIWF atr | Jup
M t 2 3 2 2
+ + 4 4
X1 ca ca
1Li&MIl luFrsh 7 LXI 8 n 14
BB4w 12l
RIS
s
11
<lswm_p————————= ]
L.} R76
Lcms e
R7
Co > . o )X
o
- conp
Ce>— +
[ s
LY o 1uf
A 3
" o1
I
n 0 e
L enlaF
o
v

T o A L] ST W e e my W W
12V
R
L3S 4 R 3
v ng iy
10K i ot o
o e e >
im R%o (_l
x
Ro6
<] 7 2
a0l i
mIM AN + Ciw
o - 1 —l . R97 s
15 "5 - W wr
noF 3 u
| KIAWmaS
§ e
gter 4 st ]
- R R99
l o RIKSaei
oo p- top|
I3
mn : 1 IF716V
DMTIOS ] .
v
(&)
STy
Rive
a
L ]
n.sIM
o R — * .
RIni, Ics
- n
Kiasous
cst Q28
a0tF 4 e :" i
o U <  ERETTY™y
0 Y p | 3w e M LIy
._t R & Risd
m . + mn " J: h
. ey B
DMTIRS .
Ear e = kd
a5hF
[o.]
(o]

3UN 4.45 29955 mv0esT VUV IU 1




&
¢

&
¢

ICé
KIA324

gaFnd

sy
>

R,

31N 4.46 29935 MvBITEULIFBINIU 2

©c1
40528

- ek e

I
—>M -
W N00
e |,
N
- :

i3 32

45

E g

68



90

UNN 5

W

MINATB VAL INT UL T

v v

MIANNUMYNMSTUIVUTUAIdENAIuAE) (FIXED)

1. ¥1N9Y (ELEVATION ANGLE) : O

Tan QL = (cos?x,cos(l)-K)/ \/ 1-cos? Acos? ¢

K : Wusasidiuseninedaiveslansusaiinlnesvesnneeiniag
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54 |91 V-1070 6.60
55 | TN V-1145 6.60
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ORG 0000H ; START AT 0000H
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START PROGRAM *

o e o e e o e e o a e e ok ok e ok o o ok ok ok ok ok ok ok ik ok ok ok ok ok ok
2

START:

CLR RSO
CLR RS1

CALL DEL .
CALL DEL

CALL DEL

MOV DPTR #PACTRL
MOV A #88h

MOVX @DPTR,A

MOV DPTR #PBCTRL
MOV A #80H

MOVX @DPTR,A

MOV DPTR #DAMUX
MOV A #0
MOVX @DPTR,A
MOV DPTR #DSPA
MOV A #0

MOVX @DPTR,A
MOV DPTR #DSPB
MOV A#0

MOVX @DPTR,A
MOV DPTR#DSPC
MOV A #0

MOVX @DPTR,A
MOV DPTR #DSPD
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GET:

DAZE:

DAIN:

LOOPI:

DO:

ENTKI:

CBNK:

MOV A#3FH
MOVX @DPTR,A

CALL GETDA
MOV AR7
CINE A#0AH,ENTK
SIMP GET
CINE A #0BH,DAZE
SIMP GET
CINE A,#0,DAIN
SIMP GET
CALL CODE
MOV DPTR #DSPD
MOV A R4
MOVX @DPTR,A
CALL GETDA
MOV AR7
CINE A #0AH,ENTKI
MOV DPTR #DSPD
MOVX A,@DPTR
ORL A #80H
MOVX @DPTR,A
CALL GETDA
MOV AR7
CINE A #0AH,ENTK]1
SIMP DO
CINE A,#0BH,CBNK
JMP CHDAT
CALL CODE
MOV DPTR,#DSPC
MOVX A,@DPTR
CINE A #0,BBNK
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BBNK:

ABNK:

MOV DPTR#DSPD
MOVX A,@DPTR
MOV DPTR #DSPC
MOVX @DPTR,A
MOV R2,A
MOV DPTR,$DSPD
MOV A,R4
MOVX @DPTR,A
JMP LOOP1
MOV DPTR,#DSPB
MOVX A,@DPTR
CINE A #0,ABNK
MOV DPTR #DSPC
MOVX A,@DPTR
MOV DPTR #DSPB
MOVX @DPTR,A
MOV DPTR #DSPD
MOVX A,@DPTR
MOV DPTR#DSPC
MOVX @DPTR,A
MOV DPTR#DSPD
MOV A R4
MOVX @DPTR,A
JMP LOPI
MOV DPTR #DSPA
MOVX A,@DPTR
CINE A #0,EMPT
MOV DPTR #DSPB
MOVX A,@DPTR
MOV DPTR #DSPC
MOVX @DPTR,A
MOV DPTR,#DSPC



MOVX A,@DPTR
MOV DPTR,#DSPB
MOVX @DPTR,A
MOV DPTR #DSPB
MOVX A,@DPTR
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EMPT:

MOV DPTR#DSPC

MOVX @DPTR,A
MOV DPTR #DSPD
MOVX AR4
MOVX @DPTR,A

"JMP LOOP1

CALL GETDA
MOV DPTR #KCODE
MOVX A,@DPTR
CINE A #0BH,EMPT

« 3 3 e 29 e 2 ok ok 3k sk 3 ok e s sk o s e s ok ok ke ok ok o ok ok ok e ok ok ok ok
b d

.
2

CHECK DATA 3

;CHANGE SEG CODE TO BCD CODE *

o 32 ke ok ok o b ook ok o ok ok o o o o o ok ok ok sk ok kokok ok ok ok kK ok
’

.
14

CHDAT:

CHECK_B

DT3BLK:

MOV DPTR #DSPC
MOVX A,@DPTR
CINE A,#0,CHECK_B
MOV DPTR #DSPB
MOVX A,@DPTR
CINE A#0,CHECK_A
MOV DPTR #DSPC
MOVX A,@DPTR
ANL A #80H

CINE A,#80H,DT3BLK

MOV DPTR#DSPC

;CHECK DOT3
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HCARY1:

CHCARY!:
CHECK_A:
SELV:

MOVX A,@DPTR
MOV R3,A
CALL STOB
CINE A#3,CHCARY1
MOV DPTR #DSPD
MOVX A,@DPTR
MOV R3,A
CALL STOB
MOV DPTR #DSPC
MOVX A,@DPTR
MOV DPTR#DSPA
MOVX A,@DPTR
MOV DPTR#DSPD
MOVX A,@DPTR
ORL A, #80H
MOV DPTR #DSPB
MOVX A,@DPTR
MOV DPTR #DSPC
MOV A #3FH
MOVX A,@DPTR
MOV DPTR #DSPD
MOVX A,@DPTR
CALL SELV
JMP LOOP1
JC HCARY!
JMP CHECLA
CALL SCAND
MOV DPTR #DSPB
MOVX A,@DPTR
ANL A #7FH
MOVX A,@DPTR
CALL VCO
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SEL1:

SEL2:

SEL3:

CHECKA:

CALL DIVI
MOV DPTR #DSPB
MOVX A,@DPTR
ORL A,#80H
MOVX A,@DPTR
CALL GETDA
MOV AR7
CINE A,#0AH,SEL1
JMP SELV
CINE A#0AH,SEL2
JMP SELV
CINE A#0,SEL3
JMP SELV
MOV R2,A
MOV DPTR #DAMUX
MOV A#0
MOVX @DPTR,A
MOV DPTR #DSPB
MOVX @DPTR,A
MOV DPTR #DSPC
MOVX @DPTR,A
MOV AR2
CALL CODE
MOV DPTR#DSPD
MOV A,R4
MOVX @DPTR,A
RET

MOV DPTR #DSPA
MOVX A,@DPTR

CINE A,#0,DA_ON
MOV DPTR #DSPB
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DT2B:

HCARY2:

MOVX A,@DPTR
ANL A #80H

CINE A #30H,DT2B
MOV DPTR,#DSPC
MOVX A,@DPTR
ANL A #80H

MOV DPTR,#DSPB
MOVX A,@DPTR
MOV R3,A

CALL STOB

MOV DPTR #DSPC
MOVX A,@DPTR
ANL A#7FH

MOV R3,A

CALL STOB

MOV DPTR #DSPD
MOVX A,@DPTR
MOVX A,@DPTR
MOV R3,A

CALL STOB

MOV DPTR #DSPB
MOVX A,@DPTR
MOV DPTR #DSPA
MOVX A,@DPTR
MOV DPTR#DSPC
MOVX A,@DPTR
MOV DPTR #DSPB
MOVX @DPTR,A
MOV DPTR #DSPD
MOVX A,@DPTR
MOV DPTR #DSPC
MOVX @DPTR,A
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MOV DPTR #DSPD

MOV A #3FH

MOVX @DPTR,A

CALL SELV

JMP START
CHCARY2:  JCHCARY?2

DA_ON: MOV DPTR,#DSPA
MOVX A,@DPTR
ANL A #80H
CINE A,#80H,DIRG1
DIRG1: MOV DPTR #DSPC
MOVX A,@DPTR
ANL A #80H
CINE A,#80H,DIRG2
DIRG2: MOV DPTR #DSPB
MOVX A,@DPTR
ANL A #80H.
EBERRERRR R R AR RS AR AR E AR

; SEGCODE TO BCD CODE X

R
BCD: MOV DPTR #DSPA
MOVX A,@DPTR
MOV R3,A
CALL STOB
MOV DPTR#BCDA
MOVX @DPTR,A
MOV DPTR #DSPB
MOVX A,@DPTR
MOV R3,A

;SENT TO CTRL DIVIDER PATR
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STOB:

DATA2:

DATAL:

CALL STOB
MOV DPTR#BCDB
MOVX @DPTR,A
MOV DPTR #DSPC
MOVX A,@DPTR
MOV R3,A

CALL STOB

MOV DPTR#BCDC
MOVX @DPTR,A
MOV DPTR#DSPC
MOVX A,@DPTR
MOV R3,A

CALL STOB

MOV DPTR #BCDD
MOVX @DPTR,A
RET

MOV B #0AH

MOV A#0

MOV R4,#0

MOV R7,A

MOV DPTR#DATBL
MOVC A,@A+DPTR
SUBB A,R3

CINE A#0,DATAL
MOV A,R4

MOV DPTR #DIVITL
MOVC A,@A+DPTR
RET

MOV A,R7

INC A

INC R4
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STOB:

DATA2:

DATAL:

CALL STOB
MOV DPTR #BCDB
MOVX @DPTR,A
MOV DPTR #DSPC
MOVX A,@DPTR
MOV R3,A
CALL STOB
MOV DPTR #BCDC
MOVX @DPTR,A
MOV DPTR #DSPC
MOVX A,@DPTR
MOV R3,A
CALL STOB
MOV DPTR #BCDD
MOVX @DPTR,A
RET

MOV B,#0AH
MOV A #0
MOV R4,#0
MOV R7,A
MOV DPTR #DATBL
MOVC A,@A+DPTR
SUBB A,R3

CINE A,#0,DATAI1
MOV A R4

MOV DPTR #DIVITL
MOVC A,@A+DPTR
RET

MOV AR7
INC A

INC R4
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DINZ B,DATA2
SIMP BCD
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DIVIDER DATA *
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’

.
?

DIVI:

CALL BCD
MOV DPTR#BCDB
MOVX A,@DPTR
MOV R7,A
MOV DPTR #BCDA
MOVX A,@DPTR
MOV R1,A
SWAP A
ORL AR7
MOV DPTR #DIVIA
MOVX @DPTR,A
MOV DPTR,#BCDA
MOV AR1
MOVX @DPTR,A
MOV DPTR#BCDD
MOVX A,@DPTR
MOV R7,A
MOV DPTR #BCDC
MOVX A,@DPTR
MOV R1,A
SWAP A
ORL A,R7
MOV DPTR #DIVIB
MOVX @DPTR,A
RET

;DIVIA
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GET DATA *
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s

GETDA:

VCO:

?

CALL SCAND
CALL SCANK
JC GETDA
CALL REL
CALL CODEC
RET

CALL BCD
MOV DPTR,#BCDB
MOVX A,@DPTR
CINE A#2,LOW
MOV DPTR,#BCDC
MOVX A,@DPTR
CINE A#4,LOW
MOV DPTR#BCDD
MOVX A,@DPTR
CINE A #9,LOW

o 3300 ek o ok ok ok ok ok 3k o ok ok o ok ol ok ok ok ok o ok ok ok ok
>

.
2

DATA TABLE *

skl sk ok ok koo ok ok ok ok kok Kok ke kok ok kk kX
’

BR:
DAR:
HOR:

Al:

DB 00H, 7CH, 50H, 06H
DB 00H, 5EH, 77H, 50H
DB 00H, 76H, 3FH, 50H
DB 00H, 1CH, 79H, 50H
DB 00H, 77H, 40H, 06H
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B1:
B2:

NARR:

WIDE:
J17:
VO:

DCDF:
DCDO:

W

o

¥ 2 3 2

A

o0

5o PR

DB 00H, 77H, 40H, SBH
DB 00H, 7CH, 40H, 06H
DB 00H, 7CH, 40H, 5BH
DB 37H, 77H, 50H, 50H
DB 7EH, 06H, SEH, 79H
DB 00H, OEH, 06H, 07H
DB 6DH, BFH, 07H, 6DH
DB 00H, 00H, 3EH, 00H
DB 00H, 3EH, 40H, 3EH
DB SEH, 58H, SEH, 71H
DB 5EH, 58H, 5EH, 3FH
DB 06H

DB 5BH

DB 4FH

DB 66H

DB 6DH

DB 7DH

DB 07H

DB 7FH

DB 6FH

DB 3FH

DB 86H

DB DBH

DB EDH

DB FDH

DB 87H

DB FFH

DB BFH

DB 73H

DB ICH

DB 76H
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REP:

LEDPPM:
CODELOOP:

STORE:

MOV DPTR #PSET
MOV A #80H
MOVX @DPTR,A
MOV DPTR #PORT2
MOV 2AH,#00H
MOV A2AH

MOVX @DPTR,A
MOV RO,#0AH
MOV R1,#20H
MOV @R1,#0FFH
INC RI

DINZ RO,REP

MOV OLDCODE#INVALID

LCALL GETCODE
JC CODELOOP
MOV A,CODE

CINE A, #ENCODE,STORE

LCALL CHCODE
LCALL OPORT
JMP LEDPPM

MOV OLDCODE,CODE

JMP CODELOOP

o 3ok 2 ok e okok sk o ok ok ook ok ook ok ok ok ok ok ok ook ok ok ok kK K
’

; FUNC

; INPUT

; OUTPUT
; REG

OUT TO PORT 2
INRAM 2AH,2BH
PORT 2

A

%*

*

*

*

v 20 3 3 ook ok ok ke sk ok 3 ok sk 3 3k ok 3k 3 ok ok ek ok oK ok ok 3k ok koK ok ok ok
’

OPORT:

MOV A2AH

; SET CONTROL REGISTER ADDRESS
; OUT THE CONTROL WORD TO 8051
; SET UP PORT 2 ADDRESS

; SET BUFFER OF PORT 2 TO #00H

; SET OUTPUT AT PORT 2

; STORE #OFFH IN RAM

; SET UP OLD CODE AS 63

; GET A CODE

; PUT CODE IN A REG
; IENOT END CODE,STORE & WAIT

; STORE A VALID CODE IN RAM

; STORE IN BUFFER OF PORT 2
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MOV DPTR,#PORT 2
MOVX @DPTR,A
RET

o kR kkRikkkk Rk Rk kR kkokkkkkkkkkkkk
s

; FUNC

; INPUT

; OUTPUT
; REG

CHECK CODE
ADDR OLDCODE
INRAM 2AH,2BH
RO,RLA

*

*

*

*

o o0 e o o e e o o e o S o ok e o o ok ok ke 3 ok ok ok ok ok ok ok ok ok ok ok o
’

CHCODE:

CHCODE:

CHCODEL!:

ENDCH:

MOV RO,#0AH
MOV R1,#20H
MOV A,OLDCODE
CLRC

SUBB A,@R1

JZ CHCODE
INCR1

DINZ R0,CHCODEO
LCALL GRAM
LCALL SBIT

JMP ENDCH

MOV @R1,#0FFH
LCALL CBIT

RET

o kR kkokokkdkkk kR k kR kkkk ok kkk kR kkk
’

; FUNC

; INPUT

; OUTPUT
; REG

GET VALUE
ADDR OLDCODE
INRAM 20H-28H
RO,RLA

*

*

*

*

;tt###*t#****‘#*****#*****#*****‘**

GRAM:

GRAMI:

MOV RO,#0AH
MOV R1,#20H

CINE @R1,#0FFH,GRAM2

; SET UP PORT 2 ADDRESS
; OUT PORT 2 WHEN SELECT CHANELL

; COMPARE OLDCODE WITH DATA IN RAM
; IF ZERO THEN # OFFH IN RAM
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MOV A,OLDCODE
MOV @R1,A
JMP ENDRAM

GRAM2: INCRI1
DJNZ RO,GRAM1

ENDRAM: RET
T T P P
; FUNC SETBIT *
; INPUT -
; OUTPUT ADDR IN RAM 2AH,2BH *
; REG A *
; Fhkkkokkkkkkkokkdokdokkkkhkkokkkkkkk Rk kkkkkkk®
SBIT: MOV A,OLDCODE
CINE A,#09H,SBIT1
SETB 5CH
JMP ENDSBIT
SBIT1: CINE A#89H,SBIT2
SETB 52H
JMP ENDSBIT
'SBIT2: » CJNE A#49H,SBIT3
SETB 54H
JMP ENDSBIT
SBIT3: CINE A#C9H,SBIT4
SETB 56H
JMP ENDSBIT
SBIT4: - CJNE A#29H,SBIT5
SETB 58H
JMP ENDSBIT
SBITS: CINE A #A9H,SBIT6
SETB 59H
JMP ENDSBIT
SBIT6: CINE A,#69H,SBIT7
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SBIT7:

SBITS:

SBIT9:

DOWN:

IFBW:

RECAL:

SKEW:

MEMO:;

PWR;

SETB 5AH
JMP ENDSBIT
CINE A #E9H,SBIT8
SETB 5BH
JMP ENDSBIT
CINE A,#19H,SBIT9
SETB 5CH
JMP ENDSBIT
CINE A#99H,UP
SETB 5DH
JMP ENDSBIT
CINE A #F1H,DOWN
SETB 5FH
JMP ENDSBIT
CINE A#71H,IFBW
SETB 60H
JMP ENDSBIT
CINE A #11H,RECAL
SETB 61H
JMP ENDSBIT
CINE A#F9H,SKEW
SETB 62H
JMP ENDSBIT
CINE A #AIHMEMO
SETB 63H
JMP ENDSBIT
CINE A #E1H,PWR
SETB 64H
JMP ENDSBIT
CINE A #01H,VIDEO
SETB 65H
JMP ENDSBIT
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VIDEO:

HL:

CLR:

LNB:

AUDIO:

DEC:
ENDSBIT:

o kokkkokokokokkokokkkkkk kR kR kR kR Rk Rk kokkkkkkokk
H

; FUNC
; INPUT

; OUTPUT ADDR INRAM 2AH,2BH

; REG

o Sk ok ok o ok ok e ok e 3 ok sk sk ok ok sk ok ok ke ek ok ok ok ok ok ok ok ok ok Xk
’

CBIT:

CBIT1:

CINE A#21HHL
SETB 66H

JMP ENDSBIT

CINE A#51H,CLR
SETB 67H

JMP ENDSBIT

CJINE A,#41H,LNB
SETB 68H

JMP ENDSBIT
CINE A,#D1H,AUDIO
SETB 69H

JMP ENDSBIT
CINE A#91HMUTE
SETB 6AH

JMP ENDSBIT
CINE A#59H,DEC
SETB 6BH

JMP ENDSBIT
SETB 6CH

RET

CLRBIT

A

MOVA,OLDCODE
CJINE A #09H,CBIT1
CLR 50H

JMP ENDCBIT
CINE A,#89H,CBIT2
CLR 52H

*

*

*

*
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CBIT2:

CBIT3:

CBIT4:

CBITS:

CBITé6:

CBIT7:

CBITS:

CBIT9:

DOWN:

IFBW:

JMP ENDCBIT
CINE A #49H,CBIT3
CLR 54H
JMP ENDCBIT
CINE A #COH,CBIT4
CLR 56H
JMP ENDCBIT
CINE A #29H,CBIT5
CLR 58H
JMP ENDCBIT
CINE A #A9H,CBIT6
CLR 59H
JMP ENDCBIT
CINE A #69H,CBIT7
CLR 5AH
JMP ENDCBIT
CINE A #E9H,CBITS
CLR 5BH
JMP ENDCBIT
CINE A #19H,CBIT9
CLR 5CH
JMP ENDCBIT
CINE A #99H,UP
CLR 5DH
JMP ENDCBIT
CINE A #F1H,DOWN
CLR SFH
JMP ENDCBIT
CINE A #71H,JFBW
CLR 60H
JMP ENDCBIT
CINE A #11H,RECAL
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RECAL:

SKEW:

MEMO:

PWR:

VIDEO:

CLR:

LNB:

AUDIO:

CLR 61H

JMP ENDCBIT

CINE A#F9H,SKEW
CLR 62H

JMP ENDCBIT

CJNE A#AITHMEMO
CLR 63H

:I MP ENDCBIT

CINE A#EIH,PWR
CLR 64H

JMP ENDCBIT
CINE A#01H,VIDEO
CLR 65H

JMP ENDCBIT
CINE A#1HHL
CLR 66H

JMP ENDCBIT
CINE A #51H,CLR
CLR 67H

JMP ENDCBIT
CINE A#41H,LNB
CLR 68H

JMP ENDCBIT
CINE A#D1H,AUDIO
CLR 69H

JMP ENDCBIT
CINE A#91HMUTE
CLR 6AH

JMP ENDCBIT
CINE A #B9H,DEC
CLR 6BH

JMP ENDCBIT
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DEC:
ENDSBIT:

SETB 6CH

RET

; END OF CODE LOOP ROUTINE

s dkkdkok Rk kokcR ok Rk Rk Rk ok ko dkok ok kkkdok ok ok kokkkk Rk Rk kR KRRk
’

; THIS ROUTINE RECEIVES THE NEXT VALID CODE. *

; INVALID CODE GROUP S ARE IGNORED

*

s kdkkkckdkkkkRRokok kb kR ok kkkkkok kR kkokkkkkkkkokk Rk kR kkkkk ok kk
s

GETCODE
WAITAGC:

ONEWAIT:

AFTERAGEC:

EQU $
CALL SAMPLE

CINE A#ZERO,WAITAGC

CALL SAMPLE

CINE A#ONE,ONEWAIT
MOV B#1

CALL WAIT

CALL SAMPLE

CINE A #ONE,WAITAGC
MOV B#3

PUSH B

MOV B,#2

CALL WAIT

CALL SAMPLE

POPB

CINE A #ZERO,WAITAGC

DINZ B,AFTERAGC

o sk ool o e ok ok ook e ok ok e ok ok ok e ok ok ok ok S kool ok ok ok ok sk ok ok ok
?

; RECEIVE START BIT *

o ek ak e ak ok ok ok ke o ak ok ok o ok o o o ok ok ok ok ok o ok ok ok ok ok ok ok
’

STARTBIT:

CALL SAMPLE
CINE A #ONE,STARTBIT
MOV B,#1

; WAIT FOR AGC BURST

; GET THE VALUE AT INPUT PORT
; WAITUNTILITISAO

; GET ANOTHER VALUE

; IFNOT ONE WAIT FOR A 1

; SET DELAY TO 264 uS

; AND WAIT FOR THAT TIME

; RE-TEST INPUT BIT

; IFNOT 1 FALSE AGC BURST.
;SETUPFOR 3 * 528 uS

; SAVE ON STACK

; SET DELAY TO 528 1S

; AND WAIT FOR THAT TIME

; CHECK INPUT VALUE

; RECOVER COUNT VALUE

; IF 1LFALSE WAIT AFTER AGC
; CHECK IF DONE WITH WAIT

; GET INPUT BIT
; IENOT 1,TRY AGAIN
; SET DELAY TO 264 uS
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CALL WAIT

CALL READBIT

JC WAITAGC

MOV AJINC1

CINE A#ONE,WAITAGC

o ok ok e ok e s 3ok o sk ok ke e sk e ok s ok ook sk ok ok ok ok ok ok k%
’

; READ CODE BIT *

o Aeaodok ok ok e o de o ok ok ok ok ok o o ok ok ok ke ok ok ok ok o ok ok ok ook ok ok
s

READCODE:

READLOOP:

LOADI:
ROTATE:

BADCODE:

MOV CODE,#00
MOV B.#6
PUSHB

MOV B,#2
CALL WAIT
CALL READBIT
JC BAD CODE
CLRC

MOV A,IN1
CINE A#ZERO,LOADI
JMP ROTATE
SETB C

MOV A,CODE
RRC A

MOV CODE ,A
POPB

DINZ B,READLOOQOP
RR A

RR A

MOV CODE ,A
CLRC

JMP CODEEND
POPB

SETC

; AND WAIT FOR THAT TIME

; DO PPM BIT INPUT

; IFINVALID PPM, START OVER

; GET BIT VALUE
; IFNOT 1,BAD START BIT

; RESET CODE BYTE
; DO 6 BIT INPUT

s SAVE B VALUE

; WAIT 528 S

; AND WAIT FOR THAT TIME

; GET PPM BIT VALUE

; IF VALID PPM, THROW AWAY CODE

; CLEAR CARRY FLAG
; GET PPM BIT VALUE

; IFBIT=1THEN DO LOADI1

; ELSE JUST ROTATE
; SET CARRY FLAG
; GET CODE BYTE

; ROTATE KTER RIGHT THROUGH CARRY

; STORE IN CODE REG
; RECOVER BIT COUNT

; IFNOT ALL BITS,DO AGAIN

; ROTATE TWO MORE

; BIT RIGHT

; STORE IN CODE REG
; CLEAR CARRY FLAG
; AND EXIT

; RECOVER B REG FROM STACK

; BAD CODE INDICATOR
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B

CODEEND

RET

; END OF CODEEND ROUTINE

.
b

; RETURN TO CALLER

o Aol ok o ook o ok ok e ke ke o sl ke ok o ok o o Sl o sk ko sk ok ok ol ok ol o ol ok ok ok ol ok ook ok sk kokok ko
H

; THIS ROUTINE RECEIVE A VALID PPM BIT *

; CARRY IS SET IF THE PPM ENCODING IS NOT VALID *

o ek ook ook o ke ok o ok sk ok sk e ok kol kool ok e dkok ok ok ke kok ok sk sk ko ok ok ok ok sk sk ke ok ke ke kok ok
>

READBIT: CALL SAMPLE
MOV INLA
MOV B#2
CALL WAIT
CALL SAMPLE
CINE A,IN1,GOODPCM

BADPPM: SETB C
JMP READEN

GOODPPM: CLRC

READEN: RET

; END OF READBIT ROUTINE

.
9

; GET INPUT VALUE

; STORE IN IN1 REG

; WIAT ANOTHER 528 nS

; AND WAIT FOR THAT TIME

; GET ANOTHER SAMPLE

; IF 2INPUT <>, GOOD PPM CODE
; SET CARRY FLAG (BADPPM)

; AND EXIT

; CLEAR CARRY FLAG

; RETURN TO CALLER

o ook ok ke ok ok ok o ok e o e s s s ok ok e ok ok ke ok ke ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok
s

; THIS ROUTINE SAMPLES THE INPUT BIT

*

o e 2k o sk e ok ol e ke ok e e ok o e ok ok ok ok ok sk ok kol ok ok ok ok Kok ke ok sk ok ok ok ok ok ok kok sk ok
’

SAMPLE:

3

MOV A,INPORT
ANL A #ONE
RET

; END OF SAMPLE ROUTINE

.
b

; READ BYTE AT PORT C
; MASK OF OUR BIT
; AND RETURN TO CALLER
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; THIS ROUTINE DELAY 264 MICROSECONDS FOR EACH *
; COUNT IN THE B REGISTER *

o 3 o e o e o o ok o e o ek e ok ok ok ok ok ke ok ok ok ek o ok ok ko ok ok ok ok ok ok ok ko kR okok Rk adkok Kok ok ok
’

WAIT: PUSH B ; SAVE B REG COUNT
DELAY264: MOV B#DELAYCNT ; LOAD THIS DELAY COUNT VALUE
LOOP264: DINZ B,LOOP264 ; BURN UP CYCLES

POPB ; RECOVER COUNTS

DINZ B,WAIT ; IFNOT DONE WAIT MORE

RET ; RETURN TO CALLER

s kR kR sk ks kol ok sk ok ko ok ok ok ok
L]

. *
) MAIN

« kRO Rk ok kR Rk kool kR
1

;

; END OF WAIT ROUTINE

bl

o 302k 2 ke ok o ok e ok ok ke e ok ke e ok o o 30 S ok ok sk ok ook ok o ok ok ok ok o ok ok ok ok ok ok ok ok
H

; SYSTEM EQUATES L
; REGISTER ALIASES 3

o 2k 2 o e ok ok o e ok ok ok ke ok 3k ok ke ok Sk ook o sk ok K ok ok ok ok ok ok ok kok Rk ok
s

IN1 EQU 18H ; FIRST HALF PCM INPUT
CODE EQU 19H ; CURRENT CODE
OLDCODE EQU IFH ; LAST CODE READ

s
o ek ok e ok ok ok ok ok ko ok o ok ok ok ol ok ok o e ke ok ko ok sk ok ok ok skok ok ok ok sk
s

; CONSTANTS *

e ST
ZERO EQUO ; ZERO BIT VALUE

ONE EQU 4 ; PORT 3, BIT 2 MASK VALUE
DELAYCNT EQU 117 ; 264 1S CONSTANTS
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ENDCODE
INVALID
BOUNCE
KNEXT
TDLAY
NWKEY
PACTRL:
PBCTRL:
DAKEY:
DADSP:
DSPSEL:
DIVIA:
DIVIB:
DAMUX:

ACC:
PSW:
‘DPH:
DPL:
SP:
CY:
AC:
FO:
RS1:
RSO0:
ov:

TBS:

IE1:

1EO:
ITO:

EQU 62
EQU 63
EQU 20
EQU 50
EQU 0ECH
DATA 20H
EQU OEOE3H
EQU 0EOC3H
EQU OEOE2H
EQU 0EOEOH
EQU OEOE1H
EQU 0E0C2H
EQU 0EOC1H
EQU 0EOCOH
EQU OF0H
EQU 0EOH
EQU 0DOH
EQU 83H
EQU 82H
EQU 81H
EQU 0D7H
EQU 0D6H
EQU ODSH
EQU 0D4H
EQU 0D3H
EQU 0D2H
EQU 0DOH
EQU 09BH
EQU 09AH
EQU 08BH
EQUOSAH
EQU 088H

; END CODE FROM TRANSMITTER
; INVALID CODE SETTING

;Set debounce delay to 20mS

;Set interval between keys to 50 ms
;For 996 us time delay (222d)
;Reserved byte for new key press
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TR A .,

By o

PO: EQU 80H

P1: EQU 90H
P2: EQU 0AOH
SP: EQU 81H

.
2

o 3k ok ok b a2 ke ok ok e ok e ok ok ok e e ok 3k ok 3k ok 3 ok 3k ok 3K oK ok ok K ok ok ok kK ok
s

: HARDWARE PORTS *

;****#********#*************#************t

INPORT EQU P3 ; MEMORY MAPPED INPUT PORT
; END OF GROBAL RQUATES

; END OF LEDPPM PROGRAM

777Z. END

T T P E P

E 3

;CHECK BIT

Rkkkkkokkkkkkkkkkkkkkkkkrkkkkkrkkkkkkkkrkkkk

LOOP:
ACALL SCAN ;Wait until key pressed
JZ LOOP ;If register A = 0; no keypressed
ACALL CONVERT ;Convert position to key value
MOV NMKEY,A ;Save result in buffer
MOV A#BOUNCE ; Wait 20 mS
ACALLDELAY1 ,
ACALLSCAN ;See if a key still down
JZ LOOP ;If not down, it must have been noise
ACALLCONVERT ;Convert position to key value

CINE ANWKEY,LOOP ;Original key found

WAIT:
ACALLSCAN :Now wait for all keys to go up

JNZ =~ WAIT ; Wait until register A= 0
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’
;Subroutine:
;Function:

’

>

s

SCAN:

MOV

INC

RET
;Subroutine:
;Function:

CONVERT:

NXT1:

SIMP
NXT2:

SIMP

MOV  A#KNEXT ;Wait 50 mS

ACALLDELAY1

ACALLSCAN ;Check keys and

JZ WAIT ;Loop until keys are up
SIMP §

SCAN

Get the contents of P2 pins that are connected
to the keys and checks for any zero bits.

No check is made to see if more than one bit is low.

MOV P2#11111111B ;High ail bits of P2

AP2 ;Get state of P2

A ;if all key up, A is now 0
CONVERT

Convert a zero bit pattern to an equivalent 0-9
number in the register A. If more than one key is down,

more significant bit will give a result.

CLRA ;First key value = 00

JB P2.3,NXT1 ;Check bit for key down
SJIMP DONE

INCA ;Next key value = 01

JB P2.4NXT2 ;Check bit for key down
DONE.

INCA ;Next key value = 02

JB P2.5NXT3 ;Check bit for key down
DONE
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NXT3: INC A ;Next key value = 03
DONE: RET

;Subroutine: ~ Delayl

;Function: This subroutine will delay the number of

; millseconds expressed by the binary number, from
1 to 65,535, found in register A(LSB) and B(MSB)
The call program loads the desired delay into
register A and B and calls this subroutines.

Loading zeroes into A and B results in an immediate

s return.
DELAY1:
PUSH 07H ;SAVE R7
PUSH ACC ;SAVE A REGISTER
ORL A,B ;sTEST FOR A AND B EQUAL TO ZERO
CINE A #00H,OK ;RETURN IF ALL ZERO
POP ACC ;KEEP STACK BALANCED
POP 07H
SIMP FINL
OK:
MOV R7#TDLAY ;INITIALINZE R7 (1 MACHINE CYCLE)
ONEMS:
NOP ;TUNE THE LOOP FOR 6 CYCLES
NOP ;THIS MAKES 2 CYCLES TOTAL
NOP ;3 CYCLES TOTAL (1 MACHINE CYCLE)
NOP ;4 CYCLES TOTAL (1 MACHINE CYCLE)
DINZ R7,0ONEMS ;COUNT R7 DOWN, 6 CYCLES TOTAL
;(2 MACHINE CYCLE)

;TOTAL DELAY IS 6 CYCLES (4.5 uS) x 222d = 999 uS

.
12
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NOP ; TUNE SUBROUTINE 0.75 uS MORE

;TOTAL DELAY IS 999.75 uS, WHICH IS AS CLOSE AS POSSIBLE FOR
;THE FREQUENCY USED (1000 uS = 400/3 CYCLES)

.
2

BDOWN:

FINL:

DINZ ACC,OK ;COUNT A AND B DOWN AS ONE
CINE A,B,BDOWN ;A =00, COUNT B DOWN UNTIL =00
SIMP FINL ;JF SO, THEN DELAY IS DONE
DECB ;COUNT B DOWN AND TIME AGAIN
SIMP OK

POP 07H ;RESTORE R7 TO ORIGINAL VALUE
RET ;RETURN TO CALLING ROUTINES

END
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LM117/LM217/LM317 3-terminal adjustable regulator

general description .

The LM117/LM217/LM317 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess
of 1.5A over a 1.2V to 37V output range. They are
exceptionally easy to use and require only two external
resistors to set the output voltage. Further, both line
and load regulation are better than standard fixed regula-
tors. Also, the LM1}7 is packaged in standard transistor
packages which are easily mounted and handled.

In addition to higher performance than fixed regutators,
the LM117 series offers full overload protection
available only in IC's. Included on the chip are current
limit, thermal overload protection and safe area protec-
tion. All overload protection circuitry, remains fully
functional even if the adjustment terminal s
disconnected. e

features

Adjustable output down to 1,2V
Guaranteed 1.5A output current -

Line regulation typically 0.01%/V

Load regulation typﬁcally 0.1%

Current limit constant with temperature
100% electrical burn-in

Eliminates the need to stock many voltages
Standard 3-lead transistor package

80 dB ripple rejection

" Normally, no capacitors are needed unless the device is
situated far from the input filter capacitors in which

—

case an input bypass is needed. An optional output
capacitor can be added to improve transient response.
The adjustment terminal can be bypassed to achieve
very high ripple rejections ratios which are difficult
to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful
in a wide variety of other applications. Since the regu-
lator is “‘floating’’ and sees only the input-to-output
differential voltage, supplies of several hundred volts
can be regulated as long as the maximum input to
output differential is not exceeded.

Also, it makes an especially simple adjustable switching
requlator, a programmable output regulator, or by
connecting -a fixed resistor between the adjustment and
output, e LM117 can be used as a precision current
regulator. Supplies with electronic shutdown can be
achieved by clamping the adjustment terminal to ground
which programs the output to 1.2V where most loads
draw little current.

The LM117K, LM217K and LM317K are packaged in
standard TO-3 transistor packages while the LM117H,
LM217H and LM317H are packaged in a solid Kovar
base TO-5 transistor package. The LM117 is rated for
operation from —55°C to +160°C, the LM217 from
~25°C to +150°C and the LM317 from 0°C to +125°C.
The LM317T, rated for operation over a 0°C to
+125°C range is available in a TO-220 plastic package.

typical applications

1.2V~-25V Adjustable Regulator

Digitally Selected Outpyts

5V Logic Regutator with
Electronic Shutdown*

M1y 117
LM11)
Vinz 8V Vi Vour vour't Vi V-2V Vin  Vour Vour
AOJ N =——1Vin __ Vour| Vour Aoy sv
A1 ADJ
240 R1
. 0
. +
L c1® c2! c2
ok [ 14F Yo 3 0.3uF
2 < E»,N\,_
sk R2* N T
TOptional—improves transient
response
*Needed if device is far from ~ s ==

filter capacitors INPUTS

R2
nVOUT =1.25Vv (1 ‘;1—1)

*Sets maximum VOUT
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* Min output = 1.2V



"absolute maximum ratings

Power Dissipation Internally fimited
Input~Output Voltage Differential 40V
Operating Junction Temperature Range
LM117 -55°C to +150°C
LM217 ~25°C to +150°C
LM317 0°C to +125°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 1)

LM1172/217 LM317
PARAMETER CONDITIONS UNITS
) . MIN | TYP | MAX | MIN | TYP | MAX
Line Regulation Ta=25°C, 3V < VIN — VouT <40V 0.01 /o‘oz - 0.01 0.04 wV
(Note 2)
Losd Regulation Ta =25°C, 10mA < IouT < IMAX
Vout < 5V. (Note 2) 5 16 5 25 mvV
- VouT 5V, (Note 2) 0.1 03 0.1 05 3
Adjustment Pin Current 50 100 50 100 HA
i
Adjustment Pin Current Change 10 mA <1 < IMAX 0.2 5 0.2 6 BA
. ' 255V < (ViN-VouT) <40V
"Reference Voitage 3<{VIN-VouTI < 40V, (Note 3} 1.20 | 1.25 1.30 1.20 | 1.25 1.30 V.
‘ 10mA < louT < IMAX. P < PMAX
Line Regulation . 3V < VN - VouT <40V, (Note 2) 0.02 0.05 0.02 0.07 %V
Load Regulation 10mA < gyt < Imax. (Note 2)
Vouti< sV 20 50 20 70 mv
VouT > 5V 0.3 1 0.3 15
. Temperature Stability Tmin < Ti < TMaX 1 1
Minimum Load Current VIN—-VOUT = 40V 3.5 5 |38 10 mA
Current Limit VIN-VOoUuT S 15V
" K and T Package 1.5 |22 15 |22 A
H and P Package 0.5 0.8 0.5 08 A
VIN~VouT =40V
‘. K and T Package 04 0.4 A
H and P Package 0.07 0.07 — A
RMS Output Noise, %4_01 VouTt TA=25"C, 10 Hz < f <10 kHz 0.003 0.003 %
Ripple Rejection Ratio VouTt = 10V, f = 120 Hz 65 65 dB
Capy = 10uF ° 66 | 80 66 |80 d8
Long-Term Stability TA= 125°C 0.3 1 0.3 1 %
Thermal Resistance, Junction to Case | H Package 12 15 12 15 ‘cw
K Package 2.3 3 2.3 3 cw
T Package 5 ‘cw
P Package 12 c™m

Note 1: Unless other wise specified, thesa :pecmcmons apply —55°C < T < +150°C for.the LM117,-25°C ST < +150°C for the LM217 and
0°C < Tj < +125°C for the LM317; Vin-VouT = 5V and louT = 0.1A for lhc TO-5 package and 1gyT = 0.5A for the TO-3 peckage and TO-220

package. Aithough power dissipstion is internally limited, these specifi are applicable for powsr dissipations of 2W for the TO-5 and 20W
for the TO-3 and TO-220. 'MAX is 1.5A for (hc TO-3 and TO-220 package and 0.5A for the TO-5 package.

Note 2: Reguiation is d st j jon temperature. Changes in P i ‘due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Note 3: Sel d devices with tightend tol re voltage
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typical performance characteristics (k ang T Packages)
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application hints

In operation, the LM117 develops a nominal 1.256V
reference voltage, VREF. between the output and
adjustment terminal. The reference voltage is impressed
across program resistor R1 and, since the voltage is con-
stant, @ constant current |1’ then flows through the
output set resistor R2, giving an output voltage of

R2
VoUT = VREF (1 + ﬁ—]) +I1apyR2

FIGURE 1.

Since the 100uA current from the adjustment terminal &

represents an error term, the LM117 was designed to
Jminimize |oApy and make it very constant with line

- and load changes. To do this, all quiescent operating

curient is returned to the output establishing a mini-
murm load current requirement. if there is insufficient
foad on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1uf
disc or 1uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more
sansitive to the absence of input bypassing when adjust-
ment or output capacitors are used but the above values
will efiminate the possibility of problems.

The adjustment terminal can be bypassed to ground on
the LM117 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is mCreased. With a 10uF bypass capa-
citor ‘B0 d8 ripple re;ectaon is obtainable at any output
level. Increases over 10uF do not appreciably improve

“the ripple rejection at frequencies above 120 Hz. if the

bypass’ capacitor is uséd, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through ‘internal low current paths
and damaging the device.

In general, the best type of capacitors to use are solid
tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor
construction, it takes about 25uF in aluminum electro-
lytic to equal 1uF solid tantalum at high frequencies.
Ceramic capacitors are also good at high frequencies;
but some types have a large decrease in capacitance at
trequencies around 0.5 MHz. For this reason, 0.01uF
disc may seem to work better than a 0.1uF disc as
a bypass.

Although the LM117 is stable with no output capa-
citors, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and $000 pF.
A 1uF solid tantalum (or 25uF aluminum electrolytic)
on the output swamps this effect and insures stability.

Load Regulation

The LM117 is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal {usually 24082) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectvely in series
with the reference and degrading regufation. For exam-
ple, a 15V regulator with 0.05§2 resistance between the
regulator and load will have a load regulation due to
line resistance of Q.05Q2 x I. [f the set resistor is con-
nected near the/lgd the effective line resistance will be
0.05Q (1 + R2/R1) or in this case, 11.5 times worse.
Figure 2 shows the effect of resistance between the regu-
lator and 240%2 set resistor.

1
L
A e
<M
>
S

FIGURE 2. Regulator with Line Resistance
in Output Leed

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-5
package, care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low

-current points into the regulator. Most 10uF capacitors

have low enough internal series resistance to deliver
20A spikes when shorted. Although the surge is short,
there is enough 2nergy to damage parts of the IC.

When an output capacitor is connected to a regulator
and the input is shorted, the output capacitor will
discharge into the output of the regulator. The discharge
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current depends on the value of the capacitor, the occurs when either the input or output is shorted.

output voltage of the regulator, and the rate of decrease internal to the LM117 is a 50Q resistor which limits the
of ViN. In the LM117, this discharge path is through peak discharge current. No protection is needed for
a large junction that is able to sustain 15A surge with no output voltages of 25V or less and 10uF capacitance.
problem. This is not true of other types of positive Figure 3 shows an LM117 with protection diodes
regulators. For output capacitors of 25uF or less, there included for use with outputs greater than 25V and
is no need to use diodes. high values of output capacitance.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

. ! 1N4E02
[C10)
- L/ vin v uT v
(] I a0s o [ I out
<m c
B2 >
a2 dm I
- > + -
1:,'1 P ‘C:“‘
I R2
== e VouTt =125V (14»— + R21aDy
1 w R1
D1 protects against C1
D2 protects egainst C2
FIGURE 3. Regu! with Pr ion Diodes
schematic diagram
¢ ) 4 Vin
[ ] ) M < s
e m 1 2 :. (¥ on

o

VA—|
TS Ay o
<t 1 (£ a
Llc,
!

L
F Y
o, <
i Sef SAn
I WSz
” b3
AN
™
an
ot
v
>
S
"o
4
), A
RS
[X)9
Vout
ADS

168



typical applications (con’t)

Slow Turn-On 15V Regulator

Adi 1.

Regul with Imp d High Stbility 10V Regulstor
Ripple Rejection
ey Vour
v Vaur 13
v (] our 90U Rt
™ ™ 0 15V ::1.
. < a1 0e hf LIS 3
> 'I' R2
.d_,:‘zm S IN4DE2 :: [
_l AAA 1n4002 3] =

+ 9%
1] Wit LMI2A
> S cvi.l_ 4/
< R2 A2
:: 2 N0 £ SN """I\ 2"
%f &

P
>
[ e < w7
o . "
= = :
tSolid tantalum ,\. "-!—‘
*Discharges C1 if output is shorted to ground
High Current Adjustable Regulator 1] QZ 30V Regulator Power Follower
3-LM1S5S IN PARALLEL
[
N —t
::o 3]
n2988 (1]
) A A,
Ut —AAA—] { LIS
n gy r.“
2 1
Vin ANN—O— v v < oV, .
VW LI ourl out 0_?u'l'm
4] ==
>
; < 14902 V
. g + wan| ™ vour
put Sy ] . 2N A0J
10.F1 < At R?
<7 Lla 3 24
RS ’
/i o /I\ 10F )
'.l-' tSolid tantalum L
*Minimum load current = 30 mA
30ptionll—improves ripple rejection
. .- . "\
5AC Voltage/C Current Regui 1A Current Regulistor
w302
4] CURRENT <
100 pF ADIUST /S ::.
1 Rl LM17k | |
y D U P
%V —dg W Vour
; . A |
— G
T |
< ne
— ;» Gee
1.2V—-20V Regulator with
[ < e
o 0 Minimum Program Current
1s?  LED® ™1
1 Vix~—{¥m  Vour Vour*
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] oM R
[ as e QW ¢
L S )
m
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VWA
RS 2> + | a2
vy -15v VOLTAGE j:‘( e -~
ADSUST <
171 =
1Sotid tantalum ’ *Minimum load current ~ 4 mA
*Lights in constant current mode
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typical applications (con‘t)

High Gain Amplifier

v

1M1

AA

S R2
S 24

@—ouTrUT

R

LM

Low Cost 3A Switching Regulator
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b2 st S ouTIIT gy oo
€1 b < 1)
st ’[\ ABIUST 0f
O—AAA -
VWA
:: L] o1
> 100 T~
9 N8
0 F
= t
- Solid Tantalum

4A Switching Regulator with Overload Protection

J-LM10S iN PARALLEL

*Core—Arnold A-254168-2 60 turns

Precision Current Limiter

LMH1?
12
bJ Vin r—'wr T
7]
o . I ,
. 1 y *0.80 < R1 < 1200
-
2 e
] W uan
- » 1] Tracking Preregulator
Vi VWA= Vi (7] AN "
v Vour |
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-—‘—"' E [ :: ] v o
T 12 /) A STy Wy
r 108 p¢ LT e g
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b——‘ l——u as 40 M1y
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AAA Ve Vix — Vour
L 24 ._Lr_, i S a2
ws 0206 J . > 110
I 0 — ] a
= 38 oart (X" [ {
>
< nt | ~ ‘/o'umn
S W2 ansust
~ tSo|id Tantalum =
*Core Arnold A-254168-2 60 turns
High Voltage Regulator Adjusting Multiple On-Cerd Regulators
with Single Controt®
ot
2y
—«——4' LIty
[LI13) v 7 v, Yin Vouth—vout v, vout'
Ve Vin W oot out ] 03 our " m out
> At
S |
——— e ]
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C1uF :flm
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j[ * All outputs within £100 mV
= TMinimum tosd—10 mA
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typical applications (con’‘t)

i
AC Voltage Regulstor Adjustsble 4A Regulstor

M7
02
{Vin . Vour Vin N7 p———AAA
':u. _.—J -
Wy [ o AR
VWA
12Vpe 1
e 3
_%_. " :Pm%_
< LMI1)
02
t—4ViN _ VouT! AN LSV T0 26V
e ADJ
24
ADJ < e
Vi Vour : » l:“
THY 3.
.
12V Battery Charger
>
<
>
L D UV .
. vy
[_j ™ 15
sh = I
‘)2“ .I .L - <

<R
4 Siu
L Current Limited 6V Charger
= M7
R2 wiow Vin  Vout
*Rg—ests output impedance of charger ZoyT = Rg {1+ — Ak
! Use of Rg allows low charging rates with fully m
chlmlgl battery." L | ©
2 ik [
50 mA Constant Current Battery Charger I
w22
LM 7H
u
vin

-ll--||||J

*Sets peak currant (0.6A for 10)

connection diagrams

Metal Can Package Metal Can Package Plastic Package Plastic Package
ADJUSTMENT . Vin
1 —~ INPUT ; O ; O
; -—Vour f=—"Von
’ 2 Ot ADJUSTMENT T 7
H . -1
)
oureur ) outeuT '
. CASE IS OUTPUT Lecemoaa-- E
BOTTOM VIEW $0TTOM VIEW
|faf:
ADJ —— iy
L] Vix
L Vour .-
—- Vour
FRONT VIEW
Order N-\mber LM117K, LM217K  Order Number LM117H, LM217H Order Number LM317T Order Number LM317P
or LM317K or LM317TH See Package 26 Ses Package 37
See Package 18 See Package O
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LINEAR
INTEGRATED CIRCUITS

- TYPES SN52555, SN72555
PRECISION TIMERS

BULLETIN NO. DL-S 7312053, SEPTEMBER 1973

Timing from Microseconds to Hours
Astable or Monostable Operation
Adjustable Duty Cycle

Up to 200-mA Sink or Source
Output Current

TTL Compatible Output

Designed to be Interchangeable with
Signetics SE555/NES55

description

The SN62555 and SN72555 are monolithic timing
circuits capable of producing accurate time delays or
oscillation. In the time-delay or monostable mode of
operation, the timed interval is controlled by a single
external resistor and capacitor network. In the astable
mode of operation, the frequency and duty cycle
may be independently controlled with two external
resistors and a single external capacitor.

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vcg. These
fevels can be altered by use of the control voltage
terminal. When the trigger input falls below the
trigger level, the flip-flop is set and the output goes
high. When the threshold input rises above the
threshold level, the flip-flop is reset and the output
goes low. The reset input can override all other inputs
and can be used to initiate a new timing cycle. When
the reset input goes low, the flip-flop is reset and the
output goes low. When the output is low, a low-
impedance path is provided between the discharge
terminal and ground.

The output circuit is capable of sinking or sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15 volits. With a 5-volt supply,
output levels are compatible with TTL inputs.

JP OR P DUAL-IN-LINE PACKAGE 4
(TOP VIEW)

CONTROL
DIS. THRES- VOLT-
VCCCHARGEHOLD  AGE

sl/7lslls
tHzH3H 4]

GND TRIG- OUT- RESET
GER PUT

L PLUG-IN PACKAGE
(TOP VIEW)

vee

VOLTAGE

RESET

PIN 1 IS IN ELECTRICALs
CONTACT WITH THE CASE

. . CONTAOL
functional block diagram vee VOLTAGE RESET

| 15) “
b
b

[
THRESHOLD w 131
come * QUTPUT
3 a0
SR FLIP.FLOP
1 s
L
TRIGGER 2 9

b3
‘)R
p (Y]

il [o]]

GNO OISCHARGE

FLLAYATUN
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schematic

)

4
b
)
)

6

830 4.7k 1k 6.8k
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- )
>
THRESHOLD ‘LL F \l[ fhok 1;3’_ourpur
o ———e
el '

AAA

CONTROL
VOLTAGE

TRIGGER

} 220
RESET ——d p A M_[:
OISCHARGE
; }" 'im K

GROUND /J7 ,; @ 4

100
—A VY

<b ‘b
2100 k is k ' 347k
<
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Resistor values shown are nominal and in ohms.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo (seeNote 1) . . . . . PAN . e N7 8. .. .. .. 18V
Input voltage (control voltage, reset, threshold, tngger) FANA: o A~ e Y. .. .. .. Vco
OQutputcurrent . . . e e e e e e ... X225mMA
Continuous total dlSSIpatIOn at (or below) 25 C free -air temperature (see Note 2) e e e e e ... .. 600MW
Operating free-air temperature range: SN52555 . . . . . . . . . . . .. . .. . ... =55°Cto125°C

SN72656 . . . . . . .. ... ... ........ 0Cto70°C
Storage temperature range . . . e e . ... . . ... =—65°Cto150°C
Lead temperature 1/16 inch from case for 60 seconds. JP or L pad<age e e e i e e oo ... 300°C
Lead temperature 1/16 inch from case for 10 seconds:Ppackage . . . . . . . . . . . . . . . . . 2860°C

NOTES: 1. All voitage values sre with respect to network ground terminal.
) 2. For operation sbove 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 1.

i recommended operating conditions

SN52555 v SN72555 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.5 18 | 45 16| V
» Input voltage, V| {controi voltage, reset, threshold, trigger) Vee e Veel V
Output Current, g £200 £200 mA
Operating free-air temperature, Ta —55 125 0 70} °C
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electrical characteristics at 25°C free-air temperature, Vo =5 V to 15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS SN52555 SN72358 UNIT
MIN TYP MAX |MIN TYP MAX
Threshold voltage level as a
percentage of supply voltage 66.7 66.7 %
, Threshold current (see Note 3) 0.t 0.25 0.1 025 KA
Vee=15V
Trigger voltage level cc= 15 48 > 5.2 5 \'
Vec=5V 145 167 1.9 167
Trigger current 0.5 0.5 nA
Reset voltage level 0.4 0.7 1 0.4 0.7 1 \"
Reset current 0.1 0.1 mA
Control voltage Veg=15V 9.6 10 104 9 10 1 v
{open-circuit) Vee=5V 29 33 38 | 26 3.3 4
loL = 10mA 01 0.5 0.1 025
oL = 50 . X 3
Vee= 16V lOL 10Oml"‘ 0.4 0.5 0: 0272
Low-level output voltage oL mA 222 - v
loL = 200 mA 25 2.5
| =5mA A .25
Vec=5V oL=5m 0 0.26
R oL = BmA 0.16 0.35
' lon=—-100mA| 13 133 12.75 133
. Vec =15V
High-level output voitage 10H = —200 mA 12.5 125 v
Vec =5V lon=—100mA| 3 33 275 33
Output low, Vee=15V 10 12 10 15
No load Vee=5V 3 ) 3 6
Supply current s 2 mA
Output high, Vee=15V 9 1 9 14 '
No load Voo =5V 2 3 2 5

NOTE 3: This parameter infllences the maximum value of the timing resistors R and Rg. For example when Ve = 5 V the maximum
value is R = Rp+Rg ~ 20 MQ.

operating characteristics, Vgc =5 Vand 15V

PARAMETER TEST CONDITIONS? ol NS UNIT
) MIN TYP MAX {MIN  TYP MAX
Injtiat acc f
j’\l .la rfcruracv o RA =1 k§2 to 100 kQ, TA =25 C 0.5 2 g %
timing intervat
Temperature coefficient Ta = MIN
emperatue n Rg =0 to 100 ka1, 8 50 50 ppm/°C
of timing intervatl to MAX
N —— Y 5 N
Supply voltage sensitivity C=0.1uF Ta=25°C 0005 0.02 0.01 %N
of timing interval ]
(o] t pulse rise ti 100 100 ns
utput pulse rise time Cy = 15 pF, Ta= 25°C
QOutput pulse fall time 100 \ 100 ns

tFor conditions shown as MIN or MAX, use the appropriste value speacified under recommended operating conditions.

THERMAL INFORMATION

DISSIPATION DERATING CURVE

800 T mies 72 1o | SEmiEss2 _l
3E 700 |—  MAX Ta MAX Tp ot
! |
$ o =
2 L #NPN
'g 500 ‘\ N 3
§ ™

400

N
% 0 AN =N
3 N YN

206 |{FKG  DERATE FAOM
g L 48mw/C 28°C N
% 00 ®# esmwic s2°C
= P 80mW/C _ 15°C

[

20 30 40 60 60 70 80 80 100110120130
Ta—Free-Air Temparature~"C
FIGURE 1
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Pulse Width Relstive to Value at Vegtov

LOW-LEVEL QUTPUT VOLTAGE

"
LOW-LEVEL OUTPUT CURRENT

0
7fvVec=5v
>| 4
3 2 wes?
-
5 —=T 55°C = H
3 AT Tt
§ 04 =Ta-557CH] 3 Ta= 128" Y
3 02
»
Fa) %
£ 007 =
) —
1, 0.04
o
> 002
0.01
12 4 710 220 40 70100

100 —Low-Level Output Current~mA

FIGURE 2

OROP BETWEEN SUPPLY VOLTAGE AND OUTPUT

v
HIGH-LEVEL OUTPUT CURRENT

20 1117 H
18 Ta--s5°Cl|
> i H1l
16 =
- 26° L1
é e Tarscll
Ll i
| RT : L A
s Ta=125°Cll| 1] B
310 ==
Soa
4Hoe
o
Y
| Vec=5Vioisv
02
1
A I |
12 4 70 20 & 70100
fOH ~High-Level Output Current—mA
FIGURE 5
NORMALIZED OUTPUT PULSE WIDTH
(MONOSTABLE OPERATION)
v
SUPPLY VOLTAGE
1015 T
!
1010 {
L
1.005 ‘,‘* } 4
j
\ H Lo
1.000 .
0.995
0.90,
0.965
0 5 10 15 20

Vee-Suooly Voltage-v

FIGURE 8

TYPICAL CHARACTERISTICSt

Pulse Width Relative 10 Vatue st Tp = 25°C

VoL~Low-Level Qutput Voitege—V

LOW-LEVEL OUTPUT VOLTAGE

A¢ ]
LOW-LEVEL OUTPUT CURRENT

LOW-LEVEL OUTPUT VOLTAGE

v
LOW-LEVEL OUTPUT CURRENT

TA—Free-Air Temperature—"C

FIGURE 9

TData for temparatures below 0°C and above 70°C are applicable for SN52555 circuits only,
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TYPICAL APPLICATION DATA

monostable operation R
S e 11

Vee (5Vto 15V)

(4) I .(8) Ry RA INPUT VOLTAGE

< .2
RESET vee . . § o
ouTPUT OUTP — — -
inpuT 2] TRIGGER o 1 - ]
SN62555/SN72555 - ]
DISCHARGE S

OUTPUT VOLTAGE

CONTROL

(5}
6
| VOLTAGE THRESHOLD L A / A v
0.01,F GND =c 4 /
1 -
I l( ) I CAPACITOR VOLTAGE
P11

Time—0.1 ms/div

FIGURE 11-CIRCUIT FOR MONOSTABLE OPERATION FIGURE 12-TYPICAL MONOSTABLE WAVEFORMS

The SN52555 and SN72555 may be connected as shown in Figure 11 for monostable operation producing an output
pulse width independent of the input wavefou:m and controlied by the R -C time constant. Prior to the negative-going
input pulse, capacitor C is held discharged by transistor Q1 (see schematic). Application of a negative-going input-

> trigger-pulse sets the flip-flop, turns off Q1, and drives the output high. Capacitor C is now charged through RA
with a time constant 7 = RAC. When the voltage across capacitor C reaches the threshold voltage of the comparator,
the flip-flop is reset, energizing Q1 and discharging C; therefore driving the output back to the low level. Figure 12
shows the actual resultant waveforms. 3

Monostable operation is initiated when the negative-going input pulse reaches the trigger level. Once initiated, the
timing interval will complete even if retriggering occurs during the timing interval. Because of the threshold levet and
saturation voltage of Q1, the output pulse width is

approximately ty = 1.1 RAC. Figure 13 is a plot of 10

the time constant for various values of Ra and C. The

threshold levels and charge rates are both directly 1

proportional to the supply voltage, Vcc. The timing -

interval is therefore independent of the supply é /
, voltage, so long as the supply voltage is constant 2 401

during the time interval. %, /

5

Applying a negative-going trigger pulse - simul- b 1072

taneously to the reset and trigger terminals during the §.

timing interval will discharge C and re-initiate the 3 10-3

cycle, commencing on the positive edge of the reset ‘; =

pulse. The output is held low as long as the reset <

pulse is low. When the reset input is not used, it 1074 -

should be connected to Vcc to prevent false /

triggering. 10-5

0.001  0.01 0.1 1 10 100

C—Capacitance—uF

FIGURE 13—-OUTPUT PULSE WIDTH vs CAPACITANCE
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TYPICAL APPLICATION DATA

astable operation T
P fg =3k
|- C - 035.,F
Vec 5Vt 15 V) :.‘.;.‘.:: "
(ﬂl (8} RL3 $RA
RESET Vee 2
2) OUTPUT 3 OUTPUT hid
TRIGGER >
SN52565/5N726855 | é
oiscHARGE p 8
©
Rg >
OPEN _(5) CONTROL N (6) __4 N OUTPUT VOLTAGE
(Sea Note A) "lVOLTAGE  yHRESHOLD
ano T AL AN ANAN
1m VTV T YTV
b TOR VOLTAGE }
NOTE A: Decoupling the control voltage input {pin 5) to l I
ground with a capscitor may improve operation, Time—0.5 ms/div

This should be evatusted for individual applications.

FIGURE 14—CIRCUIT FOR ASTABLE OPERATION FIGURE 15-TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rp, to the circuit of Figure 11; as shown in Figure 14, and connection of the trigger
input to the threshold input will cause the SN525565/SN72556 to self-trigger and run as a multivibrator. The capacitor
-C will charge through Ra and Rg then discharge through Rg only. The duty cycle may be controlied, therefore, by
the values of R and Rp.

This astable connection results in capacitor C charging. and discharging between the threshold-voltage level
(=0.67-Vcc) and the trigger-voltage level (=0.33-Vcc). As in the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle) are independent of the supply voltage.

Figure 15 shows typical waveforms generated during astable operation. The output high-level duration, th, is calculated
as:

\

100 k

th = 0.693 (Ra + RgIC,

Py
o
=

output low-fevel duration, ty, as:

t; = 0.693 (Rg)C.

1k
The total period is T = ti, + t) and frequency is
! 1 1.44
f=—orf= —"2 .
T (Ra +2Rg)C .

-
o

The frequency of oscillation may be determined by
referring to the chart shown in Figure 16, which
relates free-running frequency, f, to the external 1
resistors Rp and Rg and the external capacitor C.
Duty cycle, D, is determined by the values selected for

f—Free-Running Frequency—Hz
8

RA and Rg and may be calculated as: 0.1 -
R 0.001  0.01 0.1 1 10 100
= B
D= Ra + Rp ’ C—Capacitance—uF

FIGURE 16-FREE-RUNNING FREQUENCY
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TYPICAL APPLICATION DATA

missing-pulse detector .
VecoSv
Ri-1un
FC-0.1,F
Vec {5Vt 15V) Sae Fogurs 17
INPUT RESET  vcc ) 3 4
OUTPUT g of 3
@ Riceer outeor 2 T
)
SNE2555/SN 72655 -3
piscHARGe H2 8
5 ,
> 7
{5) jcONTROL OUTPUT VOLTAGE
VOLTAGE  THResHOLD |8
0.014F GND Rc ; /
I 1T Y V1 aa
ﬁ,? -
2} VOLTAGE

Time—0.1 ms/div

FIGURE 17--CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 18—MISSING-PULSE-DETECTOR WAVEFORMS

The circuit shown in Figure 17 may be utilized to detect a missing pulse or abnormally long spacing between consecutive
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse
train as-long as the pulse spacing is less than the timing interval, A longer pulse spacing, missing pulse, or terminated
. Ppulse train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 18.

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 11 can be made to operate as a frequency divider.
Figure 19 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing

cycle. )
Z
Vege5V
Ra = 128010t
1~ C»002.F

Ay = tkn

Sa0 Figure 11
2 | !
2 INPUT VOLTAGE
> -
o~
|
8
2
o
>

OUTPUT VOLTAGE
1 LA |
P A A /
CAPACITOR VOLTAGE -

Time—0.1 ms/div

FIGURE 19-DIVIDE-BY-THREE CIRCUIT WAVEFORMS
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TYPICAL APPLICATION DATA

pulse-width modulation

I‘-'lill
Ce002,¢
Vec (5V o165V} e
L \\\
b -
) 8) AL 3Ra L ~
RESET vee WODULATION INFUT VOL TAGE
OUTPUT ) 2
cLock _(2) TRIGGER ouTPUT .E
INPUT 3
SN52555/SN72555 ~
DIsCHARGE }Z. é crock mett vor yaae
MOD! -]
T oN 51/ CONTROL 3
(See Note A) VOLTAGE  THRESHOLD {6)
GND =c oooqud rqugsg
OUTPUT VOLTAGE
a I
! AT
NOTE A: The modulating signal may be direct or capaci- ﬁA TV
tively coupled to the control voltage terminal. For ml‘m
direct coupling, the effects of modulation source Tie0.5 mmsldi

voltage and impedance on the bias of the
SN52555/SN 72555 should be considered.

FIGURE 20—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 21—PULSE-WIDTH-MODULATION WAVEFORMS
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an externa! voltage (or current) to the control voltage pin. Figure 20 is a circuit for /

" pulse-width modulation. The monostable circuit is triggered by 8 continuous input pulse train and the threshold voltage
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 21.
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation
(o5 T T 7
Vee (6 V 10 15 V) Sazsw | l i
aGM s
o bt i
“) @ "Ly 3Ra pe I
RESET 4 BN < P
Vee 3 - h
(2) OUTPUT OUTPUT 2
TRIGGER § WODULATION INFUT VOL TAGE
SNE2555/SN72555 @ o
DISCHARGE ¢
8
MODULATION _(6)|conTrot e L $
} OLTAG!
SNowA) | € THRESHOLD il )
GND =c OUTPUT VOLTAGE
(84}
i A 4 ; /1}// A ; A / A
NOTE A: The modulsting signal may be direct or capaci- / VWI‘ V V
tively coupled to the control voitage tarminal. For )
direct coupling, the effects of modulstion source CA;AC"O? vo”‘nm
voitsge and impedsnce on tha biss of the i i
SNS2665/SN72655 should be considered, Time=0-1 ms/div
FIGURE 22-CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 23-PULSE POSITION-MODULATION WAVEFORMS

The SN52555/SN72555 may be used as a pulse-position modulator as shown in Figure 22. In this application, the
th-reshok’i voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 23 shows such a circuit,
with a triangular-wave modulation signal, however, any modulating wave-shape could be used.
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. TYPICAL APPLICATION DATA
sequential timer ) .

Vce
>
w [ 1) $ha in | e $he :ka | ] $he
RESET  vce 1 RESET  Vce < RESET _ VcC 4
@ (3) ] (3) 1 (3)
O0————lraigeen OUTPUT 1 2 )raicaen  OUTPUT 2 ricoer ©
i 8 SNE2565/SN72566 0.001 SN52565/SN72555 0.001 SN52555/SN72656 | (7)
_ piscHarGe [Llg uf DISCHARGE [{Ilg uF DISCHARGE |—¢
* {8 egt}’:gle. . ) 5) JcoNTROL {6) [CONTROL ®
- HRES- VOLT. THRES- |(6 VOLTAGE  THRES-
oo HOLD j’ | L ‘G: HOLD ‘j’ wolo{— ¢
ND GND
0.01 Ca { 0.01 <Cg | 0.01 =<Cc
o 7] & T W T () T® T 1o T
CA=10uF A1 Cc» 147 4F
Ra = 100 k = RC = 100 kn
OUTPUTA Cg=47,F ouUTPUT B OUTPUTC
Rg = 100 ka

S closes momentsrily att = 0,
FIGURE 24—SEQUENTIAL TIMER CIRCUIT

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
as test equipment require activation of test signals in seqiience. SN62555/SN72555 circuits may be connected to
provide such sequential control. The timers may be used in various combinations of astable or monostable circuit
connections, with or without modulation, for extremely flexible waveform control. Figure 24 illustrates a sequencer
circuit with possible applications in many systems and Figure 25 shows the output waveforms. -

. T
See Figure 24
OUTPUTA  fe-tya twA = 1.1 RACp
wB
1
2
3 OUTPUT B twB = 1.1 RgCg
[Te)
|
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3
G
>
OUTPUTC fe—t-1,,c —{ twC=1.1RcCc
jo—1=0

t—-Time—1 s/div

‘FIGURE 26—-SEQUENTIAL TIMER WAVEFORMS
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LM124/1LM224/1LM324, LM124A/LM224A/LM324A, LM2902

low power quad operational amplifiers

~

Order Number LM124D, LM124AD, Order Number LM124J, LM124AJ,

LM224D or LM224AD
See Package 1
Order Number LM124F, LM124AF,
LM224F or LM224AF
See Package 4

See Package 16

or LM2902N
See Package 22

LM224J, LM224AJ, LM324),
LM324AJ or LM2902J

Order Number LM324N, LM324AN

general description advantages
The LM124 series consists of four independent, high ® Eliminates need for dual supplies,
ga.lrf, mterpally frequerfcv compepsaled operational am- = Four internally compensated op amps in a single
plifiers which were designed specifically to operate from package
a single power supply over a wide range of voltages. ) )
Operation from split power supplies is also possible and = Allows directly sensing near GND and Voyr also
the low power supply current drain is independent of the goes to GND
magnitude of the power supply voltage. ® Compatible with all forms of logic
. = Power drain suitable for.battery operation
Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which features
now can be more easily implemented in single power = . . .

: Internally frequency compensated for unit in
supply systems, For example, the LM124 series can be W\ea y P 'ty g3
directly operated off of the standard +5 Vpe power ’ Lifrge dc vol.tage galr? 100 dB
supply voltage which is used in digital systems and will ® Wide bandwidth (unity gain) 1 MHz
easily provide the required interface electronics without {temperature compensated)
requiring the additional £15 Vpc power supplies. & Wide power supply range:

Single supply 3 Vpe 1030 Vpe
or dual supplies . *1.5Vpcto*15Vpe
N e = Very low supply current drain (800uA) — essentially
unique characteristics independent of supply voltage (1 mW/op amp at
. . +5 Vpc)
® In the linear mode the input common-mode voltage N i, .
range includes ground and the output voltage can also = Low input biasing current 45 nApc
swing to ground, even though operated from only a (temperature compensated)
single power supply voltage. m  Low input offset voltaye 2 mVpe
and offset current 5 nApc
a The unity gain cross frequency is lemperature Input common-mode voltage range includes ground
compensated. : Differential input voltage range equa' to the power
supply voltage
m The input bias current is also temperature m  Large output voltage OVpctoV' ~1.5Vpe
compensated. swing
connection diagram schematic diagram (Each Amplifier)
Dual-In-Line and Flat Package - Y
OUTPUT S INPUT Q™ INPUT & GNOD INPUT 2" INPUT 3™ OUTPUTS *
i 1X] 12 " 10 9 L] ‘D &4 e ‘D G
L1
a2 a
D [i1] a4
INPUTS = - ouTPUY
utl
q aty ’ ]
F
1 |z 3 [ s s 7 p J‘:m N GD""‘ =
OUTPUT Y INPUTI™  INPUTY® v* INPUT 2T INPUT 2T OUTPUT? - l
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absolute maximum ratings

Supply Voltage, vt
Differential Input Voltage

—LM124/LM224/LM324
LM124A/LM224A/LM324A

32Vpgor 216 Vpe
32 Vvpe

LM2902

26 Vpgor 113 Vpe
26 Vpe

LM124/LM224/LM324

LMI24A/LM224A/LM324A

Input Current (Vi < =0.3 Vo) {Note 3)

Operating Temperature Range

50 mA

LM2902

-40°C to +86°C

input Voltage ~0.3Vpe to +32 Vpc -0.3VpC 1o +32 Ve LM324/LM324A 0°C 1o +70°C
Power Dissipation (Note 1) LM224/LM224A ~25°C 10 +85°C
Molded DIP 570 mW 570 mw LM124/LM124A —55°C to'+125°C
Cavity DIP 900 mw Storage Temperature Range -65°C to +150°C ~65°C 10 +150°C
Flat Pack 800 mw Lead Temperature (Soldering, 10 seconds) 300°C 300°C
Output Short-Circuit to GND (One Amplifier) {Note 2) Continuous Continuous
V' <15Vpcand Ta = 25°C
electrical characteristics (v* =+5.0 vpg, Note 4)
LM124A LM224A LM324A LM124/LM224 LM324 LM2902
PARAMETER CONDITIONS UNITS
MIN  TYP MAX | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX [MIN TYP MAX | MIN TYP MAX
Input Otfset Voltage Ta = 25°C, (Note 5) 1 2 1 3 2 3 +2 5 £2 £7 2 27 mVpe
Input Bias Current 11N{+} of lIN(=), TA = 25°C 20 50 40 80 45 100 45 150 45 250 45 250 nADC
{Note 6)
Input Offset Current UN(+) = ING). TA = 25°C 2 10 2 15 5 30 %] +30 £5 50 5 50 nADC
Input Common-Mode | V* = 30 Vpc, Ta = 25°C a vt-1s| o vi-1s| o vt-is5] 0 vt-15] 0 v*-15f o vt-is Vpc
Vottage Range (Note 7_)
Supply Current R =%, Voo = 30V, (LM2902 Ve = 26V) 1.5 3 15 3 15 3 15 3 15 3 1.5 3 mADC
Ry = o On All Op Amps ¢ 07 12 07 12 07 1.2 07 1.2 07 1.2 07 1.2 mADC
Over Full Temperature Range
Ta = 25°C : 3 mADC
Large Signal Voitage v* = 15 Vpg (For Large Vo Swing) 50 100 50 100 25 100 50 100 25 100 100 vimv
Gain RL 22k, T = 25°C
Output Voltage Swing | Ry = 2kS2, T = 25°C (LM2902 Ry, > 10 kS2) 0 v'-15 0 vi-1s] o vi-1s vVoc
Common-Mode DC, Tp = 25°C 70 8 70 85 65 85 70 85 6 70 50 70 aB
Rejection Ratio
Power Supply DC, Ta = 25°C 65 100 65 100 65 100 65 100 65 100 50 100 d8
Rejection Ratio )
Amplifier-to-Amplifier | t= 1 kHz to 20 kHz, Tp = 25°C -120 -120 -120 -120 -120 -120 a8
Coupling (Note 8) {lnput Referred)
Output Current
Source VINt =1 Vope. VINT =0 Vpe, 20 40 20 40 20 40 20 40 20 40 20 40 mApC
v* =15 vpe, TA = 25°C
Sink VINT = 1 Vpe.VIN =0 Vg, 10 20 10 20 10 20 1 20 10 20 10 20 mADC
v*' =15 vpg, Ta = 25°C
VINT = 1Vpe. Vint =0 vge, 12 50 12 50 12 50 12 50 12 50 HADC
A TA =25°C, Vo = 200 mVpc '
Short Circuit to Ground | Tao = 25°C, (Note 2) 40 60 40 60 40 60 40 60 40 60 40 60 mADC




electrical characteristics {con‘t)

LM123A LM224A LM324A LM124/LM224 LM324 LM2902
PARAMETER CONOITIONS - UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX MIN TYP MAX | MIN TYP MAX | MIN TYP MAX

{nput Offset Voltage {Note 5) 4 4 5 27 *9 10 mVpe
tnput Offset Voltage Ag = 00 7 20 7 20 730 7 7 7 nvi'c
Drift
Input Offset Current HN{+) = ING=) 30 30 75 100 +150 45 2200 nADC
Input Offset Current 10 200 10 200 10 300 10 10 10 pADC/°C
Drift ’

’ Input Bias Current HIN(+) o LIN{~) 40 ‘00 40 100 40 200 40 300 40 500 40 500 nApC
Input Common-Mode | V* =30 Vpe o vi-2 | o vt-2 | o vt-2| o vt-2 | o v*-2| o vt-2 voc
Volitage Range (Note 7)

Large Signal Voltage v* =415 Vpc (For Large V@ Swing) 25 25 15 25 15 15 VimV
Gain RLZ22k02 4
Output Voltage Swing
VOH v* =430 Vpe, R = 2kQ 26 26 26 26 26 22 Voc
RL > 10 kD2 27 28 21 28 27 28 27 28 27 28 23 2 vVoe
VoL vts5vpc, RS 10KD 5 20 5 20 5 20 5 20 5 20 5 100 | mvpe
Output Current
Source ViN' =41 Vpe, VIN =0Vpe. VP =15vpe | 10 20 10 20 10 20 10 20 10 20 10 20 mA
Sink VIN =+1Vpe. VINY=0Vpe. Vi =18Vvpe | 10 15 5 8 5 8 5 8 5 8 5 8 mA
Ditferential Input v v? vt vt vt vt vpe
Voltage (Note 7) N

Note 1: For operating at high temperatures, the LM324/LM324A,LM2902 must be derated besed on a +125"C maximum junction temperature and a thermal resistance of 175° C/W which applies for the device
soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all
four amplifiers—use external resistors, where possibie, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit,

Note 2: Short circuits from the output to V* can cause excessive haating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V*, At values of supply
voltage in excess of +15 Ve, continuous short<ircuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. 1t is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to the V*
voitage tevel {or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voitage, which was negative,
again returns to a value greater than —0.3 Vpg¢.

Note 4: These specifications apply for V* = +5 Ve and -55°C < T < +126°C, unless otherwise stated. With the LM224/LM224A, all temperature specifications are limited to —25°C < T5'< +85°C, the LM324/
LM324A temperature specifications are limited to 0°C < Ta < +70°C, and the LM2902 specificatior s are limited to ~40°C < Tp, < +85°C.

Note 5: Vo & 1.4 Vg, Rg = 09 with V* from 5 Ve to 30 Vpg: and over the full input common-moade range {0 Vpe to V* - 1.5 Vpel.

Note 8: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines.
Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V* ~1.5V, but either or both
inputs can go to +32 V¢ without damage (+26 Vpc for LM2902).

Note 8: Due to proximity of external components, insure that coupling is not originating_via stray capacitance between these external parts. This typically can be detected as this type of ¢apacitive increases at
highar frequencies.
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typical performance characteristics

Vo ~ OUTPUT
VOLTAGE (V)

Vin - INPUT
VOLTAGE (V)

OUIPUT VOLTAGE

REFERENCED TO V* (Vpc)

vy

‘Vine ~ INPUT VOLTAGE (- Vge)

Ayoy, - VOLTAGE GAIN {¢8}

v' ORV —POWER SUPPLY VOLTAGE (V)
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QOutput Characteristics
Current Sinking
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typical performance characteristics (LM2902 only)

Input Current

100

8

in
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]

z

(] 10 2 ]

V* - SUPPLY VOLTAGE Vo)

application hints

The LM124 series are op amps which operate with only
a single power supply voltage, have true-differential
inputs, and remain in the linear mode with an input
common-mode voltage of 0 Vpc. These amplifiers
operate over a wide range of power supply voltage with
little change in performance characteristics. At 25°C

amplifier operation is possible down to a minimum’

supply voltage of 2.3 Vpe.

The pinouts of the package have been designed to
simplity PC board layouts. Inverting inputs are adjacent
to outputs for all of the amplifiers and the outputs have
also been placed at the corners of the package (pins 1,
7, 8, and 14).

Precautions should be taken to insure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed
backwards in a test socket as an unlimited current surge
through the resulting forward diode within the iC could
cause fusing of the internal conductors and result in a
destroyed unit,

Large differential input voltages can be easily accom-
modated and, as input differential voltage protection
diodes are not needed, no large input currents result
from large differential input voltages. The differential
input voltage may be larger than V* without damaging
the device. Protection should be provided to prevent the
input voltages from going negative more than ~0.3 V¢
{at 25°C). An input clamp diode with a resistor to the
{C input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost
transistors can be used to extend the power capability of
the basic amplifiers. The output voitage needs to raise
approximately 1 diode drop above ground to bias the
on-chip vertical PNP transistor for output current sinking
applications.

For ac applications, where the load is capacitively
coupled to the output of the amplifier, a resistor shouid

36

Voltage Gain
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V" - SUPPLY VOLTAGE (Vo)

be used, from the output of the amplifier to ground to
increase the class A bias current and prevent crossover
distortion. Where the load is directly coupled, as in dc
applications, there is no crossover distortion.

Capacitive loads which are applied directly to the output
of the amplifier reduce the loop stability margin. Values
of 50 pF can be accommodated using the worst-case non-
inverting unity gain connection. Large closed loop gains
or resistive isolation should be used if larger load
capacitance must be driven by the amplifier.

The bias network of the LM124 establishes a drain
current which is independent of the magnitude of the
power supply voltage over the range of from 3 Vpe to
30 Vpe.

Output short circuits either to ground or to the positive
power supply should be of short time duration. Units
can be destroyed, not as a result of the short circuit
current causing metal fusing, but rather due to the larde
increase in I1C chip dissipation which will cause eventual
failure due to excessive junction temperatures. Putting
direct short-circuits on more than one amplifier at a time
will increase the total IC power dissipation to destructive
levels, if not properly protected with external dissipation
limiting resistors in series with the output leads of the
amplifiers. The larger value of output source current
which is available at 25°C provides a larger output cur-
rent capability at elevated temperatures (see typical
performance characteristics) than a standard IC op amp.

The circuits presented in the section on typical applica-
tions emphasize operation on only a single power supply
voltage, f complementary power supplies are available,
all of the standard op amp circuits can be used. In
general, introducing a pseudo-ground (a bias voltage
reference of V*/2) will allow operation above and below
this value in single power supply systems. Many applica-
tion circuits are shown which take advantage of the wide
input common-mode voltage range which includes
ground. In most cases, input biasing is not required and
input voltages which range to ground can easily be
accommodated,



typical single-supply applications (v*=50vy)

Non-Inverting DC Gain (OV Input = OV Output)
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Current Monitor
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Voitage Follower

Squarewave Osciliator

Low Drift Peak Detector

typical single-supply applications (con’t) (v*=50vpc)
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Ground Referencing A Differential Input Signal
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typical single-supply applications (con’t) (v*=50vy)

Voitage Controlied Oscillator Circuit

Photo Voltaic-Cell Amplifier
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typical single-supply applications {con’t) (v’ =50Vgc)
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LM1894 Dynamic Noise Reduction System DNR®

& Compatible with all prerecorded tapes and FM
& 10 dB effective tape noise reduction CCIR/ARM

weighted
 Wide supply range, 4.5V to 18V
E 1 Vrms input overioad

General Description

The LM1894 is a stereo noise reduction circuit for use with
audio playback systems. The DNR system is non-comple-
mentary, meaning it does not require encoded source mate-
rial. The system is compalible with virtually all prerecorded
tapes and FM broadcasts. Psychoacoustic masking, and an
adaptive bandwidth scheme allow the DNR to achieve 10
dB of noise reduction. DNR can save circuit board space
and cos! because of the few additional components re-
quired.

Features
u Non-complementary noise reduction, “single ended"”
& Low cost external components, no critical maiching

Applications

& Automotive radio/tape players
m Compact portable tape players
® Quality HI-FI tape systems

& VCR playback noise reduction
& Video disc playback noise reduction

Typical Application
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‘R1 4+ R2 = 1k total.
See Application Hints.
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FIGURE 1. Component Hook-Up for Stereo DNR System

Order Number LM1894M or LM1894N

See NS Package Number M14A or N14A
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Absolute Maximum Ratings
1 Military/Aerospace specified devices are required, Soldering Information
picase contact the Nationa! Semiconductor Sales Dual-ln-Line Package
otnice/Distributors for availability and specifications. Soldering (10 seconds) 222'C
-upply Vollage 20V Small Outline Package
mput Voliage Range, Vi Vg/2 Vapor Phase (60 seconds) z:5:C

PR

yueating Temperature (Note 1) 0°Cto +70°C Infrared (15 seconds) _‘_ ¥C

“1.wage Temperature

~65°Cto +150°C

Electrical Characteristics
V.. 8V, Tp = 25°C, Viy = 300 mV at 1 kHz, circuit shown in Figure 1 unless otherwise specified

See AN-450 “Surface Mounting Methods and Their E4ect
on Product Reliability” for other methods of solgenng sar-
face mount devices.

Parameter Conditions Min Typ Max Units
Operating Supply Range 45 8 18 v
supply Current Vg = 8V 17 30 4
MAIN SIGNAL PATH
Valtage Gain DC Ground Pin 8, Note 2 -0.9 -1 -1.1 vV
1 X Output Voltage 3.7 4.0 4.3 '.
(:hannel Balance DC Ground Pin 9 -1.0 1.0 c3
X i ith 0.1 uF
taumum Balance AC Gr9und Pin 8 with0.1 675 965 1400 Hy

Capacitor, Note 2
M.iximum Bandwidth DC Ground Pin 8, Note 2 27 34 46 Ktz
I ftective Noise Reduction CCIR/ARM Weighted, Note 3 -10 ~14 cs
intal Harmonic Distortion DC Ground Pin 9 0.05 0.1 s
nput Headroom Maximum V;y for 3% THD Yo vom
AC.Ground Pin 8 ) 5
‘Output Héadroém Maximum Voy for 3% THD W Voez
DC Ground Pin 9 oG o
“»-nal to Noise BW = 20 Hz-20 kHz, re 300 mV
AC Ground Pin 9 79 oz
DC Ground Pin 9 77 oz
CCIR/ARM Weighted re 300 mV
Note 4
AC Ground Pin 9 82 88 o
DC Ground Pin 9 70 76 oz
CCIR Peak, re 300 mV, Note 5
AC Ground Pin 9 77 c=
DC Ground Pin 9 64 . o |
s impedance Pin 2 and Pin 13 14 20 [ 26 by
" hiinnel Separation DC Ground Pin 9 -50 -70 cs
Sveor Squly Rejection C14 = 100 pF,
VRippLE = 500 mVrms, -40 -56 o=
= 1 kHz
Output DC Shift Reference DVM to Pin 14 and
Measuree Output DC Shitt from
Minimum to Maximum Band- 4.0 20 e
width, Note 6.
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Electrical Characteristics
Vs = 8V, Ty = 25°C, Vi = 300 mV at 1 kHz, circuit shown in Figure 1 unless otherwise specified (Continued)

Parameter ] Conditions Min l Typ l Max ] Units
CONTROL SIGNAL PATH
Summing Amplifier Voltage Gain Both Channels Driven 0.9 1 1.1 Vv
Gain Amplifier Input Impedance Pin6 24 30 39 kQ
Voltage Gain Pin6toPin8 215 24 26.5 viv
Peak Detector input Impedance Ping9 560 700 840 ]
Voltage Gain Pin 8 to Pin 10 30 a3 36 \74%
Attack Time Measured to 90% of Final Value
with 10 kHz Tone Burst 300 500 700 Ks
Decay Time Measured to 80% of Final Value
with 10 kHz Tone Burst 45 60 & ms
DC Voltage Range Minimum Bandwidth to Maximum
R 1.1 3.8 v
Bandwidth

Note 1: For operation in ambient temperature above 25*
of 1) 80°C/W junction to ambiet for the dual-in-line pa
Note 2: To force the DNR system into maximum bandwidth,
the bandwidth, reduces the maximum bandwidth at increa:

bandwidth. To change minimum and maximum bandwidth, see Appliction Hints.

Note 3: The maximom noise reduction CCIR/ARM weighted is about 14 dB. This is accomplished by changing the bandwidth from
operation, minimum bandwidth is not selected, & nominal minimum bandwidth of about 2 kHz gives — 10 dB of noise reduction. Sc.e Applic

Note 4: The CCIR/ARM weighted noise is measured with a 40 dB gain amplifier between the DNR system and the

Note 5: Measured using the Rhode-Schwartz psophometer.

Note 6: Pin 10 is DC forced half way between the maximum bandwidih DG level and mini

peak-1o-peak amplitude is Vpc (max BW) - Vpg (min BW).

Typical Performance Characteristics

Supply Current vs

Supply Voltage
28

L

/

157

SUPPLY CURRENT (ma)

4- 1] 2 1%
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T T T
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oot
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PORER LUPPLY REJLCTION {d8)
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C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
ickage, and 2} 105°C/W junction to embient for the smak outline package.

. DC ground the input to the peak detector, pin 9. A negative temperature coeflicient of —0.5%/°C on

sed ambient temperature or higher package dissipation. AC ground pin 9 or pin 6 to select minimum

10 minimum. In actual
ation Hinls.

CCIR weighting filter; it is then input referred.

mum bandwidth DC level An AC 1 kHz signal is then applied to pin 10. Its
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Main Signal Path

Typical Performance Characteristics (continued)

Bandwidth vs
Voltage Control
n T Peak Detector Response
K | ! i
i ] I ™ ;
€2 n ik i
£y i il
52, INPUT
é: 1 |l 1
z . 1l | Z E
4 i HTR! | X ]
: = z 3
. it L | :
10 " 108 100 :\
PEAK >
SAKDWIDTH {Hz) -
. 1 TL/H/7918-3 DETECTOR 1 \
OUTPUT ]
TIME: 20 ms/DIV © yLmsrsie-4
Output Response
ki 1
INPUT
z
o -
~ rw
& 7 At
<
DNR
OUTPUT et
] N
TIME: 20 ms/DIV TLIH/7918-6
1
External Component Guide (rigure 1)
| Component Value Purpose Component Value Purpose
J 0.1 uF- May be part of power ¢ C4,C11 1 pF Output coupling capacitor. Output
100 uF supply, or may be add- is at DC potential of Vg/2.
ed to suppress power 41 C5 0.1 uF Works with R1 and R2 to attenu-
supply oscillation ate low frequency transients
£2.C13 Tl Blocks DC, pin 2 and which could disturb control path
pin 13 are at DC po- operation.
tential of Vg/2. C2, {¢ = —————————= 1.6kHz
C13 form a low fre- 57 27 C5(R1 + R2)
quency pole with 20k + C6 0.001 pF  Works with input resistance of pin
Rin- 6 to form part of control path fre-
f = quency weighting.
27 C2Riy fg = ———— = 53kHz
v C14 25 uF- Improves power sup- 6~ 2nrCBRIpNe
100 puF ply rejection. Cc8* 0.1 pF Combined with L8 and C forms
19 kHz filter for FM pilot. This is
{ ca.c12 0.0033 uF Forms integrator with - only required in FM applications
internal gm block and (Note 1).
op amp. Sets band-
width conversion gain
of 33 Hz/pA of gm
; current.
i
| S
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4 co

/ cio

/ R1,R2

External Component Guide (rigure 1)
{Continued)

Component
L8, C

Purpose
Forms 19 kHz filter for FM pi-
lot. LB is Toko coil CAN-
1A185HM* (Note 1).

Works with input resistance
of pin 9 to form part of control
path frequency weighting.

= 4.8 kHz

Value
4.7 mH,
0.015 uF

0.047 uF

{q = ——dt————
® " 27 Co Rping

Set attack and decay time of
peak detector.

Sensitivity resistors set the
noise threshold. Reducing at-
tentuation causes larger sig-
nals to be peak detected and

1k

larger bandwidth in main sig- .

nal path. Total value of R1 +
R2 should equal 1 k.
Forms RC roll-off with C8.
This is only required in FM
applications.

* Toko Americs inc., 1250 Feehanville Drive, ML Prospect IL 60056

Note 1: When FM applications are not required, pin 8 and pin 9 hook-up as

A8 1009

follows:
%]
0.047 uF
. 8 8
LM1894
i 1L/H/7918-6

Circuit Operation

The LM1894 has two signal paths, a main signal path and a
bandwidth control path. The main path is an audio low pass
filter comprised of a gm block with a variable current, and an
op amp configured as an integrator. As seen in Figure 2, DC
feedback constrains the low frequency gain to Ay = —1.
Above the cutolf frequency of the filter, the output decreas-
fs at —6 dB/oct due to the action of the 0.0033 uF capaci-
of.

The purpose of the control paths is to generate a bandwidth
control signal which reolicawes the ear's sensitivity to noise
w1 the presence of a tone. A single control path is used for
both channels 1o keep the stereo image from wandering.
This is done by adding the right and left channels together
in the summing amplifier of Figure 2. The R1, R2 resistor
divider adjusts the incoming noise leve! to open slightly the
bandwidth of the low pass filter. Contro! path gain is about
60 dB and is set by the gain amplifier and peak detector
gain. This large gain is needed to ensure the low pass fiiter
bandwidth can be opened by very low noise floors. The ca-
pacitors between the summing amplifier output and-the

———

peak detector input determine the frequency weighting as
shown in the typical performance curves. The 1 pF capaci-
tor at pin 10, in conjunction with internal resistors, sets the
attack and decay times. The voltage is converted into a
proportional current which is fed into the gm blocks. The
bandwidth sensitivity to gm current is 33 Hz/pA. In FM
stereo applications at 18 kHz pilot filter is inserted between
pin 8 and pin 9 as shown in Figure 1.

Figure 3 is an interesting curve and deserves some discus-
sion. Although the output of the DNR system is a finear
function of input signal, the —3 dB bandwidth is not. This is
due to the non-linear nature of the control path. The DNR
system has a uniform frequency response, but looking at
the —3 dB bandwidth on a steady state basis with a single
frequency input can be misleading. It must be remembered
that a single input frequency can only give a single —3 dB
bandwidth and the roll-off from this point must be a smooth
—6 dB/oct.

A more accurate evaluation of the frequency response can
be seen in Figure 4. In this case the ‘'main signal path is
frequency swept, while the control path has a constant fre-
quency applied. It can be seen that different control path
frequencies each give a distinctive gain roli-off.

Psychoacoustic Basics

The dynamic noise reduction system is a low pass filter that
has a variable bandwidth of 1 kHz to 30 kHz, dependent on
music spectrum. The DNR system operates on three princi-
ples of psychoacoustics.

1. White noise can mask pure tones. The total noise energy
required to mask a pure tone must equal the energy of the
tone itself. Within certain limits, the wider the band of mask-
ing noise about the tone, the lower the noise amplitude
need be. As long as the lotal energy of the noise is equal 1o
or greater than the energy of the tone, the tone will be inau-
dible. This principle may be turned around; when music is
present, it is capable of masking noise in the same band-
width.

2. The ear cannot detect distortion for less than 1 ms. On a
transient basis, if distortron occurs In less than 1 ms, the edt
acts as an inlegrator and i1s unable to detect it. Because of
this, signals of sufficienl energy to mask noise open band-
width to 80% of the maximum value in less than 1 ms. Re-
ducing the bandwidth to within 10% of its minimum value is
done in about 60 ms: long encugh to allow the ambience of
the music to pass through, but not so long as to allow the
noise floor to become audibie.

3. Reducing the audio bandwidth reduces the audibility of
noise. Audibility of noise is dependent on noise spectrum, or
how the noise energy is distributed with frequency. Depend-
ing on the tape and the recorder equalization, tape noise
spectrum may be slighlly rolled off with frequency on a per
oclave basis. The ear sensitivity on the other hand greatly
increases between 2 kHz and 10 kHz. Noise in this region is
extremely audible. The DNR system low pass filters this
noise. Low frequency music will not appreciably open the
DNR bandwidth, thus 2 kHz to 20 kHz noise is not heard.
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Blcck Diagram
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Application Hints

The DNR system should always be placed before tone and
volume controls as shown in Figure 1. This is because any
adjustment of these controls would alter the noise floor
seen by the DNR control path. The sensitivity resistors R1
and R2 may need to be switched with the input selector,
depending on the noise floors of ditferent sources, i.e., tape,
FM, phono. To determine the value of R1 and R2 in a tape
system for instance; apply tape noise (no program material)
and adjust the ratio of R1 and R2 to open slightly the band-
width of the main signal path. This can easily be done by
viewing the capacitor voltage of pin 10 with an oscilloscope,
or by using the circuit of Figure 5. This circuit gives an LED
display of the voltage on the peak detector capacitor. Adjust
the values of R1 and R2 (their sum is always 1 kf2) to light
the LEDs of pin 1 and pin 18. The LED bar graph does not
indicate signal level, but rather instantaneous bandwidth of
the two filters; it should not be used as a signal-level indica-

20 $0 100 200 560 b 2 54 18k 20k
FREQUENCY {H:}
TL/R/T916-9
FIGURE 4. — 3 dB Bandwidth vs
Freguuaniy and Control Signal

tor. For greater flexibility in setting the bandwidth sensitivity,
R1 and R2 could be replaced by a 1 kf} potentiometer.

To change the minimum and maximum value of bandwidth,
the integrating capacitors, C3 and C12, can be scaled up or
down. Since the bandwidth is inversely proportional to the
capacitance, changing this 0.0039 uF capacitor to
0.0033 puF will change the typical bandwidth from 965 Hz-
34 kHz to 1.1 kHz-40 kHz. With C3 and C12 set at 0.0033
pF, the maximum bandwidth is typically 34 kHz. A double
“pole double throw switch can be used to completely bypass
DNR.

The capacitor on pin 10 in conjunction with internal resistors
sets the attack and decay times. The attack time can be
altered by changing the size of C10. Decay times can be
decreased by paralleling a resistor with C10, and increased
by increasing the value of C10.
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Application Hints (continued)

When measuring the amount of noise reduction of the DNR signal-lo-noise measurement circuit is shown in Figure 6.
system, the frequency response of the cassette should be The DNR system should be switched from maximum bangd-
flat to 10 kHz. The CCIR weighting network has substantial width to nominal bandwidth with tape noise as & signal
gain to 8 kHz and any additional roll-off in the cassette play- source. The reduction in measured noise is the signal-to-
er will reduce the benefits of DNR noise reduction. A typical noise ratio improvement.
_Eq 4 4 < Wagy
0.1 pF %
- 1 1 16 15 " 13 2 qu 10
LM391S

I D I El o

FROMPIN 10
INLM1838 "
%
TL/H/781B-10
FIGURE 5. Bar Graph Display of Peak Detector Voltage
POWER
AMP
| W TONE AND
CASSETTE DNRTM VENUME
CCIR AVERAGE
WEIGHTING RESPONDING
FILTER METER

) TL/HIT918-11
FIGURE 6. Technique for Measuring S/N improvement of the DNR System
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Apphcatlon Hints (Continued)
FOR FURTHER READING Noise Masking
Tape Noise Levels 1. “Masking and Discrimination”, Bos and De Boer, JAES,
Volume 39, #4, 1966.

1. “A Wide Range Dynamic Noise Reduction System",
Blackmer, ‘dB" Magazine, August-September 1972, Volume
6. 78.

2. “Dolby B-Type Noise Reduction System”, Berkowitz and
Gundry, Sert Journal, May-June 1974, Volume 8.

3. "Cassette vs Elcaset vs Open Reel”, Toole, Audioscene
Canada, April 1978.

4. “CCIRFARM: A Practical Noise Measurement Method™,
Dolby, Robinson, Gundry, JAES, 1978.

Printed Circuit Layout

2. “The Masking of Pure Tones and Speech by White
Noise", Hawkins and Stevens, JAES, Volume 22, # 1, 1950.
3. “Sound System Engineering”, Davis Howard W. Sams
and Co.

4. "'High Quality Sound Reproduction”, Moir, Chapman Hall,
1960.

5. "Speech and Hearing in Communication”, Fletcher, Van
Nostrand, 1953.

DNR Component Diagram
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XL24C08

A

Preliminary Information

FEATURES

m fow Power CMOS
+_ Active current less than 3mA
+- Standby current less than 5 HA

| l:-iardware Write Protection
— Write Control pin

3
2.5t0 5.5V Operation
Extended Temperature Range: -40°C to +85°C

Internally Organized as 1,024 X 8

Two Wire Serial Interface (12C™)
—Bidirectional data transfer protocol

ESlxteen-Byte Page-erte Mode
. Minimizes total write time per byte

l ,Automatic Word Address Incrementing
— Sequential register read

Wi Self-Timed Write Cycle

lj High Reliability {
— Endurance: 100,000 write cycles pert byte 5
— Data retention: 10 years _

8-Pin PDIP or SOIC Packages

— B

OVERVIEW
The XL24008 isa cost effecuve

0 5.5 volts

rgamzed as 1,024 X 8. It
features the [2C™ serial interface and software protocot
allowing operation on a simple two-wire bus. Up to eight
X1.24C08s may be individually addressed on the two-
wire bus by establishing their device address using the
address input pins (SO, S1, and S2).

!

le DESCRIPTIONS

3

Serial Clock (SCL) - The SCL input is used to clock data
into and out of the device. Inthe WRITE mode, data must
remain stable while SCL is HIGH. in the READ mode,
data is clocked out on the falling edge of SCL.

8,192-Bit Serial Electrically Erasable PROM

2.5 to 5.5 Volt Operation
PIN CONFIGURATIONS

Plastic Dual-in-line

*P“ Package
so ~ 8] vee
SR 7 we
s2 [3 . [elsct
Vss [Z [5] soa

E1AJ Small Outtin
*F5.Package

3

:fi-] Vee
[7]we
6] scL
5] soa

3 PIN NAMES
S0, 51,82  Device Select Inputs
SDA  Serial Data /O
SCL  Serial Clock Input
WC  Write Control Input
Vs¢  Ground
Vee  Supply Voltage

Serial Data (SDA) - The SDA pin is a bidirectional pin
used to transfer data into and out of the device. Data may
change only when SCLis LOW, except START and STOP
conditions. It is an open-drain output and may be wire-
ORed with any number of open-drain or open-collector
outputs.

Device Select (S0, 1, and S2) - The device select input
pins are used to set the three-bit device address of the
XL.24C08 which will identify it on the two-wire bus. These
inputs may be tied HIGH, LOW, or they may be actively
driven. These inputs allow up to eight XL24C08 devices
to be distinguished on the bus. If only one XL24C08 is
connected to the two-wire bus, the S0, S1, and S2 inputs
must be tied or driven to LOW.

Write Control (WC) - The Write Control input pin is used
to disable the write circuitry to the memory. This inputmay
be tied HIGH, LOW, or leftunconnected. When HIGH, the
write function is disabled, protecting previously written
data; when LOW, or unconnected the write function is
enabled. -
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XL24C08

A _
Preliminary Information
~OCK DIAGRAM
High Voitage Gen.,
Vee E [ Timing and Control
soA [5]
ScL [E - Control
we (7] Logic g 2 64 x 128
§ x Memory
Lol Slave Address o ] Core
Register &
Comparator
s2 @ | Load | Inc. f 128 f
_ Word Address Y
31 E Dol r(.‘x:»un(er [_. Decoder
so (1]
L ACK Clock
vss (4] _E-l} DYo Data Register

'ENDURANCE AND DATA RETENTION
The X1.24C08 i$ designed for applications requiring up to

' 100,000 write cycles per bit and unlimited read cycles. {t

)

frovides 10 years of secure data retention, with or without
power dpplied, after the execution of 100,000 write cycles.

APPLICATIONS

The XL24C08 is ideal for applications requiring low volt-
age and lowfpower consumption. This device uses a cost
effective, space-saving, 8-pin plastic package. Typical
applications include alarm devices, electronic locks,
meters, keys, pagers and cellular phones.

CHARACTERISTICS OF THE 12C™ BUS

General Description

The 12C™ bus was designed for two-way, two-line serial
communication between differentintegrated circuits. The
two lines are: a serial data line (SDA), and a serial clock
line (SCL). The SDA line must be connected to a positive
supply by a pull-up resistor, located somewhere on the
bus (See Figure 1.) Data transfer between devices may
be initiated with a START condition only when SCL and
SDA are HIGH (bus is not busy).

Input Data Protocol

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stable during clock
HIGH time, because changes on the data line while SCL
is HIGH will be interpreted as start or stop condition (See
Figure 2.)

START and STOP Conditions

When both the data and clock lines are HIGH, the bus is
said to be notbusy. AHIGH-to-LOW transition on the data
line, while the clock is HIGH, is defined as the “START"
condition. A LOW-to-HIGH transition on the data line,
while the clock is HIGH, is defined as the “STOP” condi-
tion (See Figure 3.)

DEVICE OPERATION

The X124C08 is a 8,192-bit serial E2PROM. The device
supports the 12C™ bidirectional data transmission proto-
col. The protocol defines any device that sends data onto
the bus as a “transmitter” and any device which receives
dataas a “receiver”. The device controlling data transmis-
sion is called the “master” and the controlled device is
called the “slave.” In all cases, the XL 24C08 will be a
“slave” device, since it never initiates any data transfers.

Up to eight XL24C08s can be connected to the bus,
selected by the S0, ST, and S2 device addresses. SO, ST,
and S2 must be connected to either Ve, Vss or they may
be actively driven. S0, S1, S2 form part of the Device
ldentifier Code in the slave address byte (see Device
Addressing). If only one XL24C08 is connected to the
bus, S0, S1, and S2 must be tiéd or driven LOW. Other
devices may be connected to the bus, but need a different
Device identifier code.
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Preliminary Information
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FIGURE 3. START AND STOP CONDITIONS
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Preliminary Information

SCL from ! '
Start . ,
Data Output T’ ondition e ! !
from >< ' V :
Transmitter / ———. > < : , tAA‘
! —a! —y
Data Output _-_——— ! , :
from : \ ACKnowledge /
Receiver . !
. taa
‘ FIGURE 4. ACKNOWLEDGE RESPONSE FROM RECEIVER
Acknowledge (ACK)

Acknowledge is a software convention used to indicate
Successful data transfers. The transmitting device, either
the masteror the slave, will release the bus after transmit-
fing eight bits. During the ninth clock cycle, the receiver
will pull the SDA line LOW to ACKnowledge that it re-
ceived the eight bits of data {See Figure 4.)

The XL24C08 will respond with an ACKnowledge after
recognition of a START condition and its slave address
byte. If both the device and a write operation are selected,
the XL24C08 will respond with an ACKnowledge afterthe
teceipt of each subsequent 8-bit word.

In thé READ mode, the XL24C08 transmits eight bits of
data, then releases the SDA line, and monitors the line for
an ACKnowledge signal. if an ACKnowledge is detected,
and no STOP condition is generated by the master, the
XL24C08 willcontinue to transmitdata. If an ACKnowledge
is not detected, the XL24C08 will terminate further data
transmissions and awaits a STOP condition before re-
turning to the standby power mode.

Device Addressing

Following a START condition, the master must output the
device address of the slave to be accessed. The most
significant bit of the slave address is a one. The nextthree
bits are the device select-bits. A system could have up to
eight XL24C08 on the bus. The XL 24C08 device identifier
is 1010 for single device operation (with S0, 51 and S2

tied or driven LOW). When multiple devices are con-
nected to the bus, the identifieris 1 S2 S1 S0. The eight
addresses are defined by the states of S2, St1,S0 inputs.
S1 bit of the slave address is the inverse of the ST input
pin (see figure 5).

Word Address

The next three bits of the slave address (the most signifi-
cant bit being a *don't care”) are an extension of the
array's address and are concatenated with_the eight bits
of address in the word address field, providing direct
access to the 1,024 X 8 array.

Read/Write Bit

The last bit of the data stream defines the operation to be
performed. When setto “1," a read operation is selected:;
when set to “0," a write operation is selected.

HIGH ORDER
WORD ADDRESS

DEVICE
IDENTIFIER

1 82 S

1 | | | i 1 1
FIGURE 5. SLAVE ADDRESS BYTE

et die s
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WRITE OPERATIONS

. .
The XL24C08 allows two types of write operations: byte
write and page write. The byte write operation writes a
single byte during the nonvolatile write period (tyg). The
page write operation allows up to full 16-byte in the same
pa[ge to be written during twg.

Byte WRITE

Afterthe slave address is sent (to identify the slave device
and specify high order word address, a read or write
operation), a second byte is transmitted which contains
thé low 8 bit addresses of any one of the 1,024 words in
the array.

Upon receipt of the word address, the XL 24C08 responds
with an ACKnowledge. After receiving the next byte of
dajq. it again responds with an ACKnowledge. The
master then terminates the transfer by generating a
STOP condition, at which time the XL24C08 begins the
intbrnal write cycle.
b

While the internal write cycle is in progress, the
XL:24COB inputs are disabied, and the device will not
respond to any requests from the master. Refer to Figure
6 f})f the address, ACKnowledge and data transfer se-
quence.

Preliminary Information

Page WRITE

The XL24C08 is capable of a 16-byte page write opera-
tion. Itis initiated in the same manner as the byte-write
operation, but instead of terminating the write cycle after
the first data word, the master can transmit up to 15 more
words of data. After the receipt of each word, the
XL24C08 will respond with an ACKnowledge.

The X1.24C08 automatically increments the address for
subsequent data words. After the receipt of each word,
the four low order address bits are internally incremented
byone. The highorder five bits of the address byte remain
constant. Should the master transmit more than sixteen
words, prior to generating the STOP condition, the ad-
dress counter will “roll over,” and the previously written
data will be overwritten. As with the byte-write operation,
all inputs are disabled during the internal write cycle.
Refer to Figure 6 for the address, ACKnowledge and data
transter sequence.

|

Acknowledges Transmitted from
24C08 to Master Receiver

It single byte-write only,
Stop bit issued here.

Acknowledges Transmitted from
24C08 to Master Receiver
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A
Slave Address &X
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1fs2jstso 716 sltlalzh o ‘7Islshl:lzlu o &Y
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XL24C08

E
b
b cknowledge Polling

jWhen the XL24C08 is performing an internal WRITE
operation, itwill ignore any new START conditions. Since
the device will only retum an acknowledge after it accepts

.the START, the part can be continuously queried until an

,acknowledge isissued, indicating that the internal WRITE
cycle is complete.

"To poll the device, give ita START condition, followed by

a slave address for a WRITE operation (See Figure 7).
]

4

Intemal WRITE Cydle
In Progress;
Begin ACK Poiling

s
I Issue Start -

Issue Stave
Address and

RAW=Q
ACK
Retumed 7

Issus Stop

Issue Byte
1 Address ssue Stop
i !
3 Proceed with Await Next
WRITE Command

FIGURE 7. ACKNOWLEDGE POLLING

Preliminary Information
READ OPERATIONS

Read operations are initiated with the R/W bit of the
identification field setto “1.” There are four different read
options:

1. Current Address Byte Read

2. Random Address Byte Read

3. Current Address Sequential Read

4. Random Address Sequential Read
Current Address Byte Read
The XL24C08 contains an internal address counter which
maintains the address of the last word accessed,
incremented by one. If the last address accessed (either
a read or write) was to address location n, the next read
operation would access data from address location n+1
and increment the current address pointer. When the
XL24C08 receives the slave address field with the R/W bit
setto “17, it issues an acknowledge and transmits the 8-
bit word stored at address location n+1.

The current address byte read operation only accesses a
single byte of data. The master does not acknowledge the
transfer, but does generate a stop condition. At this point,
the XL24C08 discontinues data transmission. See Figure
8 for the address acknowledge and data transfer se-
quence.,

" —
i 1is{s{six|alalr
SDA Bus Actxvuty.\ 2fifo| | [ow[c [
| L
’ ojo|ofojp|o{D]|D
1%4510 1 7[5'5[4,3]2]1]0 1_
{ s 52,51,50=
¥ T Device CNp Addr. .?
f A ATypo . A1LA0 o
R ReacdWrite Lack of ACK (low) |p
¢ T 1= Read from Master
determines last
i Slave Address | data byte to be read
b Master sends Read Slave sends -
I tequest to Slave Data to Master
f Master Transmitter
fo
Slave Receiver
i FIGURE 8. CURRENT ADDRESS BYTE READ MODE
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XL24C08

R!mdom Address Byte Read

Random address read operations allow the master to
access any memory location in a random fashion. This
operation involves a two-step process. First, the master
issues a write command which includes the start condi-
tion and the slave address field (with the R/W bit set to
WtRITE) followed by the address of the word it is to read.
This procedure sets the intemal address counter of the
X%24COS to the desired address.

{
i

o

Preliminary Information

After the word address acknowledge is received by the
master, the master immediately reissues a start condition
followed by another slave address field with the R/W bit
setto READ. The XL24C08 will respond with an acknowl-
edge and then transmit the 8-data bits stored at the
addressed location. At this point, the master.does not
acknowledge the transmission but does generate the stop
condition. The XL24C08 discontinues data transmission
and reverts to its standby power mode. See Figure 9 for
the address, acknowledge and data transfer sequence.

Ty rTTTTUrY

Word Address

L1 g 1 t 1 1

[

SDA Bus
Activity

-

il

LA

—

Slave Address

IE3 0 BARRER 1hdsisd  [1ERTREERIRRTS
S s251.50= 52.51.50= s
] 1| r. If
| Z Cvne [ALAO vae [ALA0 ;;
n Rl 29972 [ Aeaawite Address | Resswine B Lack of ACK (low) |p
T 0w Wrte 1= Read B from Master

determmunes last

Slave Address data byte to be read |

Master senas Read
fequest to Slave

Aadress to Slave

Master Writes Word B4

Stave sends
Data to Master

Master Requests
Data from Slave

Master Transmitter
to
Slave Receiver

gt

E Master Transmitter
3 to
. Slave Recsiver

FIGURE 9. RANDOM ADDRESS BYTE READ MODE

Master Transmitter
to
Slave Receiver
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‘Sequential READ

Sequential READs can be initiated as either a current
address READ or random access READ. The first word
is transmitted as with the other byte read modes (current
address byte READ or random address byte READ);
however, the master now responds withan ACKnowledge,
indicating that it requires additional data from the XL24Cos8.
The XL24CO08 continues to output data for each
ACKnowledge received. The master terminates the se-
quential READ operation by not responding with an
ACKnowledge, and issues a STOP conditions.

XL24C08
h

Preliminary Information

Ouring a sequential read operation, the intemal address
counter is automatically incremented with each acknowl-
edge signal For read operations, all address bits are
incremented, allowing the entire array to be read using a
single read command. When the counter reaches the top
of the array, it will “roll over” to the bottom of the array and
continue to transmit data for each acknowledge bit it

receives. See Figure 10 for the address, acknowledge
and data transfer sequence.

e ¥ o g

U ke

Acknowledges from 24C08

Lack of

Acknowledge from Acknowledge from

Master Receiver

_ Master Receiver
;?A’ PP RITTIT7 I ’g
iDA.B”SM 2| 1fo[|fe it Word Adress eI\ s sfxa
Cthl_Lty 1& S 0 I A O B ””_
: ool ofofofof o]0 ojojojo]oj o oj o
1jsas1s 1#*{3;@ 76“1"[3)’2'?’0 7]6’5'4’3‘2]?}0]1
% 1
S bis
T| Device Device l T
Al Type Type ! fo
R [Address Addrnes p
Lack of ACK (low)
determines last
Slave Address Slave Address data byte to be read
Master sends Read ( Master Writes Word}S: Master Requests Slave sends Slave senas
request to Slave Address to Slave Data from Slave Data to Master Data to Master
_ Master Transmitter Master Transmitter 2V TTAramittor
to to b
Slave Receiver Slave Recsiver aster: Receivar

Master Transmitter
to
Slave Receiver
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EXEL XL24C08

Preliminary Information

{
ABSOLUTE MAXIMUM RATINGS

TeMPErature UNGEr BIas: ..........cocomrrrerveeseenereeeesesoeceeeaeaessesesessesessssssssssessessessssoseessessseeoeee s oo -40°C to +85°C
Storage Temperature ..........oooeeveeevevninn esseesenene e teeaa it r et e s s et setestase s asassaressetasesasessananasesans -65°C to +125°C
Soldering Temperature (less than 10 SECONAS) ..ovvnreeticacuisninrees e ene e st esssestemeassesssnseesssss s s s enessen. 300°C
Supply Voltage ........................ et a et e e et a et e e n e et e R b e s e e bt o et ee e eanaeenseensses 0to 6.5V

OMtRGE ON ANY Pl .......ooeoeeeteenrieiee oo oo eeeeeeee s e eeses e -0.3V to V¢c+0.3V
ESD VOIage (JEDEC MEINOG) .....orreeee oo oo e 2,000V

NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. Stresses
beyond those listed here may pemmanently damage the part. Prolonged exposure to maximum ratings may affect device reliability.
'

OC ELECTRICAL CHARACTERISTICS
TA = -40°C to +85°C, Vce =2.5V 10 5.5V

i Symbol Parameter Canditions Min Max Units
[ SCL = CMOS Levels @ 100KHz Read 2 mA
I&e Supply Current (CMOS) SDA = Open; Vec = 5V

: Al other inputs = GND or Ve Write 3 mA

I8 Standby Current (CMOS) | SCL = SDA = Ve 5 HA
All other inputs = GND or Ve

Iy input Leakage Vin=0ToVee 10 HA
o Output Leakage Vour =0 To Vee 10 A
Vie Input Low Voltage $9, 51, 52, SCL, SDA 0.3Vee | V
Vin Input High Voltage S0. 51, S2, SCL, SDA 0.7xVce v
Vou Output Low Voltage log = 3ImA 0.4 Y

|
AC ELECTRICAL CHARACTERISTICS
TA = -40°C to +85°C, Vce = 2.5V to 5.5V

{ Symboi Parameter Condttions Min Max Units
‘fscL SCL Clock Frequency _ 0 100 KHz
! ttow Clock Low Period 4.7 us
tHiGH Clock High Period 4.0 us
taur Bus Free Time Before New Transmission 4.7 Hs
) tsu:sTa Start Condition Setup Time 47 us
ftHo:sTA Start Condition Hold Time 4.0 us
"tsuisTo Stop Condition Setup Time 4.7 Hs
‘aa Clock to Output SCL Low to SDA Data Out Valid 0.3 3s us
toH Data Out Hold Time SCL Low to SDA Data Out Change 0.3 . us
tR SCL and SDA Rise Time 1000 ns
IF SCL and SDA Fall Time 300 ns
tsu:0AT Data In Setup Time 250 ns
tHo.oaT Data In Hold Time 0 ns
:r' Noise Spike Width Notse Supression Time Constant @ SCL, SDA Inputs 100 ns
fwa Write Cycle Time 10 ms
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XL24C08
Preliminary Information
CAPACITANCE
TA = 25°C, f = 100KHz
Symbol Parameter Max Units
Cin Input Capacitance 5 pF
Cour Output Capacitance 8 pF
IR, 15 , tHiGH . trow |  tsu:sTo,
- . > - :<—>}<‘>: -~
Htsu:sTA, f v : .
< tHD:DAT re>-aditsy:paT >
:tHD:STA' AR 7 b y teur !
1 " : t — [} 1
SDAIn e A | WL 2 AN
e - -
taa toH !

SDA Out

RRRXXXXXKKXNKXX

FIGURE 11. BUS TIMING
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plexer circuits dissipate extremely low quiescent

- differential outputs.

_the input(s).

RSN
. . . . BTN

sotansts, scLarszs [a] CMOS ANALOG MULTIPLEXER_S_ ;

SCL4053B

FEATURES ) _
¢ Wide Range of Digital and Analog Signal Levels: CONNECTION DIAGRAMS

Digital-3 to 15V, Analog-to 15V, {all packages)
4 Low ON-Resistance: 802 (typrover entire
15V, 5 Signal-Input Range for Vpp- VEE =15V
p-p
4 High OFF-Resistance: Input Leakage ¥ 10pA . Voo 12 } (l) :lz ? lB
{typ) @ Vpp-VEE =10V l -
4 Logic-Level Conversion for Digital Addressing 16 15 14 13 12 11 10
Signals of 3 to. 15V (Vpp-Vgg= 3V to 15V) to SCLa0518
Switch Analog Signals to 15Vp., (Vpp-Vee Il l2 iri ? ? ‘[5 17
= 15V) 4 6 COMM:7 5 INHVge Vgg

¢ Matched Switch Characteristics: ARgn = 5§12
(typ.) for Vpp-Vgg = 18V

4 Very Low Quiescent Power Dissipation under com

- . o . Vpp 2X 1X X O0X 3X A '8
all Digital Control Input and Supply Conditions: i 1 1 | I |
o oW tve. @ VDDVss = Voo VEE = 10V “Te 15 14 13 1z 11 10 8 p
inary ress D'ecodmg on Qhup . . SOLAOS28 A
E 1 2 3 4 s 6 7 8
DESCRIPTION i T T T T T T -1 1 :

The SCL40518, SCL40528, and SCL40538 are OXLiZ QAN IV |” NH VEE Vss!

Digitally-Controlied Analog Switches having low 0

(C:)N~xmpedance and very low OFF leakage current. Voo 8 A A1 A0 A B C
ontrol of analog signals up to 15V, ., can be 1 1 | i 1 { i {

achieved by digital signal amplitudes of 3 to 15V, 16 15 14 13 12 11 10 9
For example, if Vpp = +5V, Vgg = 0V, and Vgg SCL40538

= -5V, analog signals from -5V to +5V can be

controlled by digital inputs of 0 to 5V. The multi- 14/IRXT 4~ PJ 6 7

8
5% com £ 1k vie ve
B1 B CcC1 C 0O INH v

power over the full Vpp - Vgs and Vpp - Vgg c EE VsS
supply-voltage ranges, independent of the logic

state of the control signals. When a logic “17 is

present at the Inhibit input termina!l ali channels Add suffix for package: . )

are OFF. C 16-pin Cerdip
SCL4051B is a Single 8-Channel Multiplexer D 16-pin Ceramic

having three binary Control inputs, A, 8, and C: E  16-pin Epoxy

and an Inhibit input. The three binary signals select F  16-pin Flat _

1 of 8 channels to be turned ON and connect the H Chip

input to the output. T -

SCL40528B is a Differential 4-Channel Muln-
plexer having two binary Control inputs, A and B,

and an Inhibit input. The two binary input signals RECOMMENDED OPERATING CONDITIONS

_select 1 of 4 pairs of channels to be turned on and For maximum reliability:

connect the differential analog inputs to the DC Supply Voltage  Vpp - Vss 3t615 Vde

1 Vpp -V 3t015 Vdc
SCL4053B is a Triple 4-Channel Multiplexer 00 - VEE '

having three separate digital Control inputs, A, B, Operating Temperature TA

and C and an Inhibit input..Each control input C. D, F' H |E)evuce 55 to +125 g{“
selects one of a pair of channels which are connect- E-Device - - 40 t_° +85 ©C
. ed in a single-pole double-throw configuration.” - _ ) _ - _
When the devices are used as demultiplexers,” .NOTE:There ar¢’ no restrictions on the relative
the "CHANNEL IN/OUT" terminals are the outputs ” magnitudes of-Vgg and Vgg, providing
and the "COMMON OUT/IN" terminal(s) is {are) - Absolute Maximum Ratings are observed.
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_ .SCL40518, SCL4052B, SCL40538 _ U A o
Ct . . LOGIC DIAGRAMS .- .. .
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SCL4051B ' scL40528 -
.Single 8-Channel Multiplexer Differential 4-Channel Multiplexer
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'-—ﬂ:) COmesgn § T 19

? j a (D~ ——([?) cOmmon s vt 0

I

|- . SCL40538B Y -
‘ . . Triple 2-Channe! Multiplexer

E TRUTH TABLE

INPUT STATES “ON'" CHANNELS
3 . R
' o INHIBIT C 8 A =~ 4051 4052 4053
1 R (o] 0 0 0 0 Ox, Oy | cx,’bx, ax
' 4 0 (¢} 0. 1 1 Ix, 1y cX, bx, ay
(o] 0 1 0 2 2%, 2y cx, by, ax
l ! o] 0 1 L 3 3x, 3y |-cx, by, ay-
o 1 [0} (o] 4q cy, bx, ax
s -- o - 1 0 1 5 cy, bx, ay -
o 1 1 (o] 6 cy, by, ax
o 1 1 1 7 cy, by, ay
\ 1 * * * - | NONE | NONE '| NONE .
' N * = Don't care - - cooakb
P -
1 2 . i -
] - -
} - - - - \
- . _ = - = ) -
p - - - - - - = - -‘_" _ - N - -
o - - e - -



i

Rl

gy * o ——

ELECTRICAL CHARACTERISTICS

STATIC CHARACTER!STICS '3

. - Vss | Voo |V Meow’ - +25°C
PARAMETER CONDITIONS (vi) (V) (vgi) Wi | Mo [MinT Tve. | Max.
QUIESCENT loo [Vin=VssofrVpol 0 | +5 |0 - 5 | — | 0.0s 5
DEVICE CURRENT Al valid input o l+10 |o — 10 - 0.1 10
N lcombinations '
+5 |-5
0 15 [0 - 20 | -]02 ] 2
.4751-75
MINIMUM INPUT | Viy Miu=Vee 0 5 {0 - 35| — | 2751 35| = 3.5 |Vdc
HIGH VOLTAGE Vo+=Voo o |10 |0 - 70| - | 55 70| - 7.0
(Control and Inhibit lo, =10uA 0 15 0 - 11.0] - 826 11.0; - 11.0
Inputs)
MAXIMUM INPUT | Vy Mu=Vee o | s o |15] - |15 228] - {18 |- — {vdec
LOW VOLTAGE NVos=Voo 0 (10-]0 |30 — {30 ] 45 - 30| -
{Control and Inhibit o= 10A o 15" ]0 4.0 - |40 | 6751 - |40 -
lnputs)
SWITCH INPUT/ ,
OUTPUT LEAKAGE ]
Any channel OFF | bFFMin=Vss orVoo | 0. | #7.5 7251 = 12100 | - | +0.01{*100 — | 2500{nAdc
V.= 7.5Vdc :
All channels OFF | lofefinh =7.5Vdc 0 | t75]-75
V, =7.5Vdc
SCL40518 — 12400 | ~ |2008|+400 | — |+1000{nAdc
SCL40528 — {#200 | — {%0.04[#200 | — |+1000
SCL40538 — {+100 | ~ [#0.02]t100 | — [#1000
ON-RESISTANCE =
C, D, F, H device Rond Vin=Ves Of Vpp ! -7.5 | +7.5 |-7.5
Vee<Vo<Vpop | 0 [+15 {0 — | 220 | — | 125 280 | - 400{
R, =10kQ -5 | +5 -5 - | 30| - | 180 400 | — 580 Q ‘
0o |+10 o i
25| +25/-25| - 2000 | — | 470 |2500 — | 3500} 2 |
0 |+ |0 i
E device Rom Vi =Vss or Vool 2.5 | #7575 | — | 230 | - | 125 280 | - | 360| @
) Vee SVa<Vppo 1 0 |#15 | 0 |
Ry =10k§2 -5 | 45 |5 — 1330 | — | 180 400 | - 5200 Q@ !
i 0 {+10]0 : )
25| +25(-25] - |2100 | - | 470 {2500 | — | 3200 @
0 +5 |0 : ) N
ON-RESISTANCE ARonNin=Vss of Voo | 7.5 | +7.6(-75 | - - 5| - - -l
MATCH , Mee<Voe<Vpo | 0 _|+15 | 0
(Same Package) R =10kQ 5 Jswols | -] = | =| ] -|-] -1
0 |+10 |0 ]
-25| +25{-25] - - - s0| -~ - -0
0 45 | 0 - )

NOTES ! Remaining" S(atnc Electncal Charactensncs are listed under "SCL4000B Series Family Specifications”

-65°C for C, D, F, H device.
- .=-40° C for E devuce

Trig = +125°C for C, D, F, H device ™

Teow =

=+ 85°C for E dewce

3
These devices have been designed for balanced output drive current spec.hcatuons Consult Family Spec‘flcanons.



¢ SCL4051B, SCLA40528, SCL40538 PRSP R o
A . i few 5 ChD
o " . ' ELECTRICAL CHARACTERISTICS (Continued) T L e SR,
* . o IR AN
. " b - =
o DYNAMIC CHARACTERISTICS (C, =50pF, Ta =25°C) R
v, vV, vV, o o : o . - R "
PARAMETER CONDITIONS 55 Do EE Min, Typ. Max, Units | .
_ . (vl | tvde) | vac) e : R
EOH SIGNAL INPUTS (V,) AND OUTPUTS (V,,} ' T ' R G
o PROPAGATION DELAY e, 1o 1. L
- R TIME " - tene s
Signal Input to Signal Inh = Vg V] 5 [] - 30 60 ns i
Output Vin=VssorVoni 0 10 0 - 15 30 < -
Vo= Square Wavel 0 15 0 - 125 5 ) .
i R, = 10k < .
'BANDWIDTH (-3dB]  [BW |Inh =Ves R, ] ) '
{Sine Wave} Vin= Vgsi 1Y 0 45 -5 - 54 - MHz | =~ - R
or Vpo 10k Y - 40 - - ‘e -
VesSV,_ NOOkQ| . . - 38 - . {
centered | 1IMQ - 37 - - K
e 0.0Vdc . -
INSERTION LOSS '
- Yoo Inh=Ves R,
(< 20109’y ) VinVes |1kl © s | - 23 - a8 )
of Voo | 10kS . o 0.2 - -z
V=5V, , 00k - 0.1 - AR
- centered | IMQ) . - 0.05 - ok -
€ 0.0Vdc - -
SIGNAL DISTORTION Inh=Veg , o
{Sine Wave) Vin=Vss 0¢ Voo ! -75 475 | -15 - 0.1 - % L.
Vi 5V, -5 +5 -5 - 0.2 - N
" |centered -25 425 | -25 - 10 -~ oL
@ 0.0Vdc e :
fo = 1.0kHz .
Ry = 10kQ2 L
FEEDTHROUGH Inh * Vg5 Ry
(-40a8) VineVss [0l 0 s 1s o - 1250 - KHz
or Voo | 10kQ - 140 =
V=5V, [100k0)] . 18 -
- centered 1M e 2 i
€0.0Vdc
CROSSTALK (~40d8)
Betwren two switches Inh = Vg 0 +5 -5 - 1.0 [ & MHz
Vin= Vss or Voo
Vo= 5V,
centered
| ©0.0vVdc
R, = 1.0k
CAPACITANCE _ Inh = Voo : -
s fnpet IC. 0 +5 -5 - 5 - pF
F&L‘_Oﬁi - 30 4
‘ ' Common Cou scL40s28 | o % 15 - 18 - oF
.! SCL40538 - 10 - 1=
. I - | Feedthrough Cios 0 S -5 - 02 - of N
_ | CONTROL INPUTS B .- -
.| PROPAGATION DELAY i ’
., TIME! LH)Inh = Vg 9 +15 |-715 - 160 320 ns
tere | Vee VYoo 0 +15 0- s 120 240
& Turn on R = 10kf) (1] +5 =5 - 225 450
0 +10 0 - 160 320 -
| - -25 | 425 |-25 - |40 800
. 0 +5 0 - 360 720
(] iNHiIBIT INPUT : . . R .. - . , .
J R PROPAGATION DELAYRp 4y [Vin =Vss of Voo| o +75 §-15 - 160 3% ns
f Time _ e [Ve ® Voo 0_J+15 10 - 120 240
t . Ry = 10k 1} +5 -5 - 200 40 - _
. - Tum on D 0 _‘]1+10 0 L~ 160 320 . R
’ - - - =25 | +25 125 § - 400 800 _. : -
i S-S A _ - 0 +5 0o - - 360 720 - : -
; -— INHIBIT RECOVERY  ltu |Vin"VesorVoo| 0 + | 475 [ .78 - 150 0 | ns
; TIME : ) vEE<V-_<v°o_ 0 +15 0 - 80 160 .
{8y = 10k 0 + |5 - 200 400 _
- -
. _ [} +10 0 - 105 20" f
-~ - . ) -25 +25 |25 - 300 600 o *
S J 0 +5 o - 225 450
¢ Notes: ' Channel Overtap time — interval following change of control input during which two channels may be ON simultaneousty.
P _ - Yinterval {ollowing removal of Inhibit during which channel information is invalid. 24

[ale}
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SCL4051B, SCL40528B, SCL4053R :
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/ c co'-;na.
. c
[ i.:az—nn Yos _‘" 4 - . 0—>0< 4
2 0r 4 switenes J—“‘l,}/ frou peeoocn
ot ' S o2 PRREERL Y B - : D : - -

2 [ suprLy TAGE vpg* S : LOKD
i 339 ameicnT TEMPERATURE SuppLY VoL 0o 3V R, )+ 003,100 :
R $ . Vgg OV  Vggr-SvV - ¢
} 3 Tare2sec . ” iKi 4
e & 3o00f; 5 Javeent Tewrenarune Ty 23c
[ H 8 T - ;
- : )
i S 230 -
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National

Semiconductor
MM54C164/MM74C164 8-Bit Parallel-Out Senal Shlft

Register

general description

The MM540164/MM74C3£3&{ shift registers are a ® High noise immunity 0.45 Ve typ
monolithic  complementary MOS  (CMOS)
integrated circuit constructed with N- and u Low power " 50 nW typ
P-channel enhancement transistors. These 8-bit
shift registers have gated serial inputs and clear. = Medium speed operation 8.0 MHz typ
Each regmer bit is a D-type master/slave flip flop. with 10V supply
A high-levet' input enables the other input which
will then deterrnine the state of the flip flop. app}icatio'ns
Data is serially shifted in and out of the 8-bit = Data terminals
register during the positive going transition of Y
clock pulse. Clear is independent of the clock and & Instrumentation
accomplished by a low level at the clear input. & Medical electronics
Allinputs are protected against electrostatic effects.
= Alarm systems
features i B Industrial electronics
& Supply voltage range . : 3V to 15V V45 WA v
# Tenth power TTL compatible drive 2 LPTTL
. loads = Computers
|
block diagram l
!
Lot s -9- 7 £) < O P 1
& 1 |
[T O L & ot { TO [{ S a [ a  a
"n“tmiiaiisi i oaledi iledi  aleds &
CLEAR LA CLEAR CLEAR Clian CLlaR cafan fLtan
-0 e al d T 1

(uno—“_Dc L

.. [ .«
connection diagram
bt 3 L 1, @ Y Cilan e
" 2 o “ - . - |l -
l‘ ? L . 1) £ 1
. . KO [ [N ()
-—wvs Lodiad:)

truth table

B Serial Inputs A and B

INPUTS * OUTPUT
- Tt e
A 8 Q,
1 B ]
] 1 [}
1 0 0
0 0 0

o




| absolute maximum ratings

.

-Voitage at Any Pin (Note 1) -0.3Vito Vo + 0.3V Maximum V¢ Voltage . 18v
Operating Temperature MM54C164 ~55°C to +125°C Package Dissipation 500 mW

' MM74C164 —40°C to0 +85°C Operating Ve Range +3V 0 +15V
Storsge Temperature -65°C 1o +150°C Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

Min/max liemits apply across lempe;atura range unless otherwise specified.

X T R e g

e

TENY S e o

e

Maximum Clock Rise and Fall Time

PARAMETER CONDITIONS [ wn | 1w ] MAX |, UNITS

CMOS TO CMOS

N Vec=5.0V 35 v
Logical 1" Input Voltage V1) Ve = 10.0V 8 v

s Vec = 5.0V o 1.5 v
Logical '0J Input Voltage V00 Ve = 100V ' 2 v

T ' - Vec = 5.0V, 1o=-10pA 45" v
Logical “1” Output Voltage Vo1 Vee = 10.0V, g = ~10pA 9.0 v

3

et . Vee=5.0V, 1= -10pA 0.5 v
Logical *0” Output Voltage Vouyrio Vee = 10.0V, 1y = ~104A 1 v
Logical #1” Input Carrent Ly Vee = 150V, Vyy = 15V 0.005] 1 HA

t
Logical 20" Input Cyrrent Lintoy Vee " 180V, V=0V -1 -0.005 A
Supely Curbent lec Ve 15.0V , 005 | 300 | pA
Input Capacitance Any lnput 3 pF
Propagation Delay Time to a Logical 0~ or Vec = 5.0V, C_=50pF, T, =25°C i 230 | 310 ™
o Logical ~1" from Clock to Q Vee = 10.0V,C = 50pF, T, = 25°C 90 120 ns
Propagation Delay Time to » Logical “0" from Vee=5.0V, Cu=50pF, T, =25°C 280 | 380 ns
Cleart0Q | Vec = 10.0V,C = 50pF, T, = 28°C 200 110 150 ns
80

Time Prior to Clock Pulse that Data Must be Vee =50V, C_=50pF, T, = 25°C 110 ne
Present tseyup Vee = 10.0V,C = 50pF, T, = 28°C 30 n
Time After Clock Pulsa that Data Must be Vec =50V, C_ =80pF, T, =25°C 0 0 s
Heid i Vee = 10.0V,C = 50pF, T, = 25°C 0 0 ns

. Vee=5.0V, C =50pF, To=25C | 2 3 MH:
M . vee L o la -
Muximam Clock Frighgoet Vee = 10.0V,C = 80pF, T, » 25°C | 8.5 8 MHz

. e Vee = 5.0V, C =50pF,T, =25°C 9 150 | 250 |~

Minimuim Clesr Pulse Width Vee = 10.0V,Cy = 50pF, T, = 25°C 55 90

nt
ns
Vec = 5.0V, C_=50pF, T, =25°C 15 "
Vee = 10.0V,C = S0pF, T, » 25°C s

CMOS TO TENTH POWER INTERFACE

Logical “17 Input Voltage Vi,
Logical 0™ Input Voltage Vpy(q)
Logical *1” Output Voltage Vouﬂ-u

Logical “0™ Output Voltage Vo v

54C: Voo =45V Vee- 15 v-

74C: Vo =475V

BAC: Ve =45V 1 o
74C: Vo= 475V . °,',a_ v
54C: Ve =45V, 1o = -360uA 24 v

74C: Ve = 475V, I = -360pA

$4C: Voo =45V, 1o = 360pA . o4 | v
74C: Vo= 475V, Ig = I60pA ) -

OUTPUT DRIVE (See 54C/74C Family Characteristics Deta_Sheet)

Output Source Current (lsounce! R

Output Sour_ce _(zutr;n'l (Isounce)

Output Sink Current (Ig,q)

Output Sank Current (1g,pix) )

Vee " 5.0V, Vi = OV
Ta=26°C, Vgur=0V
Vee " 10V, Vigo =0V
Ta=25°C, Vour=0V..
Vee = 5.0V, Vi = 5.0V A .

L R mA
Ta®25°C, Vour=Vee 1.7

Vee = 10V, Vi = 10V g : .
Ta=25°C. Vour* Vee Ao : LR

Nots 1: Thete devices should not be connected under power on conditions.
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80C51-L/ 80C31-L

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

¢ 80C51-L- CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmabie ROM
¢ 80C31-L- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and 1/0

¢ 80C51-L/C31-L: 0TO 6 MHz,VCC=2.7VTO 6V

DESCRIPTION

FEATURES
* POWER CONTROL MODES * BOOLEAN PROCESSOR
#1128 x 8 BIT RAM ¢ 5 INTERRUPT SOURCES
¢ 32 PROGRAMMABLE I/0 LINES * PROGRAMMABLE SERIAL PORT
¢ TWO 16-BIT TIMER/COUNTERS * 64K DATA MEMORY SPACE
"¢ 64K PROGRAM MEMORY SPACE » TEMPERATURE RANGE: 0 TO 70°C
* FULLY STATIC DESIGN
¢ HIGH PERFORMANCE SAJI VI CMOS
PROCESS

PCon | SCOn | MO0 | 'CON
12CON | 14O "o ™
X "2 N2 ACAPIN

ACAPn | sene [ -
INTERRPT SERAL

oC
INCREMENTER
PORT AND THeER
BOORS PRAOGRAM

'YL

POy

Figure 1. Block Diagram

D377/01/8774 -1

MHS's 80C51 and 80C31 are high
performance  CMOS versions of
the 8051/8031 NMOS singie chip
8bit s Cand is manufactured usinga
self-aligned silicon gate CMOS
process (SAJIVI).

The fully static design of the MHS
80C51/80C31 allows to reduce
system power consumption by
bringing the clock frequency down
to any value, even DC, without loss
of data.

The 80C51 retains all the features
of the 8051: 4K bytes of ROM;
128 bytes of RAM; 32 /O lines; two
16 bit timers; a 5-source 2-level
interrupt structure; a full duplex serial
port; and on-chip oscillator and
clock circuits.

In addition, the 80C51 has two
software-selectable modes of
reduced activity for further reduction
in power consumption. In the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the interrupt system continue to
function. In the Power Down Mode
the RAM is saved and all other
functions are inoperative.

The 80C31 s identical to the 80C51
except that it has no on-chip ROM.

na NHS
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80C51-L/80C31-L

Figure 2. Configurations .
CORNER
P1.0 1_‘U‘TO‘3 vCC !
P11 E 2 39 1 POO
P12 43 38 h PO.1
P13 J4 375 P02 P15
P14 45 36 1 P03 p16
P15 6 35 [y PO.4
P16 47 34 1 P05 P
P17 48 ® 33 7 PO.6 AST
RST49 § 32pPo7
P3O/RXD 10 £ 31 QEA F0
PRAMXD J11 & 30RALE_ N
P32/NTO 412 § 29 p PSEN
P3.3/INT1 13 28 K P2.7 P31
P3.4/T0 | 14 27 b P26 ¥l
P3.5/T1 4 15, 26 g P25
P36/WR d 16 25 by P2.4 .
P3.7/RD 17 24 K P2.3 Pas
XTAL2 . 18 23 H P22
XTAL1 19 22 h P21 =3
i Vss d 20 21 | P20
w ?
Pin
Didgrams are for pin reference only.
Package sizes are not to scale.

e=1 o=

18 19 120

P36
Pa7
XTAL2

LER]

XTALY
Vs

R 7H

.
1 %ed Scd Bad o4 b

Peq e P Fe3 Fro3 P

e~y r*n
D2y 220 p20) l2a) 128 261 27! 128,

43, 42 4 40

IDLE AND POWER DOWN
OPERATION

Figure 3 shows the internal Idle and Power Down clock
configuration. As illustrated, Power Down operation

stops the oscillator. Idle mode operation allows

the

interrupt, Serial port, and timer blocks to continue to

function while the clock to the CPU is gated off.
These special modes are activated by software via

the

Special Function Register, Its hardware address is 87H.

PCON is not bit addressable.

T

XTAL2 XTAL1
0SsC
INTERRUPT.
o SERIAL PORT.
: TIMER BLOCKS

O cry

50
ol

Figure 3. Idle and Power Down Hardware

PCON: Power Control Register

(MSB) (LSB)
Mool - | - | - [GFi[GFo| PD | iDL
Symbol Position Name and Function
SMOD  PCON.7 Double Baud rate bit. When set
to a 1.the baud rate is doubled
when the serial port is being
used in either modes 1,2 or 3.
= PCON.6 (Reserved)

- PCON.5 (Reserved)

- PCON.4 (Reserved)

GF1 PCON.3 General-purpose flag bit.

GFO PCON.2 General-purpose flag bit.

PD PCON.1 Power Down bit. Setting this
bit activates power down
operation.

IDL PCON.0 Ide mode bit.Setting this bit

activates idle mode operation.

If 1's are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
(OXXX0000).
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Tabie 1. Status of the external pins during Idle and Power Down modes

80C51-L/80C31-L

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle Internal 1 1 Port Data Port Data Port Data Port Data
Idle External 1 1 Floating Port Data Address Port Data

Power Internal 0 0 PotData | PortData | PortData | PortData

Down

Power External 0 0 Floating | PortData | PortData | PortData

Down

IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.Q is the last instruction
executed before the ldle mode is activated. Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM,and all otherregisters
maintain their data during Idle. Table 1 describes the
status of the external pins during Idle mode.

There are two ways to terminate the Idle mode.

¥ Activation of any enabled interrupt will cause PCON.O

7 to be cleared by.hardware, terminating.idle mode.

« The interrupt.is serviced, and following RETI, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.O.

The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.O can also set or clear

,'one or both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine
the status of the flag bits.

The second way of términating the Idle mode is with a
hardware reset. Since the oscillator is still running, the
"hardware reset needs to be active for only 2 machine
cyclés (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1is the last executed
priorto entering power down.Once in powerdown, the
oscillator is stopped.The contents of the onchip RAM
and the Special Function Register is saved during
power down mode. A hardware reset is the only way of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Table 1).

tin the Power Down mode. VCC may be lowered to
.minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
spower down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator. Reset should not be released until
the oscillator has restarted and stabilized. ‘

Table 1describes the status ofthe external pinswhilein
the power down mode. It should be noted that if the
‘power down mode is activated while in external
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2.l the

! datais a 1,the port pin is held high during the power

= o

down mode by the strong pullup, T1.shown in Figure 4.

Due to static design,the MHS 80C31/C51clock speed:
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step)
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the power consumption is thel
same as in the Power Down Mode.

80C511/0 PORTS

The I/O port drive of the 80C51 is similar to the 8051
The /O buffers for Ports 1,2,and 3 are implemented as|
shown in figure 4.

When the port latch contains a 0, all pFETS in figure 4
are off while the nFETis turned on.When the port latch
miakes a 0-to-1transition, the nFET turns off. The strong
pullup pFET, T1, turns on for two oscillator periods
pulling the output high very rapidly. A$ the output line is!
drawn high, pFET T3 turns on through the inverter to
supply the IOQH source current. This inverter and T3
form a latch which holds the 1and is supported by T2
When Port 2 is used as an address port, foraccess to
external program of data memory, any address bit;
that contains a 1 will have his strong pullup turned en
for the entire duration of the external memory access

When an I/O pin on Ports 1,2, or 3 is used as aninpu
the user should be awaré that the external circuit musH
sink current during the logical 1-t0-0 transition
The maximum sink current is specified as ITL unde!
the D.C.Specifications. When the input goes belo
approximately 2V, T3 turns offto save ICC current.Note
when returning to a logical 1, T2 is the only interna
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input line high

-

.7 208C PERIOOS

o -

LATCH

READ
PORT PN -

Fig. 4.1/0 Butfers in the 80C51 (Ports 1, 2,3)
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80C51 PIN DESCRIPTIONS

vVss
Circuit ground potential

vce
Supply voltage during normal, Idle, and Power Down
operation. )

Port O

Port O is an 8-bit open drain bi-directional I/O port.
Port O pins that have 1's written to th.em float, andin 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 Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1's. Port 0 also outputs the.
code bytes during program venfication in the 80C51.
External pullups are required during program
verification. Port O can sink-eight LS TTL inputs.

I

Port 1

Port 1is an 8-bit bi-directional /O port with internal
pullups. Port 1 pinsthat.have 1's written to them are
pulied high by the internal pullups.andinthal state can
be used as inputs. As inputs, Port 1 pins that are
externally being- pulled fow will source current (liL,
on the data sheet) because of the internal pullups.

Port 1alsoreceives the low-orderaddress bytesduring
program verification. In the 80C51, Port 1 can sink/
source three LS TTL inputs. It can drive CMOS inputs
without external pullups

Port 2

Port 2 is an 8-bit bi-directional YO port with interral
pullups. Port 2 pins that have 1's written to.them are
pulled high bythe internal pullups,andinthat state can
be"used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (IIL, on
the data sheet) because of the internal pullups. 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. During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register.

It also receives the high-order address bits and control

signals during progam verification in the 80C51.

Port 2 can sink/source three LS TTL inputs. It can drive
CMOS inputs without external putiups.

Port 3

Port 3 is an 8-bit bi-directional YO port with internal
pullups. Port 3 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (lIL, on
the data sheet) because of the pullups. it also serves
the functions of various special features of the MCS-51
Family, as listed below.

80C51-L/780C31-L

n-4

Port Pin Altemate Function
P3.0 RXD (seria! input port)
P3.1  TXD (serial output port)
P3.2  INTO (external interrupt 0)
P3.3 INT1 (extemal interrupt 1)
P3.4  TO (Timer O extemnal input)
P3.5 Ti(Timer1external input)
P36 WR (external Data Memory write strobe)
P3.7  RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTLinputs. It can drive
CMOS inputs without external pullups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the devige. An internal pull-
down resistor permits Power-On reset using only a
capacitor connected to VcC.

ALE

Address Latch Enable output for latching the low byte
of the address during accesses to extemal memory.
ALE is activated as though for this purpose at.a
constant rate of 1/6 the oscillator frequency except
during an external data memory access at which time
one ALE-pulse is skipped. ALE can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory. (However, when executing out of
external Program Memory,two activations of PSEN are
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory. PSEN can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

EA

When EAis held high,the CPU executes out of internal
Program - Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not be floated.

XTAL1

Input to the inverting amplifier that forms the oscillator.
Receives the external oscillator signal when an
external osciltator is used.

XTAL2

Output of the inverting amplifier that forms the
oscillator, and input to the internal clock generator,

This pin should be floated when an external oscillator
is used.

win VIS
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OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 are the input and output respectively,
of an inverting amplifier which is configured for use as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an external clock source,
XTAL1 should be driven while XTAL2 is left

80C51-L/80C31-L

unconnected as shown in figure 6. There are nc
requirements on the duty cycle of the external clock
signal,since the input to the internal clocking circuitryis
through a divide-by-two flip-flop,_.but munimum anc
maximum high and low times specified on the Datz
Sheet must be observed.

T XTAL2
I I —— XTAL1

VSS

=

. Figure 5. Crystal Oscillator

NC—— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

1=

Figure 6. External Drive Configuration

n-5

34



T TN S O i wen ZE ryws

ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial .................. 0°Cto 70°C
Industrial . ............... -40°Cto 85°C
Storage Temperalure ............ -65°Cto+150°C
Voltage onVCCOVSS .o -0.5Vto+7V
Voltage on Any PintoVSS..... -0.5V tovVec + 0.5V
Power Dissipation .. ............ ...l 1w*

*This value is based on the maximum allowable die
temperature and the thermal resistance of the
package.

80C51-L/80C31-L

*NOTICE:

Stresses at orabove those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage (o the
device. This is a stress rating only and functional opera-
tion ofthe device at these orany other conditions above
those indicated in the operational sections of this spe-
cification is not implied. Exposure 1o absolute maxi-

mum fating conditions may affect device reliability.

DC CHARACTERISTICS
TA=-40°C 10 85°C;VCc=2.7Vio 6V;VSS=0V; F=0lo 6 MHz
Symbot Parameter Min Max Unit Test Conditions
ViL input Low Voltage -05 0.2vVee \%
: -0.1
VIH Input High Voltage 0.2Vee vce Vv
(Except XTALs and RST) +0.9 +0.5
ViH1 input High Voltage to RST for Reset 0.7vVce vee \Y
+0.5
VIH2 Input High Voltage To XTAL 1 0.7vVee vVece \"
+0.5
'VPD Power Down Voltage To Ve in PD Mode 20 6.0 \
VOL Output Low Voltage (Ports 1.2,3) 045 \ IOL=1.6mA (note 1)
VOL1 Output Low Voltage Port 0, ALE, PSEN 0.45 \% I0L=3.2mA (note 1)
VOH Output High Voltage Ports 1,2, 3 0.9vee Vv IOH=-10pa
2.4 Vv IOH=-60pA
. Vee=5V+10%
VOH1 Output High Voltage (Port O in Externa!l | 0.9Vce % IOH=-40pA
in External Bus Mode), ALE, PSEN
2.4 \Y IOH== 400uA
| Vcec=5v+10%
i Logical O input Current Ports 1,2.3 -50 pA Vin=0.45%v
il * [ Input Leakage Current” +10 pA 0.45 <Vin<Vce
fTL | Logical 1to 0 Transition Current -500 pA Vin=2.0vV
(Porls 1,2,3)
ICCPD™ | Power Supply Current 50 10 pyA | Voc=20Vio 5.5V
(Power Down Mode) (note 2)
RRST RST Pulldown Resistor 50 150 ko
CiO Capacitance of /0O Buffer 10 pF fe=1MHz, TA=25°C
Note 1:

Capacitive loading on Ports 0 and 2 may cause
spurious noise pulses to be superimposed on the
VoLs of ALE 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 onthe ALE
line may exceed 0.45V with maxi VOL peak 0.6V.
A Schmitt Trigger use is not necessary.
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» EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1)

Variable Clock

| freq=0 to 6 MHz
{ Symbol Parameter Min ok Ut
: TCLCL Oscillator Period 166 n

TCHCX High Tirme 5 s
E TCLCX LowTime = s
g TCLCH Rise Time - s
} TCHCL Fall Time = E
!
¥

vec-osvi - = ToHex — o rm

: ’,’\amc
E 045V \0_2 vCC-0.t
! - 7 ¢ I\
i X
]

- -

/ AC CHARACTERISTICS

(TA=-40°Ct0 85°C,VCcC=2.7Vi0o 6V.VSS =0V)
(Load Capacitance for Port 0, ALE, and PSEN = 100pf; Load Capacitance for All Other Outputs =80pf).

!

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

¢ Symbol’ Parameter Min Max Units
\ " TLHLL ALE Pulse Width 2TCLCL-40 ns
i TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLV ALE to Valid instr In 4TCLCL~170 ns
TLLPL ALE to PSEN TCLCL-25 ns
. TPLPH PSEN Pulse Width 3ICLCL-35 ns
TPLIV PSEN to Valid Instr In 3ICLCL-220 ns
' TPXIX Input Instr Hold After PSEN 0 ns
TPXIZ Input Instr Float After PSEN TCLCL-20 ns
TPXAV PSEN to Address Valid TCLCL-8 ns
TAVIV Address to Valid Instr In S5TCLCL- 220 ns
TPLAZ PSEN Low to Address Float 0 ns
! -
. See next page for External Data Memory Characteristics.
i
{
}
[
H
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EXTERNAL DATA MEMORY CHARACTERISTICS

80C51-L/80C31-L

Symbol Parameter Min Max Units
TRLRH RD Pulse Width 6TCLCL-100 ns
TWLWH WR Pulse Width 6TCLCL-100 ''ns
TLLAX Data Address Hold After ALE TCLCL-35 ns
TRLDV RD to Valid Data In SICLCL~-165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Float After RD ' 2TCLCL~-70 ns
TLLDV ALE to Valid Data In 8TCLCL-150 ns
TAVDV Address to Valid Data In gTCLCL- 165 ns
TLLWL ALE to WR or RD 3TCLCL-50 3TCLCL+ 50 ns
TAVWL Address to WR or RD 4TCLCL~130 ns
TQVWX Data Valid to WR Transition TCLCL-60 ns
TQVWH Data Setup to WR High 7TCLCL-150 ns
TWHQX Data Hold After WR TCLCL- 50 ns
TRLAZ RD Low to Address Float 0 ns
TWHLH RD or WR High to ALE High TCLCL-40 TCLCL+ 40 ns
MAXIMUM IcC (mA) ’
' Operating (Note 3) Idie (Note 4)
Freq.Vee 2.7V 5V 6V 2.7V sV 6v
1MHz 0.8 mA 1.5 mA 1.8 mA 400 A 800 A 1mA
6 MHz 4 mA 8 mA 10 mA 1.2 mA 35mA 3.8 mA
Note 2: Note 4:
Power Down ICC is measured will all output pins ldle Icc s measured with all output pins

disconnected; EA=Port 0=V(C; XTAL2 N.C; RST=
Vss
Note 3:

IcC is measured with all output pins disconnected:
XTAL1 driven with TCLCH, TCHCL =5 ns, VIL=VgS +
0.5V;VIHVCC -0.5V, XTAL2N.C. EA=RST=Port 0=
V. Ice would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a ‘T’ (stands for time). The other
characters, depending on their positions, stand forthe
name of a signal or the logical status of that signal.
The following is a fist all the characters and what they
stand for.

disconnected; XTAL1 driven TCLCH, TCHCL=5 ns,V|L
=Vgg +0.5V; ViH =VCcc - 0.5V; XTAL2 N.C;; Port 0=
Vg EA=RST=Vsgs.

EXAMPLE:

TAVLL =Time for Address Valid to ALE low.
TLLPL=Time for ALE low to PSEN low.

A: Address.

C: Clock.

D: Input data.

H: Logic level HIGH.

I Instruction (program memory contents).
L: Logic level LOW, or ALE.

P: PSEN

Q: Output data.

R: READ signal.

T:Time.

V: Valid.

W: WRITE signal

X: No longer a valid logic level.
Z: Floal.

n-8
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80C51-L./80C31-L

AQTIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE

! [ 12TCLCL !
TUPL \
f ALE — l
] TPLPH- -
i PSEN _/— ) TPXAV
Y VTRl B ﬁ< TPLV o] PXIZ
= [ Srpaz JIPXX

porTo NSTRIN AO-A7 INSTR IN AO-AT

! - TAVIV -
=SS p ADDRESS AS-A15 ¢ >
' porrg ORSFRP2 q -Al . ADDRESS A8-A15 o
+  EXTERNAL DATA MEMORY READ CYCLE
g TWHIH ey
\ ——— TLLDV -
I AE - N
¢
' PSER _/ fat——— TUWL ———
! m TRURH
' \h A oz
. 4 it W
i TAVDV TLIAX - LSO e TRHDX  w=' —a
E PORTO = AD- A7 Q DATA IN
— TRLAZ

B
N PORT 2 %Sns-n ADDRESS A8-A15 OR SFR-P2

EXTERNAL DATA MEMORY WRITE CYCLE

wn d TWiwn
] i N V4
- TAVWL I
|t TLLAX o | = TOVWE
E PORTO AO-A7 g DATA OUT
B
4
eSS, ¢ ADDRESS AB-A15 OR SFR-P2
PORT2

<
TWHLH—-—?'
R

- TWHQX.
N\
/

- e—

INPUT/OUTPUT
i,

:
VCC-05V
I 02vcCc-08 |
) TEST POINTS
045Vl 02vCC-01 |

k

X

AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS

FLOAT
B FLOAT

/~ VLOAD + 0.1V

\

X VLOAD - 0.1V

E
[

Adinputs during testing are driven at Vcc - 0.5 for a logic 1" and 0.45V for a logic 0" Timing measurements are
mdde at VIH min for a logic “1" and VIL max for a logic “0". For timing purposes a port pin is no longer floating when
a 100 mV change from load voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL

level occurs. lol/loH = + 20 Ma.

b
{

-
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80C51-L/80C31-L

SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C. CHARACTERISTICS:

(TA=0°Ct070°C;:VSS=0V:VCC =2.7V1to 6V: Load Capacitance =80 pF)

Symbol Parameter Min Max Units

TXLXL Serial Port Clock Cycle Time 12TCLCL ps

TQVXH Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge

TXHQX Output Data Hold After Clock 2TCLCL-117 ns
Rising Edge

TXHDX Input Data Hold After Clock Rising Edge 0 ns

TXHDV ‘Clock Rising Edge to Input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

OUTPUTOATA \V I O 927 realk X ) QN ) (T

——— SETH
WE"OW IXHOV 4-_.{ - }« TXHOX
seuTou ¢ COED D G OO 6D, I @ C0 @ 0 6D C5 @ CD
3 ’ set
acan

1

. e TR T TR AT SETRRERTEISTET @R sTE TR T

N e YRR TR RRRER e

&




80C51-L/80C31-L

A ATE STATE 4 STATE 5
INTERNAL l STATE 4 STATE 5 I STATE 6 STATE 1 | STATE 2 STATE 3 I l I
m'n mle mln m'pz mlpz mln mln N
XTAL2
e —— 11 1 o
oo ne s
TIVATED
RAM ME FETCH EXECUTION OF A MOVX INSTRUCTION
PSER '
o —Joambl 1 ecour Joam L1 pcLour DATA PCL OUT
SAMP\FED . »I SAMPLED | l SAMPLED |
LOA o FLOAT | o FLOAT |
P2 (EXT) __-_———I INDICATES ADORESS TRANSITIONS l J
20 l J' N
OCH IS EMNTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY 1S EXTERNAL)
- - P DPLOR R sl o L
. \: - A
I TR out } } LOAT L
S | INDICATES DPH OR P2 SFR TO PCH TRANSITIONS
WRITE CYOLE
P R
' ] ["Pccour even ¥ PROGRAM
MEMORY IS INTERNAL)
-y s
PO orLorm | ‘L_: I > L_
our } DATA OUT } PCL OUT (IF PROG
P2 _______I INDICATES DPH OR P2 SFR TO PCH TRANSITIONS MEMORY IS EXTERNAL)
PORT OPERATION
MOV PORT She OLD DATA | NEW DATA o i
| MOV DEST D - [:Iq
MOV DEST, PORT (Pt P2 P3) ‘PO PINS SAMPLED
(INCLUDES INTO.INT1 TO T 1) I l l I
SERIAL PORT SHIFT CLOCK ARl PG SAMPLED
{MODE 0) J‘ ,1‘
{RXD SAMPLED

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to output and component. Typically though (TA=25 °C fully loaded)
RD and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.

re VHD
n-11 5|
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Table 1. MCS°-51 Instruction Set Description

ARITHMETIC OPERATIONS

Mnemonic Description

ADD ARn Add register to Accumulator

ADD Adirect Add direct byte to Accumulator

ADD A Q@RI Add indirect RAM to Accumutator’
ADD A #tdata Add immediate data to Accumulator
ADDC ARn Add register to Accumulator with Carry
ADDC A direct Add direct byte to A with Carry flag
ADDC A@Ri Add indirect RAM to A with Carry flag
ADDC A #data Add immediate data to A with Carry flag
suBB ARn Subtract register from A with Borrow
SuBB Adirect Subtract direct byte from A with Borrow
suBB AQ@Ri Subtract indirect RAM from A with Borrow
suBB A #data Subtract immed. data from A with Borrow
INC A Increment Accumulator

iINC Rn Increment register

INC direct Increment direct byte

INC @Ri Incriment indirect RAM

INC DPTR . Incriment Data Pointer

DEC A Decrement Accumutator

DEC Rn Decrement register

DEC direct Decrement direct byte

DEC @Ri Decrement indirect RAM

MUL AB Muttiply A& B

DV AB Divide Aby B

DA A Decimal Adjust Accumulator
LOGICAL OPERATIONS

Mnemonic Destination

ANL ARn AND register to Accumulator

ANL A direct AND direct byte to Accumulator

ANL A@Ri AND indirect RAM to Accumuiator

ANL A #data AND immediate data to Accumulator
ANL direct, A AND Accumulator to direct byte

ANL direct#idata  AND immediate data to direct byte
ORL ARn OR register to Accumutator

ORL Adirect OR direct byte to Accumulator

ORL A@Ri OR indirect RAM to Accumulator

ORL A #data OR immediate data to Accumulator
ORL direct,A OR Accumulator to direct byte

ORL direct.#data  OR immediate data to direct byte

XRL ARn Exclusive-OR register to Accumulator
XRL Adirect Exclusive-OR direct byte to Accumulator
XRL A@Ri Exclusive-OR indirect RAM to A

XRL A fidata Exclusive-OR immediate data to A
XRL direct A Exclusive-OR Accumulator to direct byte
XRL direct#data  Exclusive-OR immediate data to direct
CLR A Clear Accumulator

CPL A Complement Accumulator

RL A Rotate Accumulator Left

RLC A Rotate A Left through the Carry flag

RR A Rotate Accumulator Right

RRC A Rotate A Right through Carry flag
SWAP A Swap nibbles within the Accumutator

—A—L—A—AM—A—A—A—LM—A—AM—AM—AM—&N—AM—AM—‘ﬁ
-]

m

_A—A—A—A_A—A—AQ)MM—AN—AQMM—A&_AQ)MM_AMJS
1

—AAA—A—A—A—nM—A—A—A—;.,L.;—A—A_‘_A_A_A_‘_‘—A_mg

)
8

-A—L—L—A—L—A—AM—L—A—A—A_AM—A—A—A—A—AN—L—A—A—A—A

n-12
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Table 1. (Cont.)

DATATRANSFER

Mnemonic Description Byte Cyc
MOV ARn Move register to Accumulator 1 1
MOV A direct Move direct byte to Accumulator 2 1
MOV A @Ri Move indirect RAM to Accumulator 1 1
MOV A #data Move immediate data to Accumulator 2 i
MOV RnA Move Accumulator to register 1 1
MOV Rn direct Move direct byte o register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV directdirect ~ Move direct byte to direct 3 2
MOV direct, @Ri Move indirect RAM to direct byte 2 2
MOV direct#data  Move immediate data to direct byte 3 2
MOV @RIA Move Accumulator to indirect RAM 1 1
MOV @Ri direct Move direct byte to indirect RAM 2 2
MOV @Ri #data Move immediate data to indirect RAM 2 1
MOV DPTR#data 16 Load Data Pointer with a 16-bit constant 3 2
MOVC A@A+DPTR  Move Code byte relative to DPTR to A 1 2
MOVC A@A+PC Move Code byte refative to PC to A 1 2
MOVX A@Ri Move External RAM (8-bit addr) to A 1 2
MOVX A@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @Ri A Move A to External RAM (8-bit addr) 1 2
MOVX @DPTRA Move A to External RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte form stack 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH Adirect Exchange direct byte with Accumulator 2 1
XCH A @Ri Exchange indirect RAM with A 1 1
XCHD A @Ri Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION

Mnemonic Description 4 Byte Cyc
CLR C Clear Carry flag + 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 o
SETB bit Set direct Bit 2 i
CPL C Complement Carry llag 1 1
CPL bit Complement direct bit 2 i
ANL Cbit AND direct bit to Carry flag 2 2
ANL C1bit AND complement of direct bit to Carry 2 2
ORL Cloit OR direct bit to Carry flag 2 2
ORL C1 bit OR complement of direct bit to Carry 2 2
MoV C/bit Move direct bit to Carry flag 2 1
MOV bit.C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL

Mnemonic Description Byte Cyc
ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AIMP addr 11 Absolute Jump 2 2
LIMP addr 16 Long Jump 3 2
SIMP rel Short Jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if Accumulator is Zero 2 2
JNZ rel Jump if Accumulator is Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if No Carry flag 2 2

n-13
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Table 1. (Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyc
JB bit rel Jump if direct Bit set 3 2
JNB bit rel Jump if direct Bit Not set 3 2
JBC bit,re! Jump if direct Bit is set & Clear bit 3 2
CJINE A direct,rel Compare direct to A&Jump if Not Equal 3 2
CJNE A #data,rel Comp. immed. to A &Jump if Not Equal 3 2
CINE Rn#datarel  Comp.immed.to reg &Jump if Not Equal 3 2
CINE @Ritdata.rel  Comp.immed.to ind.&Jump if Not Equal - 3 2
DINZ Rnrel Dezrement register & Jump if Not Zero 2 2
DINZ direct. rel Decrement direct & Jump if Not Zero 3 2
NOP No operation 1 1
Notes on data addressing modes:
Rn - Working register RO-R7 )
direct - 128 internal RAM locations, any /O port, control or status register
1 @Ri ~ Indirect internal RAM location addressed by register RO or R1
fidata - 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit ~ 128 software flags, any /O pin, control or status bit
Notes on program addressing modes:
.addr 16+ — Destination address for LCALL & LIMP may be anywhere within the 64-k program memory
address space
Addr 11 ~ Bestination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction
rel = SJMP and all conditional jumps include an 8-bit offset byte. Range is +127-128 bytes

relative to first byte of the following instruction.

All mnemonics copyrighted *" intel Corporation 1979

=g
n-14 Be i
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Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number, Hex Number

Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
00 1 NOP 33 1 RLC A
01 2 AJMP code addr 34 2 ADDC Adtdata
02 3 LJMP code addr 35 2 ADDC Adata addr
03 1 RR A 36 1 ADDC A@RO
04 1 INC A 37 1 ADDC A@R1
05 2 INC data addr 38 1 ADDC ARO
06 1 INC @RO 39 1 ADDC AR1
o7 1 INC @R1 3A 1 ADDC AR2
08 1 INC RO 38 1 ADDC AR3
09 1 INC Rt 3C 1 ADDC AR4
0A 1 INC R2 3D 1 ADDC AR5
0B 1 INC R3 3E 1 ADDC AR6
ocC 1 INC R4 3F 1 ADDC AR7
0D 1 INC RS 40 2 JC code addr
CE 1 INC R6 41 2 AIMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr,#data
11 2 ACALL code addr 44 2 ORL A#data
12 3 LCALL code addr 45 2 ORL A data addr
13 1 RRC A 46 1 ORL A@RO
14 1 DEC A 47 1 ORL A@R1
15 2 DEC data addr 48 1 ORL ARO
16 1 DEC @RO 49 1 ORL AR1
17 1 DEC @Rt 4A 1 ORL AR2
18 1 DEC RO 4B 1 ORL AR3
19 1 DEC R1 4C 1 ORL AR4
1A 1 DEC R2 4D 1 ORL AR5
1B 1 DEC R3 4E 1 ORL ARS
1C 1 DEC R4 4F 1 ORL AR7
1D 1 DEC * R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2  ANL data addrA
20 3 JB bit addr,code addr 53 3 ANL data addr,#data
21 2  AJMP code addr 54 2  ANL A #data
22 1 RET 55 2 ANL Adata addr\
23 1 RL A 56 1 ANL A@RO
24 2 ADD Adata 57 1 ANL A@R1
25 2 ADD A,data addr 58 1 ANL ARO
26 1 ADD A@RO 59 1 ANL AR1
27 1 ADD A@R1 5A 1 ANL AR2
28 1 ADD ARO 5B 1 ANL AR3
29 1 ADD AR1 5C 1 ANL AR4
2A 1 ADD AR2 5D 1 ANL AR5
2B 1 ADD AR3 5k 1 ANL ARG
2C 1 ADD AR4 5F 1 ANL AR7
2D 1 ADD AR5 60 2 JZ code addr
2E 1 ADD ARS6 61 2  AIMP code addr
2F 1 ADD AR7 62 2 XRL data addr A
30 3 JUNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A #data
32 1 RETI 65 2 XRL A.data addr

15
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Table 2. (Cont.)
Clii;(e ;ug\y?g Mnemonic Operands CH:ede guanyltwg Mnemonic Operands
66 1 XRL A@RO 99 1 SuBsB AR1
67 1 XRL A @R 9A 1 SuBB AR2
68 1 XRL ARO 9B 1 SuUBB AR3
69 1 XRL ARt 9C 1 SuBB AR4
6A 1 XRL AR2 aD 1 susB ARS
68 1 XRL AR3 9E 1 SuBs AR6
6C 1 XRL AR4 9F 1 SUBB AR7
6D 1 XRL AR5 AQ 2 ORL C.bit addr
6E 1 XRL AR6 Al 2  AJMP code addr
6F 1 XRL AR7 A2 2 MOV C.bit addr
70 2 UNZ code addr A3 1 INC DPTR
71 2 ACALL code addr A4 1 MUL AB
72 2 ORL C. bit addr A5 reserved
73 1 JMP @A+DPTR Ab 2 MOV @RO0,data addr
74 2 MOV A #data A7 2 MOV @R1,data addr
75 3 MOV data addr#dala A8 2 MOV RO.d4ta addr
76 2 MOV @RO,#data A9 2 MOV R1,data addr
77 2 MOV @R1 #data AA 2 MOV R2,data addr
78 2 MOV RO #data AB 2 MOV R3,data addr
79 2 MOV Ri #data AC 2 MOV R4,data addr
7A 2 MOV R2 #data AD 2 MoV R5.,data addr
8 2 MOV R3.#data AE 2 MOV R6.data addr
7C 2 MOV R4 #data AF 2 MOV R7data addr
7D 2 MOV R5 #data BO 2  ANL C.bit addr
7€ 2 MOV R6.#data B1 2  ACALL code addr
7F 2 MOV R7#data B2 2 CPL bit addr
80 2 SIMP code addr B3 1 CPL C
81 2 AJMP code addr B4 3 CJNE A #data,code addr
82 2 ANL C.bit addr B5 3 CJNE A.data addr,code addr
83 1 MOVC A@A+PC B6 3 CJNE @RO0,#data,code addr
84 1 Div AB B7 3 CJUNE @R1,#data,code addr
85 3 MOV data addrdata addr B8 3 CINE RO.#data,code addr
86 2 MOV data addr@R0O B9 3 CJNE R1.#data,code addr
87 2 MOV data addr@R1 BA 3. CJINE R2 #data,code addr
88 2 MOV data addr,RO 8B 3 CINE R3,#data,code addr
89 2 MOV data addr,R1 BC 3 CJINE R4 #data,code addr
8A 2 MoV data addrR2 8D 3 CINE RS, #data,code addr
88 2 MOV data addr,R3 BE 3  CJNE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJNE R7#data,code addr
8D 2 MOV data addr,R5 Co 2 PUSH data addr
8E 2 MOV data addr,R6 Ci 2 AJMP code addr
8F 2 MOV dala addr,R7 C2 2 CLR bit addr
90 3 MOV DPTR #data C3 1 CLR C
91 2  ACALL code addr C4 1 SWAP A
92 2 MOV bit addr,C C5 2 XCH A.data addr
93 1 MOVC A@A+DPTR C6 1 XCH A@RO
94 2 suBs A #data c7 1 XCH A @Rt
95 2 SuBB Adata addr C8 1 XCH ARO
96 1 SUBB A @RO C9 1 XCH ARt
97 1 SuBB A @R1 CA 1 XCH AR2
98 1 SuBB ARO CB 1 XCH AR3
BE
N-16 Hivm M‘E
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Table 2. (Cont.)
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Hex Number Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
CcC 1 XCH AR4 E6 1 MOV A@RO
CcD 1 XCH ARS E7 1 MOV A@Rt
CE 1 XCH AR6 E8 1 MOV ARO
CF 1 XCH AR7 E9 1 MOV AR1
DO 2 POP data addr EA 1 MOV AR2
D1 2 ACALL code addr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 MOV AR4
D3 1 SETB C ED 1 MOV ARS
D4 1 DA A EE 1 MOV AR6
D5 3 DINZ data addr,code addr EF 1 MOV AR7
D6 1 XCHD A@RO FO 1 MOVX @DPTRA
D7 1 XCHD A@R1 F1 2  ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOVX @ROA
DS 2 DINZ R1,code addr F3 1 MOVX @R1,A
CA 2 DINZ R2,code addr F4 1 CPL A
DB 2 DINZ R3,code addr F5 2 MOV data addrA
DC 2 DINZ R4,code addr F6 1 MOV @ROA
DD 2 DINZ R5,code addr F7 1 MOV @R1,A
DE 2 DINZ R6,code addr F8 1 MOV ROA
DF 2 DINZ R7code addr F9 1 MOV R1,A
EO 1 MOVX A@DPTR FA 1 MOV R2.A
E1 2  AJMP code addr F8 1 MOV R3A
E2 1 MOVX A@RO FC 1 MOV R4 A
E3 1 MOVX A@R1 FD 1 MOV R5.A
E4 1 CLR A FE 1 MOV R6.A
ES Y Adata addr FF 1 MOV R7A
R
P
S
D 80C31
| J 80C51 XXX L
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51Rom 4K x 8 (80C51 only) Supply Version
|: Industrial 80C31 External Rom
Package Type
P: Plastic
S: PLCC
D: Cerdip
R:1CC
J:J leaded LCC
BE
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A, PAL I PALL G ART SWITCHARLE FOA AMAT £
CPAL UL PAL G ARE SWIHTHABL T SOR AMAT. TR

w

a

. i
v | I
N 4 ? - |[I llr 2
'-i.-i.- {. | 2. i )
Ve P "’[ | ()(! o7y id
Lot i Mo =5, ‘Rt
Tt eomae T P HdlC
!
s oy . s
RO N A -:‘:'“-... 3 "

VEie b3

vE 3
Ttrree Ot

s SYSTEM

PAL O {(MAINLAND CHINAIJ! PAL | {UNITED KINGDOM)

PAL G (W. GERMANY) PAL G {W. GERMANY!

MODEL NO.

b e

HL-AMBT-EUIAL

HL-RMBT-E036L

CHANNEL {CH)

30-40 VARIABLE

: MOD
SUPPLY VCLTAGE {vCC) 5 Je
: BOOSTER
]
MO 45 MAX.
.CURRENT CONSUMSTION (mA) 0 —
800STER T 95Max.
FVIDEO INPUT VOLTAGE (Voop) !
| SOUND INPUT VOLTAGE (Vpo) 1.23 2.
| VIDEQ CARRIER £REQ, (masz) 543.25-516.25 VARIABLE
VIDEO CARRIER' OUTPUT (dBu) 34
VIDEO MODULATION (% 75 £ 10

SOUND SUB-CARRIER FREQ. (KHy)
¢ A : L

PAL D6300%10 " PAL18000%10

PAL G 55C0%10 PAL G5300¢ 10

,SOUND- CARRIER -OUTPUT’ (d8)

BOOSTER- GAIN--(dB) . |

-15%t4
SOUND MODULATION (KHz) 50 £ 12 , _
0-7 (47.854 MHz) o
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HOLTEK

HT6221/HT6222

Multi-Purpose Encoders

Features

Operating voltage: 1.8V~3.5V

DOUT with a 38KHz carrier for IR medium
Low stand-by current

Minimum transmission words: one word
A 455KHz ceramic resonator or crystal
16-bit address codes

8-bit data codes

Applications

* Televisions & video cassette recorder controllers
* Burglar alarm system

* Smoke and fire alarm system

* Garage door controllers

General Description

The HT6221/HT6222 are CMOS LSI encoders
designed for use in-remote control system. They
are capable of encoding 16-bit address codes and
8-bitdata codes. Each address/data input can be
set to one of the two logic states, 0 and 1.

Pin Assignment

* PPM code method

* 3 double-active keys

* Maximum active keys:
- HT6221: 32 keys
- HT6222: 64 keys )

*  Low power and high noise immunity CMOS
technology

Car door controllers

Car alarm system

Security system

Other remote control systems

The HT6221/HT6222 contain 32 keys (K1~K32)
and 64 keys (K1~K64), respectively. When one
of the keys is triggered the programmed ad-
dress/data is transmitted together with the
header bits via an IR (38KHz carrier) transmis-
sion medium.

U
R3O} 24 [1R2
R4[]2 23 [AR1
R1C] 1 ~ 20 beN Rs]3 22 M AIN
R2[]2 19 C1 R6 4 21 Hct
R3([3 18c2 R7 5 204C2
Ra]4 17[5c3 R8 6 19c3
DOUT 5 . 16|~ C4 pout J 7 18 5 c4
vDD 6 15{_¢cs VDD 718 17]-Cs
o747 14Bcs o749 16Hce
x2Hs 13P¢7 x2O 10 15c7
x1H9 12Pcs x1 011 1aPcs
vss 10 11 HLep vss[12 130 LED
O ] mj
HT6221 HT6222
—20 DIP/SOP ~24 DIP/SOP
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HT6221/HT6222

Block Diagram

X2
O
1

X1
O
v

econmat

L .
P L

Oscillastor |—————  Divider »{Data Select—>Q DOUT
& Buffer LED
i , i
P + 24 Counter & .| Sync.
Ri ) ;| Keyboard 1 of 24 Decoder Circuit
H ! | Matrix & Data ROM
; i Gate & Registers y
‘R8 C Circuit — —»] Binary Detector |
o MRS 54
C1----C8 AIN D7 VDD VSS
Pin Description
HT6222
. . Internal 3 .
Pin No. | Pin Name | I/O et Description
CMOS IN . Lo
1-6 | R3~R8 I B 4 Row control for keyboard matrix, active high
7 DOUT O | CMOSOUT | Serial dataoutput pin, with a 38KHz carrier |
8 VDD I 3 Positi\{e power supply, 1.8V~3.5V for normal
operation
9 D7 I CMOS IN Most significant data bit (D7) code setting
10 X2 (6] OSCILLATOR | 455KHz resonator oscillator output
11 X1 I OSCILLATOR | 455KHz resonator oscillator input
12 VSS I — Negative power supply
13 LED 0 CMOS OUT Transmission enable indictor output
14~21 C8-Cl1 I/0 CMOS IN/OUT Column control for keyboard matrix
Pull-Low
CMOS IN
22 AIN I Pull-High Low byte of address codes (8 bits) scan input
Pull-Low
23~24 RI1I-R2 I CMOS IN Row control for keyboard matrix, active high
Pull-Low

14th Mar '97
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HT6221/HT6222
Approximate internal connection circuits
CMOS INOUT CMOS INOUT CMOS IN EMOS IN CMOS OUT
Pull-Low Pull-Low
VDD
xiO——>o—-0x
d—Am—co
oM  L—
r;”-—o<}-—-—— EN
Absolute Maximum Ratings
Supply Voltage ......ccceceviiviererrcvennnen ~0.3V to 6V Input Voltage................ Vss-0.3V to Vpp+0.3V
Storage Temperature................. -50°C to 125°C Operating Temperature............... ~20°C to 75°C
Electronic Characteristic (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. |Unit
Vpp | Condition
Vbbp Operating Voltage a — 1.8 3 3.5 AN
Ist8 | Stand-by Current 3V |Oscillator stops. | — | 0.1 | 1.0 | pA
. v, | Fosc=455KHz
Iop Operating Current 3V 1o load — | 200 | 400 | pA
IoH1 | Output Source Current for DOUT 3V | Vo=2.7V ~-20{-40] — | mA
IoLi Output Sink Current for DOUT 3V | Vo=0.3V 50 | 100 | — | pA
IoHz | Output Source Current for LED 3V | Vo=2.7V -10 | -60 | — | pA
IoL2 Output Sink Current for LED 3V | Vo=0.3V 1.2 1 20 | — | mA
IoH3 Output Source Current for C1~C8 3V | Vo=2.7V -06{-20] — | mA
IoLs Output Sink Current for C1~C8 3V | Vo=0.3V 10 30 — | pA
ViH1 | Input High Voltage for R1-R8 3V — 19| — |30 | V
VL Input Low Voltage for R1~R8 3v — 0 — | 08| V
ViHz | Input High Voltage for C1-C8 3v — Sl — 30|V
ViLz | Input Low Voltage for C1~C8 3v — 0 — (06 ]V
3 14th Mar '97
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HT6221/HT6222
Symbol Parameter Test Condition Min. | Typ. | Max. |Unit
Vpp| Condition
ViH3 | Input High Voltage for AIN 3V — 125) — (30| V
ViL3 | Input Low Voltage for AIN 3v — 0 — |06 |V
RpH1 | Input Pull-High Resistance for AIN | 3V |Vin=0V 100 | 200 | 400 | KQ
Rpr1 Input Pull-Low Resistance for AIN 3V | VIN=3V 70 150 | 250 | KQ
Rpr2 Input Pull-Low Resistance for RI~R8 | 3V VIN=3V 120 | 200 | 320 | KQ
RpL3 | Input Pull-Low Resistance for C1~C8| 3V | Vin=3V 300 | 500 |1500| KQ
Fosc |System Frequency T :esfoi?; <r:eramic — | 455 | — |KHz

Functional Description

Keyboard scan

The HT6221/HT6222 stay in the halt mode in
the stand-by state (at this time, the oscillator
stops, and the stand-by current<IpA). The
HT6221 consists of 32 action keys whereas the
HT6222 of 64 action keys. The keyboard forms
of the HT6221/ HT6222 are as shown.

* The HT6221 keyboard form
Ct ¢c2 c3 ¢4

Cs C6 C7 cs

* The HT6222 keyboard form
C1 C2 C3 €4 cCc5 Cc6 C7 C8

R1
R2
R3

aa
a
E
‘a
)
2
N
’a

060
1)
B
B
[¢]
80
O—

a
-
aH

&
Q0 D D
T va L2 e o] e 1
i D O I CD
< ) ¢ + ) &, QO
e~ 160 e e { ] o
@, & O $ O $

R7
R8

8
(73
B
P
X
pe]
O
Py
B4
<
A
&
’a
’a

x
&
<
Py
R

When one of the included keys (32 or 64 keys) is
triggered over 36ms, the oscillator is enabled and
the chip is activated. If the key is pressed and held
for 108ms or less, the 108ms transmission codes
are comprised by a header code (9ms), an off code
(4.5ms), low byte address codes (9ms~18ms), high
byte address codes (9ms~18ms), 8-bit data codes
(9ms~18ms), and the inverse codes of the 8-bit
data codes (18ms~9ms). After the pressed key is
held for 108ms, if the key is still held down, the
transmission codes turn out to be a composition of
header (9ms) and off codes (2.5ms) only.

To avoid the mistakes made by keyboard scanning
or simultaneous two-key inputs (except the 3 dou-
ble-key active functions (K21+K22, K21+K23,
and K21+K24), the HT6221/HT6222 are facili-
tated with 36ms starting time.

The HT6221/HT6222 also provide 3 double-key
active functions (K21+K22, K21+K23, and
K21+K24) for tape deck recording operation.
The double-key operation rules are shown in
timing 4 & timing 6.
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Transmission codes

The transmission codes of the HT6221/6222 consist of a 9ms header code, a 4.5ms off code, 16-bit
address codes (18ms~36ms), 9ms~18ms 8-bit data codes, and the inverse code of the 8-bit data codes.
The following is an illustration of the transmission codes:

(K:E?(lgg; Key Enables '——
) +{ 36ms min. |«
X2 FosomdsoKiz
o U T 2SS (L1
! e e [l 25 ! [0

Timing 1. Output format for the DOUT

The output code carrier of the DOUT pin is shown in Timing 2:

seeff A ”—;.-'lﬂ PN RN
=\ *ize.apsif

Timing 2. 38KHz carrier

The transmission codes employ the PPM (Pulse Position Modulation) method to represent their two
logic states by “0" (1.12ms) and “1” (2.24ms) as shown in Timing 3:

*Zero" "”"" ”””” ””"” "””” "””Il!_—saKHzcarrler

0.56ms»|  |e
> I data period (1.12ms)
*One* "””“ mmﬂ mm.ﬂt:_aeKHz carrier
+| }& data period (2.24ms)

Timing 3. Logic states

* How to set the address codes (A0~A15) ?
The algorithm rule of the address codes (A0~A15) can be selected by mask option. User can choose
HT6221/HT6222 or HT6221-002/HT6222-002.

+ HT6221/HT6222:
In this case, the 16 bits on-chip MASK ROM (ROM1 and ROM2) is available, and the value of
ROM1 (8 bits) and ROM2 (8 bits) are decided by one MASK LAYER. Currently value of ROM1
and-ROM2 are both "00H". The AO~A?7 are set by logical OR between the external switch SO~S7
and the ROM1. The A8~A15 equal some bits be inverted of AO~A7, the inversion are decided by
Logical OR between the external switch S8~S15 and the ROM2.

5 14th Mar 97



HOLTEK i ’ HT6221/HT6222

For example: )
Following is an illustration of these rules to select the address codes (A0~A15)

~— AIN HT6221/HT6222
ct c2 c3 c4 (o]] (o] c7 (o]:]

~ S8 ’ S9 S10 \ St1 } S12 S13 \ Si4 \ S15
) ) p p ] p p >
1N4148 <8

AL

(switch open: 0, switch close: 1)

external switch $0~S15: [1._ 0 0 0 1 1 0 0] 1 0 1 0 0 1 0 0]

on-chip ROM1,ROM2: [0 0 0 0 0 0 0 0] O 0 0 0 0 0 0 O]
bit0 bit7 bit0 bit7

S0~S7 OR ROM{
AO~A7: 1. 0 0 0 1 1 0 O]

. S$8~515 OR ROM?2
A8'-A15"; | 3wyl 0.0 J O 0}“'5

AQ A1 A2 A3 A4 A5 A6 A7 <
Ag-A15:[1 1 0 1 0 1 1 1] gemgigment
( 12 noninversion
‘ 0: inversion
* HT6221-002/HT6222-002:
In this case, the 28 bits on-chip MASK ROM
(ROM2, ROM3-0, ROM3-1, ROM3-2 and A0 A1 A2
ROMS3-3) is available, and the value of S0=1 0 0 0
MASK ROM are decided by one MASK Si=1 1 0 0
LAYER. Currently value of ROM2 (8 bits) S2=1 0 1 0
are "00H", and the value of ROM3 are show S3=1 1 1 0
‘below "ROMS option table”. The AO~A2 are S4=1 0 0 1
set by SO0~S7 (see the “A0~A2 option table”). S5=1 1 0 1
The A3~A7 are set by S14 and S15 (see the S6=1 0 1 1
"ROMS3 option table). S7=1 1 1 1
The A8~A15 equal some bits be inverted of A0~A2 option table
A0-~A7, the inversion are decided by logical Note: priority. S7>......>S0

OR between the external switch S8~S13
and the ROM2.
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S14 S15 A3 A4 A5 A6 A7 ROM3
0 O 0 0 0 0 o ROM3-0
(1] 1 i1 1 0 0 1 ROMS3-1
1 0 0 0 0 0 1 ROM3-2
1 1 1 0 1 1 1 ROMS3-3
ROMS optian table
For example:
— AN HT6221/HT6222
Ct c2 c3 c4 cs C6 c7 c8
% % % % 200KQ x8
s8 \39 S10 \sn \812 S13 \su S15
p p 4 4 ] b b 3
S0~S7 are closed
J) J) é é l i. L (mustonlyone )
\iso %sr %sz \isa \TS4 ¥ss %se s7
(;witch ope;: 0, switc'h close: 1v) % ' §
A0-A2,A3-A7: 1. 0 1]t 1 0 0 1 |
external switch $8~S13: [1. 0 1 0 0 1 ]0 0 i expletive bits
on-chipROM2: [0 0 0 0 0 0 0 O]
bit0 bit7
$8~513 OR ROM2
fo10 01 0 0}
complement
ot e — 1: noninversion
A0 A1 A2 A3 A4 A5 A6 A7 < - honinv
AB-A15: [t 110 00 1 0] (O' inversion

* Values of the data codes (D0~D7)
The HT6221/HT6222 contain 32 and 64 action keys, respectively. Each key corresponds to a data
code. For tape deck recording, the HT6221/HT6222 provide 3 double-key functions. The double-key,
single-key, and double-key operation rules are shown in Table 3, Table 4, Timing 4, Timing 5 and

Timing 6: !
KEY Data Codes D0~D6 Data Code D7
K21+K22 1010110 0/1
K21+K23 0110110 0/1
K21+K24 1110110 01
Note: D7 is defined by an external switch.
7 14th Mar "97
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Table 4: K1~K64 single-key data code table

KEY Dalt)z(i) flgges Datzlx) giode KEY DaIt)z(x) nges Datzll) ?ode
K1 0000 000 0/1 K34 1000 001 0/1
K2 1000 000 0/1 K35 0100 001 0/1

K3 0100 000 0/1 K36 1100 001 0/1
K4 1100 000 0/1 K37 0010 001 0/1

K5 0010 000 0/1 K38 1010 001 0/1
K6 1010 000 0/1 K39 0110 001 0/1
K7 0110 000 0/1 K40 1110 001 0/1
K8 1110 000 01 K41 0001 001 0/1
K9, 0001 000 0/1 K42 1001 001 0/1
K10 1001 000 0/1 K43 0101 001 0/1
K11 0101 000 0/1 K44 1101 001 0/1
K12, 1101 000 0/1 K45 0011 001 0/1
K13 0011 000 0/1 K46 1011 001 0/1
K14 1011 000 0/1 K47 0111001 0/1
K15 0111000 0/1 K48 1111001 0/1
K16 1111000 0/1 K49 0000 101 0/1
K17 0000 100 0/1 K50 1000 101 0/1
K18 1000 100 0/1 K51 0100 101 0/1
K19, 0100 100 0/1 K52 1100 101 0/1
K20 1100 100 0/1 K53 0010 101 0/1°
K21 0010 100 0/1 K54 1010 101 0/1
K22 1010 100 0/1 K55 0110 101 0/1
K23 0110 100 0/1 K56 1110 101 0/1
K24 1110 100 0/1 K57 0001 101 0/1
K25 0001 100 0/1 K58 1001 101 0/1
K26 1001 100 0/1 K59 0101 101 0/1
K27 0101 100 0/1 K60 1101 101 0/1
K28 1101 100 0/1 K61 0011 101 0/1
K29 0011 100 0/1 K62 1011 101 0/1
K30 1011 100 0/1 K63 0111 101 0/1
K31 0111 100 0/1 K64 1111101 0/1
K32 1111 100 0/1 Note: D7 is defined by an external switch.
K33 0000 001 0/1 D7=0 : connect to VDD

D7=1 : connect to VSS

14th Mar '97
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K21 input —— K21

=

Km input — Km

1_

[4—— 36ms<i<126ms ——{¢ 36ms H
€ 36ms j€¢——— 108ms (min.) ——p

DouT ‘—i K21 codes transmission

(a)

K21 input K21

Km input ————{ Km

}__
j_

boUT _No transmission

®)

K21 input ———-L K21

¢  »o<ts6ms

Km input _i Km

T

No transmission

(c)

Km input —-L Km

TT

l¢—— 36ms<t<126ms _PH‘ 36ms
|« 36ms »le——— 108ms (min.) ———

DOUT ﬂ Km codes transmission

(d)
Timing 4. Invalid double-key input
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Kn input —l Kn }—-

|« 36ms -»l¢ t>108ms »|
DouT —l Kn codes transmission l——
(a)

Kn input —— Kn |

fe——— 1<108ms ———»]
€ 36ms Ple———  108ms ——p]

pOUT ——————— Kn codes transmission i

(b)
Note: Kn can be any one of K1~K64

Timing 5. Valid single-key input

K21 input — K21 l—
|

Km input 1 Km }-—

|« 36ms-p
[ 36ms Pl¢——— t126ms ———pf¢——— 108ms (min) ——>]

DOUT —————— K21 codes transmission i e —

Note: Km can be any one of K22~K24

Timing 6. Valid double-key input

DOUT & LED

After the transmission codes are sent, the DOUT pin outputs transmission codes with a carrier, and
the LED goes low to drive a transmission indicator.
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HT6221/HT6222

Application Circuit

Application circuit 1

vDD
?1.av~3.5v
3300
100PF = 100PF 470
[} 455KHz LEDR et 2050
ceramic resonator
9 8 11 6 5
X1 x2 LED VDD DOUT
| G 4 07 HT6221 . o
7_;0 —20 DIP/SOP vss ;
Ct C2 €3 C4 C5 C6 C7 C8 RI R2 R3 R4 AIN
. 19 |18 |17 |16 |15 [14 |13 [12 [1 |2 |3 |4 |20
| 200Ka x8
cb—a\A/\,x—o\o—a
—A—0 o
—— A ——0 o
——A\—O 0
l‘——w—-——o\c
AM——0 ™0
— A ——0 0
— AM——0™o
K1 | K5 | k9 [K13]K17] K21] k25] K29
K2 | K6 | K10] K14]K18] K22 K26] K30
K3 | K7 [ K11] K15] K19] k23] k27 K31
K4 | K8 | K12] K16 K20{ K24 [ k28| K32
; 1N4148 %8
Note: Typical infrared diode: EL-1L2 (KODENSHI CORP.).
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kpplication circuit 2

VDD
?1.8V~3.5V
jﬁ AT ENEY Infra-Red
7
100PF 100PF 470
1KQ
455KHz
, D ceramic resonator § 5050
11 10 13 8 7
X1 X2 LED VDD DoUT
| G N1 HT6222 12
D7 = VSS
i -24 SDIP/SOP e
Cl C2 C3 C4 C5 C6 C7 C8 RI R2 R3 R4 R5 R6 R7 RS AN
21 |20 |19 [18 [17 |16 |15 |14 |23 |24 |1 |2 |3 [4 |5 |6 |22
200K =8
1»—'\/\/\,—0\0—-4
+—AM—0 0
+—AMW—O o
—AN—0 o
+—AM—O0 0
4»—4/\/\,—0\
+—A— o
L AM— ™o

1N4148 <8

Note: Typical infrared diode: EL-11.2 (KODENSH! CORP.).
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