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Abstract

This equipment records the number of the used telephone and calaulates thei cost. The number of

used telephone can be achieved from the detector circuit, which is comected to digital:'and send to the

¥
microtrofler main board. It is programmed from the personal computer through the serjal port. These datas are
processed and then $end to the personal computer for showing and recording. The datas will be printed out

1

when needed. 3
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wnnhainsAmiihideuiluiniims
1. 191 vinsudavpsaiva e
2.195 nevtluanettien
3. 199 AutifLwRnFeysen
4. 197 utimuAuNIRTRT 5
6.13 asunnusmnoinsimilueainsdmiuamass
6. 170X uSawvmindiaelunsWinednd (e 17 ulemadonisn 3 Muantessmnng
Tmﬁ'm’rfmnﬁm)
7. 100 uinstvsAwisnssindssmn
8. 101 vininafwiminalutszing @unlssmanniaFounsGndumd
9. 189 urfersimesiufesdruidednadmg
10. 38991958 feTiing 46,100
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11. 1644 foni¥ing san 91
12, 1699 Fngravieaifien
13 1548 gueisaunaviiiousunf

14,1567 Autiirnlng nesnmannaing

windang (Phase-Locked Loop)
winnsugIReeanadengLl (phassiocked loop Y8 PLLI sztlrzneuidoniauFy

(it (phase comparator Y98 phase detector) 2492NIBAATNMARAKA (lowpgss filte)  HATBENN
(amplifier) ua:'mmmﬁammaﬁ'gnmuquﬁfmLiﬂn"u (vglmg/e controlled oscillator  ¥i#8 VCO) 317
drzneuiuiiunieu (oop) A3 uﬂm'luu&an’lm:unmgﬂﬁ 22

winnaandvpresiadengl Ae undueing v ) ssfenfiudadiuiunasisuna sswing
VCO (o) unzdoyqaudiunm ) Taumamaud) Ao f0= f, Thues Tatazeandsiaminonndiegn

. o
fimmuaing R uas C yisgatinquuen

M‘i’,{wwﬁﬂmﬁﬂmﬂﬂ l . oA

NI

fveo AR
VCO @] :

a‘ -« - .
71 22 uisalaszunsuresnesadangy

anmrrsaaienguil 3 anne As

1. Free-Runing mwzﬁﬁ:tﬁﬁutﬁﬂt{mmﬁmﬁmnﬁtﬁﬂmﬁmﬁuﬁﬁm&lﬂﬁﬁnﬁ'cumﬁmﬁuun
184 VCO TunasuBnudimina FuewmpranamBrudinumdanthusdidia Genda enor
voltage) sisT1lis VCO ¥inWimanadd veo wiendyl

2. Capure Snaziincidistu dle veo ﬁ'mﬂi‘ﬂumwﬁtﬁﬂmmqmu‘i‘]ﬁunnvmmdw
feyynsunm ues fygrasandafusalunas Foudnnms

3. Phase-lock an'n:ﬁﬁztﬁn%uu‘jﬂm'mﬁﬁuunwhﬁ'um'mﬁ vCo ‘v";m'\ozn”mdﬂotﬂa‘nm
VCO ﬁzmnﬁwﬂﬂntﬂﬂmd’mmmﬁwnLﬁ'mLﬁnﬁeﬁ«\"\mﬂuﬁwMaﬁmﬁwﬂm il

4 - H 9 o J-
ertor voltage Tivin A VCO winfuaudiSumm
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wiafeaquaciitney 2 dndFunda Capture range UAS Locked range Fudnalugiil 23 Ty
ﬁwmfﬂmnmunmamufﬁu useAumaumdl VeO flanaidh 0 oy wiilemanath s f,, fign
A mwnauunmmm:‘lﬂmummamum vCO mlﬁnmummquauﬂmwmwn
Hunm Wemndifisdusutinond f o mwﬁuum:ﬁﬁmﬁundﬁﬁ loop azsmIodUA NI
% vh‘lﬁm'mﬁ# VCO finamaithi 0 Anaduvils ﬁﬁmntﬂannwuﬁﬁmnmmmmuﬁﬁqn f, UN
numumm VCO Fazlufiirannedieninlinand veo mmnmmumnmﬁimmumum uidle

AnBinaseaLTInaaETgn £, 22Vl loop FunanaBaallf unsususaumii VOO fiazdisn

»
Dhugudlasianads

& tncreasing {,, f max1

0 fel L/ _ fe2  INPUT

{FRENQUENCY),

%

317 2.3 usm Capture range UK Lock range 118N PLL

RS-232-C

mmpwﬁaﬁm%’ﬂnm%auﬁam DCE (Data Communication Equipment U DTE (Data
Terminel Equipment) Saihufi§sniuaRa RS-232 rimmnafiusnluAeugeninu I an. 1965 unsd
mmvrauilu A revision TuAeuRaay 1 A.A.1963 1 B revision luideusannx T A.A.1965 uaz
(s Clovel ravision TwiAsumman T #1969 (DujulAfumandinngege seanludAeuunma 3
A.1.1987 {i#l D-level revision BBNNY

SnfaikisumomeuAe Sneniwimfscld RS' (Recommendsd Standerd) e EIA" LK
191 RS-232 azFun EIA232 14

dmvinnasgaeszAuReaanis COITT (Consutve Committee on Intemational Telephone
and Telegraph) 1ﬁﬁwnf$mﬁ'nd’tutmwi'ﬂqnﬁq:tﬂuaﬂan 0 fin -3 Tonel uﬁ:mn"ud’turmnﬁmﬁ
aziflunedn “* Aa +3 ol wilimalfiRasiinududode -3 Tonl - 25 Tonel (flusedn 1* uae +3
Taswi - +25 Tonel (Dusedin 0"



WMI§U RS-232 aziumifeaiy
1. gruguFn e ivineesdoyognu
2, HaffumavinTeusse circuit
3. funsunminNLIBURss e

[] : - J o
ey : Asliiasefunaiieaiy RS-232.C

e

J 1 U o :’ e d ¢ -
AULNINNAETRaISWIN DTE tu DCE uuq:qnmmmnmmﬂwuﬂwfﬁmmﬁq
- o« - [ A L 4 :r J t J *
frunld 2500 Alnvade EwfusrRinde) Awislidssnadfumefrndinmwunaned el

¢ J : J o 4 - Ld
ANENG 50 WA SeAananueatiesivanoausedfudvinliennsg i RS-232-C Safarimvunlvinny

. ; : N
12 50 v wideneldiiArmhfuudioudonauearestneiidendan

0000000000000
000000000000

O

O

211 24 usmansuinmeTres RS-232C

RS-232-C fimmmWigammasediayarswinn DTE iy DCE Whaitiu 20 kbps iefiansnnmats
J o~ : o ! [ J J -5' - 4 J :
PEmeiifuAMNENIeInn 50 WA ssuiudafnavdsfonsneiigandntiiioias muanandatinee

‘ J - : )
fyyrnmsiinnunianntu usenz ofoff MdiasanAduruiresseiachifinasenauni

mmd’tutmm?;w‘!‘u%uﬂ
AT nT 24 arannsauIIANg TeeReninmef RS-232.C
Pin CCITT Circuit | RS-232-C Circuit Direction Name
Name Name
1 101 AA Both iérotective Ground
7 102 AB Both " Signal Ground
2 103 BA ToDCE Transmit Data
3 104 BB ToDTE Recsive Data
4 105 CA ToDCE Request to Send
5 106 CB ToDTE Clear to Send
6 107 CcC ToDTE Modam :Ready
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Pin CCHT Circuit | RS-232-C Circuit Direction Name
Name Name

20 1082 CcD To-DCE Terminal Ready

2 125 CE ToDTE Ring Indicator

8 109 CF ToDTE Received Line Signal Detect

(Carrier Detect)

7 110 CG To-DTE Signal Quality Detector

23 111112 CHICI Either Data Signalling Rate
Sefectorfindicator

24 113 DA To-DCE Transmit Clock (DTE Source)

15 114 DB ToDTE Transmit Clock (DEC Source)

17 115 DD ToDTE Receive Clock (DCE Source)

14 118 SBA To-DCE Secondary Transmit Data

16 119 SBB ToDTE Secondary Receive Data

19 120 SCA ToDCE Secondary Request to Send

13 2 SCB ToDTE Secondary Clear to Send

12 122 SCF ToDTE Secondary Carrier Detect

mMaIMEsIuRRe Circuit

- Circuit AA {Protective Ground) : Aaweqmilsrasdnstiesunonuliiniusunsrsduiuniy

nIRsNEs

- J & [ A - oL - -
- Circuit AB {Signal Ground) : YinminfitlussAuunAudwBnTadioudwiynanasoygnu

- - : - J - : + 4
(e circuit AA) tevin Wiy ausunuissintiuiinianiige

- Circuit BA {Transmit Data) : Lﬂuﬁmmﬁmﬁah%um?m DTE tedlyli local DCE eiting

’ ) L. A 4 J Ld - 1 3 o
vinsswindatnee davineswindnderailbiinesdiaysdygradasiinonsiu o dwsu

nrsuuuiershifinesdiayaiuwianiinnais “1* fu Circuit CA (request to send) , Circuit CB (clear

to send} , Circuit CC (data set ready) U&< Circuit CD (data terminal ready)

- Circuit BB (Receive Data) : Lﬂué’tutmméagnﬂ%mqn local DCE unsealaitie local DTE

ﬁ’tutmaﬁﬂ:ﬁamu:tﬂu " RReALATRG QIR cicuit CF Heamuziiy 0" Turznunsdediays
WL helfduplex sty auanaiiasiinamuziu 1 tumous? cirout CA naruztha unlugedirmds
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a0t ot CA WRBsaMzaan 1* i ';Tqﬁﬁtﬁ‘anmuauwnnummiaqauazw‘gmﬂum:aa
naseursdygailuaedan

- Circuit CA (Request to Send) : ﬁ’mmﬂmﬂgmﬂ%mﬁn local DTE uavelylie loost DCE it
huimsuendnssfinnadedioyn uscdmivtasdyorauuy  haliduplex Fudeduneimnefismm
nsthefiayaliiiy  DCE uacd AT gn i dienaciande one way) videses
d’tutu'mﬁ';dauuu fullduplex Yusame 4 nmé’mmﬁmﬁﬁ:tﬂuﬁ’qﬁwlﬁ DCE sgfluluunzeinads
foyn dausanuy 0 suihudarvun OCE Wieglubmmnsfudieys DCE azfafunszIINIRa
lﬂmﬂ‘ﬂm'\uaugﬂﬁnmﬂqﬁfuﬁ?ﬂﬂﬁ:ﬁ'\mﬂﬂdﬂu circuit CG Wilganuzihi 1 aanue 1" aithwin
van DTE ﬁqawﬁq:ﬂméwﬁﬁuﬁamhﬂdmm circuit BA mauRennnaniuz 1* uanue
0 ol DCE gfinedebiayainmn circuit BA (ﬁﬂgaﬁﬁmﬁeﬁawﬁﬁﬁ) uazamiufiaiiie
dhiluummsiudieys DCE asulfen circuit CB Wilnnuziiu 0 Wenwfmdazmaususinisieenes
circuit CA By

- Circuit CB (Clear to Send) ﬁ’tutmmﬁa%mﬁn DCE tatfunmruandn DCE wieafiasyinms
shdiaymidelal somue “1° o3 circuit CG azgnideadniuEne 1* 199 circit CA circuit CC usziile
iauuda cicuit €D fazfhufausanaazaes DCE dafnyguasisasin circuit BA azgnesliiiates
dryeynidenns aonuz 0* azuamals DCE ‘ifi'\qz'lﬂﬁnqsméﬁuﬁ'\uﬁmgadmw circuit BA oMU “1°
294 circuit CB (TummameLsUeFesey * TfnTandeniftes cirout CC URE circuit CA USZZEN
AnditeW DCE Wvinnssndesdyqnamasissmi remote DTE &1 DCE Anliifinasld circuit CA
uka circuit CA fiargnanni Wiliaonuziihu 1* aganemont URE cicuit CB A8innsRaususun

- Cireuit CC (DCE Ready) : SEJEUMIEN circuit A suansanuores local DCE saMz *1°
uemati

1. focal DCE qnﬁmﬁ'\ﬁ'uimd’tutmmﬂameuﬁo

2. local DCE hildaglusswinamagnvnsau

3. local DCE n¥auudn

wrusl local DCE TallArinkess tone mELFMARTAIZIR0T0Y tone ReLRIRagnAILIRTaLNTIN
iunetinasanguiisysncuny aaue 1 azusmsnsmndieiidenlnh 3 trzmaiensncdneiu
circuit T laRNZIRBUAMINEIITTEY local DCE siamuz *1* azhigniinanaudumsuamadntesdtygnn
ifam?'lﬂgnfi'n%umdw%u remote location ¥i7e 1TLARUSIN remote equipment

goue 0" q:tﬁa%umummﬁunnnmuazﬂ:tﬂum?uam'h DTE umﬁmﬁ’tu:umﬁuﬁaéuﬁ
ciouit Buphandienniuses ciedt CE oz 0 aZhiimmamniemues it CE e cirouit CD
desonuy 0 AnturazAnDume@nieudl cicut CD azgnufftuseniii 0 DTE ainanad

o~ - ] L d -~ J - J -
Wunsgedn vie umennifinnsfinsie unsssindiunisisnudeyfiniedan
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- Circyit GD (DTE Ready) : ftyeynaunen circuit ﬁ'l-ﬁtﬁamuqummﬁnﬁm DCE Whianwiety
imd’mtmmiﬂg:a s 1* aufumasien DCE rewfiassadniiesiygrodeys Siinsdn
wusiewmeufunedondaluusrefibmmnmerfunsGundaliuRudonssdusedygiu
qztﬁnmm:tﬁaaﬂuaummﬂ‘i’auﬁwmd’tutmmm:ﬁa (ringing signal) LS 1" B8N circuit CD
tiwlsfian DTE Afkuanl¥ circuit CO wanssnme “° daﬁuw%anﬁa:mu?a%ﬁﬁgmmﬁumm‘ﬁa’
wansly |

anmue 0 vinl¥ DCE aﬂmﬁn'ﬂmﬁtutmmﬁﬂmw'jamm “in process’ T4 circuit BA 3ty
Yonuda a0 adlidirtanensvineTunes cireuit CE 1u?:uuﬁﬁm7ﬂ?=qnﬁ'liqmﬁu«3n{1§'mﬁa
cirouit CD Wiuiiusnms 0 FuachinReundusnidugniue “1* 8naunda cieuit CC axgn DCE
wiRenindusdhisans o 8nade

- Circuit CE {Ring Indicator) : #0UY “1" 18X circuit ﬁuﬂmdwé’mmwmnwé«ﬁ'u‘lﬁ?uuﬁqw'ﬂm
d’mmmﬂams Aoz 1 azfstuluna e udousnme 1° -nmiqaﬁtutuﬁtunnﬁlq (peusiin
Kru:mmm:ﬁ:ﬂ Mmﬁmmﬁmﬂﬂaﬂ? g0z 0" azmseglunnisinanus 00 mevindyngnn
naEA (mdwiwvmﬁmmmm:?ﬁ) T mummﬁunnmmtﬁa'lu"lﬂ%’ud’tu:mmnnﬁ'a NYINU
T4 circuit ﬁa:’lu’qnv’n‘lﬁmmnunm’m?nuamuz "0" 18 circuit CD

- Circuit CF (Receive Line Signal Detector) : QTUT "1° 1189 circuit ﬁngnmmaﬂnmtﬁa DCE
fnfeudyyndagnitansanudadimmnzen ngmtuvfmdwﬁﬂ%n‘%u?nuénﬁn DCE @MUz 0" usna
dn TildFudygn viauansdn Ktu:uﬂmﬁi‘uﬁu'lmmq:ﬁum?ﬁ?uquu (demodulation) a7z 0"
aovinl¥¥ circuit BB ifluanaues “1* @ wiustun halfduplex ua circuit fesilunaus 0 e it CA
Wusome 1 zdws"u'dwmﬁuwamnnwﬂammu:ﬂﬂn *1* iU 0" e circuit CA

- Circuit CG (Signal Quality Detector) : SEyeyUTEN circuit ﬁit#auﬁmnﬁﬂmﬂmaqﬁq:tﬁn
penBansatuiuteysildf ey 1° ﬁ"tﬁm%utﬁa'l:iﬁmquamﬁq:'lﬁdﬂ'lﬁfi’\ﬂ:tﬁnmwﬁm
waetu samus 0" mmoﬂﬁ?ﬂnﬁmym:mnnmunmmnnuﬁﬂuav‘ﬁim

- Ciruit CH (Data Signel Rate SelectorfUsing DTE Sowce) : fiyeynautas circuit A Weiden
sowindnemasdygnodieys 2 dam (unsdizedhudsBedaninuuy duabrate) vizedRsns
Feyeyroudiayn 2 9o (lunsdivestunin nonsynchronous WL duakrange) ANTUE *1* uamatinaaiien
ghanmiddeyniigsnimietnmredarneddieyaiiginia

- Cirouit C! (Data Signal Rate Selector/DCE Source) : gUlkuunisldemumiteniunsdines
circuit CH

- Cirouit DA (Transmitter Signal Element Timing/DTE Source) : flqyeyounen circuit et
TIRIIVNLIART (timing information) ‘lﬁd’uﬁ’uﬁﬁuﬁ’mmﬂmﬁd« nauRpuganuzaan ** 1l 0 usmatia
qarudnausncdauftygtuses circut BA e DTE Memd circuit DA DTE azsfninosnmian

27895 .
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¥ circuit DA 1ife DTE eejlunass *power on' finnstieadlsh DTE wyatinataneianazen circuit DA 1y
iwnuz;m&uqtﬁ"aﬁq‘lﬁ circuit CA etflugaue 0" (mqqsvu’mﬁ‘ﬂqaﬂwmﬂunw maintenance)

- Circuit DB (Transmitter Signal Element Timing/DCE Source) : Reyeyeunen circuit ﬂgnmum
aftngsnenan ity DTE DTE azaddtygnadiayan circuit BA TunnsifimanBeuszwin
dqummd’tutmmi'«ﬁmnwﬁ’mrmnmm cirouit DB Hmaulfeugouzaan o et leiimald
irouit DB 4 DCE . DCE azafutmsnamanseinan cicuit it DCE aglmnis power on' fme
giod 1% DCE Mgmtinn@ snNIanTTen circuit &lﬂuﬁwnmé’w]tﬁ‘alﬁ cireuit CC agfludnus 0" @7
q:v'mv’faqnﬂﬁmﬂum? maintenance)

- Ciresit DD (Recoiver Sigral Element TimingDCE Sourcs) : fieyeynumes cicuit idiilesiretn
smmsRemuRyanaili DTE malReusanuzaan *1° dhi 0* wanstaqamudnanusias
gufeyeyrnaned circuit BB 11981 NIRER circuit DD ngna%mﬁ'ﬂ circuit CF etilusianus *°
et dusitliuiasel fasifinfumiiannt cicuit CF wWienganmizann “* o

- Cicuit SBA (Secondary Transmitted Dats) - circuit SiARAEIL circuit BA whisinaifumasdl cirouit i
’l‘!w‘%med«ftytu'\tu'ﬁmdaﬁmwﬂmd’tutmwm"uﬁ 2 f(secondary channell M reverse channel
modems ,DTE S circuit SBA iy *1* st word , FRduITwIw
character uazvgmomv'ﬂ:iﬁm?da'ﬁaga 'l\mnq':::umfu DTE azbisrimuadyonirsdii 2 Guus
asfisonus *1* sl circuit SCASCB.CC use CD und’tutmmﬁaqaﬁgndai’mmﬁumafmladﬂu
YN circuit SBA mu:ﬁLﬁnfiﬂu’lﬂﬁ’qnﬁqfnzgndq'lﬂﬁq'ﬁmd’:utmmﬁﬂm? (communications channel)

Cirouit SBB (Secondary Received Data] - cirouit findneiiy ciruit BB usismarumasl circuit 14Ty
mﬁuitutu'\mdﬂuwwimd’tytmmwﬁuﬁ 2 tﬁﬂimé’tytu'\w:é'uﬁ 2 gn‘l{mn:tfmnmuﬁ’u‘lﬂu
circuit vﬁ«atﬁ'ﬂmﬁ’nﬁ'amzmﬂummiaqa‘twn‘mﬁ'tutmtu?:n"uﬁ 1 (primary channel) sinazedn circuit
SCF umaiaziilu circuit $88 lunscdiiniusomy “1* usmaddkifinadindomns aanuz 0" usasinting
fnifenaindavas

- Cirouit SCA (Secondary Request to Send - circuit SIAdnEI cirouit CA WAnaManseTl circuit W14
dvAeeReyeyaussiLm 2

_ Cirouit SCB (Secondery Cloar to Send) : circuit ARMIAL cirouit CB wisnaffumasit cicuit S
éﬁﬂﬁﬂmﬁ’mmﬂwzﬁuﬁ 2

- Circuit LL (Local Loopback) : ftyeyneunen circuit ﬁgn‘litﬁamuqunwmw Local Loopback
189 DCE (e cicuit LU Hemusdy 1 vinli OCE vinenmues moduator luifluunanes
demodulator wAa MUgaNITNYIMAREY Local Loopback uda DCE azuden cirout T™™ Wi
winynpRumefiagoadeuudosaius 00 e circut LL azultns DCE Winfuganaazns

ViR uUng
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L F
- Circuit RL (Remote Loopback) : SEURUInUTEN circuit ﬁimamuqu‘fuumnaau Remote
Loopback 984 remote DCE SErUE 1" 189 circuit RL ¥inWWi local DCE wan¥ remote DCE winganns
. - 2 L

naVmEaL Remote Loopback MAANAN circuit RL 1T *1* uazanmusignasaawim R circuit TM Wi local
DCE #nasemastaLnisraiiaes locsl DCE Ung remote DCE 14 anue 0° 189 circuit AL sza¥ninn
. 2. .

a¥Funmminmanesg il .
- Circuit T™M (Test Mode) : ftyeyneune circuit fluansde local DCE atluanmzmmagey
AU *1* 194 circuit TM 197 DCE 8lHANIIYIARBLILATATABLIALBIABATUT *1* 189 cirouit LL

WK circuit RL REMUE 0" 18X circuit TM udmedn DCE agflulvumpaanaineuiing

uasalulasnaulnsainad ANT-32
ANT-22 fluuefrlitasneuinsawefinl i eilusnmns Embedded Controller nénAe 1T

um‘ai';qneanuuummﬁimmouqufnﬂmm: 'l'nﬂgnﬁﬂé’mq"lum‘%mﬁa wiksednmne iiedldinia
santesruusaiaRsne vefailaansaldiu cru wefsine 1hur 8031, 8051, 8032 , 8052 , 8751 ,
8752 URY 8052 AHBASIC Usznsusatiniasiudauses Watchdog Timer , Battery Backup WS Power Fail
Detoctor 143N MAX691 2327 Real Time Clock 14 D51202 uazaeasusioudu
ArusIAYBIUBIA ANT-32
- Whiusfarsulnsaneflunszoa MCS51 (80318032 1 CPU wef 80C32 vinafinaaui
fryyrnuuiinn 11.0692 MHz
-UMenaniasnrdnuunemld 3 Awnisdaniu As
U2 dhandaarwsallsunsy (PROGRAM MEMORY) 141y EPROM, 117# 832 kByte (L
2764 , 21128 Vize 27256
U3 whanisamaandieya (DATA MEMORY) 141 RAM muinm 8 kByte 1u1ef 6264 vide 32
kByte (e 62256 anunsauundndayaldlnelfuum BETRDEY
us dhanisaaauantsunsuuactioys (PROGRAM AND DATA MEMORY) 14iu EPROM,
RAM %8 EEPROM tunm 832 kByte Tne/ld EPROM wwinf 2764 , 27256 14 RAM wwef 6264 , 62256 vida
EEPROM (118F 2864(A) , 28256(A)
- Tmafa 10 waf 8255 Smau 2 A (48 Tim) dwmiumieli s winauen
- fimefn LCD dwFunnarelfanuiy LCD wuu DOD MATRIX
- fiaas Serial Interface Driver RS232 Aarmiued MAX232 dwFunmredniuideddns
AauNmed
- §1749% Watchdog Timer , Power/down Reset Aaergwinin MAX691
- 119947 RTC (Real Time Clock} 148niuef D$1202

- finsurinmeidwidu nefm 1 reslulnsneulnsaweNaeanns
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- fineuinwasinuy System Bus vinlmenurzuuldion uazsnnsoldfunedenesine i
azifutusunm

- gsaidenuefusseisnicuanudn wWernusgrsuiBieg teseinlAdandiniiled

- gnseimantnunndéfinamdnessnmmuasimind Iaeldaevinses BASICS2 uay
REM31 .

M lumaimnidsunsa

mrldsuedn ANT-32 fldSuihwies FendilsunsupounfiGeniuiefiveflilunnduan
Tnuannzieinhuiifesnaimndndald ANT32 Thlunadlidlen 2 Anwuskeniu Aa
REM31 U8 BASIC32 winmsraviasstilsunsuiifeigldiin EPROM Fussqlusunaifl@oussin
vefn ANT-32 FiAnuninnionnowsn U2 (EPROM) uavinnnarian Serial Port 72uinNvasn ANT-32
fusdedlilnmnerfianes (PC, XT, AT, PS/2 samAiides PC WdTunadmunafesstioyn
aynay Gliscannsodassiuueia ANT-32 1# Anintosctsunnd s

REM31 (8031 Remote Monitorl Wianniilsunsusaunsnuedimniian REM31 fidaziiqn
Andelummimantilsunada 19 Arde FneozAndasafnaReiuAda Debug 18e DOS ¥inlETAY
inetjrieuudaasiendldinedu REM31 Wiy CPU Thviiuns 8031 unz 8032

BASIC32 {8032 BASIC Interpreter) MWawunltsunsudasinasniu@indu CPU 8032 naxui@nda

:C‘ o o

flfAeRaReaiy BASICE2 191 intel Thuee Tne BASICR? HifklAamuinsusviiandnndslinidnty
e Wimnzfuvesn ANT32 B '
unlunsdig\4il EPROM EMULATOR (EE232) fRsmrsaldvanrTisunnildvinamn
uanmuLRImedTilsungy 8061 ASSEMBLER sienawdlaeldTilsunsy 8061 Compliler aviasna
Tusunndndhudedinies PC datluntmimantysunsudonduiu
lulnsnoulnanneimsrnn 8031032 ensnsareiunianausanituanidt 128 kByte Tne
wiiesniihuasdou A 64 kByte tthanisarmdnTusunsu uaz8n 64 kByte thanlanmanudndays
FonintmanuiesessauiaRW LB IAT 0000H - FFFFH wmiileuiiu wiazgnuanasnaaniudan
d’tytmmmunuﬁviwﬁu Tnedoyoyrod PSEN Mpaumluntsgnmanistaansatusunsy ooy RD
waz WR Hroununisguuas@manicoacudnteyauacwafmtunm / ewinn uscdmiumeenu
wisnaudnlsunsuuavtioys Wdtugno GET i;qd'tutmmﬁ'lﬁmnm? AND ftyeynd PSEN uas
RD wniapmandauiisnansal 14U EPROM e RAM
dwFuuefa ANT-32 TdSamiatnanudnesniiu 3 daudaniifse
U2 whimndatmgdadmiulilsunsy ueninse 0000H - 7FFFH
U3 thaniaarudndieys wemesr 0000H - TFFFH
ua ithanbsasaEatusunsuactiayn ueminsa 800H - FIFFH
druusminsa FBO0H - FFFFH Miihwinunireanefmdimmietsing
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TT4, VO (8255)

825‘5 Programmable Peripheral Interface (PPI) tﬂuiwwafnuumumﬁtﬂuﬁﬂuumﬁuﬁumn
we dwFuedn ANT:32 Mnefn 8255 muou 2 FniiidhmedarinWiinefadunprewiat
24%2-48 Tin Tasuaiuih User Port 1 LAY 2 BAnumniuamuassail
User Port 1 {U10) uamm3sa FBOOH + 8255 offset addr = actual addr-

Port A  Fnwwbiuemimea FBOOH + 00H = FBOO H

Port B Aaumduamings FBOOH + O1H = FBOTH

Port C Fnuwmdiusmiasd FBOOH + 02H = FBOZ2H '
Mode Port  sinuwiuemimsd FBO0H + 03H = FBO3H é‘Q’”
User Port 2(U11} usmisdg FCOOH + 8255 offset addr = actual addr

Port A Fiauwniiuemiase FCOOH + 00H = FCOOH

Port B siuwniiuenissd FCOOH + 01H = FCOTH

Port C Guwisueninsd FCOOH + 02H = FCO2H

Mode Port  Aiuwiuasimss FCOOH + 03H = FCO3H

revasdemmedn 8255 fddawinneivuahmmnaninmemeda A, B uas ¢ Wil
wesmaumBaiawnR tntvinnaduen control code 1l Mode Port 39 Mode Port fanrmodndd
wimdaiamnsoslé A

Optional Real Time & Calendar

dvsumsdenssnladamisaseftorundededon  nfhifedhasluguin

wlinfdu RTC ( Real Time Clock ) AsunRinuanne®s Tsuedn ANT-32 148w RTC wef DS1202 Serial
Timekeeper Chip 184 Dallas Semiconductor TntesaaiLigUnsaintuenifefinistunsiidieAn
DS1202 Uz MAX691 T9MVam3amen 32,768 kHz WaTuLAAEIRGHNLILLIESA ANT-32 A2t
D$1202 tisznevlalfag Real Time Clock / Calendar U Static RAM 1unm 24 Tusl vianag

Bumefinariu cPU Tuwuueyna Taeldanauies 3 i As 1 RST (Reset) , 17 YO(Data line) uaz 17
SCLK (Serial Clock) mﬁf:utu'\m'i'ﬁmuﬂqzﬁm'ﬁqﬁum P16, P14 uaz P15 18 CPU aadnAy (ile
AanmauA1R CPU Aatinnnssmuiannann RTC wesvdn DS1202 Tiflandmiulyl

Bumef CPU  CPU gunsadenidesufiayntes Clock wiie RAM 14 2 38 As Singletyte ua
Multiple-byte Taeieas3a CPU Aead command byte (8 D) W DS1202 Wavanl¥ DS1202 nanrinae
ynmrdmaiesnu Clock W RAM niamsnwniuasanikordioyn lunsiindiasety DS1202
fryrndinn AST  deathinedn “* 1 SCLK axfhufeygnes Serisl Clock tevinmadmaies
Fayn Tneaz 1 d¥eyeynod Clock 1 gndwfudings 1 fin daum 10 Wutieyseynau Insazudunn e
vnmadeussdueipdeinns Inefeysfasdnadesmazduaniv o unsaukonin 7

AT command byte
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717 31 wamvfenlanzunsameseniuiinsniBnastneing

29sAnALaS (Detector Circuit)
sourevasimmmefilllsznauden 3 aesstien lud NITRFIIUNMTINY NN (Off-hook

Status Detector Circuit)  NIIBAMBRIVUYINIANYT (DTMF Decoder Circuitl  URSMNAIRIIRIU
o . 4 - U : [ L 4 ¢ J 4
FeyeUIFuNnAY (Ringback tone Detector Circuit) wenvatiassiaseiunanlvsdninsesidens
L4 - q - J [ 4 -, 1 :
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fifntlszanes 8 V Seinndausediuiin 3 Aedhueingmiinn 6 Jad 1~ virliieiniinn 4 vee



3
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gﬂﬁ 32 usmaneIAIRIumsumyineAwy
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gﬂﬁ 34 uamaseyeyrdinadnd

feygaanaanainsAmisseinesndia 1IC LMS67 -‘fagndmﬂwqmmﬁuﬁumm (Tone Detector}
emmrduitygyraumanaiitlezanes 425 Hz TatnasinvumArannindnmisasiafiin ivqdoriest
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d1unRIN15INIU (Controller)
dqumuqum?ﬁwﬁuﬁﬂ:?uﬁtutmmﬁunm'\mqa?ﬁmnmaﬁamd'rutmmﬁﬂ?zmam
ublilunmannindesnaiiomef  Wulasseniiddaunounumnineutuuefalatasneinmnines

x ;
ANT-32 ;ussifannaeuedatingnotaluuni 2

Tlsunsunruguntahau g
Tsunsumaufuntavine e ideahfinAnAnstAmitszneuden 3 dauminie
1. dauaununsidieyasannasiinames
2. doumununsidieyalifisdeneufianes
3daunaununsAMuANEMIinsAnYussuaniun

daumuguneiutayainisammnes
3 [} J - A
fygyrnangatninsdniazeinunasimamefineuls Wiidudgygrosansaudotioul

U 1O PORT 8255 Tevuafnaeuinianes Feildiuau 2 nadn

fyrus TR nAmeSIAY

1. fygnumsantranyryinedw dudygndeys 1 Tn audu 17 u‘jaﬁmmmg
nafmiunzaziiu «0” Lijﬁﬁmﬂ'w'l'mﬁwﬁ d’tutmtwﬁqzduﬁq PA1 18MaTR 1

2. fryeyrumraamanafuaninaingdind udeyeradioys 1 On 18sanen 15 wee IC
MTB870 reaaeasananisammainzAnd szt 17 suznmpusmnntinsAwiuasandu 0 e
Lifinngnmjsismnetnsdndd fyeradiazgndada PCT wpamedn 1

3. fgeyrousmnalnsAny tﬁﬂﬁannatam']ﬂ'l‘wﬁwﬁ 1 A2 IC MT8870 189R9500ANIA
inmnetnsfmiasinnznenmisesnithuathinid 4 i foyynusan 14 qnﬂuﬁnﬂﬁﬁuéﬁﬁ’:y
g«gnuﬁmammauﬁaﬁnﬁﬁﬁudﬁﬁméﬁqnﬁm 11 11U u‘.‘:anm]um 9 azlédyeyrnsannmsaennia
A8 1001 (B3=1, B2=0, B1=0, BO=1) Tneazey

83 ufin PA3 peanedn 2

B2 1fin PA2 18anefR 2

B1 ifin PAT 1eanedn 2

BO tfin PAO tenadn 2

4. Aygyrumsnsmsuaneasaemns ﬁtutmtw‘flﬁmnwamﬂﬁq”uicy:mmﬁﬂnné’u W
fyrprndieyn 1 O azdu “* dlevmevmiidhifumuuazaniiu “0* delsmmusnnudo

ﬁ’t‘ymﬁm‘}ﬂzgndwﬁﬂ PB1 18aWesR 1
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Seidan “sndanin® axifianaaria “mlne” uazusmennialsznaudan wmnnelan
1 Savdin Suden! ey namgauasAniEng Sdeinenduhignisdeunatungom
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YafhiRen “aumainen

winausmmatmliannusnmasesluunil 4 dauntasBuafeatuneigudeyse 1k
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nefunl wHinracdays VEIVR
Farcode Text aanInauendavin
Province Text UIN
Rate Number snreninsArim inaseunt

4 L4 - o o
RN 3.1 AIN Code usmanianninailszandanin



nafinl sinrasdioyn WEIVA
StaHour Text AndalusfiGudunsing
StaMinute Text AmnimEsunsing
StaSecond Text AviuTGAneng
Day Text Smdunnging
Month Text WeuREdunsing
Year Text T Eudunising
StpHour Text dﬁ'i"ofmi';uqamﬂm
StpMinute Text AiTeannstng
StpSecond Text AunTivganstng
StpDay Text 'S'uﬁﬂuqu nstng
StpMonth Text FerTvgansing
StpYear Text ﬂﬁuqnm&‘fﬁ?
1st_digit Text tatsAwYiRaR 1
2nd_digit Text titinaA YT 2
3rd_digit Text ’ vtiayinsAwiE 3
4th_digit Text wntiatinsAnyiRaR 4
th_digit Taxt o
6th_digit Text vtetsAWYIRaR 6
Tth_digit Text wntiarivsAwiRad 7
8th_digit Text wntittmafwiRaf 8
Sth_digti Text mneiartnafisaf o

pnrndl 32 mrniudieyaann Text File Seiidiaysunanuefalaiasmeutnnines

nedani 34 (Caption) VIR
Exprt wewnnelane | inputliist_digit & [linputiii2nd_digit & linpugi[3
Y rd_digitl & [inputllidth_digitl & linputli{5th_digitl &
finputllBth_digitt & [linputll{7th_digtl & [inputlli8
th_digit] & linputl {9th_digit]
Expr2 aianning | inputliist digil & [inputlli2nd_digl &  finputlli3

rd_digit] & {input}}{4th_digit

A



Expr3 BT} ((Val(linput] I[StpHour]) - Val(linputlI[SteHourl) * 60) +
Expr11) - Val(linputl [Staminute])

Exprd ey | inputliStaHoud & = & finputi[Staminute] & =~ &
linput}{[Stasecond]

Exprb YN finputll[StpHour] & “* & [inputl!{Stpminute] & “* &
finputl|{Stpsecond]

Expr7 wadwia 389 | inpulilist.digd & {inputlli2nd_digitt & [inputl!(3
rd_digit

Expi8 wniwin 289 | inputlilist_digitl & finput)l[2nd_digit]

StaHour 4 At Tue e anATe input

Expr9 Awneudl | inputlliDay] & “ & linputiMonth] & “/* & finputl!
[Year}

Expr10 . Val(linputl[StpSecond]) - Val(finputl![StaSecond])

Expr11 Iif(Expr10 > OVal(linputl![Stpminute)) +1 Val(linputl!

[Stpminute]} )

AW 33 u«mﬂa Field unz Function 18qusiae Field Tu Select Query :-Link

neduLl 34 (Caption) VHNEIVA
Expr1 wrsatlanemng | ismvinmianem San Select Query ¢ Link
Province i Fasmimaananen e
Expr9 Swdeudl | M/ @au /T an Select Query : Link
Expra (annEudu tannFudi 97N Select Query : Link
Exprb wamYm 12 MEA 990 Select Query : Link
Expr10 ALISNIRINIINN | Switch(Val(llinkii[StaHourl)>=7) And (Val(llink]1[StaHour])
<18), [Code]l[Rate] (Val(llink}![Stahowr]) >=18) And (Val
{llink]! [Stahour]}<22) [Code]l[Ratel/2,(Val(flink][Stahour]) >
= 22) Or (Val(llink}![Stahour)} <7) , [Codell{Rate]/3)
Expr3 IR 1aRTNZANT QN Select Query : Link
Rate. SATMNITNMT | SRTIANIENIIRINAITN TR
Expri1 AN Expr3 * [Expri0]
StaHour dabududu | FalmeEudu aan Select Query : Link

RN 34 UkMITE Field U Function TRIUARZ Field Tu Select Query : Far
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5. AU 4 184 IC 4N36 DeusTaTnsEMYEnsAv
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Anufl 3 1eeIsudyaaTenndl (Ring back tone Detector Circuit)

1. ﬂﬂué’rurmmﬁuumm'mﬁﬂwmm 425 Hz dinaeaz LFuAndadmmadin 5 1ee
IC LMB67 qunssviussuiinn 8 T “o»

2. WRrudeudtyqneamen 3 At 6 189 IC LM567

3. uRnudendygadin 3 fum 6 1 IC LMB67

4. Whnuieudeyanasnbidniudayanam 8 v IC LMS67

5. uBnieRyaadunndutudggrodin 8 1as IC LMS67
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mauil 1 2esnsIeUMsanyIngAmi (Offthook Status Detector Circuit)

Anuvuie sy | sousiitinstnynedind
Antinadny 440V , SR
1 2 189 IC LM741 114V 79V
11 3 983 IC LM741 108V 08V
11 6 189 IC LM741 13V 108V
1 4 199 1IC 4AN36 12V 48V

J -« -
AN 4.1 URAINANTINARBIIENNATANATLNSUNY Insiny
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6 1 0 0 1 1 0
7 1 0 0 1 1 1
8 1 0 1 0 0 0
9 1 0 1 0 0 1

i & b 4 o
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;FILENAME TELEPHONE RECORDER
; SET USER PORT 1

UP1A
UP1B
UP1cC
UP1P

UP24A
UP2B
UP2C
UP2p

COMMA
CR

LF
FOR
EOS
PASS

MAIN:

EXIT1:

TEST:

TEST2:
TEST1:

CONT:

EQU OF800H ; PORT A
EQU OF801H : PORT B
EQU OF802H ; PORT C
EQU OF803H ; MODE PORT
; SET USER PORT 2
EQU OFCOOH ; PORT A
EQU OFCO1H ; PORT B
EQU OFCO2H ; PORT C
EQU OFCO3H ; MODE PORT
EQU 2CH : CHARACTER
EQU 0AH ; CARRY
EQU ODH :LINE FEED-
EQU 8100H ;FIRST OF RECORD
EQU 70H ;END OF STRING
EQU 41H ;CHAR "A"
ORG 0000H
; SET CONTROL CODE TO INPUT PORT
MOV A,#9BH
MOV DPTR,#UP1P
MOVX @DPTR, A
MOV DPTR, #UP2P
MOVX @DPTR, A
;*********************************
MOV DPTR, #8100H
LCALL  INIT_RS232
JB RI,TEST
LCALL  CH_HK
SIMP MAIN
CLR PSW. 4
POP DPL
POP DPH
MOV DPTR, #FOR ;RESET RECORDING-
SJIMP MAIN ; ~-MEMORY
;MAIN PROGRAM FOR SERIAL CHECKING
PUSH DPH
PUSH DPL
SETB PSW.4 ; SELECT REGISTER-
MOV RO, #30H ;-BANK #1
SIMP TEST1
LCALL  RECEIVE
CLR RI
MOV A,SBUF
MOV @RO, A
CJINE A,#LF,CONT ;IF NOT EQUAL CHR(13)-
SJIMP FINISH ; ~-RETURN LOOP
LCALL  SEND
INC RO
JNB RI,EXIT1
SJIMP TEST1



FINISH:

CORRECT:

;k******CHECK

: INPUT = UP1A

CH_HK:

CH_HK2:

;********CHECK

: INPUT =
CH_SD:

LOOP3:
LOOP2:
LOOP1:

CH_SD2:

S_DIGIT:

S_DIGIT2:

UP1C

LCALL
LCALL
JBC
MOV
SJMP

LCALL
LCALL
SJMP

TXD_CRLF
CHK_ADDR
FO, CORRECT
RO, #30H
TEST2

TXD_CRLF
SEND_OUT
EXIT1

HOéK STATUSA* X XAk kA A kA kX

PUSH
PUSH
MOV
MOVX
JB
RET

DPL

DPH

DPTR, #UP1A
A,@DPTR
ACC.1,CH_SD

:IF HOOK ON -
; ~CHECK CALLED

TELEPHONE NUMBER****xkk%k%xx%

MOV
MOV
MOV

MOV
MOV
MOV

MOV
MOVX
JB
DJINZ
DJINZ
DJINZ
MOV
CINE
RET

MOV
MOVX
JNB

SIMP

CALL
JINZ
LIMP

MOV
MOVX
LCALL

RET
e

B, #9H
RO, #20H
R5, #0H

R1,#10H
R2, #0H
R3, #0H

DPTR, #UP1C
A,@DPTR
ACC.1,F_SD
R3,CH_SD2
R2,LOOP1
R1,LOOP2
A,R5
A,#0,CH_RBT

DPTR, #UP1C
A,@DPTR

ACC.1,S_DIGIT

F_SD

S_DIGIT2
B, LOOP3
CH_RBT

DPTR, #UP2A
A,@DPTR
IN_BUF

;: KEEP 9 NUMBER

: START ADDRESS OF I-RAM
; COUNTER, TELEPHONE-

: -NUMBER

; CHECK STD ON

: IF HAVE LESS THAN-
;= 9 NUMBER

; NOT CALLING RETURN-
:~ TO MAIN

¢+ CHECK STD OFF

: INPUT NUMBER OF-
: - TELEPHONE

;SAVE IN I-RAM WAIT
:-SUCCEED CALLING
;RET TO S_DIGIT2



;CHECK RINGBACK TONE AND BUSY TONE
; INPUT = UP1B

CH_RBT: LCALL DELAY1
LCALL DELAYI1
LCALL DELAY1
LCALL  DELAY1
CH_RBT2: MOV DPTR,#UP1B
MOVX A,@DPTR
JB ACC.1,CH_RBT2
MOV DPTR,#UP1A
MOVX A,@DPTR
JNB ACC.1,0UT
POP DPH
POP DPL
LCALL RTCPRJ
PUSH DPL
PUSH DPH
S_CH_HK: MOV DPTR,#UP1A
MOVX A,@DPTR
JNB ACC.2,LINK
LJIMP S_CH_HK
LINK: POP DPH
POP DPL
LCALL  RTCPRJ
LCALL  OUTB
RET
OUT: LCALL  CLRB
RET

; DELAY FOR RING-
;-BACK TONE

;IF RBT = "1" TO-
;= CH_RBT AGAIN
;IF RBT = "0"-
;~CHECK HOOK OFF
; IF HOOK OFF RET

; KEEP START TIME-
;— OF CALLING

; WAIT FOR HOOK OFF

; CHECK HOOK OFF
; IF HOOK ON CHECK AGAIN

KEEP STOP TIME OF CALLING
KEEP TELEPHONE NUMBER TO-
~EXTERNAL RAM AND RET-
-TO MAIN

IF CALLING FAIL TO CLEAR
I-RAM AND RET MAIN

w3 Wwe we wa wr wa

(KXXKXKXXKXXKKXGAVE DIGITAX K kkkkkkkkhkkkkkkkkkk

IN_BUF: ANL A,#OFH
CINE A,#0AH,NOT_Z
MOV @RO, #30H
INC RO
INC R5
RET
NOT_Z: ORL A,#30H
MOV ®RO, A
INC RO
INC RS
RET
OUTB: MOV RO, #20H
OUTBF: MOV A,@RO ,
LCALL  W_NUM *
INC RO
DINZ RS ,0UTBF
MOV A,#LF
MOVX @DPTR, A
INC DPTR
MOV A,#CR
MOVX @DPTR, A
INC DPTR
MOV A,#E0S
MOVX @DPTR, A

RET

;ASCII => "O"

a

+SEND TELEPHONE NUMBER-
;-TO X-RAM

; SEND " ENTER" TO-
; ~RECORD

;+ KEEP END OF STRING



CLRB: MOV RO, #20H

CLRBF: MoV @RO, #0H
DJNZ R5,CLRBF
RET

skxkxkkkx KEEP TIME *XAXKXAXXXXXAXXKKIAKX KKK KX

yREG = R6,R7
;OUT DATA = R7

RTCPRJ: CLR P1.6
SETB P1.5
LCALL DELAY

MOV R4, #02H
ERROR: MOV R6,#85H

LCALL  BYTERD

DJINZ R4 ,ERROR

LCALL  W_T

MOV R6 ,#83H

LCALL  BYTERD

LCALL  W_T

MOV R6,#81H

LCALL  BYTERD

LCALL  W_T

MOV R6,#87H

LCALL  BYTERD

LCALL  W_T

MOV R6, #89H

LCALL  BYTERD

LCALL  W_T

MOV R6, #8DH

LCALL  BYTERD

LCALL W_T

RET
s xkxkxXXBYTERD SUBX*X Xk xkxkkkxkxkxs
;IN = R6 COMMAND
;OUT = R7 DATA
BYTERD: SETB Pl.4
LCALL DELAY
SETB P1.6
LCALL DELAY
MOV B,#8H
CLR c
BYTERD1: MOV A,R6
RRC A
MOV R6,A
MOV P1.4,C
LCALL SCLKCOM
DJINZ B,BYTERD1
MOV B,#8H
MOV R7 ,#0H
BYTERD2: LCALL SCLKRW
MOV A,R7
MOV C,P1.4
RRC A
MOV R7,A
DJINZ B,BYTERD2
CLR P1.6

LCALL DELAY
RET

; RSTe = 0
: SCLK =1
sREAD HOUR

; KEEP TIME IN -RAM
;READ MINUTE

:READ SECOND
:READ DATE
:READ MONTH

;READ YEAR

; COMMAND: BYTE READ

;RST® = 1

:OUT COMMAND 1 BIT-
;-TO CARRY FLAG

;RECEIVE DATA BYTE
; CLEAR DATA BUFFER

+READ SERIAL DATA

+RST = O



XxKkxx XXk XSCLKCOM SUBXXkkkxkkkx%
SERIAL CLOCK FOR WRITE COMMAND
A FALLING EDGE

.
?
.
?
*

SCLKCOM: CLR P1.5
LCALL DELAY
SETB P1.5
LCALL DELAY
RET

Axkkkxk*x*XSCLKRW SUBX***Xkxkxkkkkk

; SERIAL CLOCK FOR READ DATA
; A RISE EDGE

SCLKRW: SETB P1.5
LCALL DELAY
CLR P1.5
LCALL DELAY

RET
(KXKKKAKXXXDELAY SUBX***xkxkkxkx X
DELAY: MOV R1,#5H

DJNZ R1,$

RET
sxxxk*x**DELAY 1 SECONDX**kxxXxk%x
DELAY1: MOV R4 ,#0FFH
DELAY_1: MOV R3,#0H

MOV R2,#0H

DJNZ R2,$

DJINZ R3,$

DJINZ R4 ,DELAY_1

MOV R4 ,0FFH
DELAY_2: MoV R3,#0H

MOV R2,#0H

DJINZ R2,$

DJINZ R3,$

DJNZ R4 ,DELAY_2
RET

;%% xx%%*SAVE TIME TO EXTERNAL RAM**%xxx%

W_T: MOV A,R7
PUSH ACC
SWAP A

LCALL HTOASCII
MOVX @DPTR,A
INC DPTR
POP ACC
LCALL HTOASCII
MOVX @DPTR,A

INC DPTR

MOV A,#COMMA
MOVX @DPTR, A
INC DPTR

RET

; CONVERT TO ASCII

7+ SEND COMMA FOR-
; ~SEPARATE COLUMN
;—IN ACCESS



g XxxxkxxxxX*WRITE NUMBER TO EXTERNAL RA**%Xx%xx%

MOVX
INC
MOV
MOVX
INC
RET

W_NUM:

ckAKXKXKXXKXXHEX

ANL
ORL
RET

HTOASCII:

@DPTR,A
DPTR
A,#COMMA
@DPTR, A
DPTR

TO ASCII* kx*kkkkkdhkhkkkkkxkkkkx

'

A,#O0FH
A,#30H

s¥xxxx*Tnitial RS-232 COMMUNICATIONS**x*xxxxx

; BAUD RATE: 9600 BIT/SEC
; DATA LENGTH: 8 BIT
; STOP BIT: 1 BIT
: PARITY: NO
; X-TAL: 11.0592 MHz
INIT_RS232: MOV TMOD, #001000008
MOV SCON,#01010010B
MOV TH1,#OFDH
MOV PCON, #000000008
SETB TR1
RET

;kxxxxxxx%*SEND A TO
SEND: JNB
CLR
MOV
RET

RS-232%%kkkhkhkhkhkkkkkkxk

TI1,SEND
TI
SBUF,A

;XX k%X **RECEIVE FROM RS-232%* kX kkxXxkkkkkkx

JNB
CLR
MOV
RET

RECEIVE:

;¥***SEND “CR" AND
MOV
LCALL
MOV

LCALL

RET

TXD_CRLF:

" LF "

RI,RECEIVE
RI
A, SBUF

TO RS-232*kXxkkxxxx

A,#LF
SEND
A,#CR
SEND

1 X%k xxx%*SEND STRING TO RS-232*X*Xxxxkkxxx

SEND_STRING: CLR
MOVX
CJINE
RET
LCALL
INC

SJIMP

SEND_STRING1:

A
A,@DPTR
A,#E0S,SEND_STRING1

SEND
DPTR
SEND_STRING



; CHECK ADDRESS ROUTINE

CLR
CLR
MOV
MOV
SUBB
JNZ
INC
SETB
RET
CLR
RET

CHK_ADDR:

CHECK:

MISS:

;DATA SEND TO RS232
;REG USE R1,R2,A

MOV
MOV
MOV
LCALL
LCALL
DINZ
RET

SEND_OUT:
SEND1:
SEND2:

END

FO

c
R1,#30H
A,#PASS
A,@R1
MISS

R1

FO IF BIT FO IS HIGH-
~THAT CORRECT

IF BIT FO IS LOW-

FO ;
;~THAT INCORRECT

R1,#00H
R2,#01H
DPTR, #FOR
SEND_STRING
TXD_CRLF
R2,SEND2
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1 0 0 0 Write PORT A data
0 1 0 0 Read PORT A data
1 0 0 0 Wirite PORT B data
0 1 0 1 Read PORT B data
1 0 1 0 Wiite PORT C deta
0 1 1 0 Read PORT C data
1 0 1 1 Wiite Control Word
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fnvuanedn B ithuanwing

e 4 irsnereaneds C ithiawins

CONTROL WORD

D7 ] D6] 05

GROUP B

=

PORT ¢ (LOWER)
1 = INPUT
0 = OUTPUT

PORT B
1 = INPUT
0 = OUTPUT

MODE SELECTION
0=MODEO
1 = MODE 1

GROUP A

|

PORT C {UPPER)
1= INPUT
0 = OUTPUT

PORT A
1 = INPUT
0 = OUTPUT

L 4

MODE SET FLAG
1 = ACTIVE

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 0

i~

2117 22 udm CONTROL WORD 1184 8255

- . 1 LA 4 J
wnsaimananin e 8255 Tuluua 0 Tduanouuuansnafudusnslun i o3

CONTROL WORD

10001001

D7-D0 <—>

- e B ¢ T

CONTROL WORD
—> PA7-PAO 10010001
<— PC7-PC4
<— PC3-PCO D7-D0 <—>
—> PB7-PBO

@ O O >

<—> PAT-PAQ
—> PC7-PC4
<— PC3-PCO

—> PB7-PBO




CONTROL WORD CONTROL WORD
10001010 A ] —> PAJ-PAO 10010010 A] <— PA7-PAO
C | <— PC7-PCA Cl —> PC7-PCA
D7-D0 <—> C | —> PC3PCO D7-D0 <—> C| —> PCIPCO
B | <— PB7-PBO 8] <— PB7-PBO
z
CONTROL WORD CONTROL WORD
10001011 A |—> PA7-PAD 10010011 A} <— PA7-PAC
C k— PC?-PC4 iC| —> PCT-PC4
D7-D0 <—> C fk— PC3-PCO 07-00 <—> ] <— pc3pPCo
B k— PB7-PBO B § <— PB7-PBO
CONTROL WORD CONTROL WORD
10000000 A |—> PA7-PAD 10000010 ‘A | —> PA7-PAO
C {—> PCT-PC4 Cl-—> PC7-PC4
D7-D0 <—> C {—> PC3-PCO D7-D0 <—> iC| —> PC3PCO
B | —> PB7-PBO B | <— PB7-PBO
CONTROL WORD"™ CONTROL WORD
10000001 A | —> PA7-PAO 10000011 A } —> PAT-PAC
C |—> PC7-PC4 C| —> PCI-PC4A
D7-D0 <—> C {<— PC3-PCO D7-00 <—> C] <— PC3-PCO
B {—> PB7-PBO 8] <— PB7-PBO
CONTROL WORD CONTROL WORD
10001000 A | -—> PA7-PAD 10010000 A | <~ PA7-PAD
C | <—-- PC7-PC4 C {-—-> PC7-PC4
D7-D0 <—> C > PC3-PCO D7-D0 <—> C | --> PC3-PCO
B }—> PB7-PBO B | —> PB7-PBO
CONTROL WORD CONTROL WORD
10011000 A < PAT-PAD 10011010 A J<— PAT-PAD
C - PC7-PC4 C K~ PCT-PC4
D7-D0 <—> C |—> PC3-PCO D7-D0 <> C > PC3-PCO
8 {—-> PB7-PBO B k- PBB7-PBO




CONTROL WORD CONTROL WORD
10011001 A j<--- PA7-PAD 10011011 A | <~ PA7-PAD
C k—- PC7-PC4 C < PC7-PC4
D7-D0 <> C k- PC3-PCO D7-D0 <> C | <~ PC3-PCO
B {---> PB7-PBO B | <— PB7-PBO
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Deacription Connection Diagram

The vA741 15 8 high perlormance Monolithts 8-Pin Metal Package

Coerational Amphiler constructeg using the rairchild

Planar epitaxial crocess 1t is intenoed tor a wige

(ange of anatog soohications. High common maoe

voliage range anc ansence of latch-up tencencies

make the yA74 aesl tor use as a voltage toliower

The hign gawn aac wide range of ooerating voltage

provides suoertor performance inanteQrator, summing

amplifier ano penerai laeddack soplications

u NO FREQUENCY COMPENSATION REQUIRED OF¢SET

# SHORT-CIRCUIT PROTECTION HuLL

% OFFSET YOLTAGE NULL CAPABILITY v

# LARGE COMMON MODE AND DIFFERENTIAL

VOLTAGE RANGES (Too View)

= LOW POWER CONSUMPTION

s HO LATCH-UP
Pin 4 gonngcre 19 crse
Qrder Intormation

Connection Diagram Tyoe Pacxage Coae Fart No,

10-Pin Flatpex wA741 Metat sw wATE1HM
UATLIA Metat 5w uATSTAHK
uA741C tetal sW UATZVHT
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Absclute Maximum Ratings

Supply Voitage .
uATS1A, pA741, uATAIE =22V
4A741C - =18V
:nternal Power. Oissipation
(Note 1)
Metal Package 500 MW
o 310 mwW
Fiatoak 570 mwW
Silferentiat Inout Yortage *30V
.sowt Voiltage (Note-2) =15V
Storage Temperature Range ~
!detal Package and Flatoax ~65°C o +150°C
o ~35°Cto +125°C

Zquivalent Clrcuit

IMYERTING INPUT

Order Information

Type Package ’ Code Part No.
nAT41C Molded OIP 97 - uA741TC
HATSIC Caramic DIP &T uAT41RC

(5pemtinq Temperature Range -
Military (uATd 1A, LAT4Y) —-55*"C 1o +125°C
Commerciai (WUA741E, uAT41C) 0°C to'+79°C

Pin Temperature (Soldering 60 s)

Metal Package, Flatpak, and

Ceramic DIP 300*C

Moided DIP (10 s) 260°C
Outout Short Circurt Quration

(Note 3) Indatinite
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Notes
* Ranng aocies 15 amdient tamperatures uo 1o 70°C Above
73°C amoient g2rate hneany at 6 3 MW7 C 1ar the metat
fackage. 7 t mw/ °C tor ine Natpak, and S 3 mws*C lor

tne OIP

. For supply voitages iess than r 1S V, ihe aDsolute maximum

nout voltage 1s equal 10 the suoply vottage.

. Shert circuit may be 10 grouad or either suogly: Ratiag appies

to +125°C case temperaiure or 75°C amoieni temparature.



uA741 and A741C
Electrical Characteristics

Vg = £15V, To = 25°C uniess otherwise specified

uA741 »AT41C

Characteristic Condition Min (Typ |Max [Min |[Typ (Max |[Unit
inpui Ofiset Voltage Rs < 10k 1.0 5.0 20 160 imV
Input Ofiset Current - 20 200 20 200 |nA
input Bias Courrent 80 500 80 500 InA
Powaer Supply Rejection Ratio :;: : i;g :?g V.Rg = 500 30 150 30 150 tuV/IV
Inpul Resistance 3 ~{2.0 .3 2.0 MQ
Input Capacitance 1.4 1.4 pF
Rdiusiment Aange %18 zis| |y
input Volitage Range *+12 | £13 v
gzi"e";“’:n";‘ﬁ; Rs < 10 k@ 70 |s0 8
Output Short Circuit Current | | 25 25 mA
Large Signai Vollage Gain Ry =2k Voyr = £10V {50k | 200k 20k | 200k
OQutput Resistance 75 75 Q

] Ry = 10 kQ +12 | =}t v
Output Voltage Swing AL = 2 K0 210 =13 v
Supply Current 1.7 2.8 1.7 2.8 ma
Power Consumplion 50 85 = 50 (85 mw
Iransien( Rise Time {viy = 20 mV, R = 2 k{l, .3 3 us
?Jnsi:)orése. ) [Overshoot | CL = 100 oF 5.0 £.0 %

y Gain !

Bandwidih (Note.4) | 1.0 M RE MH:
Slew Rate R = 2k 5] 5 Vips
Notes ©.18

4. Calculaied vahse from BW{MHz) =

Fise Time (u8)

5, AllVpop = 15 Vior uA741 and uA741C,
6. Maximum supoly current for atl devices

25°C = 2.8 mA
125°C = 2.5 mA -
—~55°C = 3.3 mA



4ATA1 and 2AT41C

Electrical Charactedistics (Cont)) The fo

lowing specifications apply over the range of —£5°C < T =< 125°C
for uA741, 0°C < Tp < 70°C 10r uA741C

uA741 uAT41C
Characteristic Condition Min [Typ [Max [Min [Typ |Max |Uait
Input Offset Voitage i 7.5 |mv
Rs < 10 k2 1.0 8.0 mv
- 300 |[aA
Input Offsst Currant Ta = +125°C 7.0 200 0A
Ta = —~55°C a5 500 nA:
j 800 IdA
Input Bias Current Ta = +125°C .03 .5 nA
Ta = —-55°C 3 1.5 1A
Input Yoltage Range *12 | =13 \
ggg;‘:’:ﬂ“&‘:‘:z) Rs < 10 kQ 70 |s0 a8
C:E;;:::em_for Input Offset +15. +15 mv
= bt -20:
::mi'i;og:%: 32 = :2'8: —?g'v. Rs =50 0 30 |180 uviIv,
Output Yoltage Swing R Z1050 SAZ |t Y
R = 2'kQ +10 | =13 =10 | £13 v
Larqe Signal Voitage Gain R, =2kl Vour = =10V 25k 15k
Supply Current Ta = +125°C 1.5 2.5 mA
T4 = =55°C 2.0 3.3 ] mA
i Ta = +125°C 45 75 mw
Powaer Consumption "
Ta = —55°C 80 |100 | mw
Moles a.3s

4. Calculaled value from EW(MHz) = m

S. All Voo = 15V for uAT41 and uAT41C.
8. Maximum supply current for sil devicaes

35°C = 2.8 mA
125°C = 2.5 mA
—55°C # 3.3 mA



#AT41A and uA741E

Electrical Characteristics Vs = =15V, T4 = 25°C unless otherwise specified.

uA741A/E
Characteristic Condition Min  {Typ [Max |Unit
Input Olfset Vollage Rs < 50 Q loe Jae [mv
Average Input Offsetl Voltage Drilt . F 15 uvieC
Input Otfset Current 3.c |30 nA
Average lnput Oftset Current Drilt 4 Jo.s nA’*C
input Bias Current 30 i80 nA
Power Supply Rejection Ratio ;5 =410, -20; Vs = 420V, —10 V. 15 50  [uvrv
s =501
Qutpu! Short Circuit Current 10 25 - 40 mA
Power Consuymption Vg = L20V 80 160 mw
Input Impedance Vg = 220V 1.0 6.0 Ml
Large Signat Vol;age Gain xg; 523 ]\/5 \F}L = 2k, 50 200 }V/mv
Transient Response IRise Time | 025 108 jus
(Unity Gair) | Overshoot 6.0 20 } o
Bandwidth (Note 4) 437 |15 I MHz
Slew Rate (Uaity Gain) VIN= =10V 0.2 0.7 iVius
The following specilfications apply over the range of —55°C =< Ta < 125°C for the 741A.
and 0°C = Tp < 70°C for the 74 1E )
Input Offset Voltage i 4.0 irmV
tnput Otiset Current 70 InA
Input Bias Current -- | 210 |nA
Common Mode Rejection Ratio Vg= 220V, Viy= *15V, Rg =500 |80 !§5 a8
Adjustment For input Offset Voltage Vg = =20V 10 s mv
Qutput Short Circurt Current lio 40 imA
{—s5°C ] 1165  jmw
: wAT41A
Power Consumption Vg = =20V [+125°C i 135 |jmwW
uAT4I1E { 150 mw
input Impedance jvg = =20V 5 MQ
Output Voltage Swing Vg= =20V Hip Jp ¥l =)i8 v
y Ry = 2 k! 5 jv
Vs= =20V, R = 2 k2, ~ 32 Vimv
Large Signal Voltage Gain- Xyt 55 Y Vimy
Vg = =5V, Ry = 2k, 10 VimVv
Vour = =2V g
7
i
Notas
0.35

4 Calcuiated vae from' BW(MH2) = T T oy

5. Al Vo = 15 V tor uA741 and wAT41C
6. Maximum supply current for all oevices
25°C = 2.8 mA
125°C = 2.5 mA
—~§5°C = 3.3 mA



Typical Performance Curves for y.A741A.and BA741
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Typical Pertormance Curves for uA741E and uA741C (Cont.)
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Typical Pertormance Curves for pA741A, 4A741, 4A741E and uA741C (Cont.)
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Typical Performancs Curves for pA741A and uA741
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Ty;;ical Pertormance Curves for uA741A and uA741 (Cont.)
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SEMICONDUCTOR

MOTOROLA

e T e e D

TECHNICAL DATA

6-Pin DIP Optoisolators -
Transistor Output

These devices consist of a gallium arsenide infrared emitting diode optically coupled

to a monolithic silicon phatotransistor detector.

e Convenient Plastic Dual-in-Line Package

High Current Transfer Ratio — 100% Minimum at Spec Conditions

Guaranteed Switching Speeds

High Input-Output Isolation Guaranteed — 7500 Vaolts Peak

UL Recognized. File Number E54915 H

VDE approved per standard 0333.5.80 (Certificate number 41853}, with additional
approval to DIN IEC330 VDEQBOS6, IEC435/VDEDBOS, IECE5/VDEQEE0, VDEO110b,
covering ail other standards with equal or less stringent requirements, including
IEC204.VDED113, VDED160, VDED832. VDEOS33, etc.

o Meets or Excesds All JEDEC Registered Specifications 883

e Special lead form available {add suffix “T" to part number} which satisfies VOEC883/
6.20 requirement for 8 mm mimmum creepage distance between input and output
solder pads.

Various lead form options available. Consult “"Optoisolator Lead Form Options” data
sheet for details.

6-PIN DIP
QOPTOISOLATORS
TRANSISTOR
QuUTPUT

CASE 730A-02

PLASTIC !
MAXIMUM RATINGS (T4 = 25°C unless otherwise notec)

[l i
| Ratin { Symbol I Value T unit !
l 9 TR : Al "% SCHEMATIC
INPUT LED '
| Reverse Vottage i va 5 | Voits

Forward Current — Continuous i Ig 80 mA
LED Power Dissication -« Tq = 25°C | ) 120 mwW 1 ———3§
with Negtigibtz Pow2r in Qutcut Detacior | | |
Oerate above 25°C ] 1.41 mwC \!
20— M
OUTPUT TRANSISTOR ' —3
f '
| Coliector-Emicier Voltage Veeo 30 Volts [ N :
h 1 g—
{ Emuar-Base Voltage vVeg0 7 Volts ¥
Cotlector-8ase Voitage veso 70 Voits
i Collectar Current — Continuous ! ic 150 ; mA \
2 Detector Power Dissioaticn # Ta = 25°C ?p 150 mw i
j  with Negligible Power in input LzD i
| Derate above 25°C : 1.75 mw-C ;
TOTAL DEVICE 1. LED ANOEE
) - 4 L LEDCATROZE
. Isotatica Source Yoitagz (1) I Viso i 7500, vac ! NG
. {Paacac Vottzge, 30 Hz. 1 sec Duranen) ; } ! 4 ETTIR
| Total Davice Power Dissiostion . T4 = 25€ P0 250 mw 5 CoLLetl
Derate abovz 25°C 2.94 mNcC 3.34s¢
| Amodient Operating Temeeratur2 Range B Ta -535t0 -100 ' ‘E‘l
, Sterag2 Tamoeeaurs Pange i Tsig -55 10 -130 [ .
t Solcenng Tamperaturs 1M s2conls. 1 197 from cass) - ! 260 i \‘} f
(11150121100 SUFGS « SIS 13 3N :F127=]; Tavice S2CiNG DI2143ITwN fAury
For tns tese, Pins § 3na 2 are tommor, 3ng Pins 4.3 and § are cormon.
i
B



4N35, 4N36, 4N37 !

4
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)
l Characteristic Symbol l Min l, Typ ] Max I Unit ]
INPUT LED :
1
Forward Voltage {ig = 10 mA) TA = 25°C VE 0.8 1.15 1.5 \
TA = -55°C . 0.9 1.3 17 l
Ta = 100°C 0.7 1.05 1.4 }
Reverse Leakage Current (VR = 6 V) IR -— — 10 A
Capacitance (V = 0 V.f = 1 MHz) Cj —_— 18 — pF i
J
OUTPUT TRANSISTOR -
Eollector-sminer Dark Cusrent (Vg = 10V, Ty = 25°C) ICEO - 1 50 nA :
(VCg = 30V, T4 = 100°C) — - 500 sA
Collector-Base Dark Current (Vcg = 10 V) TA = 25°C 180 —_ Q.2 20 nA .
Ta = 100°C - 100 - i
Collector-Eminter Breakdown Voliage {Ic = 1 mA)} Vigriceo | 30 45 - A
| Coliector-Base Breakdown Voltage {Ic = 100 uA) VIBRICBO . 70 100 - v
I Emitter-Base Breakdown Voltage (lg = 100 uA) Visrigao | 7 78 - v
DC Current Gain {Ic = 2 mA, Vcg = 5V} hgg i - 400 - - !
Collector-Eminer Capacitance ({ = 1 MKz, Vog = 0} Cce | — ™ — pF |
Collector-Base Capacitance {f = 1 MHz, Vcg = 0) Ces — 19 - i pF
Eminer-Base Capacitence {f » 1 MHz Vg = 0} Ces | - 9 - ] of
COUPLED ¥
Qutput Coliector Current Ta = 25°C e 10 130 - mA
(I = 10 mA, Veg = 10V) Ta = -55°C 4 — —
Ta =,100°C 4 - -
Collector-Eminter Saturation Vohage (lic = 0.5 mA, Ig = 10 mA)} VCElsat) — 0.14 03 v }
Turn-On Time foit —_ : 75 10 us !
Turn-OH Time flc = 2mA Vg = 10V, totf - j 82 10 i
Rise Time Ry = 100 {2, Figure 11) te P - 3.2 -
Fall Time 1] 13 47 -
Isolation Voliage {f = 60 Hz. 1 = 1 sec) Viso 7500 - ~ Vactloki :
{solation Current (Vg = 3550 Vpki 4N35 hiso = = 100 uA
(Vi.0 = 250C Vpk) 4N36 —_— - 100
(Vi.g = 1500 Vpki 4N37 —_ 8 100
Isolation Resisiance (V = 500 V) | Rsg | 10 A y 0
Isolation Capacitance tV = 0V, { = 1 MHz) V& dleg 7 = ! 6.2 2 of |
TYPICAL CHARACTERISTICS
i
2 - T - 3 Ws—===
To bl TPy 7 I £ 7
TTTTTRMSONY T T LA P T g = Al 0 —
B g ————PULK ORDC — 22 ’1 e g ™7 g ewmA : R SEID T
3 P bt A A 2 A\ P S S X S LR an LIPS
= Py e A - i Y=o BRNDET L]
= RN I =
] Bl v 4 &
YT T O 47 T g =
QMR ERATE: 94 SRR BN == e
o it il AL i g e e—————
E PE b T2 01 T g o A B N R R
R Y T Tl 38 &
. |t ol L ! 2l L L = Z z
$ 28 T T * ! yd s T
> i g ﬁﬁ.a-': /'(QIHI 1 | P g i 7 e 7 ,,,,li
- ) i TR i1  p— F . + 1
s e R YR v R A B
3 ] 0 1000 20 R N E3
is. LED FORWARD CURRENT imA} 1z, LED INPCT CURRENT (mat
Figure 1. LED Forward Voitage versus Forward Current Figure 2. Output Currem}versus Input Current



4N35, 4N36, 4N37

!
28 T S 10 T T
D g-v ) < 1
¥ d T 1 ™ +
u g = 0mA— E T -
z : et Tl Z T NORMAUZED TO Ty = 25°C —
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z L — £ — -
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S 8§ + 3 i 1
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y + : 1md—2 = - H
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oo
o v 2 3 45 5 1 330 @ -9 -0 0 0 @9 & ¥n W0
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Figura 3. Collector Current versus Figure 4. OQutput Current versus Ambient Temperature

Collector-Emitter Volitage
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Figure 5. Dark Current versus Ambient Temperature Figure 6. Rise and Fall Times
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W Lo NI SRR dHE
2 02 4507 1 3 S 710 701 o1 02 0507 1 2 t3 70 3 s
'7. LED INPUT CURRENT (maA} I, LED INPUT CURRENT {mAl
Figure 7. Turn-On Switching Times Figure 8. Turn-Off Switching Times
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IC. TYPICAL COLLECTOR CURRENT [mA)
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4N35, 4N36, 4N37

2
L] &0
— {
F=0 | —" Ig = 7.4 == 1 (D ” |
I——— BN {=1MH2
BN S aaats EpA 6 NN
M ST
S pA = » z \’\\}\
=] NN
= . N N
20
] g ool NI
JuA 3 : i ; i =N
r j- < 6 ; 1' Cee = \__“ 1Y
r |7uA ol 1 - Wae- L
piddill ™~
, j TTuA| T
J [ i !
0 ? 4 6 § 0 12 1 1% 8D 005 031 02 05 1 2 H 10 20 50
V. COLLECTOR-EMITTER VOLTAGE (VOLTS! V, VOLTAGE {VOLTS)
Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances v_irsus Vottage
1

TEST CIRCUIT WAVEFORMS
Vg = 10V INPUT PULSE
li) fL = 1000
A
WUt 1 y o o QUTPUT PULSE
INPUT CURRENT ADJUSTED =
TC ACHIEVE ¢ = 2 mA
Figure 11. Switching Times
.
OUTLINE DIMENSIONS
| A s NOTES .
AY 5 o i l;:AEs:S?;LmGM‘OTOLERANONGPEiANSI
COMGURATION 2 CATHODE -
¢ N ] V Ve, 1, CONTROLLING DIMENSION: INCH
3 OV L TO CENTER OF LEAD WHEN FORMED
o 5 o s
1 1 & BASE
= ~
K ¢ ] L [} LM HNOFES
—7 i{ ﬁ‘ Ot | bah_ | MAX | MN | MAX
‘”‘ A £1) : sE . i 6380
"T‘“'_IU“!J” 310 | e Tomw om
- ¢ 7 25 1 sos [ ouy e
i i [I ‘ N ® T o4 1 650 T 0016 1 oo
y £ | 16 ] in T 00w | 00%
’ ! ————d 4 54 85¢° £10C BSC
| f o PR 3 221 0 000§ * D1
£ ] __f M\/ L. Hennes@ (11:C @) X 6 1 28 0016 g0
JED S . 1 1.5 850 0300 BSC
,I_T—'*—'l o [N o s
4ionus® '17a8 - 8@ ! CASE 730A-02 X | 15 1 e s 1%

PLASTIC

6-13




6-Pin DIP Optoisolators
Transistor Output

Hium arsenide inftered smitung 0100e opticaily coupled

I

These devicaa consist of a ga
ta a monolithic silicon phototransistor derector.
e Converusnt Plastc Dualan-Line Pl.a;l-éi
¢ Guaranteed 70 Volt V(gRICEQ Minimum

CNY17-1
CNY17-2
CNY17-3

e High inpui-Output fsalstion Guarsniecd — 7500 Volts Post;

1@ UL Recognued. File Numober £54915 -
VOE spproved per standard 0881 6.6 (Cacuficate numbes A1BS I wtirsddiionst.

approval ta DIN IECI80.VOEDB06, IECLISAVDE080S. IECESVDEDSSD. VOED110D.
covering all other standarde wih equsl or less stingent requiremants, including 2
IEC204VOED1 13, VOF 0160, VX( 0837, vOL081]. ewc. . -
e Specisl isad form avaidabie (aad sulfl T 1o part aumbar} which salisiies VOEOSSY -
6.80 requiremaent for 8 mm mummurm creepsge distancs between inpul snd output

solders pads.
® Various lesd form options available. Consunt “Qoptoisolator Lead Form Opuons™ data

sheet for details. -
CASE TIRA-GL
LASTIC
x
MAXBAUM RATINGS (T4 = 25°C uniess otharwss noved|
[ Reong Symbel ] Valve l Uan l SCHEMANC
SeUT LED H
Reverse Voitage VR o [3 Vona
Forward Cumsent — Contnuous” - 13 &0 mA
Forwstd Curtert — Py {PW = 1 s I ppsl (FI7-1%} 1.5 A 1 ¢
LED Powret Draapatson @ T4 = 25C fo 120 mw
wrth Neghgiie Power ;n Ouiput Dmecior ' ! I~
Cwsote soave 25°C <~ ral mwrC §
OUTPUT TRANKISTOR kb, 4
Jo—
Costecior-Eminer Vohage veeo 20 Voits
Eminer-Bosa Vollage Veso ? Vons
Coitecior-Sass Voilage vCBO 70 Volis
Coitector Cutrent — Contnuous el 100 mA
De Power Drvessp w Ty = 25C Po 150 mw
i Negiigibia Power i inout LED
Owrste above 25°C 176 mwrC
TOTAL DEVICE
{soistion Suige Yoitage (1) viso 1500 Vac
{Pesk ac Volteye, 60 Hi. | sec Ducattont
Totsi Devcs Power Drssipairon 16 T4 = 23T (5] 2% mw 1 U0 ANOOE
Deraia adbove 38C 29« mwrC 1 LD CATHOOE
inC °
Amosent Opersiing Temosisture Range Ta -55w ¢ 100 < « (eaTTIA
Siorege Yemperature Rangs Tag ~5510 ¢ 150 < § QLLLCToR
v L MASE
Sotderng Tempersiure 110 sec. 1 16 from cavet P Taor 260 <

toung For inus tovt, Pons | and 2 e

(1] mosatann enge voRoge 18 an -l Swven ¢ o
orronon, srd Pine 4, $ o § sre Cormnon




fLECTRICAL CHARACTERISTICS (T4 = 25°C uniets otharanse noted]
[ Orarectaraoc Symood } e "i Tw l s J Unn !
e T LD i
Forwerd VoRsge lig = 63 mA) TA = I5C 3 - Vas 165 Voms
Ta = -55C.. A - 15 —
SN SNREY.". - o R 12§ = )
Aurverve Leakage Current (VR = § VI In - - W0 [T RA
Capactance (V =0, Toet-Mtirh, - o b7 G R L oF .
OUTPUT TRAMNSISTOR
Cotecior-Emmer Dark Curront h CNITiTE o e s A
Ver = 10V, Ta = 25°C) LS <= o . 8. o .
fVeg = 10V, T4 = 100CL ., Mideyicony . lgo - L. — ] e - aA
Coltector-Rese Dant Curvent (Ve = 10 V1 icao - 9% - =
Corecror-€ mmier Brestdown Voitage (I ~ 1 mAj VIBRICED 0 120 - Vohs
Coecior-Bese Breskdown Volsge IC = 100 wAl ViBRICBO-- _.Law ) - Voite
 mmer-Baes Arestiiown Yoitsge lig = 100 Al Visnics0 ! e - Vohe . _
0 Currert Gam fic = 2mA Veg = V) — ] - 0 _ —
Cor € c (o UMMV = O _ " Cee —_ 2 - oF
Coltacios-8aas Caoacrance (| = 1+ MHs_ Vg - O cce . 10 - of
£ rrrer Amee Copacriance ({ « | MMz VEg = OF Ceg - P X - of
CoUmED .
Outout Coltecror Current CNY1T.8 (' b I .
g = 10mA Vg = § W CcNYI? A ads B
CNY17-3 7
Cottecor £ manar Saturstion Yorsge (i = 23 mA. i = 10 mA} VeEisan® 77 = fi|ivoses d o4 | .vous
Oeley T flg = 10 mA Vor = V., R = 75 1, Figuwe 11) 4 - s s s
Ries Time {Ig = 1CmA Vor = $ V. R = 75 (L Fgwe 11} 1, - N 1.8 4 P
Siovmoe Tima tiy = 10mA Vor = $ V. A « 750, Fgure 11! 1, - 0.7 41 nt
F.ﬂfmllf-IOMVG-SV,RLOHQF;@-‘HI 1 -— 2.3 3 s
Owioy Time (" »a
g = 20 mA. Ve = SV, A « | K Figure 311 CNY17-1 - 1.2 58
g = 10 mA VCC = § V. R = 1 &1 Fgwe 111 CNY12.23 - 8 [}
Rlee Nera 1, na
g - TOmA Ver = SV. AL = 1 WL Figure 111 CNY12.1 - 3.3 ‘4
fie ~ 10 mA YcC = SV, AL = 1 UL Figurs 11 CNYIT-2.3 o ¢
Storege Trme ty »a
(ty = 20 mA Vee = SV, A = t KL Figure 11} CNYIT-1 - 44 M
g = 10mA Vor = BV. AL = 1 A0, Figure 11 CNY12.23 2 - ? n
Foll Tiers i y ne
g =~ 70 mA Voe = § V. R = 1 1L Figure 111 CNY12- - Lo n
g = 10 mA Ver = $ V. Ry = 100, Figurs 111 CNY17-2) - 1¢ ]
isdeton VoRege (f = 80 Hi. 1 = 1 sec) viso 1500 — - Vaciptt
legieton Aewwtance (V = $00 Vi Aiso 10t — - n
isoisuon Capacsioncg (¥ = 0.1 = | MKzl Ciso —_ 0.2 o of
T




TYPICAL CHARACTERISTICS
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1ISO2-cMOS MT8870D/MT8870D-1
Integrated DTMF Receiver

Features

Complete DTMF Receiver
Low power consumption
internal gain setting amplifier
Adjustable guard time
Central office quality
Powsr-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

Receiver system for British Teiecom (BT) or
CEPT Spec (MT88700-1)

Faging systems

Regeater systems/mobile radio
Credil card systems

Remote control

May1995

ISSUE 3

Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1  18,Pin SOIC
- MT8870DN/DN-1 20 Pin SSOP
MT8870DT/DT-1 20 Pin TSSOP

-40 °C to +85 °C

Description

The MT8870D/MT88700D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
technigues to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. Externg! component count is
minimized by on chip provision of a difierential input
amplifier, ciock oscillator and !dtched three-state bus

AWAY
+  Personal computers A
+ Telephone answering machine
N\
vDD VSS VRel INH
|
1
2WON Jias,
: ' Circuit VRef
J ‘ Buffer @—
— - Q1
Chip Chip .
Power Bias HighGroup { | _D_ Digital Code
Fiter Detection Converter ~
Algorithm and Latch Q2
IN - i
-;%ile Zero Crossing
IN- Filter Detectors le Q3
GS — LowGroup | __| 1 ;
Fiker _D- 1> Cs
>C g,\?g St Steering Z&
Ciacks GT Logic
~AAA
A
CsCt 0ose2 SUGT ESt STO TOE

Figure 1 -

Functional Block Diagram




MT8870D/MT8870D-1 1SO%-CMOS

INe ] 4 18] veo iNe(C] 1 = 20[J voo
IN-T1 2 170 suGT iN-(] 2 19 svGT
GSi}3 16[] €st as] a3, 183 ESt
VRef{] 4 15[ s vRe! ] ¢ 174 S0
INHT ] 5 1417 Q4 INHL] 5 16 ] NC
pwon] & 3] Q3 PWINT] 6 1504 a4
osci{]7 12f] @2 NCY 7 149 a3
0sc2i] 8 1 ot 0sc1i] 3 1300 a2
vss{ s 10{] TOE csce{] 9 12§31
vss{]1o 113 70€
18 PIN GERQIP:PLASTIC DIPSQIC 2l TSSQP
Figure 2 - Pin Connections )
Pin Description
Pin # 4
ioti

18 | 20 Name Description

171 IN+ INon-lnverﬂng Op-Amp {Input). .

212 iN- Inverting Op-Amp {Input). .

313 GS Gain Select. Gives accass o output of front end difierential amplifier for connection of
feecback resistor.

41 4 Vgset |Refersnce Voltage (Output). Nominally Vo2 is used to bias inputs at mid-rail (see Fig. &
and Fig. 10). . ¢

5(5 INH Inhibit (Input). Logic high inhitits the detaction of tones representihg characters A, B, C
and O. This pin input is intarnally pullec dows.

6 | 6 | PWDN |Power Down (Input). Active high. Powers dcwn the device ard inhibits the oscillator. This
pin input is irternally pullsd down.

8 | OSC1t1 |[Clock (lnput).

8 0SC2 |Clock (Output). A 3.579545 MHz crystal conrscled tetwesn pins OSC1 and 0SC2
completes the internal oscillator circuit.

9 |10 Vgs |Ground {Input). OV typical. y

10| 11 TOE |Three State Output Enable (Input). Lagic high enables the outputs Q1-Q4. This pin is
pulled up internally. p

11-112-] Q1-Q4 |[Three State Data (Qutput). When enabled by TOE, provide the cotle corresponding to the

14115 last valid tone-pair receivad (see Table 1)./Whan TOE is logic low, the data outputs are high
impedance.

15117 StD Delayed Steering (Output).Presants alogic high when a receiveditone-pair has been
registered and the outgut latch ugdated; returns 1o logic low when the voltage on SYGT falls
below VTS!’ .

16 18 ESt Early Steering {Output). Presents a logic high once the digital algorithm has detected a
valid tone pair {signal condition). Any momenfary loss of signal concition will cause EStto
return to a logic fow.

17 { 19| SVGT |Steering Inpu¥Guard time {Output) Bidirectional. A voltage grea!!ar than Vrg detectad at
St causes the device to register the detected tone pair and updat2 the output latch. A
voitage lass than Vrg, frees the device to accept 2 new tone pair. The GT output acts to
reset the external steering time-constant; its statz is a function of ESt and the voltage on St.

1820} Vpp Positive power supply {lnput). +5V typical.

7, NC No Connection.
16




Iso2-cMos  MT8870D/MT8870D-1

Functional Description

The MTB870D/MT8870D-1  monolithic  DTMF
receiver ofiers small size, low power consumption
and high performance. Its archilecture consists of a
bandsplit filler section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the fow-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptiona! dial tone rejection {see Figure 3). Each
filter output is followed by a single order swiiched
capacitor filter section which smooths the signals
prior to fimiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
orevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
&pmplex averaging algorithm protects against tone
simuiatior by extraneous signals such as voice while

Voo t
7’
C
Voo
SUGT Ve
ESt
R
StD -
MT52700/
. ta14#(RC)In(Vpo'Vrsd
il terp=(RCIN[Vpo Vop~Vrsy]

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and vanations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tdnes) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
{(ESt) cutput will go to an &ctive state. Any
subsequent Icss of signal condition wili cause ESt to
(see “Steering Circuit”).

s

zssume an inzactive stale
Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid siénal duration (referred
to as characier recognition cendition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causés v (see Figure 4) to
rise as the czpacitor dischaiges. Provided signal

PRECISE
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Figure 3 - Filter Response




MT8870D/MT8870D-1

ISO%-CMOS

condition is maintained (ESt remains 'high) for the
validation period (igp), V¢ reaches the thresheld
(Vrsy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpq. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-tit cutput bus by raising the three
state controt input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause betwean signals. Thus, as weil as
rejecting signals too shert to be considered valid, the
receiver will tolerate signal intarruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the stesring
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tcne
duration and interdigitai pause, the simple steering
cirtuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:
tpec=tpp+ire
tio=tpa+tra
The value of tgp is a device parameter (see Figure

11). and tgec is the minimum signal duraticn to be
recdgnized by the receiver. A value for C of 0.1 yF is

(Groe(RC NI 55 (¢ 50~ rss!
V,
00 igra=(R,Clin(Voo/V ;s)
Gt Rp=(P:RYR, -A;)

StGTO)

Est a) decreasing tgrp: (tgra<dgra)

tore=(RClInVog/(Voo-Y1s)]

\
o0 O I tgra=(ReCi)in{Veo/Vrs)
G Rp=(R,A/(A,+R)
svGT)

Ry

est O b) cecreasing tgra: (tgra>GT4)

Figure 5 - Guard Time Adjustment

4-14

Digit | TOE | INH [ €St | B, | Q3 | Q, | Q
ANY L X H Zz Z 4 4
1 H X H 0 Q 0 1
2 H X H 0 0 1 0
3 H X H “0 0 1 1
4 H X H 0 1 0 o]
5 H X H o} 1 0 1
6 H X H 1] 1 1 0
7 H X H ‘0 1 1 1
8 H X H *1 0 0 1]
9 Hl x | H |5 0 0 1
Q H X H 1 0 1 0
. H X H i 0 1 1
# H X H 1 1 o] 0
A H L H 1 1 0 t
8 H L H 1 1 1 0
c H L H | ' 1 1 1
o] H L H 8] 0 0 1]
A H H. L
8 H H L undetected, the output coce
wil remain the same as the
c H H L |previous detected coce
[s] H H L

Table 1. Functiohal Decode Table
L=LOGIC LOW, HaLOGIC HIGH, 2=HIGH IMFEDANCE
X = DCN'T CARE

recommeanded for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgrp) and tone absent {tgra). This may te
necessary to meet system sbeciﬁcations which place
both accept and reject limits on both tone duraticn
and interdigital pause. Guard time adjustment aiso
allows the designer to tailor system parametars
such as talk off and noise immunity. Increasing taze
improves. talk-ofi performance since it reduces the
probability that tones simulated by spesch will
maintain signal condition long enough to be
registersd. Alternatively, a relatively short tgee with
a long tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWON) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin § (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT88700/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vgeq) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connecied for unity gain and Vggy
biasing the input at '/;Vpp. Figure 6 shows the
differential  configuration, which permits the
adiustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.578545 MHz crysial and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure saveral MT8870D:/MT8870D-1 devices
employing only a single oscillator crystal. The
csciliator output of the first device in the chain is
coupled through a 30 pF capacitor to the csciflator
input (OSC1) of the next device. Subsequent devices
are connected in a simiiar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

MT88700/
MT88700-1

+

Oo— AN
C1 R| IN+

Ditferential Input Amplifier

Cy=Cye101F
Ry=R,=R5=100 kQ Ali résistors are =1% tolerance,
Ri=50KQ Ry=37.5kQ Al capacitrs are =5% tolerance.
Rym 25
Ry+Rg

VOLTAGE GAIN (A, diff}= -2—5-
1

INPUT IMPECANCE

TN 2
Zinorrt =2/ R,2 <_u—c'>

Figure 6 - Differential Input Configuration

_{ l__. To OSC* of next
C MT3870D:MT8870D-1

\v e —
osc: — osc2
osc2 _I_.| — osc
c
C=30 pF
X-t21a3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit ) Resonator
R1 Ohms, 10.752
L1 mH 432
Ci pF | 4.984
Cco pF 37.915
Qm - 896.37
af % 20.2%

Table 2. Recommended Resonator Specifications
Note: Cmaquality factor of RLC mogel. i.e., 1/2I1/RI1C1.

4-15
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the usa of
MT88700D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of R, and R,
to provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setlting
pin GS of MT88700-1. As shown in the diagram, the
component values of R; and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommendad to
use the non-symmetric guard time circuit in Fig. 8.

tora=(RC IV oo/ (Vpp-Vrs)]
dara=(RColin(¥oo/Vrs)

Rem(R AR, +R)

SUGT
3

C,
Ry

Rz Notes:
- R,=368K Q = 1%
ESt Rp=22M Q= 1%
C; =100nF = 5%

Figure 8 - Non-Symmetric Guard Time Circuit

Voo 2
prvwr O—d c,
Input R, MT3870D-1
—L] In- = Voo
—{] IN- SUGT {—
—(] GS ESt{—— Ry
Re L vay s ————0
O——————( nH u—t
O—————puwow a——0 ‘
OSC1 23——0 NOTES:
%) I—Josc? a0 Ry = 102K = 1%
Vs TOE [(}— Ry = 71.5KQ = 1%
Ry =35CKQ =1 %

C1.Cy = 100 NF = 5%
Xy = 3.579525 MHz = 0.1%
Vgg = 5.0V = 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec

418




ISO%-CMOS MT8870D/MT887OD-1

Absoiute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 \
2 | Voltage on any pin v, Vgs-0.3' | Vpp+0.3 v
3 | Current at any pin (other than supply) n 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Po 500 mw

7 Exceeding these values may cause permanent camage. Functional operation under these conditions 1s npt implied.
Carate above 75 °C at 16 mW 7 °C. All leads soldered to board.

Recommended Ope rating Conditions - Volages are with respect to ground (V) unfess otherwise stated.

Parameter Sym | Min Typ* Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 4.75 5.0 5.25 A
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Freguency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance afc +0.1 %

-

3 Typical figures are at 25°C and are for design aic only: nat quaranteed and not suS;ect 10 proguction tesiing.

DC Electrical Characteristics - vy5=5.0vx 5%, Vgg=0V, -40°C < Tg € +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions

1_ 8 Standby supply current loba 10 25 uA JPWDN=Vpy

2 | P :Operating supply current loo 3.0 8.0 mA
T E( Power consumption Po 15 mW  1fc=3.579545 MHz

Y

4 High level input Vin 3.5 V. 1Vpp=5.0V
T Low level input voltage Vi 1.5 V.  {Vpp=5.0V
EL | input leakage current L/l 0.1 uA  [Vin=Vssor Vpp

7 'F‘f Pull up (source) current Iso 7.5 20 #A |TOE (pin 10)=0,
v - Vpp=5.0V

8 ; Pull down (sink) current lsi | 15 45 uA  |INH=5.0V, PWDN=5.0V,

: Vpp=5.0V

] Input impedance (IN+, IN-) Rin 10 MQ {@ 1kHz
—1?- Steering threshold voltage Vrgr 22 2.4 25 V. {Vpp=5.0V

11 Low level output vollage Voo Vg5+0.03 No load
E 8 High level output voltage Vou |Vpp-0.03 V  iNoload

13 |, 7 | Output low (sink) current loL 1.0 2.5 mA  [Voyr=0.4 V

14 LF; Output high (source) current | oy 0.4 0.8 mA  |Voy7=4.6 V
_1_5_— ; VRet OUtpUL voOltage Vaer | 2.3 25 2.7 vV INoload. Vpp = 5.0V

16 Vget OUtPUL TeSiStance Ror 1 kQ

: Typicai figures are at 25°C anc are for design aic cly: notguaranteed and not subject ie production tasting.
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Operating CharacteristiCs - vyp=5.0v25%, Vg0V, -40°C < Ty < +85°C ,unless otherwise stated.

Gain Setting Amplitier
Characteristics Sym | Min | Typ? | Max | Units Test Conditions
1 | Input leakage current Iy 1004 nA [ VggsViNSVpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage . Vos 25 mV
4 | Power supply rejection PSRR | 80 dB 1 kHz
5 | Common mode rejection CMRR | 40 d8 |0.75Vs< Vins 4.25V biased
atVge=2.5V
6 | DC open loop voltage gain AvoL 32 dB ,
7 | Unity gain bandwicth fo 0.30 MHz :
8 1 Output voltage swing Vo 4.0 Voo Load > 100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) C. 100 pF
10 } Resistive load (GS) R, 50 | ke
11 | Common mode range Veu 25 Vg | No Load

MT8870D AC Electrical Characteristics - vpg=5.0v 5%, Vg5=0V, 40°C $ Tg < +85°C, using Test Circuit shown in

Figure 10.

Characteristics Sym Min Typ® | Max Units Notes*

: ;ga(:igci)rfuitg r:;gonjtlelesvi:fa(lt;zach -29 +1 aBm | 1,2,3,56,9
27.5 869 | mVays | 1,235,689

2 | Negative twist accept 8 dB , 2,3,6,9,12
3 | Positive twist accept 8 dB 2,3,6,8,12
4 | Frequency deviation accept +1.5% £ 2 Hz 2,359
5 | Frequency deviation reject ' +3.5% " 12359
6 | Third tone tolerance -16 dB 2,34,5,9,10
7 | Noise tolerance -12 dB 4 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

+ Typal figures are at 25 °C and are for design aid only: not guarantead and not subject to production testng.

*NOTES

1. dBme decibels above or below a reference power of ¢ mW into a 600 chm load.
2. Digit sequence consists of all DTMF tones.

3. Tone duration= 40 ms, tone pauses 40 ms.

4. Signal condition consists of nominal DTMF frequencies.

5. Both tones in composite signal have an equal amgiituce.

6. Tone pair is daviated by £1.5 %= 2 Hz.

7. Bandwidth limited (3 kHz ) Gaussian noise.

8. The precise dial tone frequencias are (350 Hz and 420 Hz) * 2 %.
9. For an error rate of better than 1 in 10,000.

10. Referanced to lowest level fraquency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization.

4-18
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MT8870D-1 AC Electrical CharacteristiCs - vppe5.0v15%, Vgm0V, 40°C £ To < +85°C, using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
1 | Valid input signal levels (each -31 + | dBm ;l'ezst;c; asf \é’DD=5-0V
tone of composite signal) 21.8 869 | mVgus | T
-37 dBm | TestedatVpp=5.0V
2 | input Signal Lavel Reject 1,2,3.5.6.9
10.9 mVams | "
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
§ | Frequency deviation accept +1.5%+ 2 Hz 2,359
6 | Frequency deviation reject +35% 2,3,5.9
7 | Third zone tolerance -18.5 dB 2,34,5,8,12
8 | Noise tolerance -12 daB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 aB 2,3,4,5,8,9,11

- 7 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

*NOTES
1. dEm= decibels above or below a reference power of 1 mW into a 600 ohm load.

2. Digit sequence consists of all DTMF tones.

3. Tone duration= 40 ms, tcne pause= 40 ms. .
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.

6. Tone pair is deviated by =1.5 %% 2 Hz.
. Eandwidth limited (3 kHz ) Gaussian noise.

7
8. The precise dial tone frequencies are (350 Hz and 440 Hz) + 2 %,
]

. For an error rate of better than 1 in 10,000.

10. Feferenced to lowest level frequency component in DTMF signal.

1. Referenced to the minimum valid accept level,

12. Referenced to Fig. 10 input DTMF tone fevel at

3. Guaranteed by design and characterizztion.
-

-25dEm (-25¢Bm at GS Pin} interference frequency range between ¢80-3400Hz.
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AC Electrical Characteristics - v p=5.0v:5%, Vgg=0V, 40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym Min | Typ* | Max | Units Conditions
1 Tone present detact time top S 1 14 ms {Note 1
2 | 1 |Tone absent detect time toa 0.5 4 85 | ms |[Notel
3 ,\'A Tone duration accept trec 40 . ms  |Note2
4 |, [Tone duration reject tgec | 20 ms |Note2
5 | G |Interdigit pause accept Yo 40 ms Note2
6 Interdigit pause reject too 20 ms {Note2
7 Procagation delay (St to Q) teq 8 1 us |TOE=Vpp
8 | O |Propagation delay (St to StD) tesio 12 16 us |TOE=Vpp
9 ¥ Output data set up (Q to StD) tasio 3.4 #s |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tprg 50 ns [load of 10 kQ,
T 50 pF
11 | S [Propagation deiay (TOE to Q DISABLE)] terp 300 ns |load of 10 ko
50 pF
12 | P |Powser-up time teyu 30 ms [Note3
13 v?/ Power-down time tep 20 ms
N ~
14 Crystal/clock frequency fc |3.5759!3.5795 ;3.5831 | MHz
15 fLJ Clock input risa time tLHOL 110 ns |Ext. clock
16 | O |Clock input falftime thicL 110 ns |Ext. clock
17 f(: Clock input duty cycle DCcL | 40 50 60 % |Ext. clock
18 Capacitive lcad (0SC2) Co | 30 pF

t Typical figures are at 25°C and are for cesign aid orly: not guaranteed anc not subject 1o preduction testing.

*NOTES:
1.

Used ‘or guard-time calculation purposes orly.
2. These, user acjusiable parametars, are not device sgacifications. The adjustable settings of these minimums and maximums
are reccmmendations based upon network regquiramants.
3. With valid lone present at input, tz,; equals %ime frcm PDWN going lew until ESt going high.
Voo
Cy
DTMF ()—{
Input R; G,
MT33700/MT38700-1
U —
r—C IN~ Vool —%
—{] IN- SyGT{ T Ry
N —{] Gs ESt T
2 Vaa sto —7—0
O—————{H Qs [—F+—0
O————————] PoWN Q;——-70
0sC1 [7—C NOTES:
X-tai l}_c 0sc2 Qt [ —+—0 R, ,Ry=10CKQ = 1%
Ves Tos [ R;=300KQ = 1%
! = — C,.C2=10C nF = 5%
X-tal=3.575545 MHz = 0.1%

Figure 10 - Single-Ended Input Configuration
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‘GTP—>; S :‘-‘Gn f—\f____—\ v
= — T

| o |
EVENTS A | 8 | c ’ £ | F | G
el = = W el Cebo e
" ] e | o
top e le | ! e toa
st Tl ! | L L
e o
Pz

SUGT P

1.
N \sp HIGH IMPEDANCE
Q,-Qq DECODED TONE # (n-1) |>G 4n >—__<EE
- N I
tosg -—! |-4— | |
X2, [ S d .
StD |

! -
->J'<- i

TOE P10 I’——‘

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED, TONE DURATION INVALID, QUTPUTS NOT UPDATED.

8) TONE #n DETECTED, TONE DURATION VALID, TONE DECOCTED AND LATCHED IN QUTPUTS

C) END OF TONE £n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

D) OUTPUTS SWITCHED TC H'GH IMPEDANCE STATE.

E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY
HIGH IMPEDANCE).

F) ACCEPTABLE DROPOUT OF TONE =n « 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

G) EMD OF TONE 2n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Via DTMF COMPOSITE INPUT SFINAL.

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Q, <4-BIT DECOCED TONE QUTPUT. .

S0 DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PSESENT/ASSENT FOR THE
REQUIRED GUARD TIME THUS CCNSTITUTING A VALID SIGNAL.

TOE TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q, TOITS HIGH IMPEDCANCE STATE.

REC MAXIMUM DTMF SIGNAL CURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DUSATION REQURED FOR VALID RECOGNITION

tagc

o MAXIMUM TIME BETWEEN VALID DTMF SiGNALS.

too MAXIMUM ALLOWASBLE CROP OUT DURING VALID DTMF SIGNAL.
top TIME_TO DETECT THE PRESENCE OF VALID DIMF SIGNALS.

[ ton TIME TO DETECT. THE ASSENGE OF VALID.DTME SIGNALS.
tstp GUARD TIME, TONE PRESENT,
tata  GUARD TiME, TONE ABSENT.

Figure 11 - Timing Diagram
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LINEAR LSl PRODUCTS

TONE DECODER/PHASE LOCKED LOOP

SEINES67

DESCRIPTION

The SE/NE567 tone and frequency decoder
is & highly stable phase-iocked loop with
synchronous AM lock detection and power
output circuitry. its primary funciion is to
drive 2 load whenever a sustained frequen-
Cy within its detection band is present ai the
self-biased inputl. The bandwid:h center
freguency, and output delay are independ-
ently determined by means of four external
components.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Wide frequency range (.01Hz to 500kHz)

¢ High stability of center frequency

¢ Independently controllable bandwidth
(up to 14 percent)

* High out-band signal and noise rejection

¢ Loglc-compatible output with 100mA
current sinking capability

¢ Inherent Immunity to false signals

¢ Frequency adjustment over a 20 fo 1
range with an externsl resistor

¢ Military processing avallable

APPLICATIONS

* Touch Tone® decoding

¢ Carrier curren! remote controls

¢ Ultrasonic controls (remote TV, etc.)
¢ Communications paging

* Frequency monitoring and control

* Wireless intercom

* Precisfon osclliator

PIN CONFIGURATIONS

FE, D, N PACKAGE

PARAMETER RATING UNIT
Opereting temperature
NE3&7 0to -70 °C
SES87 -55 10 -125 *C
Operating voltage 10 v
Positive voltage at input 0.5 — Vs Y
Negstive voltage zi input -10 Vde
Output voltage fcollector 15 Vee
of output transistor!
Storage temperature -85 1c =150 [
Fower dissipation 300 mwW
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UNEAR LS PRODUCTS

TONE DECODER/PHASE LOCKED LOOP

SE/NES67

EQUIVALENT SCHEMATIC
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LINEAR LSI PRODUCTS

TONE DECODER/PHASE LOCKED LOOP

SEINESS67

DC ELECTRICAL CHARACTERISTICS v+ = 5.0V; Ta = 25°C unless otherwise specified.)
PARAMETER TEST CONDITIONS SESET NESE7 UNIT
Min Typ | Max Min: | Typ Max
CENTER FREQUENCY! s
Highest center frequency Ho} 500 500 kHz
Center frequency stabiity? -55t0 +125°C 352140 35=140 ppm:cC
010 ~70°C 35260 .| 35260 ppm/cC
Center {réquency aistribution {,=100kHz=11/R.C. -10 0 +10 ~10 0 +10 %
Center frequency shift with supply voltage iy = 100kHz =11/R.C. 05 1 07 2 %/
DETECTION BANDWIDTH
Largest detection banawidth f,= 100xHz=11/R.C. 12 T4 16 10 14 18 % of g
Largest detection bandwidth skew ' 2 4 P 3 6 e of o
Largest cetection bandwidth— V. = 300mVrms =0.1 =0.1 %/¢C
variation with temperature
Largest detection bancwidth— V, = 300mVrms 2 =2 O/
variation with supply voltage
INPUT
Input resistance 15 20 25 15 20 25 kN
Smallest geteciable input voltage (V) Iy = 100mA. 1, = g 20 25 20 25 mVrms
Largest no-outpul input voltage I = 100mA. f, = fo 10 15 10 15 mvrms
Greatest simulianeous outband -5 . f|o-s c8
signal to inband s:gnal ratio :
Minimum inpit signal to wideband Bn = 140kHz -5 -5 :8
noise ratio b i
oUTPUT ! §
Fastest on-off cycling rate t- 20 | {5 20
“1" output leakage current Vg = 15V 001 | 25 001 | 25 LA
"0" output voliage 1L = 30mA 02 ;04 0.2 0.4 v
I, = 100mA 06 | 1.0 06 | 1.0 v
Output fail ume3 Ry = 300 30 30 ns
Qutput rise time3 Ry = 500 150§ 159 ns
GENERAL
Operating voltage range 4.75 90 475 9.0 \
Supply current guiescent 5 8 : 7 1 mA
Suopply current—activated Ry = 20k{} i3 13 12 15 mA
Quiescent power gissipation 30 as mwW
€8
“requency SelerTuting resistur Ry sNOuIC be Delween 2 anc 20s1L, 3 P E10 Pin tleecoals R, Neiwsrs SEIECIRT IQ €LMInATe SuisiNg SuNNE Turn-O7 ane
¥

\pphcatte over & 75 10 75 veits See 5rapns for more gelanec »1orManon tuen-ott

PICAL PERFORMANCE CHARACTERISTICS

¥

LARGEST DETECTION
BANDWIDTH vs
OPERATING FREQUENCY

BANDWIDTH vs INPUT
SIGNAL AMPLITUDE

DETECTION BANDWIDTH AS
A FUNCTIONOF Cz2and C3
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LINEAR LSI PRODUCTS

TONE DECODER/PHASE LOCKED LOOP

SE/NES67

unwanted voltage variations. Another factor
which must be considered is the effect of
load energization on the power supply. For
example, an incandescent lamp typically
draws 10 times rated current at turn-on. This
can cause supply voltage fluctuations
which could, for example, shift the detec-
tion band of narrow-band systems suffi-
ciently to cause momentary loss of lock.
The result is a low-frequency oscillation
into and out of lock. Such effects can be
prevented by supplying heavy load currents
from a separate supply or increasing the
supply fitter capacitor.

SPEED QF OPERATION

Minimum lock-up time is related to the
natural frequency of the loop. The lower it
is, the longer becomes the turn-on tran-
sient. Thus, maximum operating speed is
obtained when Cz is at a minimum. When
the Signal is tirst applied. the phase may be
such as to initially drive the controlled
oscillator away form the incoming frequen-
Cy rather than toward it. Under this condi-
tion, which is of,course unpredictable, the
lock-up transient is at its worst and the
theoretical minimum lock-up time is not
achievable. We must simply wait for the
transient to die out.

The following expressions give the valuas of
Cz and C3 which allow highest operating
speeds for various band center frequencies.
The minimum rate at which digital informa-
tion may be cetected without information
loss due to the turn-on transient or output
chatter is about 10.cycles per bit, corre-
sponding to an information transfer rate of
{o/10 baud.

130
Ce:= uf
to
Cy= 280 2
fo

in cases where turn-off time can be sacri-
ficed to achieve fast turn-on, the optional
sensitivity adjustment circuit can be usad to
move the quiescent Cyvoltage lower fcloser
to the thresnoid veitagel. However, sensitiv-
ity to beat frequencies, noise and extrane-
ous signals will be increased.

OPTIONAL CONTROLS Figure 31

The 587 has been designed so that, for most
applications, no external adjustments afe
required. Certain applications, however,
will be greatly facilitated if full advantage is
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taken of the added control possibilities
available through the use of additional 2x-
ternal components. In the diagrams given,
typical values are suggested where appli-
cable. For best results the resistors used,
except where noted, should have the same

Signetics

temperature coefticient {deally, silicon di-
odes would b2 low-rasstvity types, such
as forward-biased transistor base-emrutar
junctions. However, ortinary low-veitage
diodes should be adequate for most agali-
cations.
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SENSITIVITY ADJUSTMENT

(Figure 3!

‘When operated as a very narrow band de-
tector tless than 6 percent), both Cz and C3
are made quite large in order to improve
noise and outbanc signal rejection, This will
inevitably slow the response time. If, how-
ever, the output stzge is biased closer 10 the
threshold level, the turn-on time can be
improved. This is accomplished by drawing
agditienal current to terminal 1. Under this
condition, the 557 will also give an output
for lower-level signals {10mV or lower).

Sy adding currentto terminal 1, the output
stage is biased further eaway lrom the
threshold voltage. This is most useful when,
to obtain maximumoperziing speed, Czand
Ca are made very small. Normally, frequen-
cies just outside the getection band could
cause false outputs under this condition. By
desensitizing the output stage, the outband
beat notes oc not fead through to the output
stage. Since the inpul level must be some-
what greater when the output stage is made
less sensitive, rejection of third harmonics
or in-bang harmemes (of lower fraquency
sigrals) is aiso improved.

CHATTER PREVENTION ‘Figure 4}

Chatier occurs in he output stege when C3
is relztively small. sc tnat the lock transient
and the AC cemponents at the quadrature
phase detector (lock detector! output cause
the output stage to move throughits thresh-
old more than once. Many loads. for exam-
ple lamps and refays, will not responctothe
chatter. However, logic may, recognize the
chatier as z series of outputs. By feeding the
output stage output back tc its input pin 1}
the chatier can be eliminated. Three
schemes for doing this are givenin Figure 4.
All operatle by feeding ihe first output step
{either on or off: back to the input, pushing
the input Dast the threshold until the tran-
sient conguicns are over. It is only neces-
sary to assure that ihe feedback time con-
stant is not so large 2s to prevent operation
at the hrghest anticipated speed. Altnough
chatter can always be eliminated by making
C; large, thé feegback circuit will enable
fzster operation of the 587 by allowing Csto
be kept small. Note thatf the feedback time
constant is made quite farge, a short burst at
the input {requency can be sireiched into 2
long outpu! puise. This may be useful to
drive, for example, siepping relays.

DETECTION BAND CENTERING
(OR SKEW) ADJUSTMENT
Figure 5)

‘When 1t i desired to after the location of the

detection tand (correspending to the loop
capture rangel within the lock range, the

-y v oy 34
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circuits shown above can be used. By mov-
ing the detection band to one edge of the
range, for example. input signa! variations
will expand the detection band in only one
direction. This may prove useful when a
strong but undesirable signalis expectedon
one side or the other of the center frequen-
cy. Since Rg also alters the duty cycie slignt-
ly, this method may be used to obtain a
precise duty cycle when the 567 is used as
an oscillator.

ALTERNATE METHOD OF
BANDWIDTH REDUCTION

(Figure 6)

Althcugh a farge value of C; will recuce the
bandwidth, it also reduces the loop damp-
ing so as to slow the circu:t response time.
This may be undesirable. Bandwicth canbe
reduced by reducing the loop gan. This
scheme will improve damping and permit
faster operation under narrow-band condi-
tions. Note that the reduced impedance
tevel &t terminal 2 will require that a larger

Signetics

0
value of Ca be ysed for a given filter cutoff
frequency. I{ more than three 5675 are to be
used. the network of Rg and Rc¢ can be
eliminzted and the Ra resistors connected
together. A capacitor between tnis junction
and ground may be required to shunt high
frequency components.

QUTPUT LATCHING FFigure 3

Yo iatch the output on aker a signail is
received. it is necessary to provice a feed-
back resistor ardund the oulputl siage (be-
iween pins 8 ang 1) Pin 1is puliec up 10
unlzich the output stage.

REDUCTION OF C1 VALUE
{Figure 8}

For precision very low-frequency applice-
tions, where the value of C; becomes lsrge,
2n overail cost savings may be achieved by
inserting a veitage follower between tne Ry
C1 junction and pin 6, s0 as tc allow a highet
value o! R1 and g lower velue of Cy for a
given frequency.

5-1886
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PROGRAMMING TYPICAL APPLICATIONS
To change the center frequency, the value Py
of Ry can be changed with a mechanical or . TOUCH-TONE® DECODER

solid state switch, or additional Cy capaci-
tors may be added by grounding them
througn saturating npn transisters.
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TYPICAL APPLICATIONS (Cont'dl

CARRIER-CURRENT REMOTE
CONTROL OR INTERCOM
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LINEAR LSI PRODUCTS

TYPICAL APPLICATIONS (Cont'dl
OSCILLATOR WITH ’ OSCILLATOR WITH PRECISION OSCILLATOR
QUADRATURE DOUBLE FREQUENCY WITH 20ns SWITCHING
QUTPUT OUTPUT ‘7
0 . s
. . =
vt
s s o LITL w oo A~ eamas | L_‘
f 2 8 s —4{}"—"‘ 28 3 e * Hy > %00
= L gigh ' B
CONNECT Ptn 2 I_l"m a !
10 28v 1 E—AAA— i
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f1 3 & > 10m 10K - L4 _—
:zcl 1 Clii:‘
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*For additional informaticn, consult the Apglications Section.
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

TYPICAL SUPPLY CURRENT GREATEST NUMBER OF CYCLES TYPICAL QUTPUT VOLTAGE
vs SUPPLY VOLTAGE BEFORE OQUTPUT vs TEMPERATURE
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