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ABSTRACT

This project is a study to improve a wireless conference , it consists of wireless
microphones and receiver . In DTMF encoding and decoding by modulating DTMF signal with
carmier are used to control this'system and send to microphones . Each microphone has a
decoder when the code of a decoder is the same as the code of the sending signal of controller ,
then the microphone works . The voice signal and carrier signal are modulated and is sent to the

receiver . The receiver separates the voice signal from the carrier signal .
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D (t) Ae maananidam ( Angle Modulation )
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®, = 27, We f, AD ANMNIYDIARUNIUL

. o N ..:
NTNANIANULLIEYIEN A2 msidtyurnudss Ui Wiarateasrduvvedissunlain
AMNDNAWFAEdRInilieuuANG ( Frequency deviation sensitivity ) k, = 27Tf/ V.
vV W -l ) .
Wisunudasilannadu e, = V, sin @t
aLlFdyyrauaniasitiu
ey = Vosin (Ot + 2TTAfsin Ot/ ©,,)
Tng m, = negududuiAng (Modulation Index) = Af/f,

Af
f

A DEuIaNAT Y e viEN

AN TENA QYU ULAEN

H

m
Azls
€y = V sin (Ot +mesin @, t)
= V,_ [ sin Ot cos(m;sin O t) + cos Mt sin (m,sin O t)]
|{1n Bessel ' s function

Jo(myg) + 2J,(m) cos 20t + 2J,(m;) cos 4t + . ..

cos (mgsin @ t)
sin(msin@._t) = 2J,(m,)sin O t+2J(m;)sin@,t+...
Fravtuaz 1
epy = Vo {Jolmg)sin@t+Jy(mp) [ sin (@, +® )t-sin(® -0 )]
+Jdy(my) [ sin (@, + 2@ )t + sin (O, - Ot ]
+Jds(my) [ sin (W, +3W )t-sin (O, -30, )t ] + ...}
ot Jy(m) AB LLﬂNﬂﬁﬁﬂﬂ'ﬂdﬂguWﬂM:
J(my) Ap u‘auﬂ?zﬁmﬂmmmﬁmuﬁw A1
J(m,) #a uauﬂaﬁmmmmﬁunuﬁw fi 2
3

J(m) fa usnlAgezssaniiuoudae

s'ffmahqn'ﬁ'a'mﬁhmngﬂﬁ 25 uaEANTNR 21 e m = 0.5 Azl
Lmuﬂﬁfgmﬂmﬂﬁ'uwwz Jy (0.5) = 0.94
LLﬂudz‘iﬂ;}mﬂmﬂmuﬁunuiﬁq‘v‘{1 J,(0.5) = 0.24
u@uﬂﬁﬂmmﬂmuﬁuﬂuimﬁ 2 4, (0.5) = 0.03
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Table Bessel Functions of the First Kind, J,(m)

Mg Jo /s /2 /3 % s Je R A TR T T
0.00 1.00 — _ —_ — — — —_— . - — = = = =
0.25 098 012 — — — — —_ = = - = = = = =
0.5 0.9¢ 0.2¢ 003 — — — _ = = = = = - = -
1.0 0.77 0.44 0.1t 0.02 — — —_ e = = = = e - =
1.5 0.5t 056 0.23 0.06 0.01 — — _ - = - - = = -
2.0 0.22 058 035 013 003 — _— - = = = = = - -
2.4 0 052 043 -020 006 002 — — — — — — — — —
2.5 -0.05 050 045 022 007 002 0O —- — — — — — — —
3.0 -0.26 0.34 049 03t 013 Q04 001 — — — — — — — —
4.0 -040 —-Q07 0.36 (043 028 013 005002 — — — — — — —
50 -0.18 -0.33 0.05 0.3 039 026 013005002 — — — — — —
6.0 0.15 -0.28 -0.24 011 036 026 025013009002 — — — — —
7.0 0.30 0.00 -0.30 -0.17+ 0.16 0.35 0.34 0.23 0.13 Q.06 0.2 — — — —
3.0 0.17 0.23 -0.11 -0.29 -0.10 0.19 0,34 0.32 0.22 0.13 0.06 Q.03 — — —
$.0 -0.09 0.25 0.14 -0.18 -0.271 -0.06 0.20 0.33 0.31 Q.21 0.12 0.06 0.03 0.01 —
100 -0.25 005 Q.25 0.06 -0.22 -0.23 -0.01 0.22 0.32 0.29 0.21 0.12 0.06 0.03 Q.01

ANTIN 2.1 udanuamanandy ( Bessel's Function )
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AnwustiGunds dyraueidnnddnanunuay ( Narrow band FM ) gaudnsushianununu
Frafstwiusiuaunin azFundt fyiienisunigarNnnde (Wide band FM ) S9AINE

gradududndaciiAman

- « .
2.4 MIANBALANNIIAUD ( Frequency Demodulation )

maAnagEandryginviaiunanetiwin maAmadu ( detection ) msuan@ @R
vradtynrudeyatiaaisnduAunandy e nian
Tunsusndyaunaudaveanandyonouaian ATy InIdeNATIiNTuYTean
aslanuulasmuanuidsnuugasnniieniay nmiAsuulasnunareeitugyinfasa
d’d‘ e: 173 v d‘ 1% & v (] e‘ d‘e‘
AMNDTITELUATSiaIgnsianaRmLaal wuspdryourtueian iinnsidasiuuanuinas
[ H H v
ANInaNTaadyIn dygnandaiasduaud  wididyyinsenidniaiuulunengea
] . 1 3 ] 1 ]
urnsasduuAsasdouiduanividn  aunseiadyyinievianidetiuuaulinannngsn
nnaresdygndseiasiiuiangian Anuiidaauuinanas  INATBIATYYIURENAAZANA
aunsiafluaniniinan dynudsiandudgud  Wiauesdeefudedynnoiendndeuu
ndun fynudestaniuay Redygroueniiuiauinngarunaresdyoioudenas
y . - - L od S e 4
Wuauninian suaresdrygndmasiiuguganafufieauiiedniluanuninan
lunmruandtygaudessanaindygrnuenisuianndidatinaminlussuunianagian
iy wzmsuendygnoudaaniaugniieunileuiint nMminaussFaiaNgnsiauas

A lumaasuautidsnuubitludygiode]sa

NazleWeNAWmARas ( FM Detector )

Anwurraviedid uA wamefidunasiidausduievinnazulslnensiuaouuansN
\ Ay A 4 a P v 4oy e e
LUIN ANDIgWBIiuANAdy U uBuWAWmAmefazgnUFuia e Wi dawnaiaiu
[ -l - e - d. -~ ai' o - 1 o e [ g T 4
danwnuzrasdnamasiuniifarianunuazunduianie wazazlidluddsfataanynl
° o ar b g < o v ool dln:ll ] h <
Amiumsugndyyinudayseanandygnaieidnamsoinlivaneid  luitiaznamiaevid
uAWAWasIULAIaATIAaTAMAIRST ( Quadrature detector )
[ &
AansaefAmamas unasidudnnisinausiil
1. whidugndlaevieaniu 2 dau
2. Warunilssiudlflunaiida 90 aepn  aantdsuiuAinaiashzaeniadieawu
AANANATS ( Constant time if deviation ) AINAINANAN

3. ihludauiideuuazlilfiReuwnnoiu
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4. @andauraemudidaenanlaniiuawaga Taawnaamanld W if center radian

frequency @, uazmain AG

A0=7r/2—K(a)—a)0)=7:/2—KAa) (2.1)
Wauwnde V) sinw,
V, sin(a), + Zrz—— KAa)) =V, coia), - KAa)) (2.2)

Al P sin(a),)coia), —KAa)) avllsznaudnyqnnriigeas
qnnmaﬁq‘lﬂ AUMABUARY ARG AR —[VO2 sin(KAa))]/ 2 dwiu KAw
Yauqadld  sin{ KAw) fesanu KA wenteoiuddesly Ao uszaclive
anr?”mmlwﬂfuﬂ'anm

Ampiitude Analog Muitipiier
imi Low-pass Analo
limited o, p . g
IF input filter Output
Cc2
Phase
shift R
network

-JI rai -
31.'71 2.6 NIIAIDATUIDTAVIALADT

gl 2.6 unarresmenneeiamamas  luunin @, uwssal AQ
szuin V) wax V,, Awualag

AQ=argV, 1V,) =(x /2) - tan"(0,5) (2.3)
O, fe f O 1esanslauuudi @, uas
§=(w!w,) -0,/ (2.4)

dviuprntn@ewllidnies AQ  aui@defiuannn  dwfunasi Wil
nwi

lupraamreffmamas arfisurasausandafinaaeaignuinudoauauninn  Teaxll
WA 2.7

N



square
IF input —

C2

Phase
shift R
network

~9

77 2.7 uandiusseuaeniafinaneieas Jagnunusinakausinn

integrator

Analog
Output

11

dl -~ 74 [ 4 o e ‘. - :‘/ :/ ] o - .:
‘NLL’EUGILHYIQZ‘IML’FJ’WW!VI +5 Thadl nmmumuwwmmuﬂumn uuﬂﬂum?mmumgﬂw

2.8

Vi

V2

V3

Input - Output Relationship

Al

>0
<0
>0
<0

V2

>0
>0
<0
<0

V3
+5

711 2.8 mManurasuauding

4 v o [ 4 e L4 J d' dl v -
naultIINIARIaNTIRITAINALIADT ﬁ'zuty’\ru‘l'ﬂ l.’ElWQZQﬂ‘V]’]IIM HIUARURIMALNAILINATRNR

waf Ayruedudivasniliazgnudveanidu 2 dou

I3 d' 173 — ~
- it 1 hgdBunnrasususinnlnuns

- Ao 2 azthudhgrsan@oums ( Phase shifter) Fuiflunasislouuudiitan Q qe uazli

f, Ainunlalew AvihiWldedulaifianud ) eanin wenilldwianduwnuilazesuausdinn

P o - o ol - - - - -
Wadygruraulniussadudmaundiuuon e viwnreduausinnaziilu +5 Taas uaziila

o

fryrpuduladsuniivionsestuduay wviwnfasiugueiacldgiadund @ sng o dagui
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) L4
29 wwvmsaweudinidusuiuzaniad Jennmnirariveyiunaitsariassudndunnlng
] ] [ ] v ] ¢ ]
LATARUAMBEN Wadunyveaadamaiu anuaazaiadiaiimaniuatmilires T, uazidle

aAnaTL 180 a9A lvinnazidu 0

Squore t 1 : } 1 L : Y 4 L 1 3. 1

\'IV‘_J' T t * ,I .l‘- t v L

f’f/\\/\ I

AND gate .ﬁl + : ’ L 1 ; ; : . : t

ourput

(a)

Square + .

wove j

Si"lﬂ\z — /\ et ¢
- \/ \/
AND gate | l ; l ———t :I ¢ l —f———— ¢

output

-+
4
p
1

5)

SQUII'C 1 L I : : : : 1 " L PO t
bt ++ $ + +

Vave

AND gate, :[ l%# —+ :| [ b £

output

fe)

T‘I.JVI 2.9 uamaavivmasusudinmldaidnynduwnsing 1 iu

fusnheviwnsaswsudinnlusenuduiiinsinas ( integrator ) ievivmlaasimafiazlsiy
S U da . v e 4
Anadefifludiuansuauiad Jwszaaulunnacundumn  dalunacldieviyniignananan

2BNNN
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25 n9959243aLalAas ( Oscillator )

RspRaTalanesiAe Msastenedupueioviniues witlunasseratiatliaunduuay
fdnAuAe dumstlaundureedtyrniuuuan ( positive feedback ) Fan1sRansunluglsearla
Aumstloundy fygyanutlaunduainewivnaznduia 180 avaudatlautinuiiunmigunnl
. o v s oo oe o P o o w
Aniudygruiidnunasilfanaaiuiuiudyguileundy. Jadvisideunduidamnlinsaiung

-3 [ - - cl’ [ e - ' e
asuenafarliiionreasiaan ( Inednflunsasrenevinlddygyinewivmasiivasmindgyiu
Buvm 180 avnatjuda ) Taeavasidinaoufiaunsautiveentdidu 3 olin Ae

1. naasiiliaAdNDR i LC

2. 2ATIHNAMKNATLE RC

3. aatmlinA D liAsanes ( Crystat )

Tufitlazrananaieatasiidinaudfild LC uannisiilianantieeneas LC Ransnnann

+ 1 ) [] v
U7 2.10 ( n) wwameFanenasuliunfunulszq C Sweruiuiurnatamiianii L ludnwaeil
falinfinaond  wusrsTazfalszqliunsafiudssasunessiuusaiuiniia v, uazifialnia

-I ° : d’ - - - o v
nezuamsy | waneluzeatamiientay  Angufi 2.10 (1) @ind S gnilanvas inllineasyes

1 1 4 '

LUARET V, QNARTIABENAINIAT LC YU Tuanmasifulifsainnsonasianstnnisiniueeas
v 4 . A o
LC MHifledsmannuummna? stAurenssug 1| avAse q anad AtuALRamafeuwadaenis
a: ° + < o v o o -‘1’ -’l’ a: o L A o
willgainrasaunuimanin Wiiauswiuliia v 1w lusaslisasamiieni L Suadeuidlu
v 1
wassna sl LC wietinglsimnfaresussdulning v, asievaglusitumiaivinlif | Iualu
- -4 - dl dl “r -3 - « v Id’ - ) 3 - %4 b e d
fianaeaiunensnulszaazansnfaiatszqldl winasawd v, azafadszq unsaniu
v i ] 3
Uszadnadaninsedw e v, wasuldauiidwanndy v dafulsrasrsnanscuaiasdadlsyy 1
22NN WA ARty | nadwsinaluasianisuanidasundnusendwsaaonmiloniy
H [ v
uazffiidszaiansiasuwlasssuin v Al | faanuiislauuidsssieifizesneas LC Iudapl
¢ i 1 v L3
#1210 (a) veulafonn 1, Tannlfeuwlsaduaudfiaufanisviienin v, Tusszsuslatimug v,
[] v v o ] +
fefuaudnaziianmsufeuwlaaiunsous i JuaduivegatniiFesly vlidndurduglinm
fanwussaflawnaaninat Fazdunalidn v Au | agliamnsaaeuulaidnfatnaiuinula
wanlagauesnisiniliaanudan V AU | avdes q anaeFen 1 esannifinnisgodunas
NuiimNFtunIUTeInas aunstialerayntesndugliniladhindgueluiandegli 2.10 (m)
nMTinuranas LC lumedndiamanui idasduglod anwdinuiazanetlunas smFundn

v o ' v
“ a4 * (Ringing) Tehataudrrasanwiiaathlunasia Annaisadisiensldandranhdusud
ANAN ( Straycapacitance ) AatuNagdMLdNTIaIRALTAT | TAanstetmaFuaaia
3 -: ° a:d ' - -l ] ] - . . d’
lslurnaanmlianinadan Q g9 7 2997 LC 91aBundnetinada 29asunsd ( Tank Circuit ) (fing
anawnsaiiuazaniana iAanisinaanudle ausuiRtenasuneAlunmsudnadug s

faunnidulnmnsaifaduiadily Fundy Wareds e ( Flywheel Effect )
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usnlagn

aan TP

771 2.10 2947 LC AilinAnndnamis T uuud
n. Wausaindln wasunnesazsfalszqiiasiumiug uas
naanszualiluanalugnaamuiienin
1. Turnuefiaindidansas wasuunmaIazgninIIneanaINgmag
2 v
LC Tuasas LC vaustifamsnldasuulamifsnusswinssnann
- s v v a
witgathiusuiulseq

A. ﬂﬁugm‘ﬂﬁ( Sinusoidal Wave )

2.6 wann1siaanaAad1asdunI DTMF

1 v

msidanautradtyyns DTMF Uwhildunainmsgusaige viaduueniulanay usan
NMsANDAA-HAALaETRLIAGY Tatisazidenaruiinag luduanudresdoygyin
TneAwyi (300 - 3400 Hz. ) uazazdaslifilmuniluanfludn ( Harmonic ) Wialn&Aasansiuiindany
uaziu  uazUnfidtynnnnd DTMF siaafludgynougillanddau 4 ( Pure Sine Wave ) Adiqn
Cy a4 o . = 4 2 el = Y - 4 oy
fau Maflutindt n Aeldessiu@narnduile lunsdlfifaanuiiauainaaasuanaoud il
anntidudtynnnugdinifou 9 a5 mwd OTMF fninnld nesesduadlng ssuunsds

P

Fynneulnadni ( Bell Telephone System ) Wall A.A. 1950 ArwAAng 7 AFUTRIMATIT 2.2

Fangie WinAansTuiing 2 1a9Amddtyeynnl DTMF 18t 3
ANTIAD4I8Y 3 AR AIND 697 Hz. & 1477 Hz.

2 Fiing 2 A8 ANE 1394 Hz. & 2954 Hz.
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REWIWIN 1394 Hz. HA1EFEUINNANT 2 uay 3

WAy 2954 Hz. dAnAUNIT 1633 Hz. daifuaii 1y

1209 1366 1477 1633
697 1 2 3 A
770 4 5 6 B
8562 7 8 9 C
941 * 0 # D

AN 2.2 UARAMNANWUSsEu Nt uuuiiunafuAudlssa unauasudn

FIABEN  AUIANAMNDTIAATUIBIAAAMNRANAATBIANAATY UM DTMF  wiAua

LINUASHAGNIBIANMNAATYQUI0d DTMF MiNelaT 3

NATIN = 697 + 1477 = 2174 Hz. HANU 1633 Hz. udn

WAFNS = 1477 - 697 = 780 Hz. A"BETIWIN 770 Hz. Uaz 852 Hz.
- = " e e - - " o - - - - -
'lu‘:‘:uum:um'mnumnmqnumuum 8 AIND ﬂd’ﬂgl:lu?ZﬂU‘ﬂ’ﬂdﬂﬂuLﬂF_N UTaaziTenNan

v <4 T oo : - : -0
At sy 4% msnaulafaviidudtynnasgndseantl 2 and ( aannguauns 1

- ] - -, . =
ATTHD UWRTNRNAIINAEAY 1 AITND ) AIANFIIN 2.2
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YANMIMNIUIRINMASIAUIILaENATUdUI  AnAannssanisuazdsslanilunng
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3.1.1 nMAdNdununny

- welids - . WATMHNINT
NATTEENRER - NITLERLAIAIARS - -
‘ > Naemes . > AR
( Audio Amplifier]) ( Oscillator )
{ FM Modulator { RF. Power Amp. )

117 3.3 uReAlaazunTNuARIUANNITINUTBIM AR YN

anuianlaszunsuuamudnnisinnuluglf 3.3 dygnoudassasgngadiidtassuene
[ ] » v
AOUUITULALN fynudaanifacgnasd-Tunegianiudtyyiuaduwiue. Jawdntiuainnia
NladtuyIUAINIang UAIRINHARIANALAMNTIRENUAIAMNRTBNF YN UWIVEaT LR
wasllmunsilfeuulasrasdygudadidwnuegandis - Jaduldauvdnnsaganadu
v t
aAyouraulussuuievisn annfudyqnmmsitinunisueaaniudygnandeaudaasgnaaly
o~ v ad - : d' o -:A d’ UxY S =l
seradnuuiluenlaangaaunniasenedtygnenuiang e dugaevidudanuune

WREne nauniarasdygueanluiateeinia (Antenna )

AUIBNESUIUNLAL

Tnadutiazlineasnlnsinuuenyfliaes ( Microphone Ampiifier) Seiineasanugiii 3.4

R 470 v
i'A'A' . D <C
R, 1k R 47k
g ¢ R WA R N
> 2 4 6 ]
0.015uF 15k @IS 1k {2
7 AAA - 1
| 5| >
c < I >
e sk $&—- SR
uF o VR, < 47k IC,
16v > " LM324
MLC_ESD VR, == G, O.tuF
22CJF = R, To BA1404
v ] ] 10k

7Uf 3.4 waneaslulasiiunen Ao s

uannsinureanasil Ae Waldyanaudwinasueuaesiilastiu MIC, uaz MIC,
dygyrnufisananlulasiiuadudyunalWaduazdduae ( Coupling ) Wl VR, uas VR, 3

] v
nuhidfudnsniraaneaudnygruseiulliuuaudunes®e ( non-invering ) 11 3 uaz1n 5

b4 0 o o -
ANAIAL Aeyryrouna 2 azgmin liFeuieui Taaassdeqii 3.5
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U7 3.5 wanasasfFaunfisudny oo

[ ] +
ngUn 3.5 Wiasaniluntssiautuuau-dunesienanians ( Non-inverting Amplifier )

AU
¥ = 1+—Rl (3.1)
i - Rl '
a1n KCL azld
1,
A A S AR
1, Ve K
R, ™ R TR R
2 ( 1 1] %
= —_— |-
R R TR)R
WU V /7nannig (3.1)
v 1) % [ 1?2)
L=V =+ -1+ %
R4 m‘(RJ R-SJ 3 Rl
iar, =R, uar R, =R,
Lot o) (e (s2)
R~ m\(R, TR )™ R TR '
Anaums (3.2) andiuin Wedtyanaildiuan MIC, uaz MIC, wilaufiuuasiavini
uda (A V,, =V,,) f-:.,m'lﬁluuamrmmmnmnv (ABV,=0) anwm'lumymwmmmumﬂu

Lﬁmmmmzwhuﬁ’mmﬁmmmmmm‘lﬂﬁuqnmm@@n‘lﬂ‘lm whlleddtyqaudeadunannulasiiy

Aaglnddyananndn (v, #V,,) Aeclfygnoeanund v, uazdrinuddusely 1y

in1

daulaWIaNNBARINBT LA AIURATAIAADT

Tugauilifhumsa¥edunyios FM wuumwmes ( direct method ) davinTaannindoynyoun

aziiunagantunasurnisesndunmslnens
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A Py - > - . [ .
dmiululanondliifenldlediwed  Ba1404  Fuduledfanmnsathunldsednyyho

v > 1
wrdnldmuuyiniutasusuameFadanimandld  uslulassuildanisviraoulvidunnsdauyy

Tuly ﬁogﬂﬁ 3.6
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] LED -v
& - - - & Jal. :
c, l a1¢c, o ANT.
c ) 15 30pF L 1200F
. L : L
o T2 G, Y [, ==¢
. r T <3 1
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Lc, L
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R ? 9 15pF C.
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0.001ud c.
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mnuﬁaﬂ‘lmﬂ:un?u'lugﬂﬁ 3.7 Dudasiingszuugwedionnalsanend
(Superheterodyne) %a'l%uﬁnmﬁquﬁummﬁtyrmmﬁwqﬁ!ﬁLihmrTumquF{ﬂmww‘t‘aﬂaamaﬁam
waf Aeeasiinges (Mixer) Tnearfiavivsauaud ( RF. front end ) Q:ﬁmﬁﬁ?{tﬁﬂns*uﬁryrmmv‘{
rﬁmm‘rua:q:qnﬁqmuauﬁmmﬁmﬁummuﬁmn‘[aﬁaaﬂaﬂiammm’w"{wwﬁm-nﬂf RINNITHAN
Fynnadldpnadnidunauan e ua:mmﬁ'mm%mmﬁmmm us lusTULANgazidanion
lavnzANETIIUNGANTE FenanudEnidunarnetifuanElaey ( IF : Intermediate Frequency )
sd e sy éqﬁmmﬁm"lﬂLaﬂﬁqzdﬁu1ﬂﬁqQQQ?§ﬁmtm@§ ( Limiter ) uatasAnaganas
3«@:ﬁﬁﬂﬁ?ttﬂnﬁmmqm DTMF V;ﬁmm?mnﬁtyrgﬁm’lmﬂﬂ ?ﬁ'qmwmﬂﬁmmﬁm DTMF azuent

Anyqucuilyl uazdalufadqunansiadtynynns DTMF sald

larnaeadaianes uazinigas

Ay yrnndunaiinge fivavianswasuand Wetlugdaasanunndainis
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Muting capacitor E 1 18 5 Correlator capacitor
Audio frequency Output E 2 17 ] Demodulator capacitor
Naise source E 3 16 ] Ground
Loop filter capacitor E 4 15 :] Current source capacitor
Suoply voltage E 5 14 :] Mixer
vco [ 6 13 [ RFinput
1st “negrator capacior topin @) [| 7 12 [] IF fimier capacitor
2na Integrator capacitor [ | 8 11 [] IF filter capacitor
1st ntegrator capac.:or {to pin 7) E el 10 :l IF filter capacitor (to pin 11)
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UATATIIMATLA T (N IUAANANIUTR 3.10

¥
Rq47 ~4 5V
Sl 1 I 1.
o 27 ” [
5u w5 T o 1uF 1500F L ¢ xoer
: 1= v L [T el
2"" ? CCRRE LAT R CURRENT  iF F FFLTER
s TING  LOG EMTCR oo ; A "
: v 'NTEGWOR FILTER SOURCE LIMITER FILTER RFIN
-[ e ol cn
' 33pF
L 3C, 20-600f k, t, ° ]
i : 7000 i -
ﬁo:[ 'C‘" € ™ 14 on
- 12 veo IR T aor ¢ oM
81 INTEGRATCR GND AFout 12 ] l'_'

b |
7 2 18 . L I
C. I* [ Vi == S Il
o -4 J‘o . I—‘l—l omzuFT R, e

7U7 3.10 uamsnasnAfudny o uenian

ANRaTanRFu N NaERINIARTHN L LLa:LiJ’ﬁ'lﬂthuuuﬁmemmm' ( Band Pass
Filter ) toiRanfuANARFeIs Tnt L, , C, Az Cyy Aynynnanuansasnisazdniin 13 ( RF
Input ) 184 IC, udngntinluuaniulunasiiniges ( Mixer ) nelufuanadeesdaameiivnms
- -« . . 4' v 1 v
@anlnenaasunariqu ( tank tune circuit) dasznaudy Ly, C,, , VC, Az C,y Tausinu Gy, Wil
fan 14 Beazdluinasineesnelusaled auinlianamsinmefasidngmeaduegiamed
( Demodulator ) uazvimstenaandiavudavinnsfmalddygnuiifemniseanimien 2
189 IC, dusisunu R, anlusdrianszuaidniled uasdygauaviynieeninainin 2

v
arlutinunaasiiduvinga ( De-emphasis ) An R, UaS C,, iU C,q Iiadauenasialy

3.1.3 nALene

9 o~ il - < l o~ p
dufumareneidenidladives LM386 Tnailnesdiaguii 3.11

-4.5¢
220uF 25V 4 G,
- l‘___. 470uf
- L OUTPUT 18V
0.1uF -
i
C, 0 1uf 10
INPUT 0-———-| }—L
Qo .
ks R, 0.1uF .
50k

UM 311 uamanaTIEne
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LY - d' ' LY - ° [ o d‘
dryryrnndesnneanainen 2 189 IC, Azt VR, tieviansdfuariusisesdygium

+ ] '

it 3 989 (C, TaensAthiainu G, Tne LM386 vinwdiidunastenamdnamnsodsu
fnmveneldaus 20-200 i anmaieiudsey C,, AN 10 LUF Nastarfum 1 uazen 8wl
Iidnmrenegean A Ustunn 200 wh dygnfignisnefuufeuudaazesnniin 5 laaiw C,,
weruli Wil Wnszuanssinuaanludednln R, uax C,, iwihfitlasiunniineeadsganianud

- -~ 3 - ] 8 o :
a4 lnedd C,, WludnsaaiidsaRedaantdndugusunauainlyifes

3.1.4 MANRATMARUUIN DTMF

3.1.4.1 N’]TNRATUA DTMF
s led MTes70 Fudulednlinensviannuivesinsdmiiianmlu ( DTMF )
Whhuarg 2 e 4 T Taeldeusuiuaianas (Crystal) ATWE 3.579 MHz. winu
N3NRAITRAMNAINIAWY e mmﬂmﬁrymmmmﬁﬁﬁmqnmmmﬂuﬁq
wrfiutiunazesinedmt Wiussuusiaaniedanea ¢lad MT8670 Hazuilasamuiinsdwrilidy
IR1FIU 2 TUA 4 Tn
AuaNTRYa9 MT8870 Aa
- Dusfuuaznansiani ( DTMF Receiver)
- Aulvien MW RessAuGniu TTL
- mm?nr%qﬁmwﬂ'mn'm'luﬁq'la%"lﬁ
- aunsadfuntsatnd ( Guard Time )

- {luladanmng

1) laseaserae MT8870

UsEnaufIEneRInsaaAnND ua RN AT duN1AAnas Hhlednasalagly
waluladl 1SO™-CMOS lusiutemeasnsaspaii maliaresadndantndwafiamas dusunsas
m']uﬁ’qquﬂ:ﬁiﬁ duneasnansialimaliamniunsdanesiianmaduuazoanmiaia 16 AmA
sanduiargIn 2 ne 4 in uﬂ:t%ﬂﬂﬁqmmﬁﬁtytmmtihm ﬁaumﬂﬁuwmﬂwaﬂﬂuﬂuﬂiq
amnsnufudnneendlilaesiagUnsainavaniewivnifuieasuand 3 snus gﬂﬁ 3.12 AN

194 MT8870 uaxzgiil 3.13 uamlasea¥ranialuses MT8870

2) Aeriduntsvineunie lu MT8870
nelu MT8870 Usenaudihadaudndty 5 diu Ae
- NMANANANKD ( Filter Section )

- MANTANAND ( Decoder Section )



- MAaRgasaaudny o ( Steering Circuit )

- MATENEATY YIUANIANGANY ( Differential input ),

- mAfbiaRNd ( Oscillator )

U7 3.12 uanseazi@aniniesled MT8870

IN+[]
IN- ]
GSE.
VRef []
INH []
PWDN []

osc1 [
oscz[]

v

1@

18
17
16

15

[ Voo
] svaT
] est
] sto
[] Q4
] a3
[ @2
] a1
] TOE

¥DD VSS VRel INH
N r
ias
PWCN Circurt VRef
} Butfer
| p,
Y e
Cho  Chip . e
Power Sias Hign Group Digital Code
Silter Deteciion Convener
Algorthm anglaich [ | > C2
IN + Dial
Tene Zero Cressing

N - Filter Deteciars — e 03

G§ — Low Group _b - l
Filter Qs

DO 'C:)‘Xag St Steenng 2&
Clocks GT Logic
AAA
/
0sc1 osc2 SUGT ESt STD TOE

7171 3.13 uamlarafunieluredled MT8870
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] $ 1 ]
manasdynnauannd tudeufiasuandyygnu DTMF Adwneandlu 2 nguAdNd Aa

, X ¢ do oo d a Ao -
danuigauardnnnnim naldwasnsaspnunduiui 6 slinaindanldienes ( Six-Order

4 ol vt . :
Switched Capacitor Band Pass Filter) $aaamfinuan1siil 2 goa ( Amrndgeuassn )

o - P -y ' v o - o
mpnaasia  AND DTMF AgnnsesFaufesastirudinaasnansianufeaniuiiay
-~ L - - 'J A\ H ]
Inglfinalianniuwunfanes warinimmmassurmdidandnduamdinnsgiu DTMF vieTla
- v Sl ol - ' i d .
iWetlasiurmduiidunuan enmageudpNdiugniies doygnfian EST (Early Steering)

-4 «l o [ U J .~ -J 3 5 [ o
fazuaafidmiuAnoanialiainaaniising 4t uandldmmnsem 3.1

Fiow o No | ToE | aQ | @ | 9 | q
697 1209 1 H 0 0 0 1
697 1336 2 H 0 0 ! 0
697 1477 3 H 0 0 : 1
770 1209 4 H 0 : 0 0
770 1336 5 H 0 1 0 1
770 1477 6 H 0 ! 1 0
852 1209 7 H 0 1 1 1
852 1336 8 H 1 0 0 0
852 1477 9 H 1 0 0 1
941 1336 0 H 1 0 1 0
941 1209 . H 1 0 1 1
941 1477 4 H 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 | C H ! i : 1
941 1633 | D H 0 0 0 0

i i ANY | L z z z z

AN 3.1 wamaniinausadled MT8870
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A - AnanuANDid AL ligndes winnlinfdeu

B - AT #n gnRsaanLlaslimunanfignsies anudgnoansviauazuand e mivm

[
- v t

C - quAMND #n Faningniies leniwndiasuandetiaundtaziffuananigh alwl
D - wninnuAswiugniuaudga ( High Impedance )
E - A2 A #(n+1) QNAFIAWL ATLIATGNSEY ANMNTIgnoansiauazuandli
F - anud #(n+1) wielld gaaineligniies wavinndiasuanda)
G - AUAMNA #(n+1) Faniagnsias wniwndiasartatauieannd ludfignde
amsRdaudtyyIn asiuendn e lildgameastuinedtyyandu
can . R A “a . SX o
imafAam ( Inter Digit) gnifas Aniudailunied wleuwdndumsdadtyyrufduiull Weudunis

Ransnndtynyrauiiedndrygnnignsia fled MT8870 azildniananalunsrnamasesdtyyin
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nrsunisalvad ( Guard Time Adjustment )

o w o J - - . : -t ] N -:dl v
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SYGT v,
ESt
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StD
MT8870D4
MT8870D11

lory = (RC)‘ ln(VDD IVrs )
lom = (RC) ln[VDD /(VDD~Vm)]

UM 3.15 uanenARsIRRaUATIQIN ( Steering ) tindng

WATATRRaUAYYude 1 uanwiiglil 3.21 Tatlumedstgnsiidau Argesdau
v
gunsafazgnidanmugnassialuil
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to = toatlera

Tng (R muszméuf{qmﬁﬁ'aqnmﬁauﬂmdqﬁzyzy’xmqnﬁm
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tgra=(AeCoiinlVoo(VogVrsil tgron(R:CrilafV oo/ Vog-Vrs)f

A, 1
"0 Q [ tara=(FiColint¥op Vrs) oo O ] lgra=iR=CJinf¥op Vrs)

Cr = RpwlA AR A “‘ Rpa(AAMA o)
SuGT ' suGT

x
Ay A2 a,
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matfianawd tunail meluledasiisasoaetniely leusresfaneatunn 3.579

MHz. Aamnsnldanlaiiui mssenarinfinanafiuanasiagiii 3.18

____{ To OSC1 of next

c MT88700/MT58700-1
A4 x4 A

0SC1 — 0sc2

|
osc2 _1'_1 }-— osct
c
Ca=30 pF

X-121n3.579543 MH2
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= 3579545 MHz
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GND [

7 3.21 usmeneaziBanmvedled 741842

0 ]
1 [
2 [

3[4

« O
s [
5 [

1@

2

3

741542

16

15

14

13

12

]V::
R
18
o
] o
197
] 8
17

Tnefilad 74LS42 HnN9NN19IUAIAITIN 3.2

inputs

outputs

No. BCD INPUT DECIMAL QUTPUT
D C B A 0 1 2 3 4 5 6 7 8 9
0 L L L L L H H H H H H H H H
1 L L L H H L H H H H H H H H
2 L L H L H H L H H H H H H H
3 L L H H H H H L H H H H H H
4 L H L L H H H H L H H H H H
5 L H L H H H H H H L H H H H
6 L H H L H H H H H H L H H H
7 L H H H H H H H H H H L H H
8 H L L L H H H H H H H H L H
9 H L L H H H H H H H H H H L
- H L H L H H H H H H H H H H
- H L H H H H H H H H H H H H
- H H L L H H H H H H H H H H
- H H L H H H H H H H H H H H
- H H H L H H H H H H H H H H
- H H H H H H H H H H H H H H
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Philips Semiconductors Product specification

FM radio circuit TDA7000
—“—_“
GENERAL DESCRIPTION

The TDA7000 is a monolithic integrated circuit for mono FM portable radios, where a minimum on peripheral components
is important (small dimensions and low costs).

The IC has an FLL (Frequency-Locked-Loop) system with an intermediate frequency of 70 kHz. The i.f. selectivity is
obtained by active RC filters. The only function which needs alignment is the resonant circuit for the oscillator, thus
selecting the reception frequency. Spurious reception is avoided by means of a mute circuit, which also eliminates too
noisy input signals. Special precautions are taken to meet the radiation requirements.

The TDA7000 includes the following functions:

* R.F. input stage

* Mixer

Local oscillator

|.F. amplifierlimiter
Phase demodulator

+ Mute detector

* Mute switch

QUICK REFERENCE DATA

Supply voltage range (pin 5) Vp 27t010 V
Supply current at Vp = 4,5V Ip typ. 8 mA
R.F. input frequency range frt 1.5t0 110 MHz

Sensitivity for -3 dB limiting
(e.m.f. voltage)

(source impedance: 75 Q; mute disabled) EMF typ. 1,5 pv
Signal handling (e.m.f. voitage)

(source impedance: 75 Q) EMF typ. 200 mV
A.F. output voltage at R_ = 22 kQ Vq typ. 75 mV

PACKAGE OUTLINE
18-lead DIL; plastic (SOT102HE); SOT102-1; 1996 July 24.

May 1992 2



Philips Semiconductors

Product specification

FM radio circuit

TDA7000
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Fig.1 Block diagram.
May 1992




Philips Semiconductors Product specification

FM radio circuit TDA7000
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (pin 5) Vp max. 12V
Oscillator voltage (pin 6) Ves Ve-0,5t0Vp+0,5V
Total power dissipation see derating curve Fig.2
Storage temperature range Tstg -55 to +150 °C
Operating ambient temperature range Tamb Oto +60 °C
7287
2 287251
Ptot
(W) I \
1,6 5

1 AN
0,5 \\
AN
0
-50 0 50 100 150
Tamb (°c)
Fig.2 Power derating curve.
. D.C. CHARACTERISTICS
Vp = 4,5V, Tamp = 25 °C; measured in Fig.4; unless otherwise specified
PARAMETER SYMBOL MIN. TYR. MAX. UNIT
Supply voltage (pin 5) Vp 2,7 4,5 10 v
Supply current
atVp=45V s - 8 - mA
Oscillator current (pin 6) ls - 280 - A
Voltage at pin 14 Viais - 1,35 - Vv
Output current at pin 2 I - 60 - A
Voltage at pin 2; R_ = 22 kQ Vo_ie - 1.3 - \%

May 1992 4



Philips Semiconductors Product specification

FM radio circuit TDA7000

A.C. CHARACTERISTICS

Ve =45V, Tamp = 25 °C; measured in Fig.4 (mute switch open, enabled); f4= 96 MHz (tuned to max. signal

at 5 uV e.m.f.) modulated with Af = + 22,5 kHz; f, = 1 kHz; EMF = 0,2 mV (e.m.f. voltage at a source impedance of
75 Q); r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified.

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

Sensitivity (see Fig.3)

(e.m.f. voltage)

for -3 dB limiting;

muting disabled EMF - 1,5 - uv

for -3 dB muting EMF - 6 - uv

for S/IN = 26 dB EMF - 5,5 - uv
Signal handling (e.m.f. voltage)

for THD < 10%; Af = % 75 kHz EMF - 200 - mV
Signal-to-noise ratio SN - 60 - dB
Total harmonic distortion

at Af=+22,5kHz THD - 0,7 - %

at Af=+75 kHz THD - 2,3 - %
AM suppression of output voltage

(ratio of the AM output signal

referred to the FM output signal)
FM signal: f,= 1 kHz; Af= + 75 kHz

AM signal: f;, = 1 kHz; m = 80% AMS - 50 - dB
Ripple rejection (AVp = 100 mV,

f=1 kHz) RR - 10 - dB
Oscillator voltage (r.m.s. value)

at pin 6 Ve 5(rms) - 250 - mv
Variation of oscillator frequency

with supply voltage (AVp =1 V) Afyee - 60 - kHzNV
Selectivity S,300 ~ 45 - dB

S_300 - 35 - dB

A.F.C. range Afy - +300 |- kHz
Audio bandwidth at AV, = 3 dB

measured with pre-emphasis (t = 50 us) B - 10 - kHz
A.F. output voltage (r.m.s. value)

atR =22kQ Vo(rms) - 75 - mvV
Load resistance

atVp=45V R - - 22 kQ

atVp=9,0V R, - - 47 kQ

May 1992 5



Philips Semiconductors Product specification

FM radio circuit TDA7000
7287252
VO
(dB)
) S+N

Ny

-20
T\ THD
\“ (%)
-40 \ 10
N
N THD
y N NOISE ] 5
-G80 [ 0
108 16-5 104 103 10-2 10-1 1

EMF (V) st Rg= 750

Fig.3 A.F output voltage (V,) and total hamonic distortion (THD) as a function of the e.m.f. input voltage (EMF)
with a source impedance (Rg) of 75 Q: (1) muting system enabled; (2) muting system disabled.

Conditions: 0dB=75mV, fy= 96 MHz
for S + N curve: Af = £22,5 kHz; f,,= 1 kHz.
for THD curve; Af = £ 75 kHz; f,= 1 kHz.

Notes
1. The muting system can be disabled by feeding a current of about 20 pA into pin 1.

2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be
achieved by omitting this capacitor.
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Fig.4 Test circuit; for printed-circuit boards see Figs 5 and 6
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72880381

Fig.5 Track side of printed-circuit board used for the circuit of Fig.4.

1738937.1

Fig.6 Component side of printed-circuit board showing component layout used for the circuit of Fig.4.
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PACKAGE OUTLINE
DIP18: plastic dual indine package; 18 leads {300 mil) SOT102-1

D
- ,
‘ 11
! | ]
| N

A
T‘_

.

b ]

1

1or_bz
_rl

Bﬁﬁﬁ#ﬁﬁﬁ f
e I

|
PN W VAR g

0 5 10 mm
| SIS PO | 2 J
scale
DIMENSIONS (inch dimensions are derlved from the original mm dimensions)
A A A )
UNIT | e | i | a2 | B by by c oM | M| o ey L Mg | My w nfu_
140 | 053 | 140 | 032 | 218 | 6.48 39 | 825 | o5
ML AT L0837 yie [ 038 | 14 | 023 | 214 | 620 | 254 | 782 | 34 | 7eo | a5 0254 0ss
. 0.055 | 0.021 | 0055 | 0.013 | 0.86 | 028 045 | 032 | 037
nches | 019 1 0.020 | 045 | 5ot | 0015 | ooes 0.009 | 0.84 | 024 | 010 | 030 | 53 | §37 | gag | 001 [ 0033
Nots
1. Ptastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION e JEDEC e PROJECTION | |SSUEDATE
SO40-14
SOT102-1 == @ 65-01-23
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Philips Semiconductors

Product specification
FM radio circuit TDA7000
SOLDERING The device may be mounted up to the seating plane, but
ducti the temperature of the plastic body must not exceed the
Introduction specified maximum storage temperature (T may). If the
There is no soldering method that is ideal for all IC printed-circuit board has been pre-heated, forced cooling
packages. Wave soldering is often preferred when may be necessary immediately after soldering to keep the

through-hole and surface mounted components are mixed ~ temperature within the permissible limit.
on one printed-circuit board. However, wave soldering is

not always suitable for surface mounted ICs, or for Repairing soldered joints
printed-circuits with high population densities. In these L
situations reflow soldering is often used. Apply a low voltage soldering iron (less than 24 V) to the

lead(s) of the package, below the seating plane or not
This text gives a very briefinsight to a complextechnology.  more than 2 mm above it. If the temperature of the
A more in-depth account of soldering ICs can be found in  soldering iron bit is less than 300 °C it may remain in
our *IC Package Databook” (order code 9398 652 9001 1).  contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.
Soldering by dipping or by wave

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product spedification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause pemmanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification,

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or sefling these products for

use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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MOTOROLA , :
2 SEMICONDUCTO R /200000 ———m"
TECHNICAL DATA

Advance Information mg: 45452::3
Pulse/Tone Repertory Dialer
Low Power Silicon-Gate CMOS i
The MC145412/13 and MC145512 are silicon gate, monolithic CMOS integrated circuits
which convert keyboard inputs into either puise or DTMF outputs. They are packaged in a
standard 18 pin (0.3” wide} plastic DIP.
® 3x4 or 4x 4 Keyboard Compatibility Which Allows the Use of 2-0f-7, 2-0f-8, or
Form A Type Keyboards .
® MC145413 Adds Keyboard Selectable Pause Switch Function Ordering Information
® Single Pin Switchable Between DTMF, 10 pps and 20 pps MC145 X X X X
® 500 Hz Tone Signal Qutput in the Pulse Dialing Mode )
® Memory Storage for Ten 18 Digit Numbers, including Last Number Redial P Plastic
® Uses 3.579545 MHz Colorburst Crystal 4 40/60 M/B Ratio
® Telephone Line Powared 532/68 M/B Ratlo
® Silicon Gate CMOS Technology for 1.7-5.5 V Low Power Operation
@ Stand Alone DTMF Dialer/Stand Alone Pulse Dialer
® Mute Output Usad to isolate Receiver from Dialing Output
® Memory Programming Options by Keyboard Configuration PIN ASSIGNMENT
Vool 1 @ 18 [J oTme ouT
toreQ2 17 &FC
triga 18 QROW T
tor2( 4 15 [IROW 2
Toral s 14 JROWS
vss[l 6 13 {JACW 3
15007 12 108
ostin [ 8 n{ve
BLOCK DIAGRAM 0o, [ 0 10 [us
Y TONE DEBOUNT
_ oA 1185w our
s 18 CONVERSION q
& MIXING =
COTT 2 "
T —5
o 4 DATA —] q_
F0L2 "5~ KEVBOARD c:} LATCH PULSE =
oL 1_6—- INTERFACE AND MUTE =
ROW } ——ae ANO QUTRUT "
——— 15 | oecone LoGiE M
ey - RAM H
ROW 3 —;" CONTROL J A00HESS =
WG LOGIC e y

12
o8 f f
READIWRITE Vpg-PIN 1
COUNTER COUNTER Vsg-PIN 6
05Cin 0SC DIVIDER
0SCout ;

This document contains information on a new product. Spscifications and information harein are subject to change without norica,
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MC145412, MC145413, MC145512

ABSOLUTE MAXIMUM RATINGS {(Vgg=0V)

Parameter Symbol Rating Unit
DC Supply Voitage Vop -0.510 +8.0 \
Operating Temparature TA -30to +80 °C
Storage Temperature Tst, -65t +150 °C
DC Current Drain Per Pin i 10 mA
Maximum Voltage v
On Any Pin Relative to Vgg Vint -0.5
On Any Pin Relative to Vpp Vin2 +0.5

L4

ELECTRICAL CHARACTERISTICS (Ta= ~30 1o 60°C, Vpp =25 V, Vgg =0 V, Unless Otherwise Noted)

Characteristics Symbol Min Typ Max Unit
OC Supply Voltage Pulss Mode Voo 2.0 - 6.5 \"
DTMF Mode 2.5 = 5.5
Operating Current Puise Mode (MS = Vpp) ipp - 0.25 0.7 mA
DTMF Mods (MS =Vgg) - 1.0 2.0
Memory Retention Voltage 4\/@ 1.7 - - v
Memory Retention Current (Vpp=1.7V) Isthy - 1.0 2.0 A
{(Vpp=2.5V) - 1.2 2.5
Input Voltage, Row/Column/OH 0" Level ViL - - 0.2Vpp v
“1"” Level ViH 0.8 Vpp - -
Row/Column input impedance To Vpp Zin - 100 -
To Vgs - 2 -
OH Pull-Up Resistance R - - k2
Input Capacitance (All Inputs) Cin - 10 - pF
MS Pin Input impedance Zin 50 200 - k2
Output Sink Current (Vpp=2.5V) TSO Pin oL 0.s 0.7 - mA
MO Pin 1.0 2.0 -
GPL Pin 1.0 2.0 -
(Vpp=4.0 V) M3 Pin 3.0 - -
OPL Pin 45 - -
TS0 Output Source Current (Vour=2.0V) loH 0.5 0.7 - mA
Output Leakage Current MG, OPL Pins ik - - 1.0 pA
DTMF Output Level Referenced to Vpp/2 Row Tone Vout 260 310 370 mV RMS
(Vpp=2.510 4.0V, RL=600 0 to Vpp! Column Tone 30 390 460
DTMF Qutput Tone Leakage (Vpp=3.5, RL=600 ©, 300 t0 4000 Hz} — - - 80 dBm
DTMF Output Tone Distortion (Vpp =23.5, RL=600 ©2, 300 to 4000 Hz) - - 5 %
Pre-Emphasia 1 2 25 dB
DTMF Output Leakage Current While Not Dialing Tones (Vpp =2.5 V) - — 1.0 pA
DTMF Output Sink Current While Dialing Tones p.i] - - pA

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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SWITCHING CHARACTERISTICS (Tp=25°C, Vpp=2.5 V, Osc. Freq. =3.579545 MHz, Unless Otherwise Noted)

Characteristics Symbol Min Typ Max Unit
Row/Column Scan Frequency f - 250 - Hz
Key Debounce Time D8 168 - 20 ms
DTMF Tone Duration for Keypad Dialing twi 60 78 - ms
DTMF Tone Duration for Memory Dialing tw2 €0 102 110 ms
inter-Digit Pause Time DTMF {Mamory Dlaling) o 9% 110 ms
Puise 10 pps 0.8 1.0 1.2 s
20 pps 0.4 0.5 0.6
MS Pin Scan Rate trms - 1 - kHz
Make/Bresk Ratio MC145412/13 MBR - 40/60 — %
(MS = Open or Vpp) MC145512 - 32/68 -
Outpulsing Rate MS = Open fopPL - 10 - pes
MS=Vpp - 20 =
MUTE Output {MO) Overlap Time MO - 2 - ms
TSO Output Frequency frso - 500 - Hz
TSO Qutput. Duration 750 35 - 40 ms
DTMF Cycle Time {Memory Dialing) - 5 - tones/s
{Keypad Dialing) - 10 -
DTMF Frequency Deviation - - +1.0 %
Prodigit Mute MC145412/13 Puise 10 pps t4 - 4 - ms
20 pps - 20 -
MC145512 Pulse 10 pps - 2 -
20 pps - 16 -
DTMF - 1 -

PIN DESCRIPTIONS

Vpp. Vss—POWER SUPPLY (PIN 1, PIN 6)

DC power is supplied to the part on these two pins, with
Vpp being the most positive. Permissible ranges are from 1.7
to5.5V.

MS —MODE SELECT (PIN 10)

The MS pin is a three state input for switching between
DTMF, 10 pps, and 20 pps dialing modes. Mode salection is
done dun'ni; the first key entry debounce period after the dialer
has completed a dialing sequence or has just come off hook.
When this pin is not scanned it is high impedance.

This pin is 8 combination input and weak output. The input
circuitry has the capability to determine each of these three
states. When the pin is open the weak driver will be able to
clock the pin at 1 kHz. The relationship between pin input
voltage and operating mode is shown in Table 1 below.

Table 1. Mode Select Options

MS Dialing Mode
Vpp 20 pps Puise Dialing
Open 10 pps Pulse Dialing
Vss DOTMF Dialing

OH-ON-HOOK (PIN 12)

Connecting the OH pin to Vpp, or aliowing it to float sets
the device in the on-hook mode. Connecting this pin to V§s
selects the off-hook mode. When in the on-hook moda, rep-
artory memory can be programmed without 8 dialing output.

TSO—-TONE SIGNAL QUTPUT (PIN 7)

. TSO emits 500 Hz tone signals after valid key inputs are
accepted providing audio feedback for key depressions, except
when DTMF tones are generated. This pin aiso outputs a tone
during on-hook programming.

DTMF OUT--DUAL TONE MULTIFREQUENCY
OUTPUT (PIN 18)

When the MS$ pin is set to Vgg the DTMF OUT pin outputs
tones corresponding to the row and column of the key de-
pressed. Simultaneously depressing two or more keys ina
single row (or column) will generate the corresponding row
{or column) tone on 4 x 4 keypad mode only.

in puise disling mode {MS =Vpp or float) and during on-
hook programming this pin is high impedance. While output-
ting tones, this pin has a dc bias at (Vpp - Vsg)/2. DTMF
OUT is an open drain output requiring an external puli-up to
VpD- This pull-up resistor must satisfy the instantaneous cur-
rent requirements of the internal feedback network in addition
to the load applied to the pin.

OPL—OUTPULSING (PIN 17)

This pin outputs pulses at 10 pps (MS is open) or 20 pps
{MS =Vpp). The MC145412/13 have a make/break ratio of
40/60, while the MC145512 has a make/bresk ratio of 32/68.
In the DTMF dialing mode (MS =Vgg), this output is high
impedance. During on-hook programminb this pin will not
outpuise. This pin is an open drain N-channei output which
puils low to bresk the loop current.

MO—MUTE OUTPUT (PIN 11)

The Mute Output is an open drain N-channel output that
pulls to Vgg during OPL outpulsing and during off-hook key
depressions and memory dialing in DTMF mode.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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mMC145412, MC145413, MC145512

KEYBOARD INPUTS—(PINS 2, 3, 4, 5, 13, 14, 15, 186)

The keyboard inputs allow either a single contact (Class A)
keyboard, or a standard 2-of-8 or 2-of-7 keyboard with Vss
tied to common. A valid key entry occurs when either a single
row is tied to a single column, or a single row and column are
simultaneously connected to Vss. Connecting pin 2, COL 4,
to Vpp sets the partto 3x 4 keyboard mode. Keyboard mode
selection is performed during application of power.

Typical keyboard configurations are shown in Figure 1.

0SCin. OSCoy (PIN 8, PIN 9}

A 3.579545 MHz crystal is required as the frequency ref-
erence for the on-chip oscillator. Crystal biasing is accom-
plished by an internal resistor and capacitors.

CLASS A (SPST) STANDARD 2.GF.7 (OPST)
A o
(L—o0 o——now Ves
O— Row
STANDARD 2-0F-7 (DPSTH Vop —l [—cm
Vsg = ~ — -

Yoo ROW
O———ROW l l
Vs~ ~ — -

Figure 1. Keyboard Configurations

GENERAL DEVICE DESCRIPTION

The MC145412/MC 145512 and the MC145413 provide users
with switchable pulse and DTMF dialing functions. The
MC145412/MC145512 change dlaling modes via the MS pin.
The MC145413 allows users to switch dialing modes via the
keyboard in addition to the MS pin. All devices have 10 mem-
ories, LNR (last number redial) inciusive, each 18 digits long.

On application of power, thera is a 64 ms initialization period
during which the oscillator is enabled and the keyboard inputs
are disabled. During initializetion COL 4 is scanned to set the
keyboard moda. if the COL 4 input is high (Vpp) the dialer is
setto the 3 x 4 keypad mode, otherwise the 4 x 4 keypad mode
is selected. Changing modes is not possible after this initiali-
2ation period.

During normal dialing, the oscillator starts when a kay is
depressed. The key input is debounced for 32 ms. During this
debounce period the RAM and dialing circuits are disabled,
the mode select pin is scanned to determine the dialing mode

{either 10 pps, 20 pps, or DTMF). Atter debounce, the keypad
entry is checked and the input is latched into LNR memory
followed by a stop coda. This process continues until 18 digits
have been enterad. if a 19th digit is enterad, it will over-write
the first digit and will be followed by a stop cods. When diafing,
the device fetches data from memory until a stop code i
encountered or 18 digits have been dialed. -

During manual DTMF dialing, a minimum tone duration of
60 ms DTMF is output and will continuoustly output in 32 ms
increments as long as the key is depressed. The DTMF OUT
pin is designed to drive an external PNP transistor which can
be used to modulate tip and ring voitage at the DTMF
frequencies.

If the first key is for redial or recall, the davice will respond
accordingly, either redialing the last number entered, or re-
calling and dialing the number salected by a subsequent key
depression. Responses to dialing sequences for 4x 4 key-
boards are shown in Figure 2, and 3 x 4 keyboard responses
are shown in Figure 3.

The MC145412 series can be configured with an extemnal
battery to provide memory retention power and aliow on-hook
programming of the repertory memory. if the part is in the
on-hook mode and a key is depressed, the ascilator will start
and the key entry will be stored in the last number redial
memory. Dialing outputs will not be activated while the device
is in the on-hook condition. Dlaling inputs will be stored in
last number rediat memory, as during off-hook operation. After
the number has been entered in the on-hook mode, it can be
stored in repertory memory. For the 4 x 4 keyboard, pressing
the STORE key (* for 3x4 keyboard), followed by a digit (1
through 9) will store the number in the repertory memory
location specified by the digit,

The RECALL key for the 4 x 4 keypad is used to recall and
dial numbers stored in the repertory memory. The digit im-
mediately following the RECALL key designates the memory
location of the number to be auto-disled. For the 4x4
keyboard, a last number redial car be accompliished if the
RED/P key (COL 4, ROW 1) is the first key depressed after
an on-hook to off-hook transition. Othsrwise the
RED/P key will effact a 4 sacond pausa. If the pukse mode is
selected, radial can be accomplishad if the first kay depressed
on a transition to off-hook is #. For the 3x 4 keyboard, redisl
occurs it the first key depressed is *,0.

The PAUSE key (COL 4, ROW 2) for the MC145412/
MC145512 will cause a 4 second pause. The PAUSE/S key
(COL 4, ROW 2) is a feature offered on the MC145413. De-
pressing this key will causa s 4 second delay, and will switch
dialing modes. PAUSE (and PAUSE/S) Is stored In memory
for pauses (and mode switching) during auto-dialing.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC145412, MC145413, MC1456512

1. MABUAL DIALING-OFF-HOOK  (PULSE OF DTMF MODE)

&) )]

AL DIGITS ENTERED WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING *® OR # WILL OIAL OUT THE DTMF SIGNAL W TORE MODE ONLY.

2. MANUAL DIAUNG WITH AUTO ACCESS PAUSE-OFF-HOOK  (PULSE OR DTMF MODE)

(o e[ ] [ ] (o Joee{or ]

[or Jooeeef on | [eause] [[ox Jeeee[ or | ucrsseramerassiz omr

[or Jeeeeefon | [~ m ) PULSE MODE DNLY

THE AUTO ACCESS PAUSE WILL NOT OCCUR OURING MANUAL OIAUNG IN OTMF MODE. [T IS RETRIEVED DURING RECALL OR REDIAL.

3. STORING KUMBERS INTD MEMORY—-ON-HOOK/OFF-HOOK  {PULSE OR OTMF MODE)

[Cor ]eeeee[ on | [srome] | a | A=1-s wemony aoomzss

THIS OPERATION TRANSFERS THE DIGITS 01 TO DN FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIEQ 8Y "A”. OIALING OUTPUTS ARE
NOT ACTIVATEQ OURWNG CN-HOOK PROGRAMMING. v

4. MEMORY REDIAL—OFF-HOOK  (PULSE OR OTMF MOOE)

E] A=1-9 MEMORY ADDRESS

5. LAST NUMBER REDIAL--OFF-HOOK  (PULSE OR OTMF MODE)

OR
E] PULSE MODE ONLY

REOIALS THE NUMBER THAT WAS PREVIOUSLY ENTERED INTO THE LAST NUMBER REDIAL REGISTER.

6. PULSE-TO-TONE MODE SWITCH—OFF-HOOK  [PULSE OA DTMF MODE)

[E MC145413 ONLY

7. CASCADED DIALING—OFF-HOOK  (PULSE OR OTMF MODE)

M
) (1] s
. CASCADE MEMORY RECALLS
E //////' E Al, A2 = 1-9 MEMORY ADORESSES

CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL
| REDP //////1] nmu] | A Ao 1-5 MEMOAY ADDRESS

o/ WAIT UNTIL PREVIDUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.

5. SIGNALING ® AND F TONES-OFFHOOK  {OTMF MODE ONLY)

B OUTPUTS * TONE -
B DUTPYTS # TONE

4 4 KEY MATRIX
coL 1 coL 2 coL 3 COL 4

ENENIEN tows
| 6 I I PAUSE ROW 2 MC145413 PAUSE/S XEY FOR PAUSE &

SWITCHING IALING MDDES
ROW 3

[_I] - ROW 4

Figure 2. 4x4 Keyboard Dialing Sequences

)
-
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MC145412, MC145413, MC145512

1. MANUAL DIALING—OFF-HOOK  (PULSE OF DTMF MODE)

~N

-

»

-~

[on ][ o2 ][ 03 [=mme| o0 ]

ALL KEY ENTRIES, EXCEPT * AND #, WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WILL NOT OIAL CUT THE DTMF SIGMAL " ToNE
MODE. FOR SIGNALING, * OR # SHOULD BE PRESSED TWICE.

MANUAL DIALING WITH AUTD ACCESS PAUSE-OFF-MOOK  (PULSE OR DTMF MAODE) -

G CO G G -]

Lo Joeeeeon e [ ox ]eeree[ o ] PULSE MODE OMLY

THE AUTO ACCESS PAUSE WILL NOT OCCUR ON MANUAL DIALING IN DTMF MODE. [T CAN ONLY BE RETRIEVED OURING RECALL OR REDIAL.

. STORING NUMBERS INTO MEMORY-ON-HOOK  [PULSE OR DTMF MODE)

[0 Jeeeeel o [ ][ & ] a=1-0 wemonv aoosess

THIS OPERATION TRANSFERS THE 0IGITS D1 YO DN FROM THE LAST NUMBER REDIAL REGISTER TD AN ADDRESS SPACE SPECIFED BY “A”,

MEMORY REDIAL-OFF-HOOX  (PULSE OR DTMF MODE)

E E A=1-8 MEMORY ADDRESS

. LAST NUMBER REDIAL-OFF-HOOX  (PULSE OR DTMF MODE!

6]

THIS OPERATION REDIALS THE LAST NUMBER ENTERED OFF-HOOK AND RETRIEVES DATA FROM MEMDRY AODRESS 0.

PULSE-TD-TONE AND TONE-TO-PULSE SWITCHING-OFF-HOOX  (PULSE OR DTMF MODE}

[or Joeeee| on ] [manuac swrca] | ox oo or ]

MOOE SELECT (MS) PIN HAS YD BE MANUALLY SWITCHED TO DETERMINE THE DIALING MODE. DIALING MODE SELECTION WITH MANUAL SWITCH 1S NOT PROGRAMMED
INTO THE LAST NUMBER REDIAL MEMORY.

. CASCADED DIALING—OFF-HOOX  (PULSE OR DTMF MODE)

[ 0 ][ ON ” . ” A ] :A_Stlzt_\geun;a“mtAmg‘;mnscAu

Lo Sl Jom = ][] 55 Seonn aovesses

CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL
Aw 1~9 MEMDRY ADORESS

7/7//77 WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.

L Lo Jrm + ][]

. SIGNALING * AND # TONES-OFF-HDDX  {OTMF MODE ONLY)

E E OUTPUTS * TONE
E E QUTPUTS # TONE

3 x 4 KEY MATRIX
coL 1 CoL 2 coL 3

[ ]2 [ 2] s
Le Jls [ 6] nowe
(] e
L e JLe ] nowe

Figure 3. 3x 4 Keyboard Disling Sequences
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MC146412, MC145413, MC145512

HOOK SWITCH | OFF-400K [ owoox |

XEY NPUTS ] DIET “2” oIGIT 1~ REDIAL I
| s
TS0
pose oay_| | 500 He ‘ 1
5 B

p i I I,

11 |
2576545 Mtz e OSCHLATION H—— OSCHLLATION )

I 0k | |

e (AR~ ORI - ———— - mr
e TN~ WU~~~ ===~ m

l!ﬁ./
p— I-:lH g

|
I l
| y | ]
o || ! o +—1 “__[
100m| | et} (I
] |
|

wrewr | |
oTMF MODE | fe—1tpg

o — YT

—Hru | ] |

WUTE OUT I I l

Figure 4. Timing Diagram
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P so2.cvos MT8870D/MT8870D-1
M I-I--EI_® Integrated DTMF Receiver

Features ISSUE 4 August 1996
* Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP
* Internal gain setting amplifier MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC

* Adjustable i
) guard time MT8870DN/DN-1 20 Pin SSOP
* Central office quality 40 °C to +85 °C

*  Power-down mode
¢ Inhibit mode

* Backward compatible with Description
MT8870C/MT8870C-1 P

The MT8870D/MT8870D-1 is a complete DTMF

Applications receiver integrating both the bandsplit filter and
* Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses
CEPT Spec (MT8870D-1) switched capacitor techniques for high and low

* Paging systems group filters; the decoder uses digital counting

; . techniques to detect and decode all 16 DTMF tone-
* Repeater systems/mobile radio pairs into a 4-bit code. External component count is
* Credit card systems minimized by on chip provision of a differential input
e Remote control amplifier, clock oscillator and latched three-state bus

* Personal computers interface.

* Telephone answering machine

L

1 f?r'gjn /

p%'JJ‘ér ggg High Group _D- Digital Code
Filter Detection Converter
Algorithm and Latch

Zero Crossing
Detectors

Low Group
Filter _[]—

St Steering
GT Logic

4-11



MT8870D/MT8870D-1 1S0O2-CMOS

O

OONO OVE W=
DONOO VA W N =

-
o

20 PIN SSOP

Pin Description

Pin #
18 | 20 Name Description ~
111 IN+ Non-inverting Op-Amp (Input).

IN- inverting Op-Amp (Input).

GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4 |4 Veet |Reterence Voitage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

515 INH  |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |[Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulied down.

7 | 8 | OSCt [Clock (Input).

OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

10 Vgg |Ground (Input). OV typical.

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

L

L ]11-{12-; Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15| 17 StD  |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on SY/GT falls
below Vygp

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17119 | SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
S St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vyg; frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the vottage on St.

181 20 Vpp |Positive power supply (Input). +5V typical.

7. NC No Connection.
16

4-12
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Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter 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 low-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
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent 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
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

11

Ve

MT8870D
MT887OD-I1 tara=(AG, /nﬂj;p’V 15/

terr=(RC)InfVpo/(Vop-Vrs)!

igure 4 - Basic Steering

providing tolerance to small frequency deviations
and variations. 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 tones) 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) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

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

PRECISE

DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz
B=770 Hz

(dB)

=852 Hz
D=941 Mz

E=1209 Hz
F=1336 Hz

40

G=1477 Hz
H=1633 Hz

9

7]
ARNIgE

Y

FREQUENCY (Hz)
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condition is maintained (ESt remains high) for the
validation period (tgrp), v, reaches the threshoid
(Vrs1) 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 Vpp. 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-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
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 tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
vaiues are chosen according to the formula:

trec=tprttare
Lio=lpatiGra
The value of tDp is a device parameter (see Figure

11) and trec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 puF is

lerP=(ApC)infVo Voo Vrsd]
lera=(R1C )in(Vpp/Vrs)
Re=(R1A MR +R)

a) decreasing lg1p; (taTp<igTa)

1eTP=(AC )infVp (Voo Vrs)]
leTa=(ReC 1)in(Vipp/Vrsy
Re=(R1AgR R

4-14

Digit | TOE | INH ESt Q4 Qs Qo Q4
ANY L X H Y4 Y4 Y4 Y4
1 H X H 0 0 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 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 _ 1
0 H X H 1 0 1 0
. H X H 1 0 1 1
# H X H 1 1 0 0
A H L H 1 1 0 1
B H L H 1 1 1 0
c H L H 1 1 1 1
D H L H 0 0 0 0
A H H L

B H H L |undetected, the output code

will remain the same as the

c H H L |previous detected code

D H H L

Tabie 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC H!GH, Z=HIGH IMPEDANCE
X = DON‘T CARE

recommended 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 (tgTp) and tone absent (tg7a). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec  with
a long tpp 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 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. |t stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (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 MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (VRes) 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 connected for unity gain and Vges
biasing the input at ,,Vpp Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rg.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern- with the
arrangement shown, ie., precision balancing
capacitors are not required.

mMT8870D/
MT8870D-1

>+

atial [nput Amplifi
Rttt ot Ampte
R‘=R =R5=100 k.Q
Ry=60kQ, Ry=37.5 kQ

RoRs
Rz+Rg

VOLTAGE GAIN (A, diff)= '-25-
1

All resistors are +1% tolerance.
All capacitors are £5% tolerance.

Rg=

INPUT IMPEDANCE

1 2
@norr) =2,/ Ry ('E)

—' '__. To OSC1 of next
C MT8870D/MT88700D-1
\/

0SsC2

—

C=30 pF
X-tal=3.579545 MHz

- Oscillator Connection

igure
Parameter l;lnit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF- 4.984
Cco pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specitications
Note: Qm=quality factor of RLC model, i.e., 1/2[1fR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 aP=REC IV o/ Voo Vs

The circuit shown in Fig. 9 illustrates the use of " v

MT8870D-1 device in a typical receiver system. BT foratCoinVoo Vrs)
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained Ap=(R1AMA )
by choosing a suitable values of Ry and R, to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. .As shown in the diagram, the
component values of Ry and C, are the guard time

requirements when the total component tolerance is Notes:
60/ F b rf H d R1=368K.Q:t1%
5. For better performance, it is recommended to Rp=2.2M Q + 1%

use the non-symmetric guard time circuit in Fig. 8. Cy=100nF + 5%

MT8870D-1

-—u IN+ u VDD
—-{:} IN- SVGT
L as Est
—] Vret StD
INH Q4
PWDN Q3

0SC 1 Q2 NOTES:
0SC2 Qt Ry=102KQ + 1%
Rp=715KQ+ 1%

Vss

Ry =390KQ 1 %

C1,Cp = 100 nF + 5%

X1 = 3.579545 MHz £ 0.1%
Vpp = 5.0V £ 5%

4-16
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Absolute Maximum Ratingst

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

1 Exceeding these vaiues ma&vcause permanent damage. Functional operation under these conditions is not implied.

Derate above 75 °C at 16 m

/ °C.  All leads soldered to board.

Recommended Oper ating Conditions - voltages are with respect to ground {Vgg) unless otherwise stated.

Parameter Sym Min Typ¢ Max | Units Test Conditions
1 | DC Power Supply Voitage Voo | 475 5.0 5.25 \
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc +0.1 %
t Typicat figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - v,,=5.0v+ 5%, Vgg=0V, 40°C < T, < +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions
» 1 LSJ Standby supply current loba 10 25 HA  [PWDN=Vpp
p | Operating supply current oo 3.0 9.0 mA
P
L | Power consumption Po 15 mW | fc=3.579545 MHz
Y
4 High level input ViH 3.5 V.  {Vpp=5.0V
5 Low level input voltage ViL 1.5 V.  {Vpp=5.0V
6 | , |Input leakage current /i 0.1 HA | Viy=Vgg or Vpp
, 7 | N I Pull up (source) current Iso 7.5 20 A | TOE (pin 10)=0,
- P
~ U Vpp=5.0V
8 ; Pull down (sink) current Is; 15 45 BA  (INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ |@ 1kHz
10 Steering threshold voltage Vrst 2.2 2.4 2.5 V.  |Vpp=5.0V
11 Low leve! output voltage VoL Vgs+0.03 VvV |No load
12 8 High level output voltage Vou | Vpp-0.03 V. [No load
13 ;‘ Output low (sink) current loL 1.0 2.5 mA |Vour=0.4V
® |14 | u |Output high (source) current | oy 0.4 0.8 mA (Vour=4.6V
T
15 | 5 | VRetOUtpUL voltage VRet 23 25 2.7 V  |Noload, Vpp =5.0V
16 Vet OUtpUt resistance Ror 1 kQ

1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
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Operating Characteristics - v,p=5.0v+5%, Vss=0V, 40°C < To < +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym | Min | Typ* | Max | Units Test Conditions

1 | Input leakage current N 100 nA | Vgg<ViN<Vpp

2 | Input resistance Rin 10 MQ

3 | Input offset voltage Vos 25 mV

4 | Power supply rejection PSRR 50 dB 1 kHz

5 | Common mode rejection CMRR | 40 dB 0.75V<V|y<4.25V biased
atVges=2.5V

6 | DC open loop voltage gain AvoL 32 dB )

7 | Unity gain bandwidth fc | 030 MHz

8 | Output voltage swing Vo 4.0 Vpp | Load 2100 kQ to Vgg @ GS

9 | Maximum capacitive load (GS) CL 100 pF '

10 | Resistive load (GS) R 50 kQ

11 | Common mode range Veum 25 Vpp | No Load

MT8870D AC Electrical Characteristics - vyy=5.0v 5%, Vgg=0V, 40°C < T, < +85°G , using Test Gircuit shown in

Figure 10.

Characteristics Sym Min Typ* | Max Units Notes*

1 | one of composts signay = T
27.5 869 | mVpms | 1.2,3,5,6,9

2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 dB 2,3,6,9,12
4 | Frequency deviation accept +1.5% + 2 Hz 23,59
5 | Frequency deviation reject +3.5% 23,59
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

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

*NOTES

. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
. Digit sequence consists of all DTMF tones.

. Tone duration= 40 ms, tone pause= 40 ms.

. Signai condition consists of nominal DTMF frequencies.

. Both 1ones in composite signal have an equal amplitude.

. Tone pair is deviated by 1.5 %+ 2 Hz.

. Bandwidth timited (3 kHz ) Gaussian noise.

. The precise dial tone frequencies are (350 Hz and 440 Hz) 2 %.
. For an error rate of better than 1 in 10,000.

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

12. Guaranteed by design and characterization.

OONONALND =
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MT8870D-1 AC Electrical Characteristics - vyp=5.0v+5%, Vgs=0V, 40°C < T < +85°C , using Test Gircuit shown

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
4 | Valid input signal levels (each -31 +1 dBm Iegsgedsaet gDD:s'OV
tone of composite signal) 21.8 869 | mMVgpums 1E S
-37 . dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 1,2,3,5,6,9
P 9 10.9 mVRMS
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz 2,359
6 | Frequency deviation reject +3.5% 23,59
7 | Third zone tolerance -18.5 dB 2,3,45,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 aB 2,3,45,89,11
$ Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm== 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, tone 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.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) £2 %.
9. For an error rate of better than 1 in 10,000.

10. Referenced to lowest ievel frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.

13. Guaranteed by design and characterization.
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AC Electrical Characteristics - vpp=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 detect time top 5 11 14 ms [Note 1
2 | 1 |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1
3 ,IA Tone duration accept trec 40 ms |Note 2
4 | | |Tone duration reject tree | 20 ms |Note 2
5 | G |Interdigit pause accept o 40 ms |Note 2
6 Interdigit pause reject tpo 20 ms |Note 2
7 Propagation delay (St to Q) teq 8 11 ps | TOE=Vpp
8 | o |Propagation delay (St to StD) tesip 12 16 ps |TOE=Vpp
U ;
9 | T |Output data set up (Q to StD) taswo 34 us |TOE=Vpp
10 5 Propagation delay (TOE to Q ENABLE) | tepre 50 - ns }load of 10 kQ,
b 50 pF
11 S Propagation delay (TOE to Q DISABLE)| tptp 300 ns |load of 10 kQ,
50 pF
12 g Power-up time tpy 30 ms |Note 3
13 | w |Power-down time tpp 20 ms
N
14 Crystal/clock frequency fc |3.5759 | 3.5795 | 3.5831 | MHz
15 (L3 Clock input rise time t HeL 110 ns |Ext. clock
. 16 | 0 |Clock input fall time thicL 110 ns |Ext. clock
c :
17 | x |Clock input duty cycle DCcL | 40 50 60 % Ext. clock
18 Capacitive load (OSC2) Cio 30 pF
t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES:
1. Used for guard-time calculation purposes only.
2. These, user adjusiable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.
3. With valid tone present at input, 1p; equals time from PDWN going low until ESt going high.

IN+ o Voo
IN- SVGT
GS ESt
VRet SiD
INH Q4
PDWN Q3

0SC 1 Q2 NOTES:

Ry,Ro=100KQ * 1%
R3=300KQ + 1%
C1,C2=100 nF + 5%
X-1al=3.579545 MHz + 0.1%
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T+ '« losi

, HIGH IMPEDANCE
DECODED TONE # (n-1) | X | #n }———_@
|
tesp—el e |
: I I l |
i
| !

—— tPTD |

EXPLANATION OF EVENTS

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

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

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

D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

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

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

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

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SYGT  STEERING INPUT/GUARD TIME QUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Q,-Q; 4-BIT DECODED TONE QUTPUT.

StD DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q4 TO ITS HIGH IMPEDANCE STATE.
il MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
trec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
tpp TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
eTp GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.
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