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ABSTRACT
This thesis presents the project of a Car Stolen Warning Pager. It can presents

stealing a car when an owner is absent or can not hear the sound of siren from his car. The
Car Stolen Warning Pager takes a signal from shock sensor to be modulated by Frequency
Modulation system at 27 MHz and sent code to receiver by transmitter. If the transmitted

code is the same as the code of receiver, it will display message (alphabet) and sound

The transmitter has the transmitter’s power at 2 Watts and the receiver can work

efficiently in range of 700 meters. The Car Stolen Warning Pager can be used with a general

shock sensor.
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VDD VsS Vref
TT T T
Biss
Circuit
Vref
Chip Chip Buffer M$] a
Power Bias mg:_dgwp }—{>~ Pl 1 cole _$‘] Q2
N+ [ Dia! Tone Detecon
[ Filter Algorithm & Latch [“:l S] Q3
m- Low Group ‘{>‘ -
Filter @‘J o7}
Gs[
™ crip Closk Ay A
T g — Ly 1 l_ll | wa—
osct 0sC2 St/Gt Est St TOE
g1 228 Taseadumeluyes MT8870
ATTENUATION
(dB)
¢ d PREDISE
[ \ L\ A 15 JaE DIAL TONE
,\ Y X=350Hz
10 2 Y =440 Hz
e £ DTMF TONE
. A=687 Hz
20 B=770 Hz
i C=825 Hz
D=941 Hz
N , - 1336k
; G=1477Hz
i = H=1520 Hz
. LA
50 I
R TR
X Y AB CDIK E F G H

i 229 amdi1dvinmansesnand
(1) PMARBATHA (Decoder Section) ANWA DTMF ﬁgnnsem‘%sué’aaué’amsmu
hldesoeasiannudeeniuduay Tavldinaiamsiiuuuuddaea waznis
asrvaeummianiduniiiuanuinasigm DIMF uiehietlosty hildanutiou
dweld  ffedmsassaeuudadimnnuiaauiigndes  dygnafinn  EST

[ b
(Early Steering) 9v0g luaanzusaiid dwmiuiesnoasid ldninaimuddig 1y uaaq

Tuasai 2.1
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A195197 2.1 MitneasHa 1A INANNDA1Y

Frow Friou NO TOE Q4 Q3 Q2 Ql
697 1209 1 H 0 0 0 1
697 1336 2 H 0 0 1 0
697 1477 3 H 0 0 1 I
770 1209 4 H 0 1 0 0
770 1366 5 H 0 1 0 1
770 1477 6 H 0 1 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 # 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 1 1 1 1
941 1633 D H 0 0 0 0

- - ANY L Z Z Z 4

(7)) MAATIaBUTYRIN (Steering Circuit) Aoufisrlimsneasannudiosn’y
o % o . Sd v 1~ ) a o A '
fusidya szlimsasieaousnanud idundlsseznmamuiidmuanie

o 3 2 9 1 vy - & L]
Tasdunaninssoznmmsnalying Fidenaljuiiianudesnuuifugruwame
v [ 4 [
auaasRady 2esamiier sy Tastehdgananiuligndes digawsawnnnla
L 4
annsada1dTaold RC demouen inld B, Tusedu 5 Taad lszoznannuindifios
] . 1 4 [ 4
fuszozaniifinaud DTME vl v, gatin ddudszgezaelsepild v, gadiveu
1 o Y o & °

fefunsaTaad 2asnsaniasemiludavrvuig 4 ia dswaziBoavesmsinugld

nnurugiinamseiniiklaozunsy (Timing Diagram) Adlugil 230 szidhle1ddond
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o W o 8 ¢ ¢ . > a dd v 4 9
ﬁ1ﬂi]Jﬂ‘l’J‘1ﬂ‘liﬂ17|11 (Gard Time) HUVUWINYRNATUNIRIVIANUANIVINY  HIVEAB
« ¥

1w P= | T L) d' n’/’ o - Y 1]
Wiy weuaniranaifias 3 Idmsveniundyananindiiugndes
' 4o v $ o ! o '
nieyaldiuiaddld de mialmhhues dedgyapunnudidunmiiy wieunnni
3 ¥ ] o i :I‘ A 1]
rarfidae esansaulauiuduatld udadmindyananididunduningi

fimsooasriaduduavesnlyl

e A e e cape e

—{tpecle —{ tpgc b f 1 — g, f—
Vin = ]
ﬂ |—| A #1 a7l aAmua ——
u U # n+l1 # n+l1
. -+ e —
EST l [ I I I
{ 1
'—’:‘on"— —» toTae—
SY/Gt : | hoe ] \J wref
/ I / ] \ 7R \ / |
9y k— o —]
)
1 .
Q1-Q4 noasHAANND % #n #n+l
t—.: Z i leounuausy
STD PSTD AT |
PRy e—
STD top = oy
1

51U 2.30 umUQA1WBY MT8870

eRnpiuneumshaY
A=asanuanudifun wamuna ligndeusidralin/dey
B=n2108 #n gnasaany uasiimunarfigndesnidignaeasie uasiand
Biliorwina
C = 3uANG # n $29r9gndeveinaienumadar IfsunETigndealnyl
D = iewimadouii lesufuand
E = A3 # n+] QRASIINUATLINAIgNABeRINlignoeasid azuand 13

F = A0 # n+] $20119 higndoiedinndenauandoy
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G = 3UAMND # n+1 IV NYnABIAYRTINaRTegIUdInE Imifigndes

a o @ d
BELNUMANN

Vin
Eq
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¥

: Aygunud DTMF fldin

SYGt

Q1-Qq :
. Delayed Steering Output 1Fua@asANLdN 1451 nSeno lulinny

Std

TOE

Trec

tp

top
tpa

toTe

toTa

MT8870 C
StGt

VDD
StGt

Est
Std

FrN

. Barly Steering Output 1fli@aannuangndes -

: Steering Input/Guard Time Output dmsvuaeny RC Mousn

1919 YA BCD Y11A 4 1ia

4 o A Qo
paidmuA ielidaInugnABIYBId e

 Tone Output Enable (lnput) 1¥n7ugu Q-Q, Wiy ledufiuaud

munatuiigansInuaud DTME udada higndes
v ] i)
. MunAMAUgARdeIms suaadygnugnass
L4 [
: nadugavesdagu DTMF fignded 2 daygya
s nannuiiganisendygname T 18 lumunanaudngndes
- a1 lumsasndygnunnud DIMF figndes
- i lumsasasmamellvesdygnunind DTMF figndes
¢ 7 -
- m3a iniveamsilsingnnud DIMF

¢ ) P
3 ﬂ'ﬁﬂklﬂu‘ﬂﬂ\?ﬂ'ﬁﬂ'mqﬂﬂlﬂ\iﬂ'ﬂnﬂ DTMF

VDD VDD

CI
DI
vC
A R
Stobe l R,
‘ Est
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@ ' . . ] v a
@) MAVTYUANUUANAN (Differential Input) Falududunaves
MT8870 (Humnvewestusuiliaunsodiusaswowld Tasdednesmeuemdnly

s 14
517 2.32 unsderesmouenidiuduna tazdufiuausidaed

1 RS
OATINIWW (Avar) = o7

~ a o o 1
DUNADUNUAUTY (Zipgw) = 2 R12+(%)2

MT8870

IN+ +

O
=

.___|
]

AVAVAY,
IN-
NN ' =
c R, R, Gs
R:% R,
Vref

U 232 msdenssmaduna

™~ T

~

3 b 4
(@) MafutammR (Oscillator) Tumatimelulederiiacesegnolu Hside

UsnsaaeavuIa 3.58 wnz@sad aunsaldfanldiuil msdereestuianuians

Hluguii 2.33

A GO TO 0SC1
1T NEXT MT8870

N /
0SC, | 0sC,
]x-TAL

D
T
0sC, —| 0sC,

C,C,=30pF X-TAL =3.058 MHz

711 233 msdeneswdannud
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DIMF VDD
INPUT
l MT8870 C,
c, IN vDD |4 ’l\
% Vef S
1
IC Q OUTPUT
3.57)9(;?’;&!'!1 osC, Q
0sC, q,
vss TOE [J

1 4
51/ 234 2095 1Fufiesduves MTS870

e o =y =y d
2.8 lod@nudiaidaanadiues UM 66T
e o [~ 4 - 0o A w ]
Yedfuiamaudouves uMssT 11 lednlFadnresiuiiadiTiaauasae
[ 1 © 4 A o ° o
Taerdugluuuvemizomminei Faszneuldedalianeauaismau 64 #
a o 2 1 ° [ Aa o - ° EY
fuiine1 13 lundasausisen Wuasesinunssuadnnn Tavisaaunaziinldees
1 4 o
Sawnsama1ddadnsedy 13-3.3 Trad aunsadudr Inuy lauinldti@esoon
1Y a d a d ad t = o o
g Tasmsldnnusamessinduiibudaitivinsveomouenlesd 2eesninniud
4?’ 1 o t v A ' by =} .’,' =) &
srdusgiudnnud mumeslugmsadenlddins ussauiiveniudor wie
d' 4' o o o Q' °
pssauis el iensiudnuasysumnesseudiFarwsessuniuTaoms
: . ¥
ysstae Tdamausudud Wadausn annsedudyanudsiauaioond Inuiio Ty 14
Tagasa
lofoynsu UMse6T HuleFuuuFueausaea’le (€Mos Lsnhignesntyyin
; 2 . . 4
(o ldifuaee5889n59 (Door Belamnsariuer lusegndlfluauInsdnd wioduq
* o AQ" \ o 1] o 1 ar
18 moluilszneuduginsaiddy fe Fudiuvessey sufumizsanudfigniuiin
v 1 4
w1nan  led@vanasiifunszuaiosinn mazldmsndadiomalulatvesFuea
a P A g # % o a ' A o
eseeadaaned uarnes Inuadidamesdauilureesmeludaledeuiuduiin
Y Qg Yo A ' 2 a a S v - Y & =
wihidufiadocuodng Julasesilesiiginsafidesgmevemissdannesil
: Y
Fnvasiudnussyegludmrdmaadninidou 3 a1 Asn 1 Fuvunlad wrdymily

wimierdgygnandosesn T idau v 2 duvswlidh uasBavuduunnsd
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1. garaiamainih
L4 []
WiR642995 (Vip) 13 -3.3 Taad dasiunssuansdifauauuies ) veiim

L) =) Y g 1 o A
Tidu 1 ulasuewd TesAanIdi@esweseaidy 1.5 Taad uasfuresidadad
] v
sasnunszualunsdildau qp) Tudu 60 Tulasusuil Tasfiah Iidssvetrsesviiy
o S A P ¢S o a °
15 Tad uasthnsslanfadosnmesnind 12 nlefidud quuglivazinm
( Torr) 84143 -10 84 60 BFUTAITYS QUNYNALAN(Tsro) -55 D9 125 DR UBAITOT

Pin Description

Pin Configuration BE146
umes |1 Pin No Designation Description
2 or
Txxx V.
DD
85 3 1 o Melody output
XX v
Y
2 Voo Positive power supply
3 Ves Negative power supply

Block Diagram BE147

PAUSE
TONE OUTPUT OUTPUT
GENERATOR CONTROL BUFFER
64KHz or
s‘s5 s‘ s’ s} slso
SCALE
ROM STACCATO
] ] D,D,D,D,
y B,B,B,B,B,B,
PROGRAM
OSCILLATOR MELODY ROM \ COUNTER
DI DG
S END
BEAT TEMPO TIMING
ROM OPTION AND > MODE
—  CONTROL
! P,P,P, P, l !T,T,T.T.
MMM, M,
BEAT TEMPO
GENERATOR GENERATOR OFTION

71 235 dumian wazumuiamainvveslediues UM 66T
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o
o
i NIN2

swW
.I/ mz
v : Tx$ ] !
85
3
v

= ibly

4
eI
swW
1
2 = doly
(o]
l. L Mo R
TS
' " 85xx Q' 3V — >
3
s
swW
f 2
+ UM66 1
V= ToS | L
5 I SN 5 Txes Q
85xx 1
3 B dly
7 ;
4 4
27 2391718
SwW SwW
WINAA SP
= iibly y
. C R
. _lc R s Lo UM6S 1
V=" ! v ™ TS Q,
85xx
3

g1l 236 msae 1dam leFiues UM 66T

9/
2993 199%
1. 2938uia TIaauaS LU UUTSIauu @Y (One Short) SvSuT e 1o

2. 1esiniainauaSuuuusseufionfed (One Short) dmFududi Tng

3. avsfufialinauasuuvussaufionfion (One  Short) dwFuduiieTa

ualunstil¥ednduuudn@tla (NC Switch)
4. st udalNaauasiuyusseuiondss (One  Short) dmsudiudring

" yalunsdl lFedadurinn@tla (NC Switch)
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5. estuialiaauaSuuuussiauioafiod (One  Short) dwmsuduiie Ty

ualunsdl l¥adaduuulnfda (NO Switch)
¢ a a LY 3
6. 1NIfUHATIAAUASHIVLIIIAAWNINAYY (One  Short) dmFududIng

ualunsdi lFadadurln@ila NO Switch)
7. N5/ uIA IHRAUASIULUTTIa9IM (Level Hold) dmsuduite T
8. 293 uila IAAUASIULYI 518994 (Level Hold) dmFududrIng

° I
2. MsMauvedled
a LA ] o o Q. ) A
Nesesadaames umiltonamdn dmsumseandynadosauaiiison
1 L4 . o @ e a o = A e = ]
412995 Imiflud (Time Base) uasduiludaduiiadganailflumsiindainazdnTaanila
o S a4 a sA o E
d29 2993 Inusuves isief esSuaud i ldnnesseadamines ¥ alina1ud
a a Pl K] a P o ] ) &
64 dla@sad hgmemsnnud  msmsanudesnsdsdavgen 64 De 254 &9
v v t 4
dutlsaBenuainanuall 14 1uy ¥ie 14 aina  Mmuatiscannsaiden ldnsva
(BUATAR (End Code) TMumUIMBISIABTVTMsAMNAAN0RNN  ousstauiumas
fltiaang  Tuduesanafiisudunin c4 83 C6 uavynvssnuanlasumlas
.’f ] a o <2 - L4 = J'ﬂ o o (24
Aaud 258 1§30 04 32768 1@5ad  esinsumesmefidunsad it zd liauuy
' 2 ] - R o ' o o & o o
a1 FluiFesusaderauastiuesiida Iananeda v Tiadnay Tiadaum Tua
_ R N @ d s
dad1 Taatenindy THawdeeesdy
v o o = = 4 A g yva a2
dauiy lumseenuuuitesdeldlimsesnuuy daldtimsesnuvuielinanis Indu
15 UUY A9 1/4, 1/2, 3/4, 1, 1-112, 1-3/4, 2, 2-1/4,2-1/2, 2-3/4, 3,3-1/4, 3-1/2 @z 3-3/4
@ d‘ 1 dyﬁ P o &V o e 4 a - 1 o 9
sasmhilfafiounindi Tiadad nSefiaivuanndunasg 1 Samszvsaiounad
1 4
A 1 o
s Tadsoutheesuuunadsoy (Mask Rom) 4afinnuannsaiiuniienus
1
18 64 da il dwmsudeyaritnuasan 6 T Taverfidoyadn 4 da 1Fdmiuiluda
o <y = =N
AavRNANaveIil Tia uazdoyadn 2 i
3. madszgadlf i uaziInnInsIvetiieaiy
& - o d”ﬂ a da = o 5 ] g 9 a
e n leddallidugwifivufios 3 41 Aniu mIasegeudsiwinn TaoFy
o 1 U H 1 A Y A ";’ 1
vinmsdaliie 2 niennateni Min@esseswiell #aldasgatioslisndaud 1.3
Trad ldauda 33 Taad 913 defuns1d wieIdauud R liyilnsansa vie d1lm

dole astvaeumBoinine 1 Nivsehi  mswhihlszgadlfannsonsedildna
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HUVBEN 15U tm'lﬂ'l%‘“lu'mﬂaaﬁfntJTn'sﬁwﬁlﬁa'lﬁtﬁmﬁmmawhaq‘ﬁyum Tausn
owldFendadonineuudan/deunaems Tsamomumeania Joyalumaiden
masezmuTowed UM6T Taviaa 2 dnsn suiludiavfiventistomas dauen
auodaf 3 sx@ouda s vie L mindluda s PBnunefs Mdevesdrihuseanua
(One Shot Mode) Sumneda maifisadisndansngavssiaq MINAINAY L Mo
fdovedanalead Inun (Level Hold Mode) umﬂﬁmwau‘fuq dlosuifie wiesy
madadenussiasiuse 1iSooa TﬂﬂmmﬁN"]YfQ 14 ey w50 14 (enalduaas
PBlumsude il

a3n 2.2 msiden ¥ leFiues UMesT

YMITIADN

UM66TO01 L/S Jingle Bell + Santa Claus is Coming To Town +
We With You a Merry X’mas

UM66T02. L/S Jingle Bell

UM66T04 L/S Jingle Bell + Rudolph the Rednosed Reindeer +
Joy to the World

UM66TO0S L/S Home Sweet Home

UM66T06 L/S Let Me Call You Sweetheart

UM66TO08 L/S Happy Birthday to You

UM66T09 L/S Wedding March (Mendelssohn)

UM66T11 L/S Love Me Tender, Love Me True

UM66T13 L/S Easter Parade

UM66T19 L/S For Elise

UM66T32 L/S Coo Coo Waltz

UM66T33 L/S Mary Hard a Little Lamp

UM66T34 L/S The Train is Running Fast

UM66T68 L/S Tt’s a small wold

PR NS v W
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3.1 yatlesniuuluesosun
° 1Y) o S~ dy 9 o
dmiumseenuuyszyuilosduyTussosudyiianominulassand  1dvimns
[ 1 4 ]
vueyatflesdiuy TussosuddiSegiliidadsegiusooudiig Timlszgaaldau s

o A o M

o e’a’ 2 ° Ay o s o o 9) o
fuingfu-da duiu SeldhmsdeyatlesiusTussaouduuuduiogrinlfiulnsenm

e

i Teudenmuamidvesyatiesius Tussosudmudannuannsoves Inseemlu

T oo c’: o d'
duveamsaangadieaiuvTuog ldengily 3.1

YARIUAN
'lvh{u’z&'wAm
Central Lock
] Shock Sensor
-] W
LED
-

] 1 4
31 3.1 wnudansdadagatiestiuyTuosooud

.
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A 14
3.2 1NI83AINg
4‘ 1 :: = 1 [ z ‘&
Tumsesnuuuasssdniufilymigunnnmng daiu iNeanuazaInlums
o ° 4 o 1 a 2] o &
Uszgndldon ldhmsiuerganiosu-deingdiSephndaudaudly weldld
aswnudannuansavealassay  Tasmniueunsesdeingaawd 27 wnzidsad

mnmsdannivesnnngaduSezl mnzmednuasesddhiianuiuiiudecld

nanmaManuvsuniesEIIng

s

Tudauveunsesdvingezisudeldsudyanuineinisesidsda DTMF Taedl

v v

[~ v 9 or 9 Y A =} [] o A”
Ry huddumulude ga R, waz ¢, mmiminsesnad DIMF /i C, fithlas
Fagna lidhwuuaves Q I Ry, Ry ttaz C; 1uddd uaz R, imhiifloundudayana
“j o ar o o o § i \
(oMuuUASAsIMIvEe9ed Q; §MTU R, Ry, R, tiaz ¢, dhmiiifinsennud udads
o d ° 1 o) .o : =
duaued Q, msimihiniiulnsesadaameinaanind 100416 wnzEsad
' N J o ! & a d a & I 4
TaodsoynsufiuIwsgu L, tay VC, dnimitosagammesindatuimni nlaouulas
\J é 1 \J o ar { i
muminuguet Ve, swldsumlasliawsveuseiudygraiidun  fienn
o = e a 4 49 < ’a & a
anudesadalames nAuliatusnaladuyagulusesinesiniaves Asaaoa
[ 8 E ]
X-TAL, fiamnufnidy 10.0416 wnz@sadininiu  desonds Qs vimhiuidiuaes
[ 2 1 . [ 3K A & o
nIgaANuDaIfueliniaewes X-TAL, danmdi ldkm C,; wushwteves Q, &
mhfidhnsemiguaitiesueiinfiauwes X-TAL, Taolinesund L, uaz Ci
o Yy 4 A e a ¢ ' s ¢
Amiwiguinidanntis Touuudh 27 wnz@sad kdiBAYAVe Q; VIABAIIAIADT
P s ¢ a o & a & S a d a ¢
viinufiansuelininile 10,0416 WNIESAT UAZETUBTINNADT 20,0832 LINIEIAY
Urtluesnindls  Fadenihmsmdanutinlziuindseenly Tasldeesuned L,
1 ] a : Py a LAY Ay 1
uae Cis novgludnuargu 2 a9 szldmmzanud 27 wasEsad Ahlawn Cp
Tighanslaned nswdmaes Q; mihfivowanuding Minruuseglussdy
A T o i o ay 1
wiudenoy Taoll R, ludanszuaualiiodyaiinasaanmesezgamhlasin c,
Tighvnvaves Q vwmhwidhlaneifunaldnvdlinmesves Qs sxvhinsdatees
Ry AT Cp NSNE  Moanuhevdiamesves Qs awnsflasasy Q, 1ty
[] ] L4
mefinayanimifiveedgygrunnudingesngaiweina  TasflUaske Cy
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3.3 19B33UINg
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ms 19U llﬂﬂ'l\iﬂuﬂi\ﬁ’llﬂiﬂﬁﬂl‘ﬂL’Vl'lﬂ'ﬁﬂﬂﬂ'lﬂﬂ\iﬂﬂﬂ%'Iﬂ?jﬂi‘hliﬂz‘l] TﬂUE‘]J’N‘I]i

younsesTuuaast3lugiii 3.4

nanmMaMNuveunIeiuing
TudmveannsuiSuenanuding 27 wnudsad Hdwnaninsesdazidunds
1 H : 1} A
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. [] ] L4 v e
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° 1 a v o i e =
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SuATIwAe L, 1az2993580 1114 Ly, Gy, Cs, L, imiifiguiummzanud 27 winuigsad
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Tunensdgapaisudunidsclianuuswesdyonandwin - Jeildnmsuge
o :: 1] ar A t ° 4 (<
dyananiudiiamuuseglussauniiadonou Taell R, i ludanseualdyuue
1l L, Ysudasmsvensanudingves Q; uazlfuszaudyona iemsnavudygnaly
o o ° { g oA i ° t o
mailnresate  newdmaes Q; vmhndlugadutianwdyag  yhawusudy
ASaABa X-TAL;, R; (a2 R, doiluleesunnoaiud asunsuneaannes C, taz Cy
° Y Ao = o A = - o o o Qy =y
Mmhnsayuadesammsitiaanudvensanea dunvlsey C, srAthlasnnud
= o Y 1 A da A o A” [} 9/
OATARAADTVUNGUUNA G, VO Q, WamMsHauaNuRINgMIaw I Ly yudn
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R3
R4
R7
R10
RI13
RIS
RS, R16
R6, R12
RS, R9
RIIL, R14,R17
dunuiszy
Cl
C7
9
C10
c21
C25
c27
€22, C23
C24, C26
Cl1,C17, C20
C4, C5, C16, C19
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10Q
IMQ
47k Q
220Q
47kQ
220 kQ
470 Q
100 Q
22kQ
82 kQ
10kQ
1kQ

470 pF
0.001uF
47 pF
33 pF
270 pF
330 pF
5pF
0.1 uF
180 pF
68 pF
0.001 uF
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C2, C3,C8, Cl12, C13, Cl6,
qunsalmsheiah

Q1,Q2,Q3,Q4,Q5

Q6

Q7

X-TAL

R8
R10, R14
RI1,RI12
R16
Faufulszg
C1,Cs5,C8
C2,C18
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0.01 uF

2SC458
25C2053

25C2020

27.035 AU AL

470 Q
470 KQ
82KQ
220Q
33 KQ
1 KQ
22KQ
4.7KQ
10Q

47 pF 50 V 155190
27 pF 50 V 195130

C3,C11,C13,C15,C19,C22  0.01 pF 50 V luars

C4, C27,C33
C6

C7,C9

C10

Ci2

Cl4

5pF 50 V15130
68 pF 50 V 155130
10 pF 50 V 15110
33 pF 50 V55130
150 pF 50 V (5150
180 pF 50 V1310
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0.001 pF50 V lyay

18 pF 50 V (¥513in

0.1 uF 50 V Tuansd

470 pF 50 V (¥513in

1 uF 50 V aanInslad
ad U4

100 pF 16 V 8anInslad

MC3361
LM386
78L05
1IN418
25C2026
3SK74
25C458
BC327
455K 1wsiinanes
10.7 nzIgsad
16.340 (NI A

10.240 uNzI@s A

1 KQ

0.1 uF 15150
100 uF 50 vV BidnInslad
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167
582
167
297
pX
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UM 95089
7805
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TP5089 DTMF (TOUCH-TONE) Generator

General Description Features
The TP5089 is a low threshold voltage, field-implanted, met-

| 3.5V-10V operation when generating tones

al gate CMOS Integrated circuit. It interfaces directly to a W 2V operation of keyscan and MUTE logic
standard telephone keypad and generates all dual tone mul-  m Static sensing of key closures or logic inputs
ti-frequency pairs required in tone-dialing systems. The tone @ On-chip 3.579545 MHz crystal-controlted oscillator
synthesizers are locked to an on-chip reference oscillator o Output amplitudes proportional to supply voltage

using an inexpensive 3.579545 MHz crystal for high tone

H -
accuracy. The crystal and an output load resistor are the : Ligh :roup p're d‘.ampfu.asis
only external components required for tone generation. A ow harmonic distortion

MUTE OUT logic signal, which changes state when any key
is depressed, is also provided. u SINGLE TONE INHIBIT pin

& Open emitter-follower low-Impedance output

Block Diagram

TONE
DISABLE Voo
st | T e\ +———-
0 o an
| [ PrOGRAMMABLE
3.579545 MHz | > DIVIDER
|
{ i
oscout]
{ JOMNSON COUNTER
1
c2 rvw {7 }
€3 Yy LOW GROUP D/A
\d
| €4 scan
AND
123 A A1 DECODE
45 68 R2 HIGH GROUP D/A
1:3§ :i 44444
{ 'y
| JOHNSON COUNTER
Vss l S
|
l N
| > DIVIDER LOGIC
|
h

FIGURE 1

|
l
|
|
|
|
|
|

TONE QUTPUT

PROGRAMMABLE r MUTE & WO outeuT

TL/H/S057 -1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Operating Temperature ~-30°C to +60°C
please contact the National Semiconductor Sales Storage Temperature ~55°C 1o + 150°C
Office/Distributors for availability and specifications. Maximum Power Dissipation 500 mW
Supply Voltage (Vpp — Vss) 15V

Maximum Voltage at Any Pin ~ Vpp + 0.3V to Vgg — 0.3V

Electrical CharacteristiCs untess otherwise noted, timits printed in BOLD characters are guaranteed for Vpp =
3.5V to 10V, Ta = 0°C to +60°C by corretation with 100% electrical testing at Ta = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization.

Parameter Conditions Min Typ Max Units
Minimum Supply Voltage for Keysense 5 v
and MUTE Logic Functions
Minimum Operating Voltage
3.5 A\
for generating tones
Operating Current Mute open 2 25 BA
Idle " 1.1 2.5 A
Generating Tones Voo = 3.5V ’ . m
Input Resistors
COLUMN and ROW (Puli-Up) 25 50 k)
SINGLE TONE INHIBIT (Puli-Down) 120 kD
TONE DISABLE (Puti-Up)
Input Low Level . 0.2 Vpp
input High Leve! 0.8 Vpp \
MUTE OUT Sink Current Vpp = 3.5V % A
(COLUMN and ROW Active) Vo = 0.5V - m
MUTE Out Leakage Current Vo = Vpp 1 pA
Output Amplitude RL = 2400
Low Group Voo = 3.5V 190 250 340 mVrms
RL = 2400 =
Vpg = 10V 510 700 880 mVrms
Output Amplitude R = 2400
High Group Voo = 3.5V 270 340 470 mvVrms
Ry = 2400
Vop = 10V 735 955 1265 mvVims
Mean Output DC Offset Vpp = 3.5V 1.3 v
Vpp = 10V 4.6 v
High Group Pre-Emphasis 2.2 2.7 3.2 dB
Dual Tone/Total Harmonic Distortion Ratio Vpp = 4V. R = 2400} _23 22 B
1 MHz Bandwidth ¢
Start-Up Time (to 90% Amplitude) 3 5 mS

Note 1: R is the exteral load resistor connected from TONE OUT to Vgs.
Note 2: Crystat specification: Paraflel resonant 3,579545 MHz, Rg 150 {1, L = 100 mH, Co = 5§ pF, C; = 0.02 pF.
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Connection Diag

ram

Dual-In-Line Package

1 U 16
Voo i |— TONE OUT
JN— | o
TONE DISABLE — | SINGLE TONE INATBIT
3 14
tot 1— |—row 1
4 13
coL 2— [—Row 2
5 TP508% 12
coL 3-— —row 3
[ 1"
V55—t - ROW &
7 10
0SC iN—] — WTE ouTPuT
8 9
05C 0UT~— L— coLa
TL/HIS057-2
Top View
Order Number TP5089N
See NS Package N16A

Pin Descriptions
Symbol

Voo

Vss

OSCIN, OSCOUT

~

Row and Column Inputs

TONE DISABLE
Input

Description

This is the positive voltage
supply to the device, referenced
to Vgs. The collector of the
TONE OUT transistor is
connected to this pin.

This is the negative voltage
supply. All voltages are
referenced to this pin.

All tone generation timing is
derived from the on-chip
oscillator circuit. A fow cost
3.579545 MHz A-cut crystal
(NTSC TV color-burst) is
needed between pins 7 and 8.
Load capacitors and a feedback
resistor are included on-chip for
good start-up and stability. The
oscillator stops when column
inputs are sensed with no valid
input having been detected. The
oscillator is also stopped when
the TONE DISABLE input is

puiled to logic low.

When no key is pushed. puli-up
resistors are active on row and
column inputs. A key ciosure is
recognized when a singie row
and a single column are
connected to Vgg, which starts
the oscillator and initiates tone
generation. Negative-true logic
signals simulating key closures
can also be used.

The TONE DISABLE input has
an internal pull-up resistor.
When this input is open or at
logic high, the normal tone
output mode will occur. When
TONE DISABLE input is at logic
low, the device will be in the
inactive mode, TONE OUT will
be at an open circuit state.

Symbol Description
MUTE Output The MUTE output is an open-

drain N-channel device that
sinks current to Vgg with any
key input and is open when no
key input is sensed. The MUTE
output will switch regardless of
the state of the SINGLE TONE
TNHIBIT input.

The SINGLE TONE INHIBIT
input is used to inhibit the
generation of other than valid
tone pairs due to multiple row-
column closures. It has a pull-
down resistor to Vgg, and when
left open or tied to Vgg any
input condition that would
normally result in a single tone
will now result in no tone, with
all other functions operating
normally. When tied to Vpp,
single or dual tones may be
generated, see Table 1.

This output is the open emitter
of an NPN transistor, the
collector of which is connected
to Vpp. When an external load
resistor is connected from
TONE OUT to Vgg, the output
voltage on this pin is the sum of
the high and low group sine-
waves superimposed on a DC
offset. When not generating
tones, this output transistor is
turned OFF to minimize the
device idle current.

Adjustment of the emitter load
resistor results in variation of
the mean DC current during
tone generation, the sinewave
signal current through the
output transistor, and the output
distortion. Increasing values of
load resistance decrease both
the signal current and distortion.

SINGLE TONE INHIBIT
tnput

TONE QUT

Functional Description

With no key inputs to the device the oscillator is inhibited,
the output transistor is pulled OFF and device current con-
sumption is reduced to a minimum. Key closures are sensed
statically. Any key closure activates the MUTE output, starts
the oscillator and sets the high group and fow group pro-
grammable counters to the appropriate divide ratio. These
counters sequence two ratioed-capacitor D/A converters
through a series of 28 equal duration steps per sine-wave
cycle. The two tones are summed by a mixer amplifier, with
pre-emphasis applied to the high group tone. The output is
an NPN emitter-follower requiring the addition of an external
load resistor to Vgg. This resistor facilitates adjustment ot
the signal current flowing from Vpp through the output tran-
sistor.

The amplitude of the output tones is directly proportional to
the device supply voltage.
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Functional Description (continued)

TABLE I. Output Frequency Accuracy

Tone | Valid | Standard | Tone Output | % Deviation

Group | Input | DTMF (Hz) | Frequency | from Standard
Low R1 697 694.6 -0.32
Group | R2 770 770.1 +0.02
fr R3 852 852.4 +0.03
R4 941 940.0 -0.11
High C1 1209 1206.0 —0.24
Group c2 1336 13317 ~0.32
fu C3 1477 1486.5 +0.64
Ca 1633 1639.0 +0.37

TABLE II. Functional Truth Table

SIS LONE DA E ROW COLUMN =Ll MUTE
Low High
X O o/C O/C ov ov 0/C
X X Q/C 0/C ov ov Q/C
X 0 One One Vos Vos O
X 1 One One fr i (¢]
1 4 1 2 or More One — fy O
1 1 One 2 or More fi. — (0]
1 -1 2 or More 2 or More Vos Vos (6]
0 1 2 or More One Vos Vos o
0 1 One 2 or More Vos Vos e}
0 1 2 or More 2 or More Vos Vos 0
Note 1: X is don’t care state.
Note 2: Vg is the output offset voltage.
1 st
< T T —0 Veo
] Vm
! TONE
1 ey
' o BISABLE j—
_[ R1 ¢
=
RING I R2 j¢—
0sc <~
our TPS08S  R3fe = .
R4 46— '? 10uf
Cl ¢
TONE <
out ¢
C3«
Ci ¢
. V.
Re is
. l 0 Vss

“Adjust Re for desved tone arrs 1_de.

FIGURE 2. Typical Application

TL/H/S057~3
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Physical Dimensions inches (millimeters)

Lit. # 113986
0.843-0.870
0.002 et DA1-22.30 ’
—_ (2255)—.— '—4‘
{2.337) NOM
DIA NOM W) 54 0 3 [ [ 6
2x) I —T
PIN NO. 1 IDENT 0.250 +0.005
\E‘ {&350-0.127)
0.288 : ] i
TAD—| oo UNOREEURCRORUND
N il
(0.762)
0.300-8320 | "¢ osio

(1.620-8.128) ‘ 0.065 0.968

— 0.130 +0.005
rrmena] A Enas 01 oy
{1651) ('52"——1 l i ';v“,l*l r_ (3.382 :0.127) i
f FL__' [l s 0.145-0.200
= i 358350801
=3 0090, ‘g I I
9 " 4 0.009-0.015 9024 o

0229-0381) , e |
’————-‘ 0075 +0.015 0.018:0003  0.125~0.140 (V5001
+0.840

8325 g 015 (1805 +0.387) " (0457 :8.075] 13.175-3.556)
136) 9.100 20,010
~0381

(8255 (2.540 0.254)

M A REV £

Molded Dual-In-Line Package (N)
Order Number TP5089N
NS Package N16A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the fallure of the lite
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
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Integrated DTMF Receiver
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Features
¢ Complete DTMF Receiver

* Low power consumption

+ Internal gain setting amplifier
* Adjustable guard time

« Central office quality

+ Power-down mode

* Inhibit mode

« Backward compatible with
MT8870C/MT8870C-1

Applications
Receiver system for British Telecom (BT) or

CEPT Spec (MT8870D-1)
* Paging systems
* Repeater systems/mobile radio
« Credit card systems
+ Remote control
+ Personal computers
« Telephone answering machine
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Ordering tnformation

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

MT88700S/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/MT8870D-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
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus

interface.

vDD VSS VRef INH
4
Y
- Bias
PWON Circuit VRef
Bufier
{ ‘ — g—-’ Q1
Chip Chj .
Power Bias HighGroup | | _ﬂ- Digital Code
Fitter Detection Converter -
Algorithm and Latch Q2
N - 1%3:; Zero Crossing
N- Filter Detectors l- O3
g — Low Group =
o o b= [T L Lo
DC &?,',l = St Steering Z&
Clocks GT Logic y
AAA
4
0OsCt osc2 SUGT ESt STD TOE
Figure 1 - Functional Block Diagram
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IN+[] 1 = 18] vDD Ne[] 1 H 20{]vDD
| IN-[] 2 1707 svar IN-[] 2 19[] svGT

Gs[ s 161 ] ESt Gs(}] 3 181 ] ESt

VRef [} 4 15[ st VRef[] 4 17[] stD

INH[] 5 1417] Q4 INH[] 5 161 NC

PWDNI[] 6 13[] a3 PWDN[] 6 151 ] o4

osci 7 12[] Q2 NC[] 7 1411 Q3

oscz2[] s 110 a1 osc1[] s 130 Q2

vss[] o 10[] TOE oscz[] 9 12{] o1
vssS{]10 1] T0E

1 P, 1 20 PIN SSOP/TSSQP
Figure 2 - Pin Connections
Pin Description
Pin #
18 | 20 Name Description
111 IN+ |Non-inverting Op-Amp (Input).
2 IN- Inverting Op-Amp (input).
3 GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.
41 4 Veet |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

5|5 INH  linhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C

and D. This pin input is intematly pulled down.

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

pin input is intemally pulled down.

718 OSC1 |Clock (input).

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

9 |10 Vgs |Ground (Input). OV typical.

10| 1 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up intemally.

11-112-| 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 fatch updated; returns to logic low when the voltage on SY/GT falis
below Vg

16118 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 InputGuard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, 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 voltage on St.

18} 20 Vop Positive power supply (Input). +5V typical.

7, NC No Connection.
16
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E
b
?:unctional 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

j Separation of the low-group and high group tones is
' achieved by applying the DTMF signal to the inputs
Fof two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also

t
incorporates notches at 350 and 440 Hz for

¢ exceptional dial tone rejection (see Figure 3). Each

fitter 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.

v Decoder Section

, digital

Following the filter section is a decoder employing
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

L . . . : .
simulation by extraneous signals such as voice while

P EWCITS  pits he wr et

TTRTe T o T e ey

Voo
—ZcC
Voo
SYGT ve
ESt L AAA—
R
St .
MT8870D/
MT8870D-1 t1a=(RC)In(Vpp/Vrgy)
Q tarp=(RCNINVpo/ (Vop-Vrs))

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging aigorithm 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

0

DIAL TONES

X=350 Hz
Y=440 Hz

10

DTMF TONES

ATTENUATION
(dB)

C=852 Hz

A=697 Hz
B=770 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz

) .

X'y

AB C D E F
FREQUENCY (Hz) RIS

e 111

AN
!

Figure 3 - Fiiter Response
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condition is maintained (ESt remains high) for the
validation period (tgrp), V¢ reaches the threshold
?VTS,) of the steering logic to register the tone pair,
[atching 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
jstate 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

T it

| 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
values are chosen according to the formula:

trec=tor+taTP
tip=tpa+tcTa
The value of tpp is a device parameter (see Figure
11) and tgec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 yF is

terp=(RpC1)in{Vpp/(Vpp-Vrsyl

\
oo tera=(R1C1)In(Vpp/V1sy)
G Rp=(R4RJAR+R;)
svGTO)
Ry
ESt O

a) decreasing tgrp: (taTr<igTa)

tarp=(R1C1)InVp/(Vpp-Vrsy)

Voo O——C:L taTa=(RpC1)in(Vpp/Vrsi)

1 Rp=(RR)/(R+Ry)

sveTO)

ESt b) decreasing tara; (lae>taTa)

TOE

Z
x
m
@

Digit

>
Z
<

slojOo|Oi{N|lO|O]|DIWIN]|

olalalalalalalajajo|o|o|olo]|ole|N|P
olalalalalolo|olo|w|alwl=|olojo|N|L
olalalololalalolo|=|=|o|oj=l=|c|N|P
olalolalolajolalola|olwjolx]|e|=|N|L

undetected, the output code
will remain the same as the
previous detected code

rlrlelzixlzjz|z|x|T|zfx|Z|Z| || || T(X

Figure 5 - Guard Time Adjustment

rixzlxz|zxziz|xizjz|z|z||xjzTjT| ||| |||~
ol x|l e XXX X XXX X[ X]XEX]|X

O|Olm|>»IO|O|@| > *

L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, 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 ({gTp) and tone absent (tgTa). 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 tree
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 tpo 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 Iofgic high applied to pin 6 (PWDN) 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
pinj 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
co?e (see Table 1).

:
Differential Input Configuration

[
Th:e input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vgeg) 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
acijustment 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 permmits  the
adjustment of gain with the feedback resistor Rs.

i

drystal Oscillator

'lf'he 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
{o 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, i.e., precision balancing
capacitors are not required.

=

[ Rk T L S —

T M T e e

o— — A MT8870D/
(oF Ry IN+ MT88700D-1
—O +
—
— O .
IN-
O F—AAN
Rs GS
>
RS
3 3R,
VRet
O O-

Ditterential Input Amplifier

C4=C,=10 nF
Ry=R4=Rg=100 kQ All resistors are +1% tolerance.
R2=66k.0. R3=37.5kQ All capacitors are 5% tolerance.
Ry= _P2Rs
Ry+Rs

VOLTAGE GAIN (A, diff)= %
1

INPUT IMPEDANCE

1 2
@inower) =2/ R2%+ (’R')

Figure 6 - Differential Input Configuration

To OSC1 of next
MT8870D/MT8870D-1

1

X-tal

7 7
0SsC1 1_ 0OSsC2
=
08C2 —I—-l l--—— 0OSC1
o]
C=30 pF
X-tal=3.579545 MHz
Figure 7 - Oscillator Connection
Parameter . Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
co . pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality fagtor of BL(} model, i.e., 1/2NfR1CY.
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Applications

4

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

4

The circuit shown in Fig. 9 illustrates the use of

'MT8870D-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 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

use the non-symmetric guard time circuit in Fig. 8.

te1p=(RpCy)In[Vpo/(Vpp-Vrsy)]

l61a=(R1C1)in(Vpp/Vrsy)

VDD Oﬁ_ RP=(R1R2)/(R1+R2)
G

SYGT
R R2 Notes:
) Ry=368K 0 + 1%
Rp=2.2M Q £ 1%

C1=100nF + 5%

Figure 8 - Non-Symmetric Guard Time Circuit

Voo A
c, J—
orme O—1 3
tnput R, MT8870D-1
{N+ u VDD 3—-—-—‘
EE IN- SYGT [ }—
] Gs Est }—- Rj
Re L] Vag StD g—_——o
O———T{]Nn Q4 S—
O—————ewon 34— 0
L_'_E osc1 Q2 ——O0 NOTES:
*1 L] osc2 Q3——0 Ry =102KQ £ 1%
Vgs ToE [ 3— Ry =71.5KQ + 1%
R3 = 390KQ +1 %

C4.C; = 100 nF + 5%
Xy =3.579545 MHz £ 0.1%
VDD =5.0V+5%

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

-




[ 23

L A IR

97

Is0%-cMOos MT8870D/MT8870D-1

L I

Absolute Maximum Ratings'

f Parameter Symbol Min Max Units
1 DC Power Supply Voltage Voo 7 \
t2 | Voltage on any pin V| Vgs-0.3 Vpp+0.3 \%
; 3 | Current at any pin (other than supply) i 10 mA
: 4 | Storage temperature Tsta -65 +150 °C
[&‘ 5 | Package power dissipation Pp 500 mw

1 Exceeding these values may cause permanent damage.

Derate above 75 °C at 16 m

Functional operation under these conditions is not implied.

/1°C. AII leads soldered to board.

ecommended Operating Conditions - voltages are with respect to ground (Vgg) unless otherwise stated.
Parameter Sym | Min | Typ* | Max | Units Test Conditions
1 | DC Power Supply Voltage Vop | 475 5.0 5.25 Vv
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afe +0.1 %
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

i

3 - . o
DC Electrical CharacteristiCs - vpp=5.0Vs 5%, Vss=0V, -40°C s T, < +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions
b1 3 Standby supply current lbpa 10 25 pA  |PWDN=Vpp
2 | P |Operating supply current lpo 3.0 9.0 mA
3 E Power consumption Po 15 mW |fc=3.579545 MHz
Y
4 High level input Viy 3.5 V  |Vpp=5.0V
5 Low level input voltage ViL 1.5 vV  |Vpp=5.0V
6 | Input leakage current i/ 0.1 A {Vin=Vggor Vpp
{7 g Pull up (source) current Iso 7.5 20 pA | TOE (pin 10)=0,
U Vpp=5.0V
8 ; Pull down (sink) current Ig 15 45 pA  [INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ (@ 1kHz
10 Steering threshold voltage Vst 2.2 24 25 vV  |Vpp=5.0V
1 Low level output voltage VoL Vgg+0.03| V |Noload
12 8 High level output voltage Vou |Vpp-0.03 V  |No load
13 | T |Output low (sink) current loL 1.0 2.5 mA |Vour=04V
14 S Output high (source) current | oy 0.4 0.8 mA  |Vour=4.6 V
15 ; Vet OUtput voitage VRet 23 | 25 2.7 V  |Noload, Vpp = 5.0V
16 VRet OUtput resistance Ror 1 - kQ
:-fypncd figures are at 25°C and are for design aid only: not guaranteed and not subject to production lgsﬁng:
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Operating Characteristics - vpp=5.0v15%, Vgg=0V, -40°C < To < +85°C ,unless otherwise stated.

Gain Setting Amplifier
Characteristics Sym Min Typ"t Max | Units Test Conditions
1 | Input leakage current ™ 100 nA | Vgs<VinsVpp
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 0.7 VS V<425V biased
at Vres=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
t | 8 | Output voltage swing Vo 4.0 Vpp | Load 2 100 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 - vpp=5.0V 25%, Vgg=0V, -40°C < T < +85°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*

Valid input signal levels (each -29 +1 dBm 1,2,3,5,6,9
1| tone of composite signal) 275 869 | mVaus | 1,2,3.5.6.9
2 Negativp 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 2,35,9
5 | Frequency deviation reject +3.5% 2,359
6 { Third tone tolerance -16 dB 2,3,4,5,8,10
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
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.

§. Both tones in composite signal have an equal amplitude.

6. Tone pair is deviated by =1.5 %z 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 leve! frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpp=5.0v15%, Vgg=0V, -40°C < T, < +85°C , using Test Circuit shown in

\ Figure 10.
Characteristics Sym Min Typ‘t Max Units Notes*
| | Valid input signal levels (each 31 #1 | dBm | TestedatVpp=5.0V
} tone of composite signal) 218 869 | MVpus 1,2,3.5,6,9
' . -37 dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 123569
4 109 mVRMS e
é Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept dB |236,9,13
T5 Frequency deviation accept +1.5% 2 Hz 2,3,5,9
I6 Frequency deviation reject +3.5% 2,3,5,9
7 | Third zone tolerance -18.5 dB  |234,59,12
'8 | Noise tolerance .. 12 d8 | 2,34,579,10
.9 | Dial tone tolerance — +22 daB 2,3,4,5,8,9,11
1t Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

J'NOTES
1 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.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equa!l 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 leve! frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

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

13. Guaranteed by design and characterization.
L]
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AC Electrical Characteristics - v;;=5.0v15%, Vgs=0V, -40°C < To < +85°C,, using Test Circuit shown in Figure 10.

f Characteristics Sym | Min Typ* | Max | Units Conditions
i Tone present detect time top 5 11 14 ms |Note 1
2 | 1 [Tone absent detect time toa 0.5 4 8.5 ms |Note 1
E 3 ,:ﬁ Tone duration accept trRec | 40 ms |Note 2
x r: Tone duration reject tRec | 20 ms |Note 2
5 | G |interdigit pause accept tio 40 ms |Note 2
6 Interdigit pause reject tpo 20 ms |Note 2
7 Propagation delay (St to Q) tPa 8 11 us |TOE=Vpp
8 | O |Propagation delay (St to StD) tesip 12 16 us  |TOE=Vpp
9 ¥ Output data set up (Q to StD) tasto 3.4 us |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tpre 50 ns |{load of 10 kQ,
T 50 pF
11 S Propagation delay (TOE to Q DISABLE)| tpp 300 ns |load of 10 kQ,
50 pF
12 | P |Power-up time tey 30 ms {Note 3
13 \Zv Power-down time tpp 20 ms
14 Crystal/clock frequency fc {3.5759 | 3.5795 | 3.5831 | MHz
15 E Clock input rise time t HeL 110 ns |Ext. clock
16 | 0 [Clock input fall time thicL 110 ns |Ext. clock
17 ﬁ Clock input duty cycle DCcL | 40 50 60 %  |Ext. clock
18 Capacitive load (OSC2) Cio 30 pF

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

*NOTES:

1. Used for guard-time calculation purposes only.

2. These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
i 9

are recommendations based upon network requirements. )

3. With valid tone present at input, tpy; equals time from PDWN going low until ESt going high.
¥
; .

DTMF O—
! Input R G,
; MT8870D/MT8870D-1
—ive Vool 1—4
] —{] IN- SYGT|[ Ry
‘ N —{]Gs ES
2 ] Vee stof }—+—0
E O————fmv  @sf———0
i O——rown  @pp——0
OSC 1 e +——0 NOTES:
X-tal I I_E 0SC 2 [e}] :__O R1 ,R2=100KQ +1%
v TOE ‘ R3=300KQ + 1%
8 - C;,C,=100nF £ 6%
' X-tal=3.579545 MHz £ 0.1%
A

Figure 10 - Single-Ended Input Configuration . o

o
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EVENTS A l B | c I E l F l G
1
tﬁgﬁ-»: :4— —»: tREC |<— :<— tio —b: —»: too -:4—
TONE TONE
Vln TONE #n #n+1 #n+1 —
]

1
tDP-b' e | _.§ "'tDA

[T ' S N L

ESt
tGTP—»; L" - :‘- tata
l S l 1 S Vst
1
SYGT A P !/] l 7~ 1
g | lgm
gt s oo HIGH IMPEDANCE
Q,-Q, DECODED TONE ¢ (n-1) | X | #n %—@Z
Y38 |
psiD = | |
Ao A Wi | '
StD l 0] A
- ) g — -a— PTE
TOE 1 tero ,—l !
EXPLANATION OF EVENTS
A) TONE BURSTS DETEGTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
0) 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
Vi DTMF COMPOSITE INPUT SIGNAL.
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 DECODED TONE OUTPUT.
S0  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.
TOE  TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Qs TO ITS HIGH IMPEDANCE STATE.
fec  MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
tnec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
tio MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
too  MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
tsrp  GUARD TIME, TONE PRESENT. \

taTA

GUARD TIME, TONE ABSENT.
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4-Bit Magnitude Comparator
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L8S 4-BIT MAGNITUDE COMPARATOR
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