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Nowadays safety and convenience are considered as major fundaments

for various operations.

Thus, it is essential reason for our working group to invent the device to serv

the safety and convenience purposes. The project objective is to invent unsuitable for

human to go by themselves. This lead to project of * SERVEILLANCE CAR " Which is

a remote control car (Equipped with black and white TV camera and vedio sender)

from the safety distance control station at the UHF rang (Frequency about 430 - 520

MHz) whereas the reciever can be ordinary TV monitor. The other benifit of this project

is it will lead to the future development.
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BCD ( BINARY CODE DIGIT J1wa 4 Jn watdiansimm BCO 7 161 Iuaauhaaugudu
(DECIMAL) Taazvhianarswmdaitilauaunamas wazaingtsaluw
3.n4A9R lnTnALER (CCD)
CCD ilulugaraindadileuunmnadifsadiagimnates CCD nuandsznauasuy
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2.1.n1583ImsWAy (Television Broadcasting)
anezadynuIngimiunamn (Black and White Television Signal)
foynynuinsiminnadiyszneudinadoyyouniw (Picture Signal) ALAT Y 0F9¢
leendrunynaiisetimuiuasGend: Foyrynddle (video signal) wazdtymnesdiife
mﬂm?ﬁ’]ﬁmmﬂmﬁﬁ‘iﬂmm@Lﬂ‘ﬁhﬁﬁﬂﬁ'uwwﬁﬁﬂndw FrunyndAT (Vision signal)
AaRttaANTiias e ArssAulRn (0.C) azFpagnataantUing Aeauin
WAy yrunwsazdrynindad gnuanasnanfiuld Inseduncinusnsinaiumng
U0
Asdaneiadlulssinalng 1 uameginaas COR - Ralddmuadnunizues

<

fyryndataiiguinsagli 2.1 dyminnguiiasyinWinwidsnguuaeinsimd
anenuziludulngfinainnimens (scanning) 189a181@NATEW NInAwsazduldnan
64 Tulasunil nwifinas vta 1 0w (Frame) Usznaudendunan 625 & (Line)
a o - [ = o | = ;
nnsn1aazinInaadud Ao udadanndudusiwudiandy nmane
. kel :: 9 <y 7~ . = = -:
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0, : fidd synchronidng darum

E L L EY 1 first, second, third sod fourth fields
A © ¢ phase of bort; nominal vilye +133°
B -t phaseof burst; pominal value ~£35%
C { burst blapking inervals

gﬂﬁ' 2.1.1 Video Signal

<l Ld ar ] a o

ANNTINIRAINTUNIsE I nsYIAY
Tunrdansymdily AontwidazlddviuuRastesdynnaded minusas
amfdalnnimbii asgnivuaieglueng VHE wes UHF Ammzdiyusmaduny

= 2 . <o v = . o a
AMNONTINT 5 MHz mummﬂwmuumlmuqaﬂnLﬂuv]maﬂm IINRE!

8L VHF 879 wuet | 41 - 55 MHz
H VHF UW 4UuA 1] 174 - 230 MHz
$WUHF LAtV 470 - 582 MHz
W UHF  wuus v 606 - 790 MHz

(UL 1t 88 MHZ £14 108 MHz @ mduingnszaeifeassuuienidu)



Band Ch Frequency]l Picture Carier (MHZz) | Sound Carrier (MHz)
{MHz)

| (MHZ) 1 41-47 (1 U galnsvimd (¥ &aInaviend)
(41-68) 2 47-54 48.25 53.75

3 54-61 55.25 60.75

4 61-68 62.25 67.75
I (MHz) 5 174-181 175.25 180.75
(174-223) | 6 181-188 182.25 187.75

7 188-195 189.25 194.75

8 195-202 196.25 201.75

9 202-209 203.25 208.75

10 209-216 210.25 215.75

11 216-223 217.25 222.75

12 223-230 224.25 229.75

ANT197 1 ATNUUATEN WM IYiAd (CCIR-B)

Standard | A B C D E F | M

Britain | EBU1 Belgaim1 | Russia | Francel | Belgaim2 | USA
Lines 405 625 625 625 819 819 525
Field/Sec | 50 50 50 50 50 50 80
Frame/Sec | 25 25 25 25 25 25 30
Lines/Sec | 10125 15625 15625 15625 20475 20475 15750
Time of 98.7 54 64 64 48.84 48.84 63.5
Line {uS)
Videol|3 5 5 6 10 5 4.2
B.W.
(MHZz)
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Grammar

0.4-0.5

0.5

0.5

0.5

0.6

0.5

Vestigial
S.B. (MHz)

+0.75

-0.75

-0.75

-0.75

-0.75

Standard

EBU1

C

Belgaim1

Russia

France1

F

Belgaim2

USA

Distance
of Sound
& Video

Freq

+5.5

+5.5

+6.5

+11.15

+5.5

+4.5

AM. Video

Modulate

Sound

Modulate

AM

FM

AM

FM

AM

AM

FM

Deviation
of Sound

Frequency

(KHz) Pre-

Amphasis

50

50

75

Channetl

B.W.

14

Power
Ratio of
Picture &

Sound

4:1

5.1

4:1

51

4:1

4:1

10:1

% Level of

Top Black

35

75

25

75

25

25

75

Blanking

30 %

75 %

25 %

75 %

25%

25%

75 %

White

Level

10 %

10 %

100 %

10 %

100 %%

100 %

12.5 %




A1) 2 NmEgIUAINaTaaNT At ingyimd (szuy CCOIR)

4949 1 Wltiuntsda i ERenanisaenadu

Standard

G

H

Britain

K

Russia

L

France 2

N

Argentina

UHF
625 Line
50 Field

VideoB.W.
{MHz)

55

4.2

Distance
of Sound
& Video

Freq

5.5 MHz

5.5 MHz

8 MHz

6.5 MHz

6.5 MHz

4.5 MHz

Video

Modulate

Sound
Modulate

FM

FM

FM

FM

AM

FM

Power
Ratio of
Picture &

Sound

10:1

10:1

10:1

10:1

8:1

10:1

Vestigial
S . B
(MHz)

0.75
PAL/
SECAM_3

1.25
PAL/
SECAM_3

1.25
PAL

0.75
SECAM_3

1.25

SECAM_3

0.75
SECAM_3

AR 3 s uaInaduiunsdiineimizanisinaaie 4 inlan sruuy

N MaimiNIsuL Aspect ratio ¥3ARMAIUAIINATNARAIINGILAINTN 411 N9




notadun miLiuURaAUNIN (interlace scanning) WrenMaange a9 aanuwan
e AuiirasadinRazyinduanutived i AlE i ynszuu andussuy 405 1Ay

1asdenne ARufiasaen iihuuy Horzontal polarization AMei@ nIAtaaeTasfiAzIN

tuuALlan

Country Standard Country Standard
Argentina N Ugoslavia B,G
Austria B Australia B
Belgiam C,F Bangladesh B
Canada M Buigana D
Check Republic D Srlanka B
Egypt B Denmark B
France E.L Findiand B
Hungary D Gana B.G
India B Natherland B
Irland A Iran M
Japan M (taly B.G
Karea M Jordan B.G
Malaysia B.G Luxemberg F
New Zealand B Mexico M
Norway B Morocco B
Panama M Nigena B
Portugal B Pakistan 8
Romania D Foland D
Singapore B,G Simbubway B
Sweden B Saudi Arabia M
USA M Espain B
West Germany B.G Britian Al
East Germany D Russia D.K




Thailand

ol Monaco
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- -2 c 2 P 8 12 H-
P o= e
5. = reodidos
CSC = wRTodunsw )
EQU = European Broadcasting. Union

5 MHz Sanquy
7 MHz EBUL

7 MHz:tutlﬂou

3. MHz Tm3on
14 MHz dFamw

-
T MHE tumibou

5§ MiHz awisn

ES

T MHz EBUJ 2 l
2 MHz EBUZ

8 MHz danmw
8 MHz le3ua

3 MHz e

& MHz auTgy
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() gealueiu VHF (1) gaqlusinue UHF

= t ar o
LATBIAS NSV AL
4’ o g - o k7l dll =l Q'd dl
wrandsbnsyimdusznausiae  wieedanmuazidanisuangiadusnadnynyoida
[— L= yai e 2 ar 0. < =Y o ﬁ' o A J dl
duwuuieey arnsnnssyinldissiuindamwiage uwilanaenssinidndsin w acud
aunana { Low power, IF modulation system )
%) 3 &
2.2 A798149293520ATRLRLADT
-y rd’d i’ == b, O ar o
1A 7R0ATALAWB AR SN ALANTRAATY 4 Ustnsde
-4 =l =
1. HRDUTNINIENIRTH
2 'lﬁgl_]ﬁiﬂwn’]mfmﬂﬁﬁ\i’l
P °
3. HATYTYDLTLINIUeN
wudaszluifuadaeiuteasiu
1 ) k7l = ar =l d‘ o - - dl
wa LU TR udaAd el dyyunfanfuaensaiaiaimaf aaarRaanuusndly
1 = : d' a ‘1 E” = =l | o ] = rnilqi.al
gt AT avn I T usTanauffyun il umnaneenuULILHLNA ALY 7l
-y - Lrad aly a‘l’ : < = = =
1Arpaatalawmas winaenuuy lilatanesumesiviiadar lUi@aannfupausutly fas
dunmminifsdraumdeniuazdipusilidamnfisliunn dufnainliao i
LAZMIINUIENINATANAA 1Y 2sseaadaiame ilagnnuiauans iy MU 2.2.1

= e ar

agL# 2.2.1(n) unsaseadafalawme fuLUSudniinglla De v lugausnaea
- L o - a W -~ a v oo = ol
nTENFWing  ttandunisleunduradiynnaevine  uwinlfifnesaiaas $a5
e a 4 da e wu,
nteundtinsnnifiniy acdynuitadaulfiig
i & o« 4 = - s = o e
7 2.2.1(0) Winasaniowae eaadaiawmas ( Hartley oscillator ) lunsasfiuiy
Ugananneseeataiamefuuududninduilla T lfsawilorduunil uilunuen
dl a =d‘-d ar ' 4 o o o da: dl
wiyndidl 2 9 Jeudgyonmundumndiaessiussininmatad

A 2.2.1 () dunaeeadamimaiuuy Sdnmareu-AUda (electron coupled

o

oscillators : ECOy ) unafanzandt wansediilla (cathode coupled ), 2mmafiidla (

. <4 o oar | e = = e =l ] o s =
emitter coupled ) wisanasanLliila ( source coupled ) Mss@Aninwandnanfaiacanad
ALALAATNAN quﬂzﬁm?rﬂ'ﬂﬁquuﬁwmqqm@uumnﬁaﬁ HuN17an S NALALTATATL0

= 9 4. a
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U7 221 (1) nvreeedalamafuuninafis s (Colpitts oscillator ) fénwouz19as
Y o s ‘o o | - a . a MY [N
ARngEinlddeaatalamnd wAazfiudsrqansiasanynsniue Ll dael
a - | e o ar - - v = ain 2 e
Asananwg - nisesiulszadnencianfunsfinunavesiafutisqd U sy
= o mia - : o woa - 4 o W
A Yinbiifansddeudasdimagiviadniumandadaiuluunmeasasdnaaa sy
smdanihamnzodiudld nemsfuadnguudalimiudsee lua siluiadd nanf

v

UFupuafusuRmmtie iR eamaieg

U 2.2.2 Wwseseasfamme SuLuwr@Ul(Clapp oscillator ) lwigvsiivingn

a

drudesnareaataamefunulaiiod wudidnaseudlda uasiuuanfasdunaut

upli 222 () Lﬂwqf-waaﬂ%mmmaﬂmuLLﬂﬁﬂﬂﬁﬁﬂ'Wﬂé‘ﬂﬂﬂﬁaﬁ’mzuuﬁm‘%
mumﬂL?‘ﬁ"u'lwiqwuﬂ\mfwgu %aﬁwﬁﬂﬁmﬁum:ﬂﬁﬁmmuﬁmmsﬁa:tﬁmmmﬂﬂ"ﬁ
ALARDENHN

U 2.2.2 (1) s reaadaiamafuuuuadhIngsn ( Clapp Gouriet osciliator )
Bunlfluszunesaiaane Fidrtantey

A 222 (m) Hurseesdiaiamefuuunsnsiuaneind Julnuiaesias

=

o a a4
memwmnuwlﬂummamﬂmwu
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i 223 unnmlivuessdanmes 1w utiay vinl
ns
= -x = e F i o At ar dyv
sandaerin lauddaiulzqdiasinn 4 Whnlaundluuuuanuenainiisagnuisa
WnAA N Tunraeadsianléfiatos VHRUHF Taanissiamaflalon ( gunn diode ) T4
dhilalanodafimsdnllaynauduwaaan L feaslianudaed wazfamnsdaudnynyn

FOATYIUIUNIY (S/N) Figasn

o

Ui 2.2.4 unanastanme oy ¥adansan faldindusasi AL AT ARy ryTd

£ah

0 Hftuninisunousn Tuniinauasessasandenistiaduesuuuaiansautuiia iy

=2,

=
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U7 2.2.4 2sseaadaiame fuuy rdanen
(n) neldmTamaaiaNry CMOS
(1) MW TRRAT AT
(n) warlasindaaadanmesuundonaiaamnas
(1) Wandrefaaadaaimnes
'Lugﬂﬁ 2.2.4 () \unasaaadaiamesiuy Masansauasnaing 1 Aunsnsonryle
Tolla CMOS Tnendunisidauna v laasifinnseeaiaianiumn
U7 2.2.4 (1) amedame e muiumanseaudunuasion mes sead
AWIAAT ( Pierce oscillator )
i 224 () LﬂmwsﬁmﬁﬂLﬁﬂﬂ?wa\mwa‘ﬂﬂﬂfﬁmﬂLmﬁmuTﬂﬁmz{mﬁim‘w
gy
FIARTRA AIunR 2.2.4 () Hunaseasdasme iy Mrtansasfianmiuianiud

94 120 MHz 3eanneesign Uniaad eeafsiawas ( Butler oscillator )
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UN9 3
TATIEFIINITAIIUTRIT 5 AULIS

3.1 CCD naasiftaaulalan

cch ulugarandeiatasuurmaineddagl wwates CCD Winunn

UTZNRUALULLANUMATANALLL 2 win 1W1s 54 Ny, X 38 wu, tﬁ’qmuﬁi"umwﬁmmqq
1 <y 4 k] qll-i 5 | ar g 1 ir o -
AMNUHWIIRTANA 27 81, 210 UANAa N1 0.1 ant 1 Toe @ uasdiuns s
% .
Huwminyssunnd 33 niu
= g .

PHRZBLAIUIUAY (resolutionx)

- WUI0TS 380 A1

- LUIUAL 450 1du

AT IUNYIRIA (scanning frequency)

- WWeN 15.625 Aladsmt

- WWILaw 50 1J9m 1 (megIuU CCIR)

;u‘mé'ﬂq (lens angle)

- WG 74°

- WHAUWAU 55°

anwlun 18U (operating conditions)

- W lugguunf +50°C auila -10°C

n snand.

717 3.1.1 wansgUiumhuasimdaaiandes CCD
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fifnnoamana NIZeBMAT IR
—

P
3.2 A9uULATRIAIR RN (Video Sender Section)
ﬁyﬁ’lu‘ﬂ’ﬂﬂ’NQE

Thsag¥waesnasludosiu Wuasaduudenlaozunsu i lugli 1
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B
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— 55 nzisad
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= k3 = I = = g =i i
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Tuusarusan AnDanadiniamafazgnyRgreanuitumn  auilanies s sinng
o . s o4 . .
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v o = & 4’ =4 = o

frequency) Tuguaruiigatien sy PAL BnufanuisPaniateatalamas
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drunsaintinuainmadawas Q, Taasinuusadis + 4.5 - 8.5 Taasl s L uez L,
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s ™ o [ - - - v v v o
ﬂvQNLHUN LWﬂﬂTw aﬂ’ﬂuﬂluﬂqTKL’ﬁmQﬂ\iLﬂu’nﬂmﬂﬂﬁﬂuﬁmm’]mmﬂqquH BN IHEAEINIg

THuunwedntale -l dusaduanndndasinlals lneviudaaswadwafinaune

sen1sguUnenl
AR IUNIY TR 7 TR +5%
R1,R5,R11 -22k(2 3 Fn
R2,R6,R12,R16 -4.7k{2 4 ¢

R3,R4,R7,R3,R10,R13,R18,R19,R21,R25 -100£2 10 An

R8,R14,R31 -10 {2 3 5
R15 -100 k§2 1 M
R17,R30 -12.2 k£ 2 in
R20,R22 —470 (2 2 i
R29 -560 {2 1 /9
R24 -3.3 k{2 167
R26,R28 6.8 kQ i 2 51

R27 -10 kQ 17
R23-820Q 191

VR1 = sisnunudiusnfuuufandndwewdn =1 k16

VR2 - dindiunudsusnlduuuinandfuadn —10 kQ 1 67

Eﬁlﬁuﬂi:‘,’i

C1-0.00047 uF 50 V 198N 1 /7
C2,C37 -0.001 uF 50 V v131HN 2 6N
C3,C8,C17,C34 -0.01 uF 50 V Lps&n 4 ¢

C4,C9,C11,C16,C18,C25,C28,C31,C32 —470 pF 50 V 1$13n 9 #n

C5 ~33 pF 50 V 918N 190
£6,C21 -15 pF 50 V im91ln 2 ¢
C7 =56 pF 50 V 13dn 1 6"



C10,C41 —82 pF 50 V 1m31dln
C12 -18 pF 50 V 11914n0

C13 -2 pF 50 V 119180

C14 -22 pF 50 V 113750

C15 -39 pF 50 V 19318N

C19 -7 pF 50 V 313N
C20,C26 —1 pF 50 V |@914HNn
C36 -5 pF 50 V 1151&N
C23,C38 —47 pF 50 V l971HN
C22,C24,C27 ~Trimmer 2-18 pF 50 V
C30 ~Trimmer 2-8 pF 50 V
C33,C35 -10 pF 25V Lmumf’@
C39 =100 pF 50 V i1371n

C40 ~Trimmer 5-56 pF

C42 -10 uF 16 V SiaAnsatind
C43 -0.0022 uF 50 V t1sniln
C44 -0.02 uF 50 V 19780

gunsniansiesiai

Q1 -Q3,Q6 - 2N3563

Q4 - 2N3564

Q5,Q7 - 2N3866

Q8 - C1417 13 2N3563

ZD1 -ZenerDiode 9 V 0.5 AR5l
VC1 -MV2108 Varicab Diode
D1 -1N4002

LED?T ~Light Emitting Diode
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717 3.3.5 uaeuAnndif idanniansesanud

WarnFunisvineuniely MT8870

n1ele MT8870 Usznausaugiudndty 5 drufe

N AnRIAnNE { FILTER SECTION }

B nAnemsig ( DECODER SECTION )

B narsaadoyounns ( STEERING CIRCUIT )

B Anuenu oy tuAI NKEnsNg ( DIFFERENTIAL INPUT )

B nadudisand ( OSCILLATOR )
FuoW | F s No TOE Q4 |Q3 |Q2 Q1
697 1209 1 H 0 0 0 1
637 1336 2 H 0 ] 1 0
637 1477 K H 0 0 1 1
770 1209 4 H 0 1 0 0
770 1336 5 H ] 1 i 1
770 1477 8 H Q 1 1 ]
852 1209 7 H 0 1 1 1
852 1336 8 H 1 0 1] ]
852 1477 9 H 1 0 0 1
941 1336 0 H 1 0 1 0
941 1209 * M 1 0 1 1
941 1477 # H 1 1 ] 0
697 1633 A H 1 1 0 1
F., ow F rign No TOE Q4 Q3 Q2 Q1
770 1633 B H 1 1 1 ]
8562 1633 C H 1 1 1 1
941 1633 D H i Q 0 0
- - ANY L z Z z z

71 3.3.6 usmsrAtineanialdainAnniising
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

BCD-To-Decimal Decoder
Binary-To-Octal Decoder

The MC14028B deceder is constructed so that an 8421 BCD code on the
four inputs provides a decimal (one—of-ten) decoded output, while a 3—bit
binary input provides a decoded octal {one—of-eight) code output with D
forced to a logic “0". Expanded decoading such as binary—to—hexadecimal
{one—of-18}, etc., can be achieved by using other MC14028B devices. The
part is useful for code conversion, address decoding, memory selection
control, demultiplexing, or readout decoding.

» Diode Protection an All Inputs

* 3Supply Voltage Range = 3.0 Vdc to 18 Vdc

» Capable of Driving Two Low—power TTL Loads or One Low—power
Schotiky TTL Load Over the Rated Temperature Range

* Positive Logic Design

s Low Qutputs on All llegal Input Combinations

+ Similar to CD4028B.

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
VoD DC Supply Voltage ~-0.510+18.0 v
Vin: Vout [ Input or Cutput Voitage (DC or Transient) |- 0510 Vpp+05| V

lin. lout | Input or Qutput Current (DC or Transient), +10 mA

per Pin

Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —-65to + 150 °C
TL Lead Temperature (8-Second Soldering) 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating:

Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C Ta 125°C

Ceramic “L" Packages: - 12 mW/°C From 100°C To 125°C

BLOCK DIAGRAM

0 A Q! - .3

! a1 - M
38T | _ (o7 AN
BINARY - 43.. ‘B Q3.

8421 :
BCD INPUTS 04

2

|

1
INPUTS Qs 6
BN Q& 7
4

9

5

|

5 . OCTAL

- DECODED  pECIMAL

OUTPUTS  DECODED
OUTPUTS

Q7
Q8¢
12 D Qg9

Vpp=PIN 16
Vgg=PINB

REV 3
1194

S = s s DODOD OOC O O
S H = 0000 e L0000 O

=00 2200 2200 == =00 [1+]

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SCIC
CASE 751B

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC

Ta =~ 55 o 125°C for all packages.

TRUTH TABLE
A '09 Q8 Q7 G6 Q5 G4 Q3 02 Q1 QO
oTooooooooo1
1 00 00O0O0O0OO0TI1 O
0 000 O0O0O0O0TI1ITO0OUO0
10000001000
0,00 0001000 0
1'0 00 01 0000 O
0 00 0 100O0O0O0C O
10 01 0000000
0 01 0000O0GO0O0CO
110 0000 O0GO0O0 O
00 00 0O0CO0OO0O0O0O0
1.00000000O0 0
0'C 0 00O 00O 00
10 0 0000 O0O0 OO
0 00 0O0CO0CO0O0O0 OO0 0
10 00 00000 O0O0

OMOFORBLAHCMOS LOGIC DATA

(M) morqpona

113



ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

VoD -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level 5.0 — 0.05 — 0 0.05 — 0.05 Vde
Vin= Vppor 0 VoL 10 - 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level 5.0 4.95 —_ 4.85 5.0 — 4.85 — Vde
Vin=0orVpp VoH 10 8.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vde
(Vo =4.50r 0.5 Vdc) v 5.0 — 1.5 — 2.25 1.5 — 1.5
(Vo = 8.0 or 1.0 Vdc) IL 10 - 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1" Level Vdc
(Vo =0.50or 4.5 Vi) v 5.0 35 —_— 35 275 — 35 —
(Vo = 1.0 or 5.0 Vde) IH 10 7.0 — 7.0 5.50 - 7.0 —
{Vo =1.50r 13.5 Vdc) 15 " — 1" 8.25 — " —
Output Drive Current mAdec
(VOH = 2.5 Vdc} Source 50 | -30 — -24 ~42 — -17 —
(VoH = 4.6 Vdc) IOH 5.0 -0.64 — —-0.51 —-0.88 — -0.36 —
(VoH = 9.5 Vdc) 10 -16 — -1.3 -225 — -09 -
(VoH = 13.5 Vdc) 15 -4.2 — -34 -88 —_ ~-24 —
(VoL = 0.4 Vdc) Sink 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
{VoL = 0.5 Vdc) loL 10 1.6 - 1.3 225 — 0.9 —
(VoL = 1.5 Vdc) 15 42 — 3.4 8.8 — 24 —
Input Current lin 15 — +041 — +0.00001 | +041 — 1.0 HAdC
Input Capacitance Cin — — - — 5.0 7.5 - — pF
Vin=0)
Quiescent Current DD 5.0 — 5.0 _— 0.005 5.0 — 150 pAde
{Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 —_ 0.015 20 — 600
Total Supply Current**t g 5.0 IT = {0.3 pA/KHZ) f + Ipp pAde
{Dynamic plus Cuiescent, 10 IT = (0.6 pA/KHz) f + Ipp
Per Package} 156 IT = (0.9 pA/kHz} f + Ipp
{(CL = 50 pF on all outputs, all
buffers switching)

#Data labelled “Typ” is not to be used for design purposes but is intendad as an indication of the IC’s potential performance.

**The formulas given are for the typical characleristics only at 25°C.
1 To calculate total supply current at lpads other than 50 pF:
IT(CL) = IT(50 pF) + {C|_ - 50) Vfk

where: IT is in pA (per package), C|_in pF, V = (VDD — Vss) in volts, fin kHz is input frequency, and k = 0.001.

This device contalns protection circultry t6 guard against damage

| dus to high static voltages or electric flelds. However, precautions must

. betakentoavold appl_lcatlons of any voltage highqr’ihan maximum rated
|  voltages to this high-impedance circult. For proper operation, Vip and

Vout ehould-be constralned to the range Vgg < (V| or Voin) < VpD.
Unused inputs ‘must always be tied to an appropriate logic: voltage
tevel (e.g., either Vgg or Vpp). Unused outputs must be left open.

Q2
Qo

Qs

Q6
Vss f

Q4

o7
ed Qs

@ - ;O M s W N

PIN ASSIGNMENT

16! Vpp
15 Q3
a1
318
1z''¢c
"D
10 A
9. 08

MC14028B
114

MOTOROLA CMOS LOGIC DATA




SWITCHING CHARACTERISTICS* (C|_ = 50 pF, Tp =25°C)

Characteristic Symbol VYpD Min Typ # Max Unit
Output Rise and Fall Time tTLH- ns
tTLH, tTHL = (1.5 ns/pF} G + 25 ns THL 5.0 — 100 200
tTLH. tTHL = (0.75 ns/pF} CL + 125 ns 10 — 50 100
tTLH. tTHL = (0.55 ns/pF) C + 9.5 ns 15 - 40 BO
Propagation Delay Time tPLH. ns
tpLH. tPHL = (1.7 n&/pF) CL + 215 ns tPHL 5.0 — 300 600
tpLH, tPHL = (0.66 na/pF} C + 97 ns 10 — 130 260
tPLH. tPHL = (0.5 ns/pF) C + 65 ns 15 — 30 180
* The formulas given are for the typical characteristics only at 25°C.
#Data iabelled “Typ" is not to be used for design purposes but is intended as an indication of the |C’s potential performance.
Inputs B, G, and D 20ns > -~ ™ }‘ 20ms VoD All outputs connected
switching in respect (NPUT A % b | to respective C|_loads.
o a BCD code. 10% T 0% J' ' f in respect to a system
et Pk vss clock.
- -
= -« 20ns »] -« 20ns v
e, ’ oD
INPUT C e
10% L
------ i Vsg
Inputs A, B, and D low. thH ~ = iPHL
| ;
t 90% ‘ Vo
; © 50%
Q4 !
1,0%+ } VoL
o= iTH = = H
Figure 1. Dynamic Signal Wavetorms
MOTOROLA CMOS LOGIC DATA MC14028B
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LOGIC DIAGRAM

APPLICATIONS INFORMATION

Expanded decoding can be performed by using the
MC140268B and other CMOS Integrated Circuits. The circuit
in Figure 2 converts any 4—bit code to a decimal or hexadeci-
mal code. The accompanying table shows the input binary
combinations, the associated “output numbers” that go “high”
when selected, and the “redefined output numbers” needed
forthe proper code. For example: For the combination DCBA
= 0111 the output number 7 is redefined for the 4-bit binary,
4-bit gray, excess—3, or excess-3 gray codes as 7, 5, 4, or 2,
respectively. Figure 3 shows a 6-bit binary 1—of—64 decoder
using nine MC14028B circuits and two MC14069UB in-
verters.

The MC14028B can be used in decimal digit displays,
such as, neon readouts or incandescent projection indicators
as shown in Figure 4.

D

+ Q0
. a1

Q2
Q3
Q4
Q5

. Q8

- Q7

- 08

- Q9

A Db & 8 A

INPUTS
D C B A

QUTPUT NUMBERS

Figure 2. Code Conversion Circuit and Truth Table

Code and Redefined
Qutput Numbers
Hexadecimal Decimal
Inputs Output Numb o
p utpu ers = E =5 * Z: el
5145 8|85 % (€
DIC{BlA|15l1a13|12i11 10|l |lel7 065 at3l211 0 ol
ojoltototoftofofjlotololofjololofolololofo 1 0 0 00
ojotoln1 ocgototofotlotololotototololo 1 0 1 1 1 1
olo0 {1 ojojotjoitojlojotololotlotlololo 1 0p0132 3 0 f2 2
0po |1 1 cjolofojofojogfojojoloto 1 ofjo0to 3 2 0[313
0§11 ojojojoflotototolototlotlolo 1 cfototfo 4 7 1 4 1 4
or1 01 ojfojotofotojlojoloio 1 cjojotolo 5 6 2 3
0{1 1 cjolojotojlojololoio 1 otojfotototo 8 4 3 1 4
0q1 1 1 ofojogofjfojotolo 1 ojofjojojotofo 7 5t4112
1 0 0 0 0 0 0 0 0 4] 0 1 0 0 0 0 0 [} 0 0 B 15| 5
1107} 0 1 cfoftofototgol1 ojgofjojojolololotlo 911418 5
110 1 ojo0tlofototlo 1 cojfojtotototogotolololwlizlz? 2] 6
1 0 1 1 0 0 4] 0 1 0 0 0 0 0 0 0 0 0 0 O J11113] B 5
1 1 ojofogolo 1 ojofofolololotololotololiz] s 915 6
1 1 o011 0fo 1 cjofogojojlototlolotololololiats 61717
1 1 1 ojJo]1 ojJjojojJojJojojojJojlojJolojgoftolo Jia]l 11 ) B
1 1 1 1 1 ototojotofjolodolololotgolaolodlodlis]io 719 9
MC14028B MOTOROLA CMOS LOGIC DATA
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INPUTS

ABC D E F INHIBIT
S L - (NOSELECTION)
‘ i A B C -D
| MC140288
W — — — Q9

T T |

el -;:mehmm

ABCD"ABCD ABCDABCD|ABC ABCDABCD ABCD

5 MC14028B | MC14028B || MC14026B @ MC140288 | MC140288 MC140288 MC14028B © MC14028B

00— — Q9| \00“_'—09“00——09 |QU-—-——09 Ql]——09 QU———OQ 00——09 QU———OQ
—_— —— —_ | —_ (A _ —

i 7 ] 15 16 23 24 31 32 39 40 47 48 b5 55 63
*1/6 MC14069UB 64 OUTPUTS [SELECTED QUTPUT IS HIGH)

Figure 3. Six-Bit Binary 1-of-64 Decoder

APPROPRIATE APPROPRIATE
. VOLTAGE VOLTAGE

A al - 4 NEON % INCANDESCENT
- N .

_ @ -
B [ R DISPLAY
i a | OR i o
MC140288 Q5 .- o u .
Q6 - P e , _
a7 . ‘ k
Q8 9 ; A

; ® —— == ———

DISPLAY

Figure 4. Decimal Digit Display Application
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J

-

NOTES;
- o i 1. DIMENSIONING AND TOLERANCING FER ANS!
[ T DU | P S i Y14.5M, 1982,
18 s A ! 2. CONTRCLLING CMENSION: MILLIMETER.
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S D . : PROTRUSION. ALLOWABLE DAMBAR
| T : ‘ _ PROTRUSION SHALL BE 0,127 (0 005) TOTAL
' . IN EXCESS OF THE D DIMENSION AT
G MAXIMUM MATERLAL CONDITION.

MILUMETERS |  INCHES |
MIN | MAX
980

M Max

 Div |

035 | cag | e
040 | 125 0016 | 0.048 |
. 0.0S0BSC

. 0008 0.009
;0004 | 2008
e 07 7o
R T
000 | 0018 -

XM OO

i

D 1epPL
L 0250010)M T B S A S

Motorola reserves the right to make changes without furthar notica to any products herain. Motorola makes no warranty, representation or guarantes regarding
the suitability of its preducts for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specitically disclaims any and all liability, including without timitation consequential or incidental damages. “Typical” paramatars which may be provided
in Motorola data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. Ali operating parameters,
including “Typicals" must be validated for each customer application by customer's technical experts. Motorola does not convey any licensa under its patent
rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant
into the body, or other applications intended to supporl or sustain life, or for any other application in which the failure of the Moforola product could create a
situation where personat injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application,
Buyer shalt indemnify and hoid Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmiess against ali claims, costs, damages, and
expenses, and reasanabla attorney fees arising out of, direclly ar indirectly, any claim of personal injury or death associated with such unintended er
unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part. Mctorola and. M. are registered
tradermarks of Motarola, Inc. Motorola, Inc. is an Equal Qpportunity/AHirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JLDC, 6F Selbu—Butsuryu—Center,
PQ. Box 20812; Phoenix, Arizona 85036. 1—-800-441-2447 or 602-303-5454 3142 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315
MFAX: RMFAX0@ email. sps.mot.com - TOUCHTONE 6022446609 ASIA/PACIFIC: Motorola Semiconductors H.K, Lid.; BB Tai Ping industrial Park,

INTERNET: htip://Design—-NET.com

) MATREREAc 057

51 Ting Kok Read, Tai Po, N.T,, Hong Kong. 852-26629298

mMMGIAEe8

0G0 OO 0 P



1s02-cMos MT8870D/MT8870D-1
@ MlTEL® Integrated DTMF Receiver

Features ISSUE 5 March 1997
¢ Complete DTMF Receiver Ordering Information

* Low power consumption MT8870DE/DE-1 18 Pin Piastic DIP

* Internal gain setting amplifier MT8870DS/DS-1 18 Pin SCIC

MT8870DN/DN-1 20 Pin SSOP

» Adjustabl d ti
justable guard time -40 °C to +85 °C

* Central office quality
*  Power-down mode
¢ [nhibit mode

* Backward compatible with Description
MT8870C/MTB870C-1

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

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

* Paging systemns
* HRepeater systeams/mobile radio

* Credit card systems minimized by on chip provision of a differential input
* Remote control amplifier, clock osciltator and latched three-state bus
= Personal computers interface.
* Telephone answering machine
vDD  vSS VRef INH
1
PWDN —T—> Bias \
Circuit /VHef
Buffer
] I
Chi hi .
Ponar Binp High Group In Digital Code
Filter Detection Converter &_ .
Algorithm and Latch Q2
IN i
* Tl?alr?le Zero Crossing
IN- Filter Detectors > Q3
G Low Group —
S Filter i) &—* Q4
Dc -> E?h?;ll »{ St Steering Z
Clocks < GT Logic v
AN
v v
0SC1 052 SUGT ESt STD TOE

Figure 1 - Functional Block Diagram



T8870D/MT8870D-1

ISO?-CMOS

IN+[ | 1 L s "] VDD IN+ ] 1 H 20 vDD
N1 ]2 17[ 1 suGT IN-] 2 194 svaT
GS. |3 16| ESt Gs |3 18] ESI
VRet' | 4 15| stD VRef{ | 4 17 StD
INH | 5 141 Q4 INH| | 5 18] NC
PWON .| 6 1317 03 PWDN[ ]| & 151 Qa4
oscCi1l | 7 12 Q2 NC[] 7 14| Q3
oscz| | 8 17 ot osc1'] 8 13 aQz
VSS' | g 10| . TOE 0scz2 g 121 o
VSSi |10 1] | TOE
18 PIN PLASTIC DIF/SOIC 20 PIN SSOP

1 Description

ﬁﬁure 2 - Pin Connections

in# -

ename— N .

; 20 - Name Description

H |
1 i IN+  Non-Inverting Op-Amp (Input).
2 N Inverting Dp Amp (Input)
3 GS Gain Select. Gives access to output of front end d|f'ferent|al ampln‘ler for connection of
feedback resistor.
4 Veet Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Flg 10)
- | .
5 1 INH Inhibit (Input) Logic high inhibits the detechon of tones representlng characters A, B, C
I and D. This pin input is internally pulled down.
6 PWDN [Power Down (Input), Active high. Powers down the dewce and |nh|b|ts the osculator Th|s
lpln |nput is internally pulled down.
8 OSsCi Clock (Input)
! 9 ; 0OS5C2 Cilock (Qutput). A 3.579545 MHz crystal connected between pins OSCt and OSC2
5 completes the internal oscillator circuit.
10, Vgg |Ground (Input). OV typical.

b1 TOE Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
Ipulled up mternally

- 12- 1-Q4 Three State Data (Qutput). When enabled by TOE prowde the code correspondmg to the

15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
‘ impedance.
\ ‘ ,

v 17 ¢ StD  Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output iatch updated; returns to logic low when the voltage on St/GT falls
below Vrg;.

P18 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.

19 SVGT Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg; 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 steenng time- constant its state is a funct|on of ESt and the voltage on St.
20 Vpp Posmve power supply {Input). +5V typlcal
7. NC 'No Connection.

16




1Is0%-cmMOos  MT8870D/MT8870D-1

Functional Description

The MTB870D/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 2350 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 tc 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

e
Vop
SYGT v
| ESt VAAA
R
StD >
MT8870D/
tara=(ACHN(V o Vrs)
1 A TS
MT8870D- Ea = RO Voo Vogr Vrs]

Figure 4 - Basic Steering Circuit

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 externa! RC time constant driven by
ESt. A logic high on ESt causes v, {see Figure 4} to
rise as the capacitor discharges. Provided signal

0 PRECISE
/ \ DIAL TONES
w0 \ I \ =350 Hz
“| Y=440 Hz
A DTMF TONES
20
ATTENUATION l ‘ Qf?% HZ
(dB) l \ =852 Hz
30 D=941 Hz
l ‘ E=1209 Hz
F=1336 Hz
“ ’ \ G=1477 Hz
’ \ f\ H=1633 Hz
50 /m y v \
l I 1 1 I 1kHz I I I I
X Y AB C D E F G H
FREQUENCY (Hz)

Figure 3 - Filter Response




T8870D/MT8870D-1

ISO2-CMOS

idition is maintained (ESt remains high) for the
dation period (tgTp), V. reaches the threshold
gt) of the steering logic to register the tone pair,
:hing its corresponding 4-bit code (see Table 1)
) the output latch. At this point the GT output is
ivated and drives v, to Vpp. GT continues to drive
h as long as ESt remains high. Finally, after a
irt delay to allow the output latch to settle, the
ayed steering output flag (StD) goes high,
1alling that a received tone pair has been
istered. The contents of the output latch are
de available on the 4-bit output bus by raising the
3e state control input (TOE) to a logic high. The
gring circuit works in reverse to validate the
wdigit pause between signals. Thus, as well as
scting signals too short to be considered valid, the
giver will tolerate signal interruptions (dropout)
short to be considered a valid pause. This facility,
ether with the capability of selecting the steering
2 constants externally, allows the designer to
o performance to meet a wide variety of system
uirements.

ard Time Adjustment

many situations not requiring selection of tone
ation and interdigital pause, the simple steering
uit shown in Figure 4 is applicable. Component
les are chosan according to the farmula:

lrec=lpp*iaTe

lio=lpatlca
' value of tnp is a device parameter (see Figure
and tgrgc is the minimum signal duration to be
agnized by the receiver. A value for C of 0.1 pF is

lare=(ReCinfVop/(Vop-Vred]
tara=(AyC)infVpp'Vrs,
Ae=(R R (R +R5)

a) decreasing tgtpi (lgrp<taTa)

lore={(F Co)inf Voot Vpp-Visl]
Voo O | tara=(RpC 1 )in{Vpp/Vrsy
Rp=(R1R V(R +R)

b) decreasing taTa; (tGTF‘)tGTA.)

Figure 5 - Guard Time Adjustment

Digit | TOE | INH ESt  Q, Q | Q, Q
ANY © L X H z z |z z
1 H X l H: 0o o o 1
2w xR | o "o 1 1'76"
2R xR oot
4 H x H o i1 ol o0
6 | H . X H 0o 1 11 o
7 0H X 0 H 0 1y
8 } Wooox om g T o | o
9 H x| H 1 o o 'y
o H Il x W T e 10
0 H X H 1 o a1
e lw !t x w4 0 o
A H L m b
C H L i H 1 LN T
b WL 'lw o0 o o
- A I, . H R L S 1 - L
5 | W' m o undeleced e ouow coe
_C : H H ;L previous detected code
D ! H H 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 (tgtp) and tone absent (tgra). 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 tgec
improves talk-off pefformance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tge with
a long tpp would be appropriate for extremely noisy
environments where fast acqguisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.



ISO%-CMOS MT8870D/MT8870D-1

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. It 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 (VRr.s} 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 VRet
biasing the input at '/;Vpp. Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

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
osciltator 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.

MT8870D/
MTB870D-1

.

(o R, IN+

itferential Input Amplitier
R oot amoit
H1=R =H5=1 00 k.Q
Ry=60kQ2"Ry=37.5 k2

RzRs5

H2+R5

All resistors are +1% folerance,
All capacitors are 5% tolerance.

R3=
N
VOLTAGE GAIN (A, diff)= =
1

INPUT IMPEDANCE

1 2
Enore) =2/ R4+ (ﬁ)

Figure 6 - Differential Input Configuration

To OSC1 of next
T8870D/MTBB70D-1

]

Ly X-fal A\
0sC1 __L oscz
|
08C2 4—[ '—— 0OsCH1
c
C=30 pF

X-1al=3,579545 MHz

Figure 7 - Osciliator Connection

Parameter Unit Resonator
A1 Ohms 10.752
L1 mH 432
C1 pF  4.984
Co pF 37.915
am - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/211fR1C1.
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iplications

CEIVER SYSTEM FOR BRITISH TELECOM
EC POR 1151 to=(RRC IV pp Voo Virsyl]

3 circuit shown in Fig. @ illustrates the use of -
B870D-1 device in a typical receiver system. BT laTa=(RsCilin(Vpp/ Vrsy
a¢ defines the input signals less than -34 dBm as
non-operate level. This condition can be attained Voo O—_L Ap=(A1AM R+ Ry
choosing a suitable values of Ry and R, to C,
vide 3 dB attenuation, such that -34 dBm input
nal will correspond to -37 dBm at the gain setting
GS of MTBB70D-1. As shown in the diagram, the
nponent values of R; and C, are the guard time .

1

SYGT

uirements when the total component tolerance is Ry gmeSSS:BKﬂiP/
For better performance, it is recommended to ESt Ry=2.2M Q + 1%

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

m‘-..
Figure B - Non-Symmetric Guard Time Circuit

Voo
C1
prme O— C»
Input Ry MT8870D-1
— |N+ l—[ VDD
— | IN- SYGT| —
— | GS ESt] — R
Ra b [ Vqe sto| ——0
O———— | InH Q4| —t—0
O———— | PWDN Q3 ——0
0SC 1 Q2| —r—0O NOTES:
X DI[— oscz  Qlf ——0 Ry = 102KQ = 1%
; VSS TOE| — Hz =71.5K2 £ 1%
Ry = 390KQ 11 %

nw C1,Cz=100 nF 5%
Xy =3578545 MHz £ 0.1%
Vpp = 5.0V £ 5%

-‘ - M
Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings!

! !
Parameter i Symbol Min Max Units
I
1 | DC Power Supply Voltage | Vop o 7 . V )
2 Voltage on any pin V, Vgg-0.3 Vpp+0.3 ‘V v
3 Current at any pin (other than supply) I 10 L mA
4 Storage temperature Tsta -65 * ~ #1150 | °C
5 Package power dissipation Pp 500 @ mW
mceeding thesa values may cause parmanent damage. Functional operation under these conditions is not implied.
Derate above 75 °C at 16 mW / °C.  All leads soldered to board.

Recommended Operating Conditions - voitages are with respect to ground (Vgg) unless otherwise stated.

| Parameter Sym Min  Typt  Max Units " Test Conditions
1 DC Power Supply Voltage Voo 475 5.0 5.25 ‘ Vv :
2 } Operating Temperature To -40 o ; +85 °CV * 7
3 - Crystal/Clock Frequency fc 3579545 MHz
4 | er}stal/Clock Freq.Tolerance 7 Afc #0.1 | %

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

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

Unitsf

Characteristics Sym Min  Typt  Max Test Conditions
| |
1 S Standby supply current " Ippg 10 25 pA  PWDN=Vpp
. U I ' N . . . PR .- . |
2 p :Operating supply current . lpp 3.0 9.0 mA
P ; * - - i
3 L 'Power consumption . Po 15 mwW  {c=3.579545 MHz
Y H
. ] 1
4 High fevel input l ViH 35 vV  Vpp=5.0V
! b .
5 Low level input voltage VL 1.5 V. Vpp=b0Vv
6 | Input leakage current /L 0.1 pA ‘Y',N?VS,S or Vpp
7 N Puil up (source) current  lgo 7.5 20 uA  TOE (pin 10)=0,
P ' Vpp=5.0V
v i Vpp=5.
8 ; "Pull down (sink) current g 15 45 pA  INH=5.0V, PWDN=5.0V,
| _ Vpp=5.0V
¢ Input impedance (IN+, IN-) Ry 10 MQ @ 1kHz
10 Steering threshold voltage Vst 2.2 24 25 V. Vpp=50V
11 Low level output voltage VoL | Vgg+0.03 V  Noload
12 8 “High level output voltage Vou Vpp-0.03 V  Noload
13 7 %Output fow (sink) current loL 1.0 2.5 mA  Vgur=04V
. P i I . -
14 u Output high (source) current lon 0.4 0.8 mA  Vgyr=4.6V
T ' 1 . .
15 g VpetOutput voltage - Viet 2.3 2.5 27 V  Noload, Vpp=5.0V
16 VRet Output resistance .~ Rom 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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MT8870D-1 AC Electrical Characteristics - vy5=5.0v15%, Vgg=0V, -40°C < To < +B5°C, using Test Circuit shown

in Figure 10.
Characteristics | Sym | Min | Typt | Max  Units | Notes*
4 Validinput signal levels (each - -3 + | +H ‘ dBm Te;tst %‘XDD=5-0V
tone of composite sugnﬂarl)r 21?3 7 ‘ 559 1 ,TYHMS } th B
| ' .37 | | dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject [ "*"10.9 . Mi"}."VRMSW 1,2,3,5,6,9
; . : - L. : b . BMS .
3 | Negatiotwistacoept | S e @8 206018
4 ) Posjtiye twist _.f-,_l_c_:c_ept B : ) . _ J B ' 8_ _J d877777772,3,6,9:_1_§ B
5 Frequency deviation accept 7 J +1.5%+ 2 Hz * ] } 2,359
6 i Fr_g_quency deviation rﬁj:e_c__t 4__~3.5% 7 - j| \2359 7
7 - Third zone tolerance -18.5 - dB | 2,3459,12
8 Noisotoernce e @ 20457900
9 | Dial tone tolerance | | 22 4B 23458911

t Typical figures are at 25 °C and are for design aid enly: not guaranteed and not subject to praduction testing.

*NOTES

. Digit sequence consists of all DTMF tones.
. Tone duration= 40 ms, tone pause= 40 ms

. Tone pair is deviated by 1.5 %+ 2 Hz.
. Bandwidth limited (3 kHz ) Gaussian noise.

oo~ WN -

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

. Signa! condition consists of nominal DTMF frequencies.
. Both tones in composite signal have an equal amplitude.

. dBm= decibels above or below a reference power of 1 mW intc a 600 ohm load.

. The precise dial tone frequencies are (350 Hz and 440 Hz} £ 2 %.

10. Referenced to lowest level frequency component in DTMF signal.
11. Relerencad to the minimum valid accepl level.
12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guarantesd by design and characterization.
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T8870D/MT8870D-1 1s0°-CMOS

> Electrical Characteristics - vpp=5.0v£5%, V55=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

l Characteristics Sym T Min i Typt Max  Units Conditions
‘ Tone present detect time top 5 | 11 14 ms  |Note 1
J ‘ T jvTone absentmde-tect time . | tDAOS | 4 | 85 ms INotel
» ,L “Tone duration accept ” mi?tHEC | o 40 ms Note2
() Torecuwatonrelest  te 20| ms Note2
. @ |Interdigit pause accept oy o ... 4 | ms Note?2
Interdigit pause reject . tpo 20 ms Note 2
Propagation delay {St to Q) trq 8 11 us TOE=Vpp
| o ‘Propaéa.t_ién delay (St to StD) mtl;su.-_, | 12 o 16 | us wTOE=VDD -
. $.Outputdata set up (Q to StD) ” 'tQS,D: 3.4 ps '7 TOE=Vpp
) 1 |Propagation delay (TOE to Q ENABLE)  tpre 50 ns load of 10 ke
T o R A . 50FF
] S Propagation delay (TOE to Q DISABLE) tpyp | . 300 ‘ ns Ioad of 10 kQ,
| | | | .50 pF
> | P Power-up time toy | 30 | ms %Notea
3's:~Power-down"'u'mé o 20 Cms
+ Crystaliclock frequency | l fc  3.5759 N 35795 3.5831 MHz |
5 J E ‘Clock input rise time  twel J -, 10 ns  Extclock
3 \ 0 ‘[Clock input faII tlme  twol o I 11_0___ . NS Extclock
'K =Clock input duty cycie DG 40 50 } 60 1 % Ext.clock
3 ICapacmve load (OSC2) " Clo b 30 | pF

L

pical figures are at 25°C and are for design aid only: not guaranleed and not subjact to production tesllng

TES:
Used for guard-time calculation purposes only.
These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.
With valid tone present at input, tp equals time from PDWN going low until ESt going high.

Vop
Cy
DTMF .
Input R 5
! MT8870D/MT8870D-1
[l
== | IN- SUGT| — R
3
A — | GS ESt] —
2 b= | Ve S| ———0
{O————— | INH | ——0O
O—— |pown @3 ——O
| OsC 1 | —1mO NOTES:
Xl L|gb— | osc 2 al| ————0O 21 '220?)1 ;3!;91 f/ 1%
v TOE| — 3= o
! 58 Cy,C,=100 nF £ 5%
X-tal=3 579545 MHZ + 0.1%

ﬁaure 10 - Single-Ended Input Conf-iguration



Iso2-cMos MT8870D/MT8870D-1

AN
| D |
EVENTS | A | B | ¢ | E | F | &
taec—! '4— —l trec le— '(— tip —i _,1 tho fe—
i
l l TONE TONE
Vin | | TOH;E #n #n +1 #n+1
Py = | —3  je—tpa
es (111 ' | L
N _ Vs
SYGT A A
-|-J « lasio
4 HIGH IMPEDANCE
Q,-Q, DECODED TONE # (n-1) IX | #n )___—@
tesio . |<— | I
StD I I_-;——I |
teTE

TOE -—’i F_ tPTD _,||_F__7
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} QUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY

HIGH IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, QUTPUTS REMAIN LATCHED.
G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, QOUTPUTS AEMAIN LATCHED UNTIL NEXT

VALID TONE.
EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING QUTPUT. INDICATES DETECTION OF VALID TONE FRECUENCIES.
SVGT STEERING INPUT/GUARD TIME QUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Q,-Q4 4-BIiT DECODED TONE QUTPUT.
StD DELAYED STEERING QUTPUT. 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 Q4-Q4 TOITS HIGH IMPEDANCE STATE.
lpec MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
lrec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
1) MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
too MAXIMUM ALLOWABLE DROP QUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
oa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
fatp GUARD TIME, TONE PRESENT.
teta  GUARD TIME, TONE ABSENT.

R

o
Figure 11 - Timing Diagram
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