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ABSTRACT

This project is concemed about the remote controlling by
using of radio wave in VHF band (109 M,,) as carrier with dual tone
'multi—frequency (DTMF) signal. The rerﬁote control can be applied for
controlling the ON - OFF function of any electrical equipment in the
distance of 20 metres. The principle of transformation of DTMF signal
is sent through the circuit that will be decoded to control the desired
electrical device with capable of 9 channels to be controlled and to
be due to used DTMF signal which used in general telephone system
then to cause the system can orders with telephone by connect it

with automatic telephone receiver.
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\AE
1 1 7.348 —— - 0.1264
2 3 6.544 - - 0.1593
3 4 5.827 - - 0.2009
4 5 5.189 - - 0.2533
: 5 7 4.621 - - 0.3195
) 6 8 4.115 - - 0.4028
by 9 3.665 - - 0.5080
8 10 3.264 7.6 57 0.6405
9 11 2.906 8.6 72 0.8077
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10

12 2,588 9.6 20 1.018
11 13 2,305 10.7 113 1.084
12 14 2.053 12.0 141 1619
13 15 1.828 13.5 177 2.042
14 16 1,628 15.0 221 2575
15 17 1.450 16.8 77 3.047
16 18 1.291 18.9 348 4.094
17 18 1.150 21.2 437 5.163
18 19 1.024 23.6 548 6.510
.19 20 0.912 26.4 681 8.210
20 21 1.812 29.4 852 10.35
21 22 0.723 33 1 1065 13.05
22 23 0.644 37.0 1340 16.46
23 24 0.573 41.3 1665 20.76
04 25 0.511 463 2100 26.17
25 26 0.455 51.7 2630 330
26 o7 0.405 58.0 3320 41.62
o7 29 0.361 64.9 4145 52.48
28 30 0.321 72.7 5250 66.17
29 31 0.286 81.6 6510 83.44
30 33 0.255 90.5 8175 105.2
31 34 0.227 101 10,200 132.7
32 36 0.202 113 12,650 167.3
33 37 0.180 127 16,200 211.0
34 38 0.160 143 19,950 266.0
35 38-39 0.143 158 25,000 335
36 3940 0.127 175 31,700 423
37 41 0.133 198 39,600 533
38 42 0.101 224 49,100 673
39 43 0.909 248 62,600 848
40 44 0.808 282 77,600 1070
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uarluasasiifianguamed (Demodulator) 1 LC diflugunsaineueniivinsadaniy
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typical supply current Ip = 8mA (nszualdanw)
r.f.input frequency range. . Frf. = 15 to 110M,,
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sensitivity for-3dB limiting e.m.f.

with Zs 75Q, mute disabled

maximum signal input for

e.mf. with Zs 750

audio output (r.m.s.) with

RL = 22KQ, Af = £225K,,
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V. -3dB = 15 w. (paula)
THD < 10% Af = +75K,,
V. = 200 mV

(Puusdtyeyruniuliigagm)

Vo 75 mV.
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(Timing Diagram) 11431]'7; 47

Fiow | Fuau | No. | TOE | qQ, Q, Q, | Q
697 | 1200 | 1 H 0 0 0 1
697 | 1336 | 2 H 0 0 1 0
697 | 1477 | 3 H 0 0 1 1
770 | 1209 | 4 H 0 1 0 0
770 | 1336 | 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 | © 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 z z z z
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5404 /7404

Hex inverter

g Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Packeage R Package . Packege . Package , Package,
Dewco Type Device Type Device Type Davice Type Davice Type
C|P|MICF P C|P|M(CF CiP|MCF C{PMICF C|P|MCF
1.1 sus:su ) O wil{ SNS¢HO4 J D w.i{ SNSeL S04 1 & W) Shsa0e T Wil SNSILO4 H NI TS
b SNI4S04 1 OIND! SNI4H04 3 DI 5N74L S04 3 DN SNT0L 13 [ND SNILO4 1 @ NDY T
LD F MS4S04/F MSS04[0C £ MS4HOA/F MIHO4 OO F i{1eami nms  [of D [ FMsue/Fmanoe 103 F&
FAIRCH! FCI4504/F C9S04 10C] D F C14H04/7C9 104 JOB{PD! FCIALIM/ PRS0 oD | M D | FMT404/F CINOL  [OTPY)]
i MC3108 LD F I MC5404 Ll FY
MOTOROLA MC3008 LDPET  F T SNILSK P T MCI404 LT’P__@_ .
NS.C b DMS4HO4 S T{ND OMS5AL S04 DM 404 STIND] Wy DMmsatod JOIND]  |FQ
- DMIAS04 N OMI4H04 5 QN OM74LS04 DM 404 1T IND DMULOL JOIND]  [F O]
PHILIPS NIASOL [) NTEHOL [) NT4L SO [ F JH24177404 [
SIGNETICS | ooisw Fola] vy ssariea FO[AD] (W SSaot FIIAD]
NT4S04 FOA®] Wi N1t FO[AT] NTALS04 w N1k FT[AT
SIEMENS | g Fonet T
o
FUNTSU A LS04 MBe18 O]
B
HITACHI HDIS04 O PO! HD ML S04 PO HOT404/KD2522 . § THPD)] .
B
MITSUBISHI , M5S004 ML S0t PO MS3204 PO,
F
NEC 74504 CQ HLSO =0 #PB2IS DT
OSH ]
TOSHIBA i TO3M04A PTL |
Electrical Characteristics SNS4LS04/SN74LS04 .
adsolute maximum ratings ever operating free-sir tempersture range
Suisly veltsge. Vo( F 27 Operatweg Woe-sr [ snsaLs -8ST i 2sT .
T v sempwaws o (oS T 5 Wt Schematics (each gate)
¥ Swurage weprrate ange ~45C ST
® SN54LS04 BN74L504 v
] WOM____MAX_| WN wom_ x| ™
Gwwiy voltage. Voo 4.3 i) 4.5 475 3 s 7
High fovel auiput Sastenl, o -a00 —a80 Py e %
Low-tvel atpat arrent. 19 < < 3 o Ry “
Opeeateng Woeaer wmosiatws, Ty -85 25 [ » T
electrical characteristics over recommended .operating A WTPVT Y
free;air temperature range o
PARAME TER TEST CONDITIONS t MIN TYP $ Maxfunit -
Vi High-evel mput voltage 2 v aus
A Low-tevel input voltage 0.8 Vv
Vi input_clamp voltage Voo =MIN,  §y=~18mA —1.87 v
Voo =MIN, Vi == Vy, max SIRCAY L] z; 24 W
v High-teveE output wolta . i % I X K4 o4 4% ]1aK]1 L]
o 9 o, N 1oy =MAX k. “Lo4__ | 4ow] 2ok]s00 ] 12k]
5 VCC=MIN,  Viy=2v, inpvt clamp diocdes not on
avef P P s )
Vou  Lowsiavef ouiput wotiage 19y = 4ma e SNSAL /SNTAL® eircuits. S04 CIRCUIT
Input current at 04, ‘L04 CIRCUITS
[ maximam ot ottage VOCEMAX. V= IV 0.1 =2 - |
oy High-leve! input current Voo =MAX | V=21V 201 »A
i Low-level input Surrent Voo =MAX, Vi =0.4V ~0.4] mA
Short-creuit | stLs Fanay | ~20 —\00
L v MAX
05 guput cufrent ® ccT [ 74Ls Famay | =20 Ziw| ™
IcCH__ Suooly current Ve ax O Sutputs tegh .2 2.4{ ma
1GCL Suppty current 8 Total, outputs tow 3.6 6.6l ma
Average per gate 4
! Supoly current v -
cc Y €C=5Y Lisos auty cycted o4 &
. Propagateor delay tims, N 1
PLH  § pw-t10-tn-lover autput vee= SV, Ta=25C. "
Propagation delay time. CL=ISPF, "R =2kQ
1PHL ‘lo-b\z-l-vol output 19 SN
Pin Assignments (Top View)
Vu
® @ by
YCC $A 8Y SA SY 4A 4y 1Y 8A &Y GND SY SA 4y wpur
pinSnioinintn N nEnY niminiainn . k et
F T T ]
T : I 1
) i «J i
7 ;
A e
i r<li P"l i HO4 CIRCUIT ‘L3064 CIRCULT
" i
1 s e 1 [) 1
TA 1Y 24 2Y 3A Y OND A n zA Vcc 3a 1Y 44
[
3 positive togic
¥y=2 Resistor values shown are nominal and ln ohms.

i
1For conditons shown &3 MIN or MAX. uss the aporooriale value

under

3AH 1ypicat vanes are at Voo = SV, Ta=25C.
*Not more 112N ON0 OUTPUT 3OS be 3horted &t & time, B3nd for SNSEH'/SNIGH™ ang SNSIS'/SNTIS' curation of SNOri-Creuil ShOuKd N0t 81006d 1 sonund.

ded cperatng
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5408' /7408

Quadruple 2-Input Positive-AND Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package . Package Package
Device Type Device Type Device Type Device Type Device Type
< PeIcTPm[cH Pe TP mIcF c[PimIcF c[P[M[cF e reTPImice
T.0 SN54508 T we SNSAL S0 33 w i snsaos 44 wi i
< SN14S08 JENG SNHL S8 33 N SNT408 JEYN s
FAIRCHILD FUS4308. - Fuysos o 3 JF MS4HOS £ MusHOS ;0 § R e i d of | FM5408:F Manca D X3
FCa50," L3508 ol [od £1 |F CraH08 F CIv08 [DJ [P0 FCI6L308. £0% 508 o 11T #Q, ; FC408/FCINDS__ [O 1P 1
: MC101 Lo 7.4
.MOTOROU MC300! P 1F4] snaLsos X MC 1408 P ¢
NS.C. TMS4HCS )N DMS4L S08 P OMs408 BN | OMS4L08
- DM 14108 3T ND: © iDMIeLS0s . p.d OM 1408 1IN OM74L08
PHILIPS N74S08 ] N14HOS I N4LS08 3 NT408 [
$34H08 Folal  {wa $5408 Fljal] iwn
SIGNETICS N74S08 a1 NILHOS Fi AL N74L S08 A 1 N1408 FOIAT
SIEMENS Ry =
FUNTSY TR »
HITACHI WGILSe X W48 /K255 | G|Pa]
MITSUBISHI ML So8 =l MS53208 R
i
NeC : LS08 cL «PB2M o4
d
TOSHIBA } : TD3¢08 21
. Electrical Characteristics SNS4LS08/SN74L.508
aPsolute maximum ratings over opereting free-air temperature range
Seoply voitear, VOO ™ Owraier. 2007 T snsas —$3T e 3T : \
B = o S S Schematics (each gate)
IMeremriter wniage SV SR RADCPNN 1HY0 «65C w 1%07C - vcc
[ v lions & .Y (E -3 T
SN54L508 SN7ALS08 Tav
Ll NO™ MAX N NOM MAX
Suoony eeitape. Voo s 3 $S 7% A L) v VLS TP
Hgh-tnel eutsut current, 10u ey —e0 1y & iy ou . uT
Low-tevel autpnt Curvent, 1oy 0 [} »A 8 p J
Ovavating Weews lemperasturs. To -4 125 ° ) x =2 3 P |
electrical ctharacterstics over d operating v GND
free-air temperature range
PARAMETER TEST CONDITIONS t MIN TYP § MAX | UNIT W CIRCUIT
Viy High-tevel mput voltage i 2 v
ViL Low-level input voltage .8 v
Vy Input olamp voltage VCCEMIN, = ~igmA ~1,8] Vv
. VECRMIN,  djue 2V = \
VoH  High-evel output voltage 1004 = MAX 2 3¢ v
i VEC=MIN. vy a2y Mg oa
VoL Low lnv:l oulput voltage Top = 4ma ; 0.2 0.4, V
1nput ourrent at H
I naxt ok input '0';'90 VEC*MAY, =1y 0.1 | mA 1
™ High-level mpul_current VEe=MAX Vg2,V 201 wa L3
W Low-evel input current Voe=MAX Vi =0.8V ~0.4( mA '
Short eifent SALS Famdy i =20 =106
t
0s output current ¢ veg=max LJ4LS Famdy ! ~20 ~ 100 &
lccH __ Suoply current VegmMAX Toml, outbuts mgh 2.4 48 wA
iccy,  Supoly current Total, Sutputs ‘cm 4.4 8.8} mA
Average pergate
'CC Suppty gurrent VEC=SV. jicos vty cye) .15 ma *$08 CIRCUIY
Prooagation detay time. . 5! on
PLH  jow-totgh-ievel output Vee=Sy  Te=25C : ¥
. Propagation detay ume. C =1%F, & ad0 2 g \
PHL  poh-to-ow-level output { 18 KN 20k ins
Pin Assignment (Top View)
@
VeC 6B a2 v ¥ = 3
e} [13) 2] fi1] fioi sl [e)
. R 1R
— .-t
1
,—13 A.:D n
W Snadl B Yoy i
. ST T 1
$er|siie
. 14 18 "w ™ X ¥ GNC
positive logx "
veas . Resistor values shown are nominal and in ohms.

* For conditions shown as MIN or MAX, use Ihe aDoroorate values specified Under recommended operng condirons.

3 AN typical vakmes are at Voo =5V,

Taw2sC

@ Not  more thin one output shouid be Shorted 8t a twme snd for SNSES"/SNTUS'. guration of Outpul ShOFt oot 3hould nat exosed one second.




6411,/7411

Triple 3-Input Positive- AND Gate

" Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
T +
Package Package Package Package Package
Device Type |- Device T Device T Device T = Device Type
P [ETeImIcr Yoo IeTemIcH Yo feTRIMIcH P [P IMCH YPe [ETpImIcH
T SN5S4S It 3 @ [wGX SNSaH(1 T (W2 SNS4LS 1 D)
-0 SNIUSH 3 DIND ST L OND SNULSHU ND .
FARCHILD fusa oJ FD] FASa1 L/F M3t 1 00! IF @} neasui/ nesys [ fO] FMSALE/FMINIL DD I -
[ of |~ FCHHIL/FCIL 0D PO [roasu/rxsit 01 D IO FCHU/FOINI DO PO
i MC3106 LD F
MOTOROLA MC:00¢ LOPD| FO sNuLsH P .
NS.C 4 DMSeR 14 1 DINE DMSL S 11 OMS411 PO ND) OMSaL1L
- OM TS NS DM 74H11 1OIND| OMIALS I OMT4i1 LORND, DM74L11
.
PHILIPS NS 4 NI 1) k] NHLS I NI 1
F SUHI FOIAD] v S5t QU] W
SIGNETICS NUSH NIUH T iF@[AD, NIULS 1 AT NT40Y D0
! 2
SIEMENS Foet o)
i <
Fumsy uLSH M)
¥
HITACH HOMS ¢ PC HDMLS It P9
MITSUBISH! MS§oLt PC MIULSH ) e T
NeC &PB2Y o@{CI, ULSi CaY R3] {C (! -
TOSHIBA T ]l
Electrical Characteristics SNSALS 1 1/SN74LS 11 .
shsolule marimum ratings over opereting free-air temperature renge .
Swoy vetage, VoG - ™ Oporateg worar [ swseLs ~HT W 55T
out vohape v tonparare tange HET Y 7C v W
Tgremaier vetlaoe 4% Swrage Woswahse fangt -¢C w T
P
1] SN74LSE)
[T NOM ] WO e
Swoely velage, VG a4 S 4.9 $ .78 k4
Hogh-lovel SApUL esrent, Loy -0 Py
Low-tove! Svimnt wrcant, ton, O as )
Goeratng bee-sr wemostature, Ty [ -3 e ® X

'chctn'c:d characleristics over recommended operating

free-aig temperature range

PARAMETER TEST CONDITIONS 1 IMIN TYP ¢ MAX {UNT
Vi High-evel wout_voitage 2 v
Vip__ Low-evel mout voltage 0s| v
vy Input_clamp veltage VCo =MIN,  t = —itmA -1 s] v
* Veg=MIN. g srumin] 2.5 3.4
Vou  High-evel ocutput vollage Vi =2V, v
5 oK =MAX I SFamiv] 2.7 34
H Voe=MIN, Vi =V max,
Vo Low-evel nu?ui votage toL = dma 0.25 0.4 V
Irput current at
[ Voo=MAL, V= o] ma
! masimum nput vollage cc™ = 3-4
[T High-tevel nput current Voe=MAX, Vi =2.7V 201 wA
I Low-level rout ourten] Veo =MAX, Vi =0.5V —0.4; ®A
108 Short eorcint dutput current @ | Voo =MAX -0 =100 MA
IccH  Supply Gurent Vor=md Total, cutputs high 1.4 3f].mA
oy Supply current cC Totat, outputs ow 33681 MA
Average per gete
[l Supply et vee =5V . mA
cc o cc {50% duly cycie) Pl
Propagation delay tme. j
! B 4
PLH tow-ta-high-iengl outout I i ¢ o ng
cC =3V, Cu=i%F ! :
TaA=25C L ;
Propagation d:hy tune, H
3 w204
P igh-to-tow-tavst output i "
Pin Assignments (Top View)
vee 1€ 1v 3 38 3 3y IC 3Y 3 GND 38 R X
4] fis] fiz] i1 . 1a] i3] frz) [i){iel sy fs)
B 1

B

10
3
3
x

-

i

I

‘§11 CIRCUIT
¢ — e
1Y " » “
~ anet
TS M
4 ot |
s e @ a0 n“l
c b o
”
N K11 CIRCUIT
s
2 4¢
t M-
< »

k2 2 ]

I m - ‘—C’% LS ciReuIT
Y
tigkiptiptintigti " 2 HptipEipiigtd
positive logic: =)
R Y=ABC W8I we v B Resistor values shown ace nominal and in ohms.
1For conditions shown a5 MIN or MAX, use the or unoer ']

3AN typios! veluas L4

at Voo =Y. Tao=25C.

@ Not more than ond SULpUt should be sharted 81 & time, and for SNSEH7SNTAH" and SNSAS/SNIMS", duraton of output short cwcuit $hould not excwed one 300nd.



54154 /74154

4-Line-to- | 6-Line Decoder , Demultiplexer

Schottky TLL. High- Speed TTL Low-Power Schottky TTL Stendard TTL -Low-Power TTL
Package Package i Package ., Package P ackage
Device Type Device T: Device Type =1 Device Type Device Type
C|P|MF YP.CPMCF C| P |MICF] C|P[M(CF] ClPIM|CF|
T1 SNS4154 J O WO SNstL15¢ £l
ol SNT4IS4 I QIND SNMLISE J DIND)
L4 . .
FAIRCHILD FCTISt D |0
MOTOROLA TR Pl
N.S.C i DMS4L S 154 [3 DM54 154 JO IF D] DMEAL 144 IND]  [FO]
Mttt OMULS 154 q- OM74154 3 DIND D] DMT4L IS4A ODIND iF O]
PHILIPS NI S154 T NS4 - i
s S$54154 F O IND @
SIGNETICS t - NTAIS4 IND)|
SIEMENS - 1 ; Fovial [2
FUATSU f=— <+~ i -
. [N SV SUETNS DD SN i H
{ HITACHI [ B T T BT, 70 1 OF® T
T H
MITSUBISH! T ME3354 PO
NEC - t LPB2I5A 00!
N i
TOSHIBA j : . S
{ i )| 1
Electrical Characteristics SN54 {54 /SN74 154 : N
b — Function Table
absolute maximum ratings over operating free-air tempersture range 154, °LI154
Supply woliage. Vo 11V | Ocaratng free-ar SN54° | —55C 15 125T I gpdid hd s
Toput voltage TS5V ] temperatwe cange TR BT to 0L t cacz—] oCcBA]|] 0,0 2348678 9101112i31418
Tt "iw'-;—l'«wllmw TTIEST to 1567 Lo L U UM A HHHHNHNNHKHHKNNRYN
el P H LU HHHHHHKNRHEHHRH
racommandec operaling’ conditions v [y MWL HHHRRNHHNHHN
= poind - AN H H oL M H WS RH YN HNHN .
R : SNS4 154 1 SN74154 s L Jemee HOH oW ML HHNHKHERYHHEHH
= Le L HLH H M HHHLHHEHAESHHHNHNR
AViPHOM WX HIN WOM “HAY) Lt‘..NNL B oMM H KRR L AN NHHENRHR
Suppquuge.vcc | yallS 5 8551478 € S v L LN H H HHHHNLHNENENNNRAN
ﬂ wwu«t.qy ‘L —400 ! ~8001 A '-l.iO'LLI. H kW HHHMHHLHEHHHAHHAES
¥ ~TTE Ty S Rl L O I S i B R I O B R S I
Low-level outpit current, 1o 1 _4___ LL oML oML H oM owMH RN LHHNHN
Opecating free-3iz temporature, T A =5 128 0 ;X LL*QL&L B4 HNHKHHENHLNNHRA
- P . L4 oMo H B HEHEHRHEHHRENHEHLAEHNR
electn'cal charac over re ded operating iy i B T e
free-air temperature Tange LU MR ML | ROKKHHHKHHNHKHNL N
N VP T Lt H b KM HHHHHHHHHNHHMNHHREL
PARMETER TEST CONOITIONS * tMIN 3/ 04K WD L W ; X X X X K M M HHHHNNHNHHKHHNHKHAN
Vin Hugh-lgvei input_voitage 2 v Wt i xxxx H M HHHMHHMNHHEHNHKHHN
Vi Low-tevel inputl voltage : ['X] v W loxoxoxox H oW MM HHHHEENRKHRRR
vy input clamp wohage Voo =MIN, b= ~12mA " ~nEtv ¥k et Lmiew tevel, X=irvelevare -
| VOO WMIN, Viy=2Y, ¢ . :
Vo High-ttvel output voltage v:::-& o, rol:v-m.n e 3¢ v Functional Block Diagram ]
_ VCC=MBN, ¥y =2V ; T - 0N
VoL  Low-ivel ovtpul voltage Vi =08V, gL =séma 9.2 n.aE v e 2 °
1 ot ?‘"m‘ ot ma Voo =MAX, vyus Sy . 1! at §
soput_vollage : e
tipg  Hugirlevel npea current Voo =MAX, V=24V ‘ Q7 vA LD o 2
iy, Lew-tevel ingut current Voo =MAX, V=0 ¢V’ { =1.6{ ma Olm ] @ s
US54 20 =3
(513 Srarz-cucwt oulput Current @ vc-o-MAx Y IS —————-?, ~a .
1 -1 Current - |v~c-w.x "_____SMS" _.__._3‘ s, :1.— ‘Q_]'D'Tv; '
CC  Suel cum  See Mot [swr W% ={ »MLs
T tiom 8.8, C. or O woputs PR 122 a )
: S % J @ ¢
P | tvown 3 tovein of ey _ RIS Y o kY 5
om A, 8. C, or O mouis T Tkt A 2a=25T — Y
'PHL 1 iheowgn 3 tavets of kogee CL=15F Ay =100y 2 B, =] 220 c , ourputs
1PLH_| 1rom eviher strobe mput - . M1 .Qﬂ o]
1, 1 ther strobe R
T -, s o0 ==
Pin Ass-gnment {Top View) [} = m
“tis r,,_-» 1< . o +—J 0]
vee ~ )
Q) 24 ot -uJurLl_]- bu—:—Llu !
| ]’ l Ly
- l 1
ie
4 B T v .
‘ < G G s e 4y 2 J Il . IS)' .
' o e il a {16 14
s 1
i L
J L G 17 n
0 P
r.wn 184, "L154 4-LINE-TO- 16-LINE DECODER,/DEMULTIPLEXER
positive togic  sor Tuncrem tatie NOTE: 15 13 sneasured with an"mum grounded snd all outputs open
1For conditions shown as MIN or MAX, use the aoproprate valve soocilied under d tor the type.

$ AR typcal velues are at Voo 5V, Ton25T.

*flot more than one ouipul should be thorted 8t & Leme

* IPLH T ropegaton geay «s  low=10-hgh-level output
1PHL_ MPropeganon getay Mt high- io-low-leve! outtut



5473/7T473 Dual J-K Master-Slave Flip~-Flop with Clear

Schottky TTL -High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package " | Package . Packsge , Package
Device T Device Type Device Type Device Type Device Type |-
mCPMCF' C |P|M|CF] CPMEF C|P{M|CF C|{R{M|CF]
( SNSHHTI 3D wﬂsum.sn ) waDf sNS4T3 10| WCf SNSALTS S OIND{TT)
T.L SNMHTI 13 O IND, - I SNULSTY J OIND] SNN?!_ SDOMND SNULT I OIND{T
F MS4HT3/F M3HTI (0D F O Asasr/rmsi FM5473F ManT3  [OD]
FA‘W CIAHII/FCIHTI KIasn /remsny FCHMII/FCINTS -\:1 D
MC3163 0] F MCSAT3 L) Eé
MOTOROLA MC06) kolo]  ro sniasn & MCTT3 LOlPT] I .
DMSAHTI | OND! oML ST PO [E] IO DMsALT TOND]FO
N s'c' DMMHTI Hujd OMNLST P D DM T3 JDIND| OMNLT 2 D IFO)
PHILIPS NI [] NILSTI [] F 4312172473 (5]
SSAHT D 55473 FDIAD!
SIGNETICS [ FOAD) NI ST Q| NUTY Fojs0
SIEMENS ; FUIat [
FUJITSU
HITACHI HDTALSTS . . PO HD2473,/HO2S1S | OPD
MITSUBISH MIALST P Ws32T3 |2
NeC TS EAEDE
TOSHIBA - O =
Electricat Cherscteristics SNS4ALS73/SN74LS73A < N .
— Tings sver e e Pin Assignment (Top View)
S wom 00 ™ Oeerorrg bese | SNSILS ~MT w T 1510 K0 oM X 0
e woioge 3.V ettt il BT ) € 2 WC ' 0
Sorap wosrenre ro -45C t MrC - .
SNSALSTIA SNTALSTIA et
- ot SRAX | wwee Ot MAX a
Sunty vetiage. VL a8 s 83 farn s .18 v @ 5
Hghtovel GANT Gvert, 130 -0 —e0 | »t
Low-tvdl Gipd Gureed. Agy 4 * el l )
s o 1. o= » » I, STTTsT e 3
Proset or clasr e, n s 1K Vog 2ok 3
¥ hgn-xe~i Yl wi a1 | e
ot e BRL Vs
: Cowiceol dota 1 1 - Function Tables
ot holt e, beus o1 $1 -3 . - - o
[T Tr— ~Z = 1e F [ 73 H73.°L73 (See Note 2) LS73 (See Note 2)
electrical charactesistics over racommended operating iNPUrs OITEUIS INPUTS oUTPUTS
frearsir tempecature range . CLEAR CLOCK J K Q & CLEAR'CLOCK J K Q T
PARAMETER & TEST CONDITIONS T [MIN TYP 3 MAX |UNIT " L X RS H L ¥ x x e o w
ViH__ Hogh-evsl mout voitage 2 v H Nt Lo, T H I L oL [0, B
Vi, Lowtwit woul volage e8] v H JL H oL H L H I w0 H L
vi nout_staap volape VCGRMIN, 1 =—i8mA prirs mrv H Nt e o ow . : L K i "
N PN Voo =MIN, V=2V, N X " H N M oM | TOGGLE u # H | TOGGLE
oH * VIL=0.8V. fou=MAX i ’ H H 2 x o, B
MIN, i A
VOL  Lomwrs: oot vorsge :ﬁ.c:e o) :;‘::i:‘ 025 04| v Functionas Block Diagrams
D.1X. 0.1 __L X ) :
. gt sarent o0 {Cisar ) W\ VR 0.3 -.: —O“__I 5 *— —_—— '
' nax muT et Prese: cc y. 0.3 3 .S'm
voltape Clock 0.4
0.4.K. 20
Hoghe st Cleat N T . — s
Gam out Cxesnt Preser VCC=MAX, V=27V rm »A
3 . . T
Cioce 20 -~
v D.1%, ~0.4 e
Low-eve! Clear =08 PI-OUAL JK WITH CLEAR HII-CUAL K WITH CLEAR
ML oot cvet e VEC®MAX V04V o ™
Ciock L ° —}
Short-cwast Serres SAL S - -20 ~-t00] - *— —¢ b—oew
‘os Uttt current @ $Seres TALS vee=Max - =10 ma .G:LG ot
1 Susoly eurgont VCC=MAX. Ses Note 1
ce (Averace por_twp-11c0; cc + See ot ¢ L3 il ﬁ:;-_-‘—— )" 3 ’
[ -:..mmw:- tm‘ vogmsv, L MHZ " * e o
O CHdr, prest ! Tam= . AR
PLH (as ) 100w 0 c; f::; I 20 Un-om, st o™ B
[ . as
tpuy | O Fea presel or clock AL = a0 5 2 NOTES: 1. wih 81" outpuls coen, IGC 13 measwred with the O and Toutouts tegh in turn
{a% aperoprate) 120 o § Al the time time Of mesaurement, the clock iUt 3 grounded, .
. 2, H =high fevel (steady state), L=lowievel (steady state). X mwrelevant
1 =transition trom tegn 10 low level .
Simtugh-level puize: cata wouts should be held constant whilo clock 13 high:
data 18 lransterred to output on the (atng edge of the of the puise.
Qomthe level of O Defere the noul wore
TOGGLE: Each outnt changes 1o the complement of «s pravions lever on
oach actne wanmtion (putse) of he clock,

1600 condrtona shown as MIN or MAX, use the aooroordte value soecitied under

3AL typice' vawes are 31 Voo =SV, TA=25C.

® No! more ttan one Outout 3Nould be shorled at Lms,

CIPLH FOroapatan deldy I'me. Dw-10-hich-deve! owipul
1PHL ROrODIgAtan delay Tune, MgN-10- low- level outpul.

i* The rrn-ﬂ?"l" the eoge 0! the clock Duise used lor mence- | for the nsng edgn. § 1or the falling edge,
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TECHNICAL DATA

— — MC145436

Advance Information

Dual Tone Multiple Frequency
Recejver

P SUFFIX
PLASTIC
CASE ¢4

The MC145436 is 3 silicon-gate CMOS LSt device containing the filter and decoder for
detection of a pair of tones conforming 10 the DTMF standard with outputs in hexadeci-
mal. Switched capacitor filter technology &s used together with digital circuitry for the
Tuning cormol and output circuits. The MC145436 provides excellent power-line nos~ and
dial 1one Tejection, and & suiable for applications in central office equipment, PASX, key-

PIN ASSIGNMENT

phone systems, remots comrol equipment, and consumer telephony products. . OIE e v hoe
® Singkd +5V Powsr Supply . ) o1
® Detects Al 15 Standard Digits g2 13 Pos
® Uses Inexpensive 3.579545 MHz Colorburst Crystat e a 2o
® Provides Guerd Time Controts to improve Speech tmmunity Yool ¢ 1 v
~a Dutput in-24-Bit '-Haxz.decimal‘Co?e ’ 'T.'Tf s 0z,
® Built-in 60 Hz-and Dial Tone Rejection )
~* Pin Compatible withSS1204 Xals § ity
TN s Dexo

80 K -
Ay~ oy - sT
REJECTION S8
CROUTT
— oy
l PREAMP }-—1
oyTeuT
. ceceesn

i

te—D1

vocr.
REF,

iecx T, Cur
GEN. cuocxs

ls-n2
QUTFUT
REGISTER

et 2}

VIVIVL

32}

Y



tAC145436

ABSOLUTE MAXIMUM RATINGS
{Voltages Referanced to GND Unless Otherwiss Noted)

3

Rating Symbot Velue Unlt This devics contains circuitry 10 pvo(,oﬂ the
inputs against damage due to high static
oc Su?ply Voltsge Voo -0510 +60 v voltages ot slectric fiolds; howaver, 1t ag: |-
Input Voliage. Any Pin Except Ajn 4 Vi -0.5 to Vpp +0.5 v vised that normal precautions be taken (o
H i avoid apptications of any voltage higher
Input Voltage, Ajq Vin_{Vop-10toVpp+0S| V than the maximum rated voltzges 1o this
DC Cutrent Drsin per Pin { - +10 - mA high impedance circuit.
¥
Oparating Temperature Range Ta ~40 to 485 °c For propar oporation it is recommended that
Siq 30d V, be constrained 1a tho rangpe
T - o, in out
Storage Tomperature Range Terg. 65 to +1S0 C Ves 5 Vin o Voul 5V0D- Rotiztutsty of
opetation is enhanced i unused inputs ate
tied 10 an appropriate logic voltage level
{e.g., sithest Vg5 or Vppl.

ELECTRICAL CHARACTERISTICS

(Al Polaritios Referenced 1o Vpp=5.0 V +10%, To= —40 to +85°C Unless Otherwise Noted)
v -

Parameter Symbol Min Typ Mex Unit
OC Supply Voliage Voo 45 5 55 v
Supply Curtent (g =3.58 MHz} 00 - -7 15 mA
input Current - GT lin -, - 0 uA
: EN. Xin. Xen - e 21
Inpug Voltage Low EN, GT, Xgn ViL - - 15 v
tnput Voltage High EN. GT, Xgn ViH 3.5 - - \4
High Levet Output Current IVoy = Vpp ~ 0.5 V: Sourcs) Data, OV foH 800 - - eh )
Low, Lavel Output Current (Vo =0.4 V; Sinkl Data. OV oL 1.0 - - mA
tnput Impadance Ain Rin 0 100 - L3¢
Fanout AT8 FO - - 0
tnput Capacitance ' Xon. EN Cin o] 6 - of
ANALOG CHARACTERISTICS (Vpp=5.0V +10%, Ta=—4010 +85°Ci

} Parameter Min Typ Max Unlt
Sighel Levet for Detection (Ajy} -32 - -z dBm
Twlst = igh Tone /Lo Tone S ~10 - W0 ’ d8
Frequency Detect Bandwidih (Notos 1 end %} o~ 11,6 ¢2 Ha -:. - 136 % {c
60 Hr Tolarence -~ - 0.8 Vims
Died Tone Tolersnce (Note 31 . - - 0 d8

{Diel Tone 330 + 440} )

Nolce Tolersnce {Notes 3 and 41 - - -12 [-1:]
Powaer Supply Noiss {Wide Bandl - - 10 mV pn
Telk O tMital Tepe FCM7290) . - 2 - Hus J

MNOTES:
1. {c & center {tequency of bandpess filters.
2. Maximum (requency detact bandwidth of the 1477 Hz filter is +3.5% to ~4%.
3. Relerenced 10 lowsr amplituds 10na.
4. Bandwidth fimited (0 to 3.4 kHzl Gaussian noiss.



MC145436 :

PIN DESCRIPTION

01, D2, D4, D8—-DAYA OUTPUT

These digital outputs provide the hexadecimal codes cor-
responding to the detected digit (see Table 1). The digital
outputs become valid after a tone pair has been detected, and
are cleared when a valid pause is timed. These output pins
are high impedance when Enable is at a logic 0.

EN—-ENABLE

Qutputs 01, D2, D4, 08 are enabled when EN is at a logic
1, and high impedance {disabled} when EN is at a fogic 0.

GT—GUARD TIME

The Guard Time control input provides two sets of dotacted
time and release time, both within the allowed ranges of tone
on and tone off. A longer tone detect time rejects signals too
short to be considerad valid. With GT+ 1, 1alk off performanca
is improved, since it reduces the probability that tones sim-
ulated by spesch will maintain signal conditions fong enough
to be accepted. In addition, a shorter release lime reduces the
probabiﬁ'ty that a pauss simulated by an interruption in speech
will be detacted es a valid pause. On the other hand, a shorter
tone dstdct time with & long release time would be appropriate
for an extremaly noisy environment where fast acquisition time
and immunity to drop-outs would be required. In general, the
tone signal lime generated by a telsphone is 100 ms, nominal,
followed by a pause of about 100 ms. A high-to-fow, or low-
to-high transition on the GT pin resets the internal logic, and
the MC145436 is immediately ready to acceot a new tons input.

Xen—OSCILLATOR ENABLE

Alogi¢ 1 on X4n enables the on-chip crystal oscillator. When
using slternate timo base from the ATB pin, Xgn should be
tied 10 GND.

" Teble 1. Hoxadecimal Codos

ANALOG IX

Output Code
Diglt
D8 D4 D2 D1
1 0 0 0 1
2 0 0 1 0
3 0 [ 1 1
4 ) 1 o o Yoo > Yie
i 0 1 o |
6 L0 1 1 0
7 0 1 1 1
8 1 0 0 )
9 1 0 0 1
0 1 0 1 0
. 1 T o 1 1
F; 1 1 0 [
A 12 1 0 1
8 1 1 1 °
C 1 1 1 1
[ ) 0 [ [

Ajn—ANALOG INPUT

This pin accepts the analog input, and is intarnally biased
S0 that the input signal may be ac coupled. The input may be
dc coupled so long as it does not exceed the pcsitivo supply
{See Figure 1.} .

Xin/Xout—OSCILLATOR IN AND OSCILLATOR OUT

These pins connect to an internal crystal oscillator. in op-
eration, a parallel resonant crystal is connected from Xin to
Xout. as well as a 1 M) resistor in parallel wit+ the crystal.

When using the alternate clock source from AT8, X;n shousd
be tied to Vpp.

ATB —ALTERNATE TIME BASE

This pin serves as a {requoncy relerence whon more than
one MC145436 is used, so that only one crystal is required for
multiple MC1454386s. In this case, all AT8 pins should ba tied
together as shown in Figure 2. When only one MC1£5436 is
used, this pin should be lefi unconnected. Tha output {re-
quency ol ATB is 447_4 kH;.

OV—DATA VALID

DV signals a detection by going high ahier a valid tana pair
is sensod end decoded at output pins D1, 02, D4, DS. DV
femains high until a loss of the current DTHF signal oceurs,
or until 3 transition in GT occurs.
Vpp —-POSITIVE POWER SUPPLY

The digital supply pin, which is connscted to the positive
side of the power supply.
GNDO—-GROUND

Ground return pin is typically connected to the system
ground.

OPERATIONAL INFORMATION

(Z A\ [~
Yoo Yoo

: Yop<Via l .
1

I 10 of 0.01 ,.ri 10 pf

I }-—- AN2L06 m.._{ } ' }_.._

I 100 ¢ : iwon

b [ &

I |

R S | E

Figure 1. Anslog Input



MC 145436
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SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

6-Pin DIP Optoisolatoré

Triac Driver Output

These devices consist of galtium-arsenide infrared emitting diodes, optically coupled
to silicon bilateral switch and are designed for applications requiring isolated triac trig-
gering, low-current isolated ac switching, high electrical isofation (to 7500 V peak). high
detector standoff voitage, small size, and low cost.
® UL Recognized File Number 4915
® VDE approved per standard 0883/6.80 {Certificate numiber 41853), with additional

approval to DIN {EC380/VDE0806, {EC435/VDEOS0S, IEC65/VDEQ860, VDE110b, covering

ali other standards with equal or less stringent requirements, including IEC204

VDEO113, VDEO160, VDE0832, VDE(S33, etc. —883
® Special lead form available (add suffix “T* to part number) which satisfies VDE0883/

6.80 requirement for 8 mm minimum creepage distance between input and output

solder pads.
® Various lead form options available. Consuit "Optotisolator Lead Form Options” data

sheet for details. -

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

MOC3009
MOC3010
MOC3011

MOC3012

6-PIN DIP
OPTOISOLATORS
TRIAC DRIVER OUTPUT
250 VOLTS

CASE 730A-02
PLASTIC

L Rating Symbol I Value Unit ]
COUPLER SCHEMATIC
INFRARED EMITTING DIODE
Reverse Voltage VR 3 Volts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Tp = 25°C Pp 100 mwW
Negligible Power in Transistor 1 6
Derate above 25°C 1.33 mwWrC
OUTPUT DRIVER 2 Nyzos
Off-State Output Termina! Voltage VORM 250 “1=+ Volts
Peak Repetitive Surge Current ITSM v C A 30 )
(PW = 1 ms, 120 pps)
Total Power Dissipation @ Tp = 25°C PD 300 mw
Derate above 25°C 4 mwrC
. - 1. ANODE
TOTAL DEVICE 2. CATHODE =
Isolation Surge Voltage (1) Viso 7500 Vac 3.NC
(Peak ac Voltaae, 60 Hz, 5 Second Duration) 4. MAIN TERMINAL
T T 5. SUBSTRATE
Total Power Dissipation @ Ta = 25°C Pp 330 W 00 :0]. CONNECT
Derate above 25°C 4.4 mwW/rC 6. MAIN TERMINAL
Junction Temperature Range Ty —40 to +100 °C
Ambient Operating Temperature Range Ta ~40 to +85 °C
Storage Temperature Range Tstg ~40to +150 °C
Soldering Temperature (10 s) — 260 °C

(1) isolation surge voltage, VISQ. is an internal device dielectric breakdown rating.




MOC3008, MOC3010, MOC3011, MOC3012

TYPICAL APPLICATION CIRCUITS

Note: This optoisolator should not be used to drive a load directly. It is
intended to be a trigger device only. Additional information on
the use of the MOC3009/3010/3011/3012 is available in
App?ica(ion Note AN-780A.

———0
fe
Veo R
vee B s bt _ Y 6ann—o— oem
#0C3009 . LA 2] wocan
:DDO_Z- mocxo | K MOC3011
#0030 MOC2012
o] mocHR2 |4 0—1
b
Figure 8. Resistive Load . Figure 8. Inductive Load with Sensitive Gate Triac
(IgT < 15 mA) g
ZL +
Yoo &, 6 180 124
O-AAA—O oV
2] mocwio b
' :D-o_ gl S 02uf 75 C1 .
uocxoz |4
—0
Figure 10. Inductive Load with Non-Sensitive Gate Triac
(15 mA < IgT < 50 mA)
OUTLINE DIMENSIONS
t=—[A"] . ] NOTES: .
l fome s 1. DMENSIONING AND TOLERANCING PERANSI |, _
Y Y S &0 - ANODE YICSM, 1962,
¥ 9 COMGURATION / ifém 2. CONTROLLING DIMENSION: INCH.
1 DM L TO CENTER OF LEAD WHEN FORMED
4 MAIN TERMINAL PARALLEL
S, SUBSTRATE
T -1 ) . 6 MAIN TERMINAL
Pt —y WILLMETERS WCHES
' K4 [ . : oM [ WIN | MAX | WIN | WX
A 813 | 28 [ 0320 [ 0350
) 8 | 610 | 660 | 02¢0 | 0260
T — € | 293 | so8 | o115 [ 000
'ﬁ—J' 0 {041 | 050 | 00%6 | 0ox
s N €110 [ 101 | o040 | om0
G | 2s48sC 0.100 BSC
G fq —efle g 4n 621 ] 0% | oo | 0677
£ ™ - [Hezwos@ T e@[a@) X |03 | 254 { 0015 | 0100
1 152 85C 0.300 BSC
0n Ml oo Tw | o [ 15|
[Honwws® [1[a@s®]  CASE 730A-02 N | 250 | 381 00w |01
PLASTIC




MOC3009, MOC3010, MOC3011, MOC3012

153 g
et . [l
&
13 =1
. o
S (-4
& \\. &
e 1 g
g . - g
3 ] =
2" ™~~~ o
g
z
0.7 v =3
jrs
0S
-40 -0 0 20 40 60 80 100
Ta. AMBIENT TEMPERATURE (°C)
Figure 3. Trigger Current versus Temperature
12
R
RIEER ———STATC dvidt | |
- . CIRCUIT IN FIGURE 7
v 8 Tn;
i 3
Q Q
—_ I —
E ] 3 ~ (:’_l;
g = g
3 4 2
A= \\
[~
2 +
o1
25 308 40 56 60 70 80 X 100
Ta, AMBIENT TEMPERATURE (°Ci
Figure 5. dv/dt versus Temperature
oo L1 X
Vdc { l RTEST }
{
: 1
0
PULSE ! Cresr §
INPUT MERCURY
WETTED
RELAY
3 Vmax
APPLIED VOLTAGE
WAVEFORM
ovours— —— L — e e — ——— &

5
!
» NORMALIZEO TO:
PWin 2100 s

15 \X

10

5 <1

e
0
1 2 5 10 20 50 (]
PWin. LED TRIGGER PULSE WIDTH (ps}
Figure 4. LED Current Required to Trigger versus
LED Pulse Width
12
|
STATIC
10 -
\ TEST CIRCUIT IN FIGURE 7
4

§ -

4

2

0 0.4 08 12 1.6 2

Ry, LOAD RESISTANCE

Figure 6. dv/dt versus Load Resistance

. The mercury wetted relay provides a high speed repeated pulse 10

the D.U.T.

. 100x scope probes are used, to atllow high speeds and voltages.
. The worst-case condition for static dv/dt is established by triggering

the D.U.T. with a3 normal LED input current, then removing the
current. The variable RTgST sllows the dv/dt to be gradually
increased until the D.U.T. continues to trigger in response to the
applied voltage pulse, even sfter the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. TRC is
measured ot this point and recorded.

Figure 7. Static dv/dt Test Circuit



MOC3008, MOC3010, MOC3011, MOC3012

ELECTRICAL CHARACTECRISTICS (T = 25°C unless otherwise aoted)

r Characteristic Symbol Min ] Typ I Max l Unit
INPUT LED
Reverse Leakage Current ] - 0.05 100 uA
(VR =3V)
Forward Voltage VE - 1.15 1.5 Volts
(I = 10 mA) :
OUTPUT DETECTOR (lg = 0 unless otherwise noted]
Peak Blocking Current, Either Direction IDRM — 10 100 nA
(Rated Vpgm. Note 1)
Peak On-State Voltage, Either Direction VM —_ 1.8 3 Volts
(itM = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2} dv/dt —_ 10 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output let mA
“{Main Terminal Voltage = 3V, Note 3} MOC3009 — 15 30
MOC3010 — 8 15
MOC3011 — g 10
MOC3012 — 3 S
Holding Current, Either Direction I — 100 —_ uA

Notes: 1. Test voltage must be applied within dv/dt rating.
2. This is static dv/dL See Figure 7 for test circuit. Commutating dv/dt is a function of the foad-driving thyristor(s) onty.
3. All devices are guaranteed o trigger at an Ig value less than or equal 1o max IgT. Therefore, recommended operating {f lies between max
te7 (30 mA for MOC3009, 15 mA for MOC3010, 10 mA for MOC3011, § mA for MOC3012] and absolute max if {60 mAl

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
2 +800 4
A /'
z 18 £ / %
3 | —————rutseony 37 E +40 - 7
= - PULSE CRDC 37 = )
S 15 f g /
5 siAs &
e Z © 0
= Nils = . /
E LA 7 =
= L1t 34 @« 4
g < - 5 /
T gl A e L] AUt L E—aoo 7
= M THET A //
T | u/ g
1 85°C_Li+ - 800 ~
1 10 100 1000 -3 -2 -1 0 1 2 3
i, LED FORWARD CURRENT (mA) V. ON-STATE VOLTAGE (VOLTS)

Figure 1. LED Forward Voltage versus Forward Current Figure 2. On-State Characteristics
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FEATURES

¢ Transmission or Multiplexing of Analog or
Digitet Signals
¢ 80°) Typicat ON-Resistance for 15-Volt oper-
stion
¢ Switch ON-Resistance Matched to within 582
over 16-Volt Signai-laput Range
¢ ON-Resistance Fiat aver Full Peak-to-Peak Sig-
nal Range
¢ High Degree of Linearity:
< 0.5% Distortion Ttyp) @ {iy = TkHz,
Vis = SVp.p, VDO-Vss # 10V, R = 1082
¢ Extreinely Low OFF switch Leakags Resulting
o very Low Offset Current and High E"octwo
OFF Resistance:
10pA (typ] € Voo-Vg- 10V, Ta™ 25°C
¢ Extremely High Control lnput impedance {Con-
trol Circuit {solsted from Signsl Circuit):
101282 (typ)
¢ Low Crosstalk between Switches:
-60d8 (typ) @ fig= 0.9MHz, R =1k
¢ Matchud Control-input-to Signal-Output Capac-
itance Reduces Qutput Signat Transients
¢ Frequency Responss, Switch ON = 40MHz (typ)

DESCRIPTION

The SCL4066B -is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL40168, but exhibits a much {ower
ON-resistance. In eddition, the ON-resistance is rel-
stively constant over the full input signal range.
The SCLA0S6 conssts of four independent titat
eral switches. A single contro! signel is cequired per
switch., @ath the P and the N davice in a given
owiich ace biasad ON or OFF simultaneously by
the control signal. As shown below, the well of the
N<cheannel device on each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF. This configurstion minimizes
the variation of the switch-traasistor threshold .

SCHEMATIC DIAGRAM (ons o' four switches)

ORI OPEALTION
CONTACL =L 1 BIA3mG]
sOITCH O T v
1Tt OFF, % 0" oy

- "}o“"
conTRaoL 11

Ye

HGHAL-LLVEL RANCL
wvig 3 Vi3 $ Voo

CONNECT{ON DIAGRAM
(all packages)
Switch

A Switch O Switch C
— s el Tt
Voo € C IN OUT OUT IN
i 1 i 1 { 1 |
14 13 12 11 10 9 8
SCL40668

1 2 3 4 S5 61
T 1T 11T _ T 1
INQUTQUIIN G’ ¢ Vss

Switch A Switch 8 SWétch

Add suffix {or package:

C 14-pin Cerdip F  14-pin Flat
.D 14-pin Ceramic H Chip
E 14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS

For maximum raliability:

DC Supply Voltage  Vpp-Vss 3016 Vde
Operating Tempersture  Tpa
C. D, F, R-Device
E Device

S510+125 ©C
40 t0 485 ©°C

voltage with input-signal, and thus keeps the ON-
resistance fow ovar the full oparatinig range.

The advantages over single-channel svsitches in-
clude peak input-signal voltage swings squét 1o the
full supply voltage, and more constant ON-imped-
snce over the input-signal range. For sample-and-
hold applications, however, the SCL4016 is
recommended.

LOGIC DIAGRAM




STATIC CHARACTERISTICS *-*

ELECTRICAL CHARACTERISTICS

Ve | Voo| Tiow z°c Yuian’®
YER CONDITION Unlu
PARAME DITIONS (vdel | (vec) Min, | Max, } Min, | Typ. § Max. | Min_ | Max.
OUIESCENT DEVICE
 CURRENT too | V= Vss of Voo ° 5] - o.osp ~ {oo000s] 005 - | 1.6] pAdd
Al valid input [+] | - 01| - (0001] o1 -{ 30
combinstions 0 6] - 02| - {0002] 0.2 -1 60
MINIMUM INPUT HIGH Vie | .
VOLTAGE Vig =Vss 1} s] - | 40} - j218 ) 40| - ]| 40| v&
{Contro! Input) Vos=Voo 0 0| - 8o| - [ss§ g0}y - | 8o
fos = 100A 0] 18] - 1120} —~ (825 |120| - | 120
MAXIMUM INPUT LOW ViL
VOLTAGE Ve * Vgs 0 s{1wo0| -} toj22s] -1 101 =~ v
{Conteot fnput] Vos™ Voo o] w|{20] -1 20]4s - { 20] -
tos = 104A 0] 1s5]30] - {30jes} =~ | 30| -
SWITCH (NPUT/OUTPUT tose . 4
LEAKAGE Ve=Ves 25 | +18] - Ye100] - {2001]2100] ~ | £200{nAde
Vig=17.5Vde
ON-RESISTANCE Row
€.0.5.1 cevice V¢ *Voo 25 | 4158 | 220] - gol 280 - | 320 @
V< Ve < Voo 0 |+15 .
Ry = 10k 1
S 15 | _ | aw0] - | 120 400 -] ss0] @
[} +10
25 | +281 _ o000 - | 270 2500] - | 3so0] @
(1] +5
£ device Rox I Ve *Voo . 2.6 | +1.6
— | 280| - 80| 280| - | 300} Q
Vss<Vis<Vgpo 0 ]=+15
A, s 10k 3 +*5
o leol =10 - 120{ 400] - | s20| @
2.6 | +28
s L@ — | 2100 - 270]| 2600} -~ | 3200{ f
ON-RESISTANCE MATCH ARgw
{Same package} Ye¢ *Voo 7.5 | 76} P A sl - = 1a
Vss<Ves< Voo 0 |5
AL = 10k
S5 QY AN - 10| - - a
. 1] +10
25 | «28( _ - X & - _ a
, 0 |6

NOTES: ' Remaining Sunic Electrical Characteristics are listed under "SCL4A0008 Series Family Specifications”
Teow = -55°C for C, O, F, H device.

= —40°C for € devics.

Trigu = +126°C tor C, D, F, H devica.

=+ B6°C for € device.

? This device has been detigned for balanced output drive current speclfications. Consult Family Specifications.



ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C}

Vss Voo . i .
PARAMETER CONDITIONS (vdel | (vael Min, Typ. Max. Units
SIGNAL INPUTS (V] AND OUTPUTS (V,,}
PROPAGATION DELAY TIME | to 4 [V.=Voo
. ey | Va=Sauare 0 5 - 20 40 ng
Signgl input to Signai Output Wave 0 10 - 10 20
R = 10k 0 15 - 15 15
BANOWIDTH (-3d8) BW |V.~Vpoo R
(Sine Wave) V=5V, 1k} -5 L+5 - 54 - MHz
centered | 10k 1 - 40 -
@ 0.0Vdq100k2 - 38 -
1M - 37 -
INSERTION LOSS
-20 ! Vo )
{ .Oonv:— Ve=Vgo R
VeSVool 1kl -8 | 45 - 2.3 - d8
centeced | 10k - 0.2 -
@0.0vdciiO0ks) - 0.1 -
wmQ - 0.05 -
SIGNAL DISTORTION
(Sine Wave} Ve=Vpo -6 +5 - 0.18 = %
V=5V,
centered
@ 0.0Vde
f,=1.0kHz
R, =10k}
FEEDTHROUGH (-60dB) Vc=Vgs R,
Ve=5V, ol 1k -5 +5 - 1250 - &Hz
cantered | 10k} - 140 £ .
@0.0Vdc ook - 18 -
1M - 2 -
CROSSTALK (-50d8B} VelAl=Vpo -5 +5 - 0.9 - MHz
Detween two switcies Ve(B)aVge
VilAa)=sv,
centeced
@0.0vVde
. Ry = 10kQ
CAPACITANCE ! .
lnpug Ci - 8 - pF
Output Cos | Ve = Vss -5 +5 - 8 - pF
‘) ‘Feedthrough Coos - 0.5 - pF
CONTROL INPUT (V)
PHOPAGATION DELAY TIME | toc | Vgs <V <Vpo ] ) - S0 100 ns
Turon I Hy = 10k 0 10 - 25 60
0 15 - 20 40
MAXIMUM INPUT fe | Vss<V,<Vpo 0 s - 5 - MHz
FREQUENCY Ry = 1.0kQ 0 10 - 10 -
0 15 - 12 -
CROSSTALK
(To signat port) V.= Square Wave 0 5 - 30 - mV
Ry = 10k 0 10 - 50 -
R, = 1.0kQ2 0 15 - 100 -
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SPECIAL CONSIDERATIONS — SCL40668

1. ir applicstions where separate power sources sre usad to drive Vpp 8nd the signal
inputs, the Vpp current capability should exceed Vop/Ry (R = effective external
toad of the 4 SCL40668B bilaters! switches). This provision avaids any permanent
current fiow or clamp sction on the Vpp supply when power is applied or removed

from SCLA40668.

2. In certuin applications, the axternal load-rusistor currant may includs both Vpp and
signal-line components. To avoid drawing Vpp curront when switch current flows
into terminals 1, 4, 8, or 11, the voltage deop ecross the bidicectionut switch must not

ey

exceod 0.8 volt (calculated from Ry values shown).

No Vpp current witl flow through R if the switch current flows into terminals 2, 3,
9, or 10, Failure to observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION
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Is02-cmos MT8870
Integrated DTMF Receiver

Features

Complete OTMF receiver
Low power consumption
internal gain setting amplifer
Adjustable guard time
Central Office Quality

e a & ¢ O

Applicafions

Paging systems

rpeater systems/mobile radio
Credit card systems

Remgte Control

Pecsonal Comoputers

« & & 0 O

Description

The MTB8870 is a.complete DTMF receiver
integrating both the bandsplit {ilter and digital

decoder functions, (abricated in Mitel's double poly

1S02-CMOS technology. The filter section uses
. switched capacitor techniques for high. and' low
group filters; the decoder uses digital counting

9161-002-071-NA

Beut 7 ianuary T9RS

Pin Conncctions

IN+ 8 1 U B voo
IN- b v O swor
Gs 4 3 6 L) et
VREF E ] 1 gs.o
[ S 23 Qa
I ] 6 v,
oscy (1 2 2D
osc2 O & 1w Jas
vss (] 9 w [ roe

cannect 1o VSS

Ordering Information

MTB8870B€E 18 PIN PLASTIC
MTB88708C 18 PIN CERDIP

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 diflecential
input amplilier, clock osciltator and latched 3-state
bus interface.

Voo T——T vsS VREF
BIAS .
CIRCT | VReF
BUFIER
[T
cHiP 8ias HIGH GROUP ¢ L o
POWER i {ewren -U_
INe ) OIGITAL coo¢
2
DIAL ZERO CROSSING DEVECTION CONVERTER Q
TONE OETECTORS :
'8 ALGORITHM AND LATCH
FILTLR Q3
GS LOW GROUP _D—
FILTCR -
T 0t
l\c 10 ALL [
ST STECRING
cHie ;
| e s -~ 6T LOGIKC
AAA 1 1
o - - -
osct osc2 SUGT £5t STD TOC

figure 1. Functional Block Diagram



1S02 cMOSs MT8870

Pin Description

Pin ¢ Name Description
1 IN+« | Non-inverting op-amp input.
IN- laverting op-amp input.
GS Gain select. Gives access Lo output of {ront end differential amplifier for connection

of {eedback resistor.

4 Ve Reference voltage output, nominally Vpo/2 is used 10 bias inputs at mid-rail {see
. Fig.2).

S {C Internal connection. Must be tied to V.

6 - 1IC | }internal connection. Must be tied 1o V.

7 0SCt  { Clack input.

8 0SC2 | Cleck output. A 3.5795 MHz crystal connected between OSCt and O5C2 comgpletas
the internal oscillator cicuit.

9 Vss Negative power supply input.

10 TOE 3- state output enable {input). Logic nigh enables the outputs Q1-Q4. Internal pull
up.

11-14 Q1-Qa | 3-state dat2 ou'puts. When enabted by TOE, provide the code carresponding Lo the
N . fast valid tone-pair received (see Fig. 5).

15 StD Delayed steering outpul.Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns 1o logic fow when the vollage on
SUGt (alls below Vg,

16 - £St Early steering output. Presents a fogic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momenlary loss of signal condition will cause
ESt to return te 3 logic low.

19 SUGT | Steering input/quard time output {bi-directional). A voltage greater than Vyg.
detected at Stcauses the device to register the detected tone pair and update the
output latch. A voltage less than Vig, frees the device 19 accept a new tone pair. The
GT output acts to reset the external steering ume-consmm its state is a function of
ESt and the voltage on St.

+ 18 Voo Positive power supply input.




- 1502-cMOs MT8870.

Operating Characteristics® - voitages are with respect 1o ground {Vss) unless otherwne stated
Gain Setting Amplifier )

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

1 | input leakage current hin 100 nA ‘ V¢S Vin SVoo

2 | input resistance Rin 10 V14

3 { Input offset voltage Vos 25 mv

a | Power suply rejection PSRR 60 d8 | 1KHz -
$ | Common mode rejection CMKR 60 dg {-3.0vsS Vy S3.0V

6 | DC open loop voltage gain Avor 65 dg

7 | Open loop unity gain :

bandwidth fc 1.5 MH2z

81 Output voltage swing Vo 4.5 ] Vpp | Ry Z 100K Lo Vg

9 | Maximum capacitive 1oad (GS) CL 100 {. _ pF
10 | Maximum resistive 1oad {GS) Ry SO KQ |

11| Common mode range Vem 3.0 .| Ven |NoLoad

Tvpp=SV.Vs5e 0V, T4£25°C
Typica! (iqures are at 25°Cand ace for deugn 2id oaly: not guaranteed and not subject to praduction testing.

AC glectrical Chacacteristics’ »Voltages are with respect 10 geound (Vgs) untess otherwise stated

- Characteristics Sym Min Typt | Max | .Units . Notes
s | Validinputsignal levels {23 dém {1.2.3.5.69
' (Ii (gach tone of composite 27.5 mVams | 1,2,3,5,69
| s9nel) o1 d8m 123,569
2 883 | mVams |1.2,3.56.9
2 c Positive twist accept 10 dy 2,3,69
3| O | Negative twist accept 10 Js 2,3,69
4 S freq. deviation accept £ 1.5% & 2Hz Nom. 2,389
5 ‘lr freq. deviation reject $3.5% \ ‘| Nom. 23,59
6 é T':ifd tone tolerance -16 ds 2,3,4,5,9,10
7 : Noise tolerance : -12 da 2,3,4,5.7,9.10
8 Dial tone tolerance . +22 dy 2,3.4,548,5 11

Vvpp aSV. Ve e 0, Ta 297 Cand IC =3 S79545 MHI uning test cucurt shown in Figuie 2

NOTES

\ dBm « decibels above or balow a reference power of 1 MW into 4 600 ohm load.
2. Ugii sequence consists of all OTMVF tones’

3. Tong durstion « 40 m3, 10ne pavse = 40 ms.

4. Signat condition consits of nominat DTMF frequencies

S 80th tones i compoute ugne! have an equal amphitude

G Tone paudevisted by ¢ 15% ¢ 2HL.

7 Ruandwidth havited (IKHZ ) Gaussan none

8 The precine dual tone frequencies aee (IS0 Bz and 10 He) = Qe
9 Faran ertor rate of better than 1in 10,000

10 Reterenced o lowest level frequency compmnent in OTME signat
11 Referenced 10 the muumum velis sccept fevel
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AC Electrical Characteristics? - voitages ace with respect to ground (Vs) unlers otherwite stated

Characteristics Sym | Min | Typ¥ | Max | Units | Test Conditions
| Tone present detect time top S " 14 ms |see figure3
2 : Tone absent detect time, toa | 0S 4 8.5 ms | see Figure 3
3 «'4 Tone duration accept tec 40 ms | User adjustable
4| b | Tone duration reject tacc | 20 ms | User adjustable
5| € |interdigit'pause accept ue 40 ms | User adjustable
-6 Interdigit pause reject too 20 ms | User adjustabie
7 Propagation delay (St 10 Q) rq 8 n us | TOE=Vop
8] o |Propagation delay (St to StD) e 12 us | TOE=Voo
u = ~
-.9 ; Output data set up { Q 1o StD) Qs 3¢ us | TOE=Vpo
ta] ¥ lpropagation delay (TOE 10 Q ENABLE} | tore S0 ns | RL=10KQ
1 CL =50 pf
" Propavauen delay (TOE to Q DISABLE) | ‘¢10 300 ns | 8L=13K8
’ CL=S0pr
26 Crysiai /elock (requency. fc  {3.5759]3.5795(3.5831] MHz
27 f Clock input rise time ‘gt 110 | ns | Ext.clozk
281 0 | Clockinput fall time L 110 ns | Ext. ddock
29| & [Clockinput duty cycle | OCa | 40 | S0 | 60 | % |Ext clock
30|, | Capacitive joad (0SC2) Co 30 pF
'voo -'s'., Ny e UV *,\: 257 Cns i e TS2954E ML, uieng st cucunt @ Figure 2
T Tppscmt bt are ut 25 C stut are 1ar deseqa wnd OnlyT 00f guatentedd 30d N0t Subpect 1 piodul Lon tevting
Vop
Q
pTmF O— iz
—Q
Input : i MT8870 T
(] N U voo {11
mi s sGr [ N
-} s sy | d———r
R2 L yeer s |+—+——0
B~ L Qs [>———0
$——=———(}C a P——0
0s5C 1 Q2 :)———-—O NOTES:
X1 ut—c‘ 0sC2 Qi 3__—0 R, R2 « 100k 1%
+——{] vs§ o |o— R) - JOOK(1 1%
C1, €2 100
S

X1z iu70945 tiee

figure 2, Single Ended taput Configuiation’
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EXPLANATION OF EVENTS
Al TONE BURSTS DETECTED, TONE DUKATION INVALID, OUTPUTS NOTUPDATED
N 8)" TONE ¢nDETECTED. TONE DURATION VALIO, TONE DECODED AND LATCHED IN OUTPUTS
L) EMD OF TONE an OETECTED, TONE ABSENT DURATION VALID, QUTPUTS RELAAIN LATCHED UNTIL NEXT VALID TONE
U QUIPUTS SWIHICHED TO HIGH 1MPEDANCE STATE
€) . TONE ¢n« 1 DETECTED, TONE OURATION vALID, TONE DECODED AND LATCHED (N OUTPUTS (CURRENTLY HIGK
IMPEDANCE)
F) ACCEPTAGLE DROPOLT OF TONE #n ¢ |, TONE ABSENT DURATION INVALID, GUTPUTS REMAIN LATCED
GY ENDOF TONE #n + 1 DETECTED, TONC AHSENT DURATION VALIO, OUTPUTS REMAIN LATCHED UNTIL NEAT VALIO TONE

larLo\NATlON OF SYMUOLS
Vi DTMF COMPOSITE INPUT SIGNAL.
€51 EARLY STEERIVG DUTPUT INDICATES LECTECTION OF VALID TONE FREQUENCICS.

SLGT $1£ERI_NG INPUT/GUAKD TimE OUTPUT, DRIVES EXTERNAL KC TiMING (IRCLn

Gyq A-81ITDICODEL TONL Gutiul

“u OCLATED SIELKING OUTPUT INDICTES THAT VALID FREQUINCIES HAVE BEEN PRESENT/ABSINT FOR ThE REQUIRED
CUARD T1ME TiL s COnsls TUTING A VALID SIGNAL. K

16¢ TORCOUTHUT 1Ay e 7 UT) A LOW LEVEL SHIFTS Q1 -Q4 TQUTS HIGH IMPEOANCE STATE.

WET  MAXIMUM DTME SIGNAL DURATION NOT OE TECTEDNAS VALID
WReC MINIMUM O TMF SIGNAL OURATION REQUIRED SOR VALIDO RECOGNTION.

w MINIMUM TIME BETWEEN vALID DTMF SIGNALS.

0o MAXIMUM ALLOWABLE DROP OUT OURING VALID DTMF SIGNAL
wp T TO O FECT THE PRESENCL Of VALIO DTMI S1GtNALS

'a‘;a IMF [OQ DETECT THE AUSLACE Of VALO DIMF SIGMALS

o CUARD NIME TONE FIUSE el

1A GUARD 1124AE, TONE ABSER (

Figure 3. Timing Dwagrau,
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Functional Description

The MT8870 monolithic DTMF receiver offers small

size, low power consumption and high
nerformance. ity architecture consists of a bandsplit
Lilter section, which seperates the high and low
group toanes, 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

Seperation of the low-group and high group tones
s achieved by applying the DTMF signal to the
inputs of two sixth-order switched capatitor band
pass filters, the band-widths of which correspond 10
the low and high group frequencies. The filter
section: also incorporates notches at 350 and 440 Hz
lor exceptional diai tone rejection (see Fig. 4). Each
filter output is {ollowed by a single order switched
capacitor filter section which smooths the signals
prior o limiting. Limiting is performed by high-gain
- comparators which are provided with hysteresis to
prevent detection ol unwanted low-level signals.
The outputs of the comparators provide {ult rail
legic swings at the {requencies af the incoming
DTMF signals.

Decoder Section

Following the filter section is a decader employing
digital counting techniques to determine the
freqyencies.of the incoming tones and to verify that
thay correspond to standard DIMF frequencies. A
complex averaging algorithm protects against tone

simulation by extraneous stgnals such as voice while
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 tolecance to the presence

of interfering frequencies (third tones) and noise
When the detector recognizes thie presence ol two
volid tones (this is referred to as the “signal
condition” in some industry specifications) the
“Early Steering”-(ESL) 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
ceceiver checks [or a vatid signal duration (ceferred

*to as character recognition condition). This check i

peclormed by an external RC tirme constant daver
by ESt. A logic hlgh on ESt causes v, (see fig. 6) Lo
rise as the capacitor discharges.

Provided signal coadition is mamtamed (ESt
remains high) for the validation period (tgyel, ¥

-reaches the threshold (Vrg) of the steering logic to

register the tone pair, latching its corresponing 4-tit
cade (see Fig. S) into the output latch. At this point
the GT output s activated and drives v to VOU. GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch
to setle, the delayed steering output fiag (S1D)
goes high, signalting that a received tone pair has
been registered. The contents of the output latch
are made available on the 4-bit output bus by
raising the three state control input (TOE) to 2 logic
high. The steering circuit works in reverse o

()}
- b PRECISE
/ \ sy &Y OIAL TONES
10 \ 7> ] xe3s0u:
/ Y N Yea20H:2
, / ]\ - OTMF TONES
0 I T \ A=697 He
ATIENUATION 8=7I0H:
tau ) 1 I \ C=b25H:
- . O =341 3y
o l \ p:;oo:z
Fwidst
( \ ] G..un ux:
. Ha1611H
40 / Pt l " /'\ * ¢
\'[ v -
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Ui

Y A

e
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™
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1
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Figuie 4 riite Response
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igure 6. Basic Steering Circuit

validate the interdigit pause between signz‘ﬂs.
Thus, as well as rejecting signals too short too be
considered valid, the receiver will tolerate signal
interruptions {drop out) 100 short to be considered

- .a valid -pause. This facility, together witli’ the

capability of selecting the steecing time constants
externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.

Guard Time Adjdistment

in maany situations not requiring selection of tone
duration and interdigital pause, the simple steering

.circuit shown in Fig. 6 is applicable. Component

values are chosen according to the formula:

trec = top + tGgTp
tp = toa +tGYA

The value of tpp 15 3 device parameter (vev 1aisie)
and tpec is the minimum signal ducaties o be
recognized by the receiver. A value for Cof C.1 :F 15

-recommended {or most applications, leaving R to be

setected by the designer. X

Dilferent steecnng arcangements may be used (o
select independantly the guard times for tcne
present (tgrp) and tone absent (1gral. This may oe
necessary to meet system specifications which place
both accept and reject limits on both tone duration
nd interdugital pause. Guard time adjustment also
allows the designer (o tailor system parameters
such as talk off and noise immunity. Increasing trec

_improves talk-off peclormance since it reduces the

probability that tones simulated by speech will
maintain signal conditien long enough to be
registered. Alternatively, a relatively short taec with
along tpo would be appropriate for. extremely
noisy environments where fast aquisition iime ard
immunity to tone drop-outs are required. Desiyn
information for guard time adjustment is showa
figuce 7.

Differential Input Configuration

The input arrangement of the MT8870 provides a
differeatial-input opecational amplifier as weli as a
bias source(Vyer) which is used to bias the inputs at,
mid-rail. Peovision is made f{or connection of a
feedback resistor 10 the op-amp output (GS) {or
Jadjustment of gain. In 3 single-ended configuration,
the nput ping are conaected as showan in Fig. 2 vatthh
the op-amp connected (0r unily gain and Vi
piasiag the input at {Vpp. fig. 8 shows ihe
differential configuration, which permity she
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GTP « (RpC1} in [VDD 7(VOD:VTSH)
tGTA o (RICY) ln. (Voo /VTSe)

Rp = (RT1R2) /(R « R2)
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Voo
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SIGT
&1 a2
€st

a}decraating (GTP; (1GT# <tGYA)
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voo; O fip = (RIRZ)4{R1 + R2)

ESt

b} decreating tGTA; (tGTP >tGTA)}
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figure 8. Differential tnput Configuration

Figure 7. Guard Time Adjustment

adjustment of gain with the {eedback resistor Rs,
Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.58 MHz crystal and is
normally connected as shown in figure 2 (Single
Ended Input Configuration). However, it is possible
to confqure several MTB870 devices employing
oniy ¢ single oscillator crystal. The osaillator output
ol he lirst device «n the chain 1s coupled through «
30 pF capacitor 1 the cscitiaror inpus (D5C1) of e
aszxt device, Subsequent deviies are cennected in a
stemalde faskion Reler to Fig. 9 for details. The

probiems associated with uabalanced loading are.

not a concern with the arrangement shown, te;
precition Lalancing Capaciiors are noi required.

To OSC1 of
next £370
___1c l._._'
7 Xl.-l' Y4
,0s5C1 '—‘]- 1 0sc2
jm|
oscy |1 “ osct
C

Cz g

Atal e 198 MKz

figure 9. Oscillatar Connection




absolute maximum ratings

Supply Voltage (Note 1)

ance of 187°CrW junction 10 ambient.

. 15v
Package Dissipation 8 Pin DIP (Note 2) 660 mW
" dnput Voltage. 0.4V
Storage Tomperature -656°C 1o lﬂso'c
Operating Temperature 0°C o +70°C
Juncuon Temperature +160°C
Lead Temperature (Soldering, 10 seconds) * +300°C
electrical characteristics 7, - 25°cC
. PARAMETER CONDITIONS MIN VP max | units
Operating Supply Voltage (Vg) 2] ' 12 Y
Quiescent Current (1o} Vg =6V, V=0 4 8 mA
Output Power (P} (Note 33 Vg =6V, R, = 802, THO = 10%, 250 328 4 mw
. Vs =9V, R = 16Q, THOD = 10% 500 oW
Voltage Gain (Ay) Vgo6V,1=1kKz. 26 a8
10uF from Pin 10 8 46 dé
Bandwioth (6w} "Vg = 6V, Pinc 1 a0d 8 Open 300 kHz
Tota! Harmonic Oistortion (THD} Vg = 6V, R =8, Poyy = 125mW 0.2 %
. t= 1 kHz, Pins 1 and 8 Open
* Power Supply Rejection Ratio (PSRR) Vg S 6V, f= 1 kHz, Cgypass = 10uF S0 d8
Pias 1 and 8 Open, Referred to Qutput
_lnput Resistance (Rypg} ) 50 kQ
dnput Bias Current (Ig(ag) Vg = 6V, Pins 2 and 3 Open 250 nhA
Nose U: Ports. d tor higher ab wupply voltage on special : B
Nete 2: For opereting ot o d wag«mumuudonnw'c i Junedt and a thermal resist-

Mote 3: 1t Oucilletion exists under some loed conditions, add 104 end 0.05»F series network (rom pin § 10 ground.

application hints
GAIN CONTROL .

To make the LM386 a more u/u(ilo amplifier, two ping
(1 and 8) are provided for gain contee?. With pins § and
8 open the 1,35 ki resistor sets the gain at 20 (26 GB).
it & capacitor is put from pin 1 10 B, bypassing the
1.35 k€1 resistor, the gain will go up (o 200 (468 di). 1f
@ resistor is Placed in series withs the Capacitor, the gain
€30 e st 1030y value from 20 to 200, Gain coatrol can
alto be done by capacitively coupling s reslstor {or FET)
from pin 1 to ground.

Addstionsl sxternal components can be placed in porallel
with the internal fesdback resistors 10 Wilor the gain sad
freauency responce foe_jndividual applications. For ex-
T, we Lan COMPEaNsels POOr 3pes'rr Latr response
te {requency shaping the feedoack osth. This s Son
with 3 caries RC foom pun 3 10 O {paratieling the intacnal
150 rasistor). For 6 96 effective bass boost=-R & 15kQ,
the lowest value for good stable opersiion it R = 10 k(2
it pin 8 is open. If ping 1 and B are bypessed then R as
fow & 2 k{1 cen be used. This restriction is because the
smplifier is only compensated for closed-100p. gaing
yeater than 9,

INPUT BIASING

The schematic shows that.bo!h inputs are bissed to
ground with a-50 kSl retistor. The base cucrent of the
mput transistors is sbout 250 nA, 30 the inputs se &t
sboul 12.5 mV when left open. If the dc source re-
sistance driving the LM3H6 {5 tugher than 250 k2 {t will
contribute very little additions! otfset (about 2.5 mV at
the input, 50 mV et the output). {f the dc source
cesistance it less than 10 kf), then shorting the unused
input to ground will Keep the offset low (sbout 2.6 mV
st the lnput, SO ‘mV at the output). For dc source
retistadices batween these valuet we can eliminate excess
otfset by putling 8 resistor from the unused input to
ground, equal in value (o the dc source resistance. Of
course ell offiet problems are eliminated if. the input 1
capecitively coupled.

When using the LM386 with higher gains {bypassing
the 1.36 k(1 rezistor between pins 1 and B) it Is necessary
10 bypast the unused input, pravanting degradation of
gain and possible instabilities. This is done with a Q. 1uF
capacitor or 8 short 10 ground depending on the- dc
source resistance on the driven Input.



Absolute Maximum Ratings’

L3

Parameter Symbol Min Max Units
Power supply voltage Vpy-Vss € v
2| vottage on any pin - Vs6-03 . | Vpp +0.3 v
3] Current atany pin 10 mA
4 | Operating temperature -40 + 8BS *C
s | .Storage temperature ) 65 . +150 -
. 6| Package power dissipation . - 1000 mw

|
'E aCeeding thete viluds may Caute Petmanent damage. Funclondl 0peration undar théte COnaLIont it NOt1Im plied.
Octate suove 75 *Cut 16 mw 7/ *CAll leads soldered to board.

D& Electrical Characteristics

Characteristics Sym | Min | Typ* | Max | Units Test Conditions™
1 S Operating supply voltage 4.75 5.0 }°5.25 v
2 ': Operating supply current foo 3.0 9.0. | mA 3
3 : Power consumption Po ] 1S 45 mw | {=3.58MHz; Voo = SV
v - I
‘4 High level input Vit 3s v
S| 1 |Lowlevel input voltage Vi 1.5 \ 9
6 : Input feakage current Ll 0.1 . - A | Vin=Vss0f Vop
7 “‘ Pull up (source) curcent o 2.5 15 uA | TOE (pin 10) = OV
8] ¢ {lnputimpedance (IN +, IN-) Ry 10 MQ | @1 kHz
9 Sl2ering wyreshold voltage Vi 22 2.5 \2 :
10 Low level output voltage Vo, A 003 1 v [Noload
11 ﬁ High leve! butput volizge Vou | 497 V  |Noload
12 ‘" Output low (sink} current toL S 25 MA | Vgyr = 0.4V .
i3] u | Output high (source) current fon 0.4 0.8 R mA | Vour=4.6V
14 ; Vet OUtput volitage VRet 2.4 28 Vv No load
i5 Vet OUtput resistance Ror 10 TKQ !

Typuat hgures are a8 25°Cand aie 10f desiyn 3id only:
VD - SV 2 570 Vg5 2 OV. VOItuy 21 are with respect to ground (V) unless otherwiné stated

00t yuatantece oid not wbyedt 10 Production testing.




typical performance characteristics
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

o AR

Advance Information
Pulse/Tone Repertory Dialer

MC145412 |
MC145413
MC145512

Low Power Silicon-Gate CMOS

The MC145412/13 and MC145512 are silicon gate, monolithic CMOS
intergrated circuits which convert keyboard inpuls into either pulse or DTMF
outputs. They are packaged in a standard 18-pin (0.3” wide) plastic DIP.

e 3 x4 or 4 x 4 Keyboard Compatibility Which Allows the Use of 2-0f-7, 2-0f-8,
or Form A Type Keyboards

¢ MC145413 Adds Keyboard Selectable Pause Switch Function

« Single Pin Switchable Between DTMF, 10 pps and 20 pps

= 500-Hz Tone Signal Output in the Pulse Dialing Mode MC1454XX__ _ Suflix Denoles

¢ Memory Storage for Ten 18-Digit Numbers. including Last Number Redial o Plastic DIP

* Uses 3.579545-MHz Colorburst Crystal S 40/60 M/8 Ratio
— 5 32/68 M/B Ratio

e Telephone Line Powered

P SUFFIX
PLASTIC
CASE 707

ORDERING INFORMATION

¢ Silicon Gate CMOS Technology for 1.7 to 5.5 V Low Power Operation

¢ Stand Alone DTMF Dialer/Stand Alone Pulse Dialer
e Mute Output Used to Isolate Receiver from Dialing Output
* Memory Programming Options by Keyboard Configuration

BLOCK DIAGRAM

PIN ASSIGNMENT

vop 1] ' e ig[] DTMFCLT
cOC4 {] ¢ 17[) OFL
T a 3 6] BOWT
corz - 5[] ROW?
gora [l ¢ 14]] ROW3
vss ] ¢ 13} ROWa
150 {1 7 121 ow
0SCip U & v MO
0SCoul C 104 Mg

150 <L TONE DEBOUNGE COLUMN
SIGNAL COUNTER TONE GEN
4 DA 438 Gour out
s L CONVERSION I .‘:1
& MIXING M
o
i 2
3 TONE GEN v
oot 2 g IS
Tor? —4» DATA 3
5 | KEYBOARD LATCH PULSE —3
TOL3 —*| INTERFACE 1 .
bl AND AND MUTE
ROWT - > MO OuTPUT 3
ROW2 —' ™ ; A LOGIC |5 =
ROW3 —_ ™ CONTROL y b
ROW4 —Lis] LOGIC ADDRESS >
LATCH
12 1 X
OH T Vpp = PIN1
READMRITE TIMERT Vas = PIN 6
COUNTER COUNTER
0SCijn —» <
SCin g| 0sC DIVIDER b} T
OSCOm -

This document contains infasmation on a new product. Specification and information herein are subject to change without notice

MOTOROLA COMMUNICATIONS DEVICE DATA
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ABSOLUTE MAXIMUM RATINGS (Vgg =0V)

Rating Symbol Value Unit
DC Supply Voltage VDD -051t0+8.0 Y
Operating Temperature Ta -30t0 + 60 °C
Storage Temperature Tstg -6510+ 150 °C
DC Current Drain Per Pin ! 10 mA
Maximum Voltage \
On Any Pin Relative to Vgg Vin1 -05
On Any Pin Relative to Vpp Vin2 +0.5

ELECTRICAL CHARACTERISTICS (Ta= ~301t0 +60°C, Vpp = 2.5 V, Vgs = 0 V, Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit
DC Supply Voltage Pulse Mode VpD 2.0 — 5.5 \%
DTMF Mode 2.5 — 55
Operating Current . Pulse Mode (MS = Vpp) ipD — 0.25 0.7 mA
DTMF Mode (MS = Vgg) — 1.0 2.0
Memory Retention Voltage Vstby 1.7 — — \
Memory Retention Current (Vop=17V) Istby — 1.0 2.0 uA
(Vpp =25V) = 2 25
Input Voltage, Row/Column/OH “0" Levet ViL — - 0.2Vpp \
“1" Level ViH 0.8 Vpp — —
Row Column Input Impedance To Vpp Zin — 100 — kQ
TJo Vgs e— 2 —
OH Pull-Up Resistance R — 50 — kQ
Input Capacitance (All inputs) Cin — 10 — pF
MS Pin input Impedance Zin 50 200 —_ kQ
Output Sink Current (Vpp = 2.5 V) TSO Pin oL 0.5 0.7 — mA
MO Pin 1.0 2.0 —
OPL Pin 1.0 2.0 —
(Vpp = 4.0) MO Pin 3.0 —_ —
OPL Pin 4.5 M —
TSC Output Source Current (Vout = 2.0 V) lOH 0.5 0.7 —_ mA
Output Laakage Current MO, OPL Pins Itkg _ _ 1.0 HA
DTMF Output Level Referenced to Vpp/2 Row Tone Vout 260 310 370 mvrms
(Vpp=2.5t04.0V, R_.= 600K to Vpp) Column Tone 330 390 460
DTMF Output Tone Leakage (Vpp = 3.5, R = 600 €2, 300 to 4000 Hz) — — -80 dBm
DTMF Output Tone Distortion (Vpp = 3.5, R = 600 Q. 300 to 4000 Hz) — — 5 "%
Pre-Emphasis 1 2 2.5 dB
DTMF Output Leakage Current While Not Dialing Tones (Vpp = 2.5 V) — — 1.0 HA
DTMF Output Sink Current While Dialing Tones 20 — — nA

MC145412.-MC145413.MC145512
2-722
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SWITCHING CHARACTERISTICS (Ta = 25°C, Vpp = 2.5 V. Osc. Freq.= 3.579545 MHz, Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit
Row/Column Scan Frequency f —_ 250 — Hz
Key Debounce me tpB 16 — 20 ms
DTMF Tone Duration for Keypad Dialing tw1 60 78 —_ ms
DTMF Tone Duration for Memory Dialing tw2 90 102 110 ms
Inter-Digit Pause Time DTMF (Memory Dialing) tip 90 98 10 ms
Puise 10 pps 0.8 1.0 1.2 s
20 pps 0.4 0.5 0.6
MS Pin Scan Rate trms — 1 — kHz
Make/Break Ratio MC145412/13 MBR — 40/60 —_ %
(MC = Open or Vpp) MC145512 - 32/68 —
Outpulsing Rate MS = Open fopL — 10 - pps
MS =Vpp — 20 —
MUTE Output (MO} Overlap Time tMO — 2 _— ms
TSO Output Frequency fTso — 500 — Hz
TSO Output Duration trso 35 — 40 ms
DTMF Cycle Time (Memory Dialing — 5 - tones/s
(Keypad Dialing) — 10 _—
DTMF Fréquency Deviation — — +1.0 %
Predigit Mute 4 ms
MC145412/13 Pulse 10 pps - 40 —
20 pps — 20 —
MC145512 Pulse 10 pps — 32 -
20 pps —_ 16 —
DTMF = 1 —_
PIN DESCRIPTIONS OH

Vpp. Vss
Power Supply (Pins 1, 6)

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

55V.

Ms
Mode Select (Pin 10)

The MS pin is a three-state input for switching between

DTMF, 10 pps, and 20 pps dialing modes. Mode selection is
done during the first key entry debounce period after the dialer
has completed a dialing sequence or has just come off hook.
When this pin is not scanned it is high impedance.

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

Table 1. Mode Select Options

MS Dialing Mode
VDD 20 pps Pulse Dialing
Open 10 pps Pulse Dialing
Vss OTMF Dialing

rd

On-Hook (Pin 12)

Connecting the OH pin to Vpp or allowing it to float sets
the device in the On-hook mode. Connecting this pin to Vgg
selects the Off-hook mode. When in the On-hook mode,
repertory memory can be programmed without a dialing
output. -

TSO
Tone Signal Output (Pin 7)

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

DTMF OUT
Dual Tone Multifrequency Output (Pin 18)

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

In pulse dialing mode (MS = Vpp or float) and during on-
hook programming this pin is high impedance. While output-
ting tones, this pin has a dc bias at (Vpp - Vgs)/2. DTMF OUT
is an open-drain output requiring an external pull-up to Vpp.
This pull-up resistor must satisfy the instantaneous current
requirements of the internal feedback hetwork in addition to
the load applied to the pin.

MOTOROLA COMMUNICATIONS DEVICE DATA

MC145412.MC145413.MC145512
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oPL
Outpulsing (Pin 17)

This pin outputs pulses at 10 pps (MS is open) or 20 pps
(MS = Vpp). The MC145412/13 have a make/break ratio of
40/60, while the MC 145512 has a make/break ratio of 32/68.
In the DTMF dialing mode (MS = Vgg), this output is high im-
pedance. During on-hook programming this pin will not
outpulse. This pin is an open drain N-channe! output which
pulls low to break the loop current.

MO
Mute Output (Pin 11)

The Mute Output is an open drain N-channe!l output that
pullsto Vgg during OPL outpulsingand during off-hook key de-
pressions and memory dialing in DTMF mode.

COL 1-COL 4 and ROW 1-ROW 4
KEYBOARD INPUTS (Pins 2, 3, 4, 5, 13, 14, 15, 16)

The keyboard inputs allow either a single contact (Class A)
keyboard, or a standard 2-of-8 or 2-0f-7 keyboard with Vgg
tied to common. A valid key entry occurs when either a single
row is tied to a single column, or a single row and column are
simultaneously connected to Vgg. Connecting pin 2, COL 4,
to Vpp sets the part to 3 x 4 keyboard mode. Keyboard mode
selection is performed during application of power.

Typical keyboard configurations are shown in Figure 1.

OSCin, 0SCout =
Oscillator Input and Osciliator Output (Pins 8, 9)

A 3.579545-MHz crystal is required as the frequency refer-
ence for the on-chip oscillator. Crystal biasing is accomplished
by an internal resistor and capacitors.

GENERAL DEVICE DESCRIPTION

The MC145412/MC145512 and the MC145413 provide

sers with switchable pulse and DTMF dialing functions. The

‘C145412/MC145512 change dialing modes via the MS pin.

ne MC145413 allows users to switch dialing modes via the

keyboard in addition to the MS pin. All devices have 10

memories, LNR (last number redial) inclusive, each 18 digits
long.

On application of power, there is a 64-ms initialization period
during which the oscillator is enabled and the keyboard inputs
are disabled. During initialization COL 4 is scanned to set the
keyboard mode. If the COL 4 input is high (VDD), the dialer
is set to the 3 x 4 keypad mode; otherwise, the 4 x 4 keypad
mode is selected. Changing modes is not possible after this
initialization périod.

During normal dialing, the-oscillator starts when a key is
depressed. The key input is debounced for 32 ms. During this
debounce period the RAM and dialing circuits are disabled
and the mode select pin is scanned to determine the dialing
mode (either 10 pps, 20 pps, or DTMF). After debounce, the
keypad entry is checked and the input is latched into LNR
memory followed by a stop code. This process continues until
18 digits have been entered. If a 19th digit is entered, it will
over-write the first digit and will be followed by a stop code.
When dialing, the device fetches data from memory until a
stop code is encountered or 18 digits have been dialed.

During manual DTMF dialing, a minimum tone duration of

60-ms DTMF is output and will continuously output in 32-ms
increments as long as the key is depressed. The DTMF OUT
piris designed to drive an external PNP transistor which can
be used to monate tip and ring voltage at the DTMF
frequencies.

CLASS A (SPST) STANDARD 2-OF-7 (DPST)

e —

O O— COL
COL—0 O—— ROW

Vgs —

L—0 o—— ROW
Vpp coL
Vgg — _‘—l —
Voo 1 l ROW
Vsg — — —_——

Figure 1. Keyboard Configurations

STANDARD 2-OF-7 (DPST)

0 | O—COL

L 6 o——FROW

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

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

The RECALL key for the 4 x 4 keypad is used to recall and
dial numbers stored in the repertory memory. The digit
immediately following the RECALL key designates the
memory location of the number to be auto-dialed. For the 4
x 4 keyboard, a last number rediat can be accomplished if the
RED/P key (COL 4, ROW 1) is the first key depressed after
an on-hook to off-hook transition. Otherwise the RED/P key
will effect a 4 second pause. If the pulse mode is selected,
redial can be accomplished if the first key depressed on a
transition to off-hook is #. For the 3 x 4 keyboard, redial occurs
if the first key depressed is *,0. .

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

“31 45412.MC145413.MC145512
724
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1. MANUAL DIALING — OFF-HOOK (PULSE OF DTMF MODE)

Cor JCe (o J-———[a ]

ALL DIGITS ENTERED WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WILL DIAL OUT THE DTMF SIGNAL IN TONE MODE ONLY,

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

[ Jeeer (o] (a808] (5] oo [
[0t Jeeewe[ on ] [pause] [ ox Jeeeee[ ov | Mcuseamciessizonty
| D1 Jeeees o ][ - ][ ox ]eeees[ ov ] puisemooeomy

THE AUiO ACCESS PAUSE WILL NOT OCCUR DURING MANUAL DIALING IN DTMF MODE. T IS RETRIEVED DURING RECALL OR REDIAL.

3. STORING NUMBERS INTO MEMORY — ON-HOOK/OFF-HOOK (PULSE OR DTMF MODE)

] oN | {store|| A | A=1- MEMORYADDRESS

THIS OPERATION TRANSFERS THE DIGITS D1 TO DN FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY “A™ DIALING
QUTPUTS ARE NOT ACTIVATED DURING ON-HOOK PROGRAMING

4. MEMORY REDIAL — OFF-HOOK (PULSE OR DTMF MODE)

A= 1-9 MEMORY ADDRESS

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

OR

E PULSE MODE ONLY

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

6. PULSE-TO-TONE MODE SWITCH — OFF-HOOK {PULSE OR DTMF MODE)

ceese| on | [Pauses { ox ]esess] oy | morssrzomy
7. CASCADED DIALING — OFF-HOOK (PULSE OR DTMF MODE)

o AN g o e W

i« %,SAczAB 23 MEMORY AODRESSES
SIS, CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL

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

8. SIGNALING * AND # TONES — OFF-HOOK (DTMF MODE ONLY)

[ ] oureurs-Tone
[I] OUTPUTS ¢ TONE

4 X4 KEY MATRIX )
CoL 1 coL2 CoL3 CoL4

iz | 1 || 2 3 | [reor ]| mows

| |

mu | 4 || s | L s | IPAUSEI ROW2  \ic145413 PAUSE/S KEY FOR PAUSE &
J |
|

2z | 7 || 8 s ] [store] rows SWITCHING DIALING MODES

sz | - || o + | [recau] mows
200 1336 1477
Hz Hz Hz

Figure 2. 4 x 4 Keyboard Dialing Sequences
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. MANUAL DIALING — OFF-HOOK (PULSE OF DTMF MODE)

(ot J[Toe J[ oo J————[on ]

-

ALL KEY ENTRIES EXCEPT * AND # WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WILL NOT DIAL OUT THE DTMF SIGNAL

IN TONE MODE. FOR SIGNALING, * OR # SHOULD BE PRESSED TWICE.

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

o e [0 ) [ (] oo (]
[0t Jeweeel ov J[ & ][ ox Jeeene] ov | pusemoeony

THE AUTO ACCESS PAUSE WILL NOT OCCUR ON MANUAL DIALING IN DTMF MODE. {T IS RETRIEVED DURING RECALL OR REDIAL.

3. STORING NUMBERS INTO MEMORY — ON-HOOK (PULSE OR DTMF MODE)

| o1 Jeseee[ ov J[ - ][ A ] =1 memorvavoRESS

THIS OPERATION TRANSFERS THE DIGITS D1 TO DN FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY “A".

4. MEMORY REDIAL — OFF-HOOK (PULSE OR DTMF MODE)

I::' A= 1-9 MEMORY ADDRESS
5. LAST NUMBER REDIAL — OFF-HOOK (PULSE OR DTMF MODE)

L]

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

6. PULSE-TO-TONE MODE SWITCH — OFF-HOOK (PULSE OR DTMF MODE)

[[o1r Jeeeae[ on ] [ManvacswircH] [ ox Jeesee[ ov |

MODE SELECT (MS) PIN HAS TO BE MANUALLY SWITCHED TO DETERMINE THE DIALING MODE. DIALING MODE SELECTION WITH MANUAL SWITCH IS

NOT PROGRAMMED INTO THE LAST NUMBER REDIAL MEMORY.
7. CASCADED DIALING — QFF-HOOK (PULSE OR DTMF MODE)
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// /4 WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.

8. SIGNALING * AND # TONES — OFF-HOOK (DTMF MODE ONLY)
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Figure 3. 3 x 4 Keyboard Dialing Sequences
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Figure 4. Timing Diagram
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