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Abstract

This project developed an electronic device as a home control system. The

system uses the existing phone line as a telecommand transmitting media and provide

three modes of controlling i.e., 1) Telephone Answering Machine 2) Electrical Appliance

Remote Control and 3) Autodialer for Emergency Call. For the answering mode , user

can leave message in digital memory up to 90 seconds. Those who have password. can

remotely retrieve the stored message via a DTMF signaling. The remote control mode

controls home electrical appliances of 5 A 220 VAC with three outputs. For third mode ,

the home control system has 8 channels of fire sensor , when activated the system will

call the user automatically. The system communicate with a user using the recorded voice

transfered and controlled by DTMF signal.
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wosled Duration Input Sample Rate Upper Pass Band
(second) (kHz) (kHz)
1SD2590 90 533 23

2.3.2 AaENlAveY ISD2590
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- gunglilumsldau dwmiuszuugeamnssu (40 D9 85 perusalBee)
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Microphone Input (MIC)
E 4
. Q d 1 - F
ilsgsimihidedgyanalufnmnnedygrannlulasiiy  (preamplifier)
é 4 = o o af - r QI = -3 $ o
Feoguudn  dmiulsesliudasueesaluli@d (AGC) nudnezvimiiinaugudas
E 4
vewveamaveedygrannulasiduiion -15 89 24 wdwa uazlulns Thune
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UBNITABILL AC couple  UvTEl Insrudunulszydidsoynsuey  UazAILAIVBY
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avwdumunielu 10 Alaleviuiing sshiddanulseygnldlunisdnoen (cutof

Fogrannuamliiudnaudues 1SD2590

Microphone Reference Input (MIC REF)

Taon15AeIAL Vggy (analog ground)  Tasswdadiuyszydeeynsufiu
Fygasuniuiiowinaeuuen TMua (common mode noise) mmmqnﬁ'ﬂaan"lé’ﬁ
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Analog Output (ANA OUT)
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il Idnneviyavssnnveedygraudesninlulas Ty FI0NT VYWY

TramvvesmaveedggnaudesninluTns Iduszgannsaniaemi Taamefiv AGC

Analog Input (ANA IN)
g 1 1 L. U a A o - o 4 a
iz dwiudygullddnmedinstuin dmsunsdnleluTas Iuduna
41 ANA OUT wzgnderuduiuszynmiousn lfann ANA IN derdunaduRinaud

é \ = [ o 3 y la' 4
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Taomsaf'ld

Automatic Gain Control Input

AGC  szimhiilunsdiusanuesveamadygrendessinlalas Tnuuuy
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Speak Outputs (SP+ /SP-)
awsnlasiaine 16 Tovu 50 fadindldlaenss v1 Speaker Outputs 7l

zagissiy Vgga Msgnngnnmsiuiindoiuazss Power Down

l. o - ¥ L A
139111 Speaker Outputs 4949 ISD2590 W80 9 AINIABYUIUAUINDINN

s ldiRannudeneiugnselld

Power Down Input (PD)

vaugd hifimssufinnfemsidundy a1 P sty “HIGH” Weldegly
Tnuavosnsdndsud q dedeanne Overflow 11 OVE sziwadiidu
“Low” semn mstin PD iy “HIGH” feviimssianliaiduenesandulali

Sy

Chip Enable Input (EE)
umsiunnuaziaunaudssimsouniialaeiier CE $iu “Low” deyadu
1 0N Tavl%a1 CE dlu “Low

WA weawsasunA uaz P/R szgnuandlasnmsanasvesveudygadivy CE

Playback/Record Input (P/R)

o P - 4 a [y ol T~

Sunyafinr P/R szqruandAiieifiansanasvssweudygranian CE  Tay
dwn P/R flszduiiy  “HicH” lwfavesmadunduszgnienldin  daudn

P/R dlu “Low” lefavesmsiufineggnidonidenumu  dmivlmfavesns



tuiin  deyafivueamsadunmezdiuddmuausamsafudunazesiufinedde
A ¥ jpmamag o T [)
1ile99uni1vn PD n5e CE vznauily “HIGH” w5oifin Overflow (154 Mv28A21Y
Py a A y o s -3 Ei
$1ludwdy) dedugqanistiufin  End-Of-Message (EOM) marker oxgaifiu'lin
o7 ] o [ = J o 9/ =' ~
ueawsadegiulumizsanusridmivlefamsidundy  Joyafivueamsadunnee

AudrdmuaneamsaSuduuazginssleziausuniiogny EOM marker

Address/Mode Inputs (Ax/Mx)
i 1 $ L% ; 1 Q o=
fvwmarilll 2 Hendudiuegiu 2 dausnves Most Significant Bits (MSB)
YBBAIATE AP
) ﬂ % 9 a S A ﬂ 4
aievisaeatlu “LOW” dunannusvssvmartezgnudasiivueamssine
[} Q' L3 J Qo A v S = 1 U’
il $thueamsasudulunuiiufinnSomundy  uazfivmarilssdiuduyamniu
] { 9 9 P 1 d’ ol
Timsosudeyaueamsanmelueamnld  deyafivimartiszgnuandivouvias
ve: CE
4 [ 4
tiasreaily “HIGH”  Buwavesnmaiiszgauasiiudadmiuiden
f - 4
TruavueIMIIUMmNAISIN 232 @l 6 Tnua (MO.M6) Tamsiawisnlday

L] = -4 4"
waw 9 Tvwalusisnanfeinull

External Clock Input (XCLK)
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225 % ﬁ'w’fmmsﬂ1mﬁﬁgn#’n’mn'i1f;ﬂze’1"m“l%'ﬁ'mfg1mu1ﬁn1 (clock) TagW UMM
XCLX Tnofiled 1sD2590 Aeamsfymanmiiin 6827 ladind  wazlisaslu
msumnlas 533 Aladiad ﬁtytymuﬁﬂ1‘71"1%'?;%@11sﬁm'ssﬂ§tmuﬂmmﬂz
uouiiivalads Nawos (antialising filter) - uaz AyNANMADS (smoothing filter) QN
fmualinedl  fidaslumsusulBuanmennmiidesnseeitlygnueudivalad

o ; ¥ |
(antialising) HATU 6191 XCLK 'hil¥ezdesdonsiig

End-Of-Message / RUN Output (EOM)
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wazszaeegounssisdonniugniiuiinty eniyaves EOM  HesWiadidlu

1 L d
“Low” dushanm Tgoy diefugausasdeniy
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Overflow Qutput (OVF)
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Voitage Inputs (Vcca » Vocp)

allunisead@ossuniu | 2vsvesdyanuezuaen uazAdnea

Weuhdygrauwenseniniu

Ground Inputs (Vgg4 , Vssp )
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WAITE
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Ttz Fmnhdygunindvesezuiasnuazadneaensenindu

2.83.6 TnuaueIMINnIaIN

mI1ei 2.3.2 Tnusveamahau

Mode Jointly*
Control Function Typical Use. Compatible

MO Méssage cucing Fast-forward through messages M4, M5, M6

M1 Delete EOM markers Position EOM marker at the end of the last message { M3, M4, M5, M6
M2 Not applicable Reserved N/A

M3 Looping Continuous playback from address 0 M1, M5, M6

M4 Consecutive addressing | Record/Play muitiple consecutive messages M0, M1, M5

M5 CE. level-activated Allows message pausing MO, M1, M3, M4
Mo Push-button control Simplified device interface MO, M1, M3

Indicates additional operationad wades which can be used simsdtoncousty with the given wode.
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MO - Message Cueing
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M4

M1 - Delete EOM Markers
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M2 - Unused
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dietimsiden 1 Inuavesnisiiau v M2 sasiiiuy “Low”

M8 - Message Looping
} J 3 » [)
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M4 - Consecutive Addressing
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M5 - CE Level Activated
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M@ - Push-Button Mode
? p ' 5 4
Tnuatigwisai i Idiwennulseudalduiniesningnesnuuuliidees
1 ' ] é d 4
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HIGH
o £
A151UNnIuTvua Push-Button

1. W P dlu “Low”
2. 1 P/R Sy “Low”
3. dieliwad “Low” fuw CE szSunistiufin udrv1 EOM senaneiiu

“HIGH” WouaayTIMdaiNIUeY
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4. diol¥fad “LOW” fuwr CE wwwgantufin  EOM senanediu
“LOW” EOM marker ﬂzgm:h'lﬂzﬁu‘lunﬁwmmﬁnﬁaéﬁmmiaéuqmm*ﬁ'amm

5. fleliiad “Low” fun CE misthuiinezSuduiineansadi EOM
marker 30§ uaz EOM sznenuidly “HIGH”

6. dioliad “Low” fuw CE Snnssesngametiufinuasneuiuves
Jormueesl EOM marker iiloliad “HIGH” fuw1 PD foduflumsduganis

Tunin leedinins EOM marker 13
msaunavlu lvua Push-Buiton

1. W pD v “Low”

2. W P/R u “HIGH”

3. dlelied “Low” fuwr CE ezSunadundy udawn EOM szaaw
iy “HIGH”  Weuameii e uDg

a. dioldfad “Low” fuwr CE wfe wu EOM marker ssWienis
agngaihaiuiiuds EOM senaneiiiu “Low”

5. dieldWad “Low” fus CE 8n mmmundussduduiidumisiings
welupeuusn udr EOM wznaneiiiu “HIGH” ugashdidainueg

6. unsdl Overflow ol CE i “Low”  veSiwniaduenmsanaziy
madundusIngaE uduadasnny niethliwadiuvr PD  ezviin1s5ion i

{DAATY O



ISD2500 Veg 45V
1 . 28 .
' A0 Veeo
Vee 2 Y, 16 a
VSS.L 3 N cear-ca L L C1F—L cs
— . A2 120.1 }IF T j_\ 0.1 n 22[[F
Vee A3 Vsso B3] = =
ne A7, w5V 1] A4 ssa [~ L
Vee 100 KQ 100 KQ - 81 A5 = Lst
o . L1 A6 sP+ |2 5
o 8{ a7 sp- |13
START/PAUSE lz A8 AUX IN ;; SPS&ER
sz A9 ANA IN = .
0 O— == - 3
STOP/RESET ::“ CE anaouT (2T 4 uF
2! PD
%o 271 PR MIC REF |8
—0 251 EOM mic
PLAYBACK/RECORD 221 ovF
= _E—zﬁ- XCLK AGC 9 .
= R2 —— C2
: NON-BIASED
34846 4.7WF  MICROPHONE

For more details, please refer to the 1ISD Application Netes and Design Manual,

711 2.3.3 uamems IFuvesees luTuuamsdrueamse

M3 2.8.3 uansnsmavgumaialulisansarmeansa

APPLICATION EXAMPLE ~

PUSH-BUTTON CONTROL
Control
Step Function Action

1 Select record /play- | P/R = As desired
back mode
2A  |Begin playback P/R=HIGH

CE = Pulsed LOW
2B |Begin record P/R=LOW

) CE = Pulsed LOW
3 Pause record or CE = 'ulsed LOW
playback
4A  |End playback Automatic at FEOM marker
or PD Pulsed HIGH

4B End record PD =Tulsed HIGH




1SD2500 Vee +5V
=
1 28
. A0 Vv,
Vee —I— 2| Ay VEE: 16 _ I
+5V Vss 3l a2 0.1 "F_I— —— 0.1 uF
= I v e T 24
A3 O] T T
R4 21 A4 Vssa * 1
100 KQ §1 as =
. 7 sps |14
—3 o— " ﬁ: sp. s |
CHIP ENABLE 2| a8 AUX IN |1 ©0
10 20
—O,, A9 ANAIN ——j SPEAKER
p——0 | C3
) * 2| == 21 I
P&WER DOWN CE ANAOUT 1uF
24 PD
o 22 pjA MIC REF |8
0 23] EoMm mic L
PLAYBACK/RECORD 221 ovF __l_
= 261 XCLK AGC 22 "F’F
= l Cs
= T~
= 22 uF
2 Kﬂ 10 KQ
'3 52 ELECTRET '
470 KQ _
47 =, G4 MICROPHONE
. . 20 nF =
Note:  If desired, pin 18 iy be Ieft inconnected Ouicrphone preasplifier noise will be higher). I this case, piu 18 must sot be tied 1o any other

signal or voltage. For wore details, please refer to the 1SD Application Notes and Design Manual.

(Ui 234 uamen1s1991uv092995 luTnua Push-Button

AN 2.3.4 waaen1anaugumaraululviua Push-Button

APPLICATION EXAMPLE -
BASIC DEVICE CONTROL

Control
Step Function Action
1 Power up chipand | 1. PD=LOW
select record/play- | 2. P/R = As desired
back mode
2 Set message address | Set addresses
for record /playback | AO-A7
3A | Begin playback P/R =HIGH
CE = Pulsed LOW
3B | Begin record P/R=LOW
CE=LOW
4A | End playback Automnatic
4B | End record PD or CE = HIGH




Microcontroller

—1 0OSC1 PBO
— 0SC2 PB1
— RESET PAQ
—) IRQ PA1
ug PA2

PA3

—{ Voo PA4
PAS5

— Vss PAG
PA7

Vce

For mwre details, please refer 1o the I1SD Application Notes amd Design Mannal,

L st s2 l s3 QZ :JN
* RECORD * PLAY * MSGH# —
o o 0 N
N ISD2500
. 1 A0 VCCD 128
2 Al VCCA 16
R1 § 3] a2
TBD & 12
A3 Vsso Mo
31 A4 . Vgga —
— 5] as
LAWY SP+ :—:—
8 o
. A7 Up SP -
AB AUX IN f—e
191 Ag ANAIN |22
23| EE ANAOQUT |2'__
24 PD
27 piR MIC REF 8
251 EOM mic L7
2] ovF
26 voLK AGC |9

{ o A ¥ @
jUN 235 umasdnusizmueuns 1sD2590 Ay lulasnouTnsames



1]
h

RECORD
3 Tce
CE \ Y
\ e N
! T -
PR + SET /( Don‘t Care _

Don't Care

PD K

Teon kus TPD:H

AQ-A9 Don't Care

)( Don't Care

Mic l Tser . -
Anain U
. |=—Tpyp —* ,:] Tove
OVF -
PLAYBACK
CE Tece - =
N [ 94 L/_
' TseT
PR ‘ ./ \N Don't Care
T TepH | {Teos | { Teop
—\ HOLD .
PD Don't Care N H ﬂ
AQ-A9 Don't Car:* }( Don't Care
| Tser
SP4/- 7
: Tovr
| ]
o ~NCF
EOM 4

Teup

~<——»| Teom

Ui 23.6 uaasIndlelaezunsuly Inuamsdruennsa




PUSH-BUTTON MODE RECORD

“Start” “Pause” “Slart” “Stop”
—iTce Tee —{Tce

CE T\ H 7 N N :

(Start/Pause)  |u-Tger - TseT - Tsey
PR {
o0 q TSET |- ] —| Tpp |<—Tssr —
(Slop/Reset) - 7

-t T e .

AC-A9 _ .

MIC ANA IN — v\ b/ M/ MMM
OVF g = . oao :
o ' TRUN—’—/F . \t— Tpause > Qf /__

{Run) . —
T T, L,
: TpuD-PJ l‘-— | DB—»: r~—Tpg :j Teup |___ Tos .
Noles: (1) @ @ A.9) 6,7 (8)

PUSH-BUTTON MODE PLAYBACK

“Start” “Pause” “Start" “Stop”
—Tce =" Tee[+S —>{Tce
o = y
(Start/Pause) - TseT > [+ Tser = ""TSjT
PR _—j
PD —=f TSer [« . —| Tpp |*+—Tser
(Stop/Reset) ‘L A
~—TgET —= .
A0-A9 ]
SPri= I\ A MM
ﬂ’_’i V Taun—| = — —TPAUSE \/
(EOM) : : glo e /
un : —Tpp —' g
+ Tpup~+| b N Tos - Teup I‘" Tos
Notes: (1) 2 4.5) 6.7 (8)

Notes: 1. A9, A8, and A6 = 1 for push-butlon operation.
2. The first CE LOW pulse performs a Start function.
3. The part will begin to ploy or record after a power-up delay Ty, ~)
4. The part must ive CLHIGH for a debonnce periond Ty before it will recognize another falling edge of CE and pruse.
5. The sccond CE LOW puidse _and every vven puise thereafter, performs a Pause finiction. 4
0. Again, the part must luve CE HIGH for a dviwnce period Ty before it will recognize another falling e.2ge of CE, which would restart an
operation, In addition, the part seill not do an internal poter doten wntil CE is HICH for the Ty time.
7. The third CLLOW pudse, and every odtt pulse thereafler, performs a Resune function,
8. Atany tinee, a HIGH level on PD will stop the current fuschion, reset e address connter, and potver down the device.

71N 2.3.7 uama Insiide lnezunsslu Tnua Push-Button
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2.4 dayaifinaiu MT8870D Integrated DTMF Receiver

Todwesd Mr1ss7oD  (Huledn1flunsoeaniadygiat DTMF (Dual Tone

& o 4 5 4 L)
Multi Frequency) #uflunmssaufuvesdggrannud 2 anud Mfasnnisnaluuu
uflumhilnafInsdwy  Widuszuuduaunedtnea vie BCD gaesvuin 4 fin

& ' 14 v
Feanavgruansii ldnnnisoeasiauaas 13 lumsei 2.4.1

AINA 2.4.1 Auaugvaesiildonnisenstianaiud DTMF

Fiow Fioon NoO TOE Q Q3 Q Q
697 1209 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 0 H 1 0 1 0
941 1209 i 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
- - ANY L YA z Z Z

o d ' o & 4
nmsoeasiannud DTMF  luganeussifleddmanmaaengd  dneilym
é o 9 a A o ~ [] s o A
nneitesnni idawdaenly  dAnsestivunalugmseldledduauun &
L4 y Y { o A
Tuilogiiuil msoeasviannud DTMF awisomldazainineldled MTss70D 4

HuleSoeasyiannud DTIMF lawass



2.4.1 Inssaframeluves MT8870D

Tasearfraneluves MT8870D Ysznoudaasesnsesnmiduazasesoeasiie
Hafsunasnen ludvesiesnsesniud imainvesadadanhdmesAa
med  dmiunsesnindqumzd dansesneasialdinaiinmatfunnasasaite
as9tuazRATTaT 16 ATWE pomiflumuguansva 4 ia wazSagrenafl
Fygraudun dumedunadueetueni  Funsnliusasveeldlavdeginael

ameuen maemwauresuend 3 dowz Tassadrmeluves MT8870D weed

1
-}
Tugin 24.1
vDD VSS VRef INH
PWDN BIAS
CIRCUIT VRef
BUFFER
1 1 ' — Q
CHIP'  CHIP HIGH GROUP
POWER  BIAS FILTER “"—_[r DIGITAL CODE
DETECTION CONVERTER Q2
e - ZERO CROSSING ALGORITHM | | AND LATCH
TONE DETECTORS b
IN~-
FILTER 5
GS LOW GROUP -
FILTER JT Q4

\/0 Ay > St STEERING -

L cLocks <« GT Logic A
S — $73 i &
- —m
osc1 0sC2 SUGT  ESt ST TOE

71/t 2.4.1 wanelnseariraneluves MT8870D
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Voo o
. l
otMe O—
Input Ry MT8870D-1 Cy
—{] IN+ Ll Voo T—e
O - suGT [P Q
tg GS est [ 3
R Viet sto P———O
O————1] W e ————O
O—c PWDN Q3 D O
0sC 1 @ f——° NOTES:
X 4] osc2 o p——0 Ry=102KQ £1%
Vss TOE P— R;=21.5KR £1%
Ry=390KQ 1%
C;, C3= 100 nF £5%

X, =3.579545 MHz £0.1%
Vop = 5.0V 5%

' &
gl 24.2 wamams I9uilesduves MT8870D

2.4.2 Wandumahnumeluues MT8870D

melu MT8870D Usgneudediudiny 5 dufe
1. MANIBIANUD (filter section)

MNoDATHE (decorder section)

Lol N

mﬂmamauﬁ'tgtmm (sterring section)

>

MAVFYYIUANUUANAL  (differential section)

h

AARUIARIND (oscillator)

MANIBITRYYIUAN D
1 4 H ] (]
ludwiiszuondyygna DTMF fiduneendiu 2 nquanudfie Frennudge
uazenudi  Teeldrsesnsesmnudidudy ¢  wiiaaindanh@ines (six-order

switch capacitor band pass filter)

FALLLTE T
AMue DTMF  fignasesSoudosudy  ssimudnsesoeasianiudesndlu

o ¥ o Y an ] dd 9 1
aNav Tﬁahmﬂuﬂmmmmumnaa uazi)znmsmnaaummnmﬂnunuﬂu
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' D A e 44 4 \
anudimsgy DTMF  vieli  reflesfuaruddwdanamuiionsnasuudaih

[ 4 ] 1
anudvugnAes  dygnaifinn ES, (Bardy Steming) Nesupafi  Tnedifivensiia

TRonanudee q uaas i lumsed 24.1

MARTIVTOUT YR IS
3 o % d 4 [ ) 4
foufissiinsovasiaanudosnlifioniya  szdelinisaseaousrsnnud
4:' 9/ l = q'e A ' [
it Sszeznamuiidmuanseld  Tesdunaninszeznanisne]y  DTMF
é : ] o Qy’ y
Generator Fdanal)uvilanudesnuuiiusnannuweauas dnifuresdil
F 4 »
whisy Tesfendygraniuhigndes  dawsawammmla  aunsodsldlasly
RC domeuen w1 ES, seiilu “HIGH” wwindifisafusseznariiinnwd DTMF
' : 3 N\
W vngifi 223 dewt Bs, dh “HIGH” R v, geiu dafulszg C e

o Q J ¥ o o
awdszy Mldusesdn v, geiuudemmsylead  2wsneesiadeeneasiaonn

Juduavgruassuing 4 Oa

Vop ‘
— C

Voo tarp=(R,C1) In [V / (Vpp-Vre]
St/GT ve Voo tera=(ReCo}in (Voo / Vs
G =
Est Re=(RRJ)/ (R, +RY)
suet O
StD >
R
MT8870D/ R, 2
MT8870D-1 tra=(RC) In (Vpop/ VrsJ 3
terp=(RC) In [Vpp/ (Vop-Vrsd] ESt

71 243 uaainvIATINAEUTYG UGN HazMIIAIMINNITA TN

° @ 1 4 ' H 1 .

dmFudanaiinclilaensde RC meuenil Sunh mialnd (gard time)
& oV o ' i d’l ] *
guffudrimuarinalunsney  Taslunsnajuudasaiusdenaguiuedie

Peaiumialngd Sezdnsosasiald



41
Mavenadye IunNuuAnma

NesdMBURAYDY MTS870D  umavnesstusuiliienansnulfudas e
t 1-'; 9 ci 1) Y v a é
Tavdoaesnoueniiudr 1l g1 244  uansnsReNIIMBuBNiIiLBURR &9
»
AW ORIUIUBATIVGWANUUANANBUNA LazDURUAUS IR

onswew (A diff )= R/R
duwaduduaud  (Z,, diff)=2R* +(1/ £ ¢)?

o MT8870D/
G Ry IN+ MT8870D-1
+
DIFFERENTIAL INPUT AMPLIFIER
C,=C;=10nf
Ry=Rs=Rs=100kQ All resistors are 1 % tolerance.
R,=60kRQ,Ry3=37.5k  Allcapacitorsare +5 % tolerance.
Ry= Pafs

Ry4Rs

VOLTAGE GAIN (A, dith= Rs
|

INPUT IMPEDANCE

(Zwoire) =2/ Rf-f-(ﬁ)z

gUN 2.44 uamIN1sAeNIIMINOUYA

o o, d'
MANUAAIUE

v ¥
-]

Tunedudannudtl  meluleFeziinesnaeg  esdeniadavunn

-~ a 1 ] - 4 4
3579545 wnzdied AmuwmalFouldiuil nsdersesiuianiuduaas1flugla
245
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” » ToOSC1of next '
4 MT8870D/MT8870D-1
A4

A\ 4 X-tal
oscCt

0sC2

|
0s5C2 —1——"—— 0sc1
c

C=30pF
X-tal=3.579545 MHz

51f 2.4.5 uaasmsAoNIITHAAANIND
2.5 Uayaifuaf 145412 Di
2.6.1 dnvuzuaspENlAves MC145412

o & @ d
MCl145412 xﬂu”laﬁ?fﬂszmmanaumn CMOS (silicon gate CMOS) ‘-‘JN‘le?‘lYI
ulasiduyannaduesaldnmududygrawadusedyn s DTMF medmieming

é @ o W 4 o a -4 5
Faldnymziduiluuuy DIP wmsgw 18 didwinnatadn uassdgUil 2.5.1

PIN ASSIGNMENT

Ordering Intormation

MCWE X X X X
P Plastic

4 40/60 M/8 Ratio
: 6 32/68 M/B Ratio

g 251 n) uaasdnyacAINASgIMULY DIP veNledmszga 145XXXX

) UAANANYAIZNTIAIS Y190 MC145412
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AuENATeY MC145412

o 2 -
- muwsolduldfufduesauuy 3x¢ wSe 4x¢  Foygnalildiiuuuy
20f 7, 2 of 8 W3B WU A TYPE
IS @ P A s @
- fndygaildlumsdonssniie DIMF fu 10 pps uag 20 pps
' o o o | @
- Imbeanuihiawsafurninoes]d 10 mneey  vneavaz 18 wén

9y
SAHBIAVEANIEAIY

WnSada 3579545 wnnzgsas

awnsa i Infwingae Insdwi 14

'] A L4 0' g ~ay
FUANEIUAT A9 1.7-55 Trad iiesnindlumalulagduuudansunn

CMOS
- P T A e o d ! 1 & 1 o‘;
- Wiludrduiadygis DTME wiodyanutad sorlasdwnitainiu

ansaTdsunsuniteanus lasldfduesa

BLOCK DIAGRAM

1
e

TONE GEN
oA 380 our
10 l
s cﬁuv:asm ,':1_
2
= g e
4 N A
Edrpeby e s Il N [ o s o
603 — INTERFACE — L/ AND MUTE =
o Y
fow3 8, oecon: —Uig
7 |
=ty I S S 2!
w2 T |
Vpp-FiN 1
8 Vgg=FIN B
o:‘" osc DIVIDER
'Qut

] L4
jil 252 uamsudon laszunsuvesaaulsznounieluianua



2.5.2 NUasduaveMAazYIveY MC145412

Vpp > Vss - Power Supply (911, 16)
yieaesszdedulifos Taofl vpp Huvin  Seygnaliegluga 1755

Trad

MS - Mode Select (1 10)
¥1 Ms wiidnuaziuduya 3 aomz  dmiuldlumsidensznin  DIMF
Tviun , 10 pps Tnua uaz 20 pps Inua Tasauduiutsenitaduna lamves

F 4 ] 9
iy Tnuanshiugnuaasluaisiei 251 Al

MINA 2.5.1 ugasIsmaenlnue

MS Tnuamsihieiu
VDD 20 pps Pulse Dialing
Open 10 pps Pulse Dialing
Vss DTMF Dialing

OH-ON-HOOK (1 12)
M5#ABYDY OH fiu Vpp %30 Udesasuld ginsslezegluinua ON-HOOK
uatwouiiiy vgg femlumsifienInun OFF-HOOK iipeglulvua ON-HOOK

1 ° 14 4 a 3
zawnsa llsunsumunaeyTumizeanud 18 lag lifiiemnaninnisvyuiiaiu

TSO - Tone Signal Output (V17)

A v 1 -7 o

dietiminafd ezlinmsneuiulavdidgygnaudeflounsunn Tasun TSO o2
1 Q) 4 =) A vw
dedygnunudides 500 @4ad eonwn  enduidie DTMF gnlda uaswnilds

Teniyaeenuilusswita Inuavesnts Tusunsuuuy ON-HOOK #2u



DTMF OUT - Dual Tone Multifreqeuncy Output (91 18)

A ¥ g J o
Wev1 Ms gndefiu Vgg 91 DTMF oUT ssllieniyafineuauesiuunl

o ad
uaznetl lun1snafd
] o o & ' 4
ualulnuaNad (Ms = vpp #ioddovasy)  uazsEHINIMNAYEINS

Tusunsunuy ON-HOOK  fwniidiy “HIGH” impedance A luvaiziieninadiy
DTMF sz open drain output FIABINIFMMMUMENEN iy
MsYasn v Vpp

Tagigadumuyaswiideumneaufunszuaiidons Wlnalurssilounsy

9! ]
melu saunsTnasi l9dqe

OPL- Outpulsing (V1 17)
4 qw ¢ w ¢ 4 a &
aflag e minadiuiad 10 pps (0 MS gn open) M5® 20 pps (il MS =
9
vpp ) uadeglulvua DIMF  (Ms=Vgg) viteeilu “HIGH” impedance Tu

r- |

[ 4
v N Inuavesn1s 1Usunsunuy - ON-HOOK mmﬂv"l Wadeeniun  wile

dnuaiifuuuY open drain N-channel output

MO - Mute Output (¥ 11)

-4 A 5 -
yiididnuasfuiuy  open drain N-channmel output  ¥9zgQnaefiy Vgg

Tuseninfiliadosnufivy - OPL uaeluseninulvus OFF-HOOK sz Inwe
DTMF

Keyboard Inputs (V1 2,34,5,13,14,15,16)
dmsudtuesasuneildonidhfduesamnmhdudador (class A) wie
Afuesauuuanasgl 2of 8 wie 2 of 7 lavdew Vgg thiurneuusud
s d o o a 4: A & a o o o v o A
wsfiduesa  manafdezifadulioundlaunmilsliAedudnaeduiilaneduiinii

-~ 2 o @ o o & 3 & A e
145aunﬂmm‘mmﬂmaauu‘lﬁﬂaauunmgﬂmm Vss ‘W;l’)ll 9 NU ooV 2

¥
(COL4 ) fiu Vpp uaaviudumsasinuafduesafiuuuy 3x4  dnvasriiaves

¢ @

AduesamalugnuandBlugld 253



CLASS A iSPST) STANDARD 2-OF-7 @PST}
1 j—_—o -
O——RIW

STANDARD 2077 (PST) Von o
m-——L—J—-—

—0 | o—tm

Voo AOW
L —0 O—-rmMW v | I
5§ = — — -

g1l 253 uansdnyaizvesAdueTa

OSCjp , OSCoyt (V18 ,919)

dmsunvicoasamwesuudn  wldnSada 3579545 wnziEsasy 1w
d' o Y] a Q@ o [} Cé Ay Y
AvNDd 198 ms ludansadasunsei ldedauysalinsemelussliddumunas

fudulszqeguda
2.5.3 MeBLei3l)ues MC1465412

dmiu Mcwsaz  mwnsadenileisumshen Idiuiaduaziuy
DIMF awsoildouTnuansianTaoiumen Ms  Smisenawswionue 10
MY SWRMNEY LNR (last number redial) @28 Tasudasmnemyinnuem
18 18 wén

Tunstlouddelnih  szdediitrnansudy 6ams  Fwoadamneies
Qnduiia (ensble) UnzAduDABuNmezshivhens Tusrwnard TOL4 szgnasas

a9y (scan) tWoiionInunvesidueia lavdh COL4 duwadlu “HIGH” ( Vpp)

b 4
. : , 4

wihlifduesaeglunua 3x4  Suenmileninilezeglulvun 4x4  wasmsnldou
Truezsimasnnaniudulula

Tusgvihamaioudnd  esadammesSuihnudielimsnafid Insfidou
Wnoell debounce Uszuiml 32 ms lUSEMIWATLNAIUGY debounce  RAM LA
vslumsnyuminuavezda liiu w1l MS 92gnnsI9aBY (scan) oW I
Tnuamsienaiiuedwls (10 pps , 20 pps #59 DTMF) 18283910829 debounce

1+ aod ) P a g ) . o
udr  miRengnnamesgniin  uazdunaiissgauandidi lillumitsaudves

} [
LNR wioududesdangn (stop code) awlUdae  nszudumsruiiszdoiiotu
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.'ﬁ o { o $ o d o
nssiisdiandni 18 dmdnfi 19 gonadanfzgniBouiuaslufindnusn  udaw

Awsvianga
Tumgihmsnyunuioey  gunselezimismn (fetch) doyannmivany
o d’ e'l £ o
$riteonunsunsyiadesianys
uazv1 DTMF oUT lagnesnuuuldlasAnswdmeesyiia pop nwuen’d
& @
Faansolduegan lfuTiameves TIP uaz RING 14
dnumzvssnsienldgnuanuiiuIndfislnesunsy (Timing Diagram) fgyl
P
1254

HOOK SWITCH OFF-HOOK ON-HOOX

KEY INPUTS UG 2 | o 4~ neot |
i |

s T L.

I I |

o ol ' fIT JRAL

asrosas e —— OSCALATION ~ ——{ OSCILLATION )

(I 250t | |

oxson 1 (IR — -V SRR -~ ——~— - L

A1
Row ScAN —FMEWUWWU'--—JUUUU Illlﬂllﬂﬂﬂfll- JUL
Il | | | |
| -H ey i | "
FRSE 007 : l' I_ﬂ 'm-l—"—*l i 1 O
e ) B s 1 TN L7
DTWF WODE -—ll*;lzf !
DWVOUT;;“‘_" i
WUTE GUT I

PULSE MODE

JUA 254 uaaslnailelaesunsuves Mci45412



2.6 deyaifinaiu LM567 TONE DECORDER

LMS67 uaz LMs67C  igavszandieldifiudoeasiaduygaudes  (ione
decorder) gnoonuuuliiianisadadasns g u‘faﬁﬁtytyma“uummaﬁmhamw?; mulu
299592152n0UAY 1 1ag Q detector éﬁgﬂ‘lﬂiﬁiﬁﬂ VCO (Voltage Controled oscillator)
FullumsRvsananudfigudnane center frequency) vesianenste  Taves19gunsel
mauan‘lunwsﬁammmﬁ'ﬁqm‘ff\mq , HUUAIRE  uazmIMianNavesdya e HiYA

(output delay)

AaNDA
- é s - ~ =)
- wwnamusalfifiuanuznneein Felidnumsunssuaded 100 aduoud
- upusIaseusadsuaiden 0-14 %
=y ) 1 QU d‘ 1 o
- fanuewisalunisdedisvesdgygnoi hifassuasdyanasuniugs
- fieBusnmussnnudiigudnarsgaun

4

- mudfigudnanannsedSuai1aein 001 @5ad 81 500 Aladsad

Dual-in-Line and Small Outline Packages

' ’
“"-.'l’:g; _? — ouTPUT
1

toop _2
FILYER

) m; §
INPUT ‘Ex-:- ~ c"::'lng‘m
Da S _ TwiNG
AESISTOR

TLIN/ETY8-2
Top View

Order Number LM567CM
See NS Package Number MOSA

Order Number LM567CN
See NS Packaga Number NOSE

gl 2.6.1 uerasdnvaiznIdyguasdnyusNesme luvesdaduyy DIP
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AC Test Circuit

v

R ux I m:l

i
171

¢, SIGNAL sV
WPUT

-

TUH/8978-3
1, = 100 kHz ~ SV
*Note: Adjust for l, = 100 kHz.

P o o
1/ii 2.6.2 s IFlunmsmaaevdygiu AC
4 . ' g ) 4
1ngli 262 HudnsuzvessesilFlunsnaseudygna AC Tnemanudigud
9 )
AANYBIAINDATHAFYY 10U (tone decorder) HozliAWNINU AUDDATT (Free Running

4

A @/ o 2
Frequency) Y84 VCO Sadunusiudaeums

1

fo= L1RC,

o oy 0
nuufIasveIRamesia1lseum

BW =1070 / 4 Tumiine % v84 f
Jo&y

Taoit ¥ duddunaliame (V) .V, <200 md

C, Wumanuguesdufimlszyiin 2 (uF)



unii 8

HANMINNHUAZNIOONILL

- nsedindennuna q dennudadeiuldui 90 Fud
¥
- nsseuaudennuuazaudennuiivua 14 Taskumsgeans Tnsfinit
d o [ : i 1Y)
- quasal IWihiiundesaniu  dewiluginsel Indhin e Iwdhnszuaady 220
Twd  uazansoliginselldgega 3 da
- Mnsaeunwaauzmsisiazaugunsilladagunsal i Taorunieg
o Insfini
- Suypandasduiaiiu 2 dszian  ldus desredudgygna I Induasdy
o QF A * 1 Q [ ] ﬂ’l
asvdudggranndynin  Fwkazdssianamuisonedinianduld 8 981 sounimua
16 ¥®4
d' o /ey d’ [ o [ | :
- mnoeeilFlunsInseendaluldd  Wonsmudygnudinsredulinmun 3
Q Y o 1 \ o A
nnoey  Tageansnsims Isunsumnamuas aouifamgrmegae Insfwn i
a, Y&
365 oniduviniuy
- hnsAeunwanuzvesszuy 14 Taskumegens Insdnsigudu

- fiszuuumassieddises 12 vV Nicd
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findlo e
d'::;ﬂﬂ'“f “ . Tnsiwl
Sensors l I Home Control System h dﬂ'lmﬂmf

fminiy ssvumumme Insfmivumdn

- A ’ o o o
Zih’l 3.2.1 utrmmmmuna7zmlmmgzmwTnsﬂwmrmman

o o o P & @ ' o o
szuunugumu InsAiwivnadn  ldeenuuniulaveidelnssiie InsAnives
¢ o ¢ 4 dc w < & '
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; /HOME CONTROL SYSTEM

; /PROGRAM FOR TESTING SYSTEM
; /INPUT 16 CHANNELS

; /HARDWARE DS5000, 89C51

ORG 0000H
LJMP MAIN
ORG 0100H

MAIN: LCALL INIT ISD
MOV P2, #0FFH
SETB P3.2
SETB P3.5
MOV 52H, #00H
MOV R4, #00H

MOV 58H, #0FFH
MOV 59H, #2

RUN: MOV A, 58H
CJNE A, #00H, PAS
LJMP CONTROL

PAS: MOV RO, #00H

RUN1: MOV A, P2
ANL A,#11110000B
ORL A, #00000000B
MOV P2,A
JB P3.2,RUN2
MOV SAH, #00H
LJMP ALARM1

RUN2: MOV A, P2
ANL: A,#11110000B
ORL A, #00000001B
MOV P2,A
JB P3.2,RUN3
MOV 5AH, #00H
LJMP ALARM1

RUN3: MOV A, P2
ANL A,#11110000B
ORL A,#00000010B
MOV P2,A
JB P3.2,RUN4
MOV 5AH, #00H
LJMP ALARM1

RUN4 : MOV A, P2
ANL A,#11110000B
ORL A, #00000011B
MOV P2,A
JB P3.2,RUN5
MOV 5AH, #00H
LJMP ALARM1

RUNS: MOV A, P2
ANL A,#11110000B
ORL A, #00000100B
MOV P2,A
JB P3.2,RUN6
MOV SAH, #00H

;set status for run channel
;input Vx from multiplexer

;buffer for massage numberxr
;counter for massege
;that’s recorded

;byte for alarmed status
;counter for phone’s time

;counter for ring signal

;choose chennel 1

1byte status for fire alarm

;choose channel 2

;byte status for fire alarm

;choose channel 3

;byte status for fire alarm

;choose channel 4

;byte status for fire alarm

;choose channel 5

;byte status for fire alarm



RUNG :

RUN7:

RUNS :

RUN9:

RUN10:

RUN11:

RUN12:

RUN13:

RUN14:

LJMP ALARM1

MOV A, P2

ANL A,#11110000B
ORL A, #00000101B
MOV P2,A

JB P3.2,RUN7
MOV 5AH, #00H
LJMP ALARM1

MOV A, P2
ANL A,#11110000B
ORL A, #00000110B
MOV P2,A

JB P3.2,RUNS

MOV S5AH, #00H
LJMP ALARM1

MOV A, P2

ANL A,#11110000B
ORL A,#00000111B
MOV P2,A

JB P3.2,RUN9

MOV 5AH, #00H
LJMP ALARM1

MOV A, P2

ANL A,#11110000B
ORL A,#00001000B
MOV P2,A

JB P3.2,RUN10
MOV SAH, #0FH
LJMP ALARM1

MOV A, P2

ANL A,#11110000B
ORL A, #00001001B
MOV P2,A

JB P3.2,RUN11
MOV 5AH, #0FH
LJMP ALARM1

MOV A, P2

ANL A,#11110000B
ORL A, #00001010B
MOV P2,A

JB P3.2,RUN12
MOV 5AH, #0FH
LJMP ALARM1

MOV A, P2

ANL A, #11110000B
ORL A, #00001011B
MOV P2,A

JB P3.2,RUN13
MOV SAH, #0FH
LJMP ALARM1

MOV A, P2

ANL A,#11110000B
ORL A, #00001100B
MOV P2,A

JB P3.2,RUN14
MOV S5AH, #0FH
LJMP ALARM1

MOV A, P2

;choose channel 6

;byte status for fire alarm

;choose channel 7

;byte status for fire alarm

;choose channel 8

;byte status for fire alarm

;choose chennel 9

;byte status for proximity

;choose channel 10

;byte status for proximity

;choose channel 11

;byte status for proximity

;choose channel 12

;byte status for proximity

;choose channel 13

;byte status for proximity

alarm

alarm

alarm

alarm

alarm



RUN15:

RUN16:

TIMES:

CHKB:

GO:

ANL A,#11110000B
ORL A, #00001101B

MOV P2,A ;choose channel 14
JB P3.2,RUN15
MOV 5AH, #0FH ;byte status for proximity alarm

LJMP ALARM1

MOV A, P2
ANL A,#11110000B
ORL A, #00001110B

MOV P2,A ;choose channel 15
JB P3.2,RUN16
MOV 5AH, #0FH ;byte status for proximity alarm

LJMP ALARM1

MOV A, P2
ANL A,#11110000B
ORL A, #00001111B

MOV P2,A ;choose channel 16

JB P3.2,TIMES

MOV S5AH, #0FH ;byte status for proximity alarm
IL.JMP ALARM1
JNB P3.6,G0O ;check ring signal

INC RO

CJINE RO, #3,CHKB
LJMP CALL_IN
JB P3.6,$

SJMP TIMES

LJMP RUN1

i/111777770077771777717711// BUARM [[[/][//117 (0100017771 777777777
;FOR CALL NUMBER TELEPHONE NO.1

ALARM1 :
ALARM A:

REDIAL1:

BELL1:

MOV 46H, #00H

CLR P3.5 ;0off hook
LCALL DELAY T
CLR P3.1 ;on dtmf

LCALL DELAY
LCALL CUT_OUT

MOV R1, #60H

MOV 51H, #00H ;counter for compare to 50h
MOV A,@R1

LCALL CHECK_VALUE

CLR P3.7

LCALL DELAY_65

SETB P3.7

LCALL DELAY 65

INC R1

MOV A,51H

ADD A, #01H

MOV 51H,A :
CIJNE A,50H,REDIAL1

LCALL DELAY 65
SETB P3.1 ;off dtmf,on LM567
LCALL DELAY 65

:///////////////// FOR DETECT BUSY TONE /////////////////

SETB P3.3 ;set bit for check busy bit
MOV 40H, #0FFH

MOV 41H, #0FFH

MOV 42H, #10H



TIMEl1: JB P3.3,TIME2
LJMP SIGNAL1l

TIME2: DJNZ 40H,TIME1l
MOV 40H, #0FFH
DJNZ 41H, TIME1l
MOV 41H, #0FFH
DJNZ 42H,TIME1l

ST1: SETB P3.5
LCALL DELAY 1
LCALL DELAY 1
INC 46H
MOV A, 46H
CJINE A, #03H,ALARM A
LJMP ALARM2

SIGNALL:LCALL DELAY 2
JB P3.3,CHECK_ST1

RING_BACK1: LCALL DELAY 2
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1

JB P3.3,SPEAK1
MOV 45H, #00H

DELAY 5S1: LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
JB P3.3, SPEAK1
INC 45H
MOV A, 45H
CJINE A, #02H,DELAY 5S1
LJMP ST1

CHECK_ST1: JB P3.3,8
LCALL DELAY 2
JB P3.3,88T1
LJMP RING_BACK1

SST1: LCALL DELAY 1
LCALL DELAY 1
LJMP ST1

SPEAK1: LCALL TALK

i[II11111700 7700770077007 77700 77700700077 7777777177777771717177177777
;FOR CALL NUMBER TELEPHONE NO.2

ALARM2: MOV 46H, #00H

ALARM B: CLR P3.5 ;0ff hook
LCALL DELAY T
CLR P3.1 ;on dtmf

LCALL DELAY
LCALL CUT_OUT

MOV R1, #6AH

MOV 55H, #00H ;counter for compare to 50h
REDIAL2: MOV A,@R1

LCALL CHECK_VALUE

CLR P3.7

LCALL DELAY 65

SETB P3.7



LCALL DELAY 65

INC R1

MOV A, 55H

ADD A,#01H

MOV 55H,A

CJNE A,54H,REDIAL2

LCALL DELAY_65
SETB P3.1 ;off dtmf,on LM567

LCALL DELAY 65
:////7///7//7/////// FOR DETECT BUSY TONE ////////////////

BELL2: SETB P3.3 ;set bit for check busy bit
MOV 40H, #0FFH
MOV 41H, #0FFH
MOV 42H, #10H

TIME3: JB P3.3,TIME4
LJMP SIGNAL2

TIME4: DJNZ 40H, TIME3
MOV 40H, #0FFH
DJNZ 41H, TIME3
MOV 41H, #0FFH
DJINZ 42H, TIME3

ST2: SETB P3.5
LCALL DELAY 1
LCALL DELAY 1
INC 46H
MOV A, 46H
CJNE A, #03H,ALARM B
LJMP ALARM3

SIGNAL2:LCALL DELAY 2
JB P3.3,CHECK_ST2

RING_BACK2: LCALL DELAY 2
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1

JB P3.3,SPEAK2
MOV 45H, #00H

DELAY 5S2: LCALL DELAY 1
LCALL DELAY_1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
JB P3.3,SPEAK2
INC 45H
MOV A, 45H
CJNE A, #02H, DELAY 5S2
LJMP ST2

CHECK_ST2: JB P3.3,$§
LCALL DELAY_2
JB P3.3,88T2
LJMP RING BACK2

SST2: LCALL DELAY 1
LCALL DELAY_1
LJMP ST2



SPEAK2:

LCALL TALK

i [T 7770707770177771711117771111171177
;FOR CALL NUMBER TELEPHONE NO.3

ALARM3:
ALARM C:

REDIAL3:

BELL3 :

TIMES:

TIMEG6 :

ST3:

SIGNAL3:

MOV 46H, #00H

CLR P3.5 :0ff hook
LCALL DELAY T
CLR P3.1 ;on dtmf

LCALL DELAY
LCALL CUT_OUT

MOV R1,#74H

MOV 57H, #00H ;counter for compare to 5Ch
MOV A,@R1l

LCALL CHECK_VALUE

CLR P3.7

LCALL DELAY 65

SETB P3.7

LCALL DELAY_ 65

INC R1

MOV A,57H

ADD A, #01H

MOV 57H,A

CJINE A,56H,REDIAL3

LCALL DELAY_65
SETB P3.1 ;off dtmf,on. LM567

LCALL DELAY 65
://////7/////////// FOR DETECT BUSY TONE ////////////////

SETB P3.3 ;set bit for check busy bit
MOV 40H, #0FFH
MOV 41H, #0FFH
MOV 42H, #10H

JB P3.3,TIME6
LJMP SIGNAL3

DJNZ 40H, TIMES
MOV 40H, #0FFH
DJNZ 41H, TIMES
MOV 41H, #0FFH
DJINZ 42H, TIMES

SETB P3.5
LCALL DELAY 1

LCALL DELAY 1

INC 46H

MOV A, 46H

CJNE A, #03H,ALARM C
LJMP CONTROL1

LCALL DELAY 2
JB P3.3,CHECK_ST3

RING BACK3: LCALL DELAY 2

LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY_ 1
LCALL DELAY_ 1

JB P3.3,SPEAK3
MOV 45H, #00H



DELAY 5S3: LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
LCALL DELAY 1
JB P3.3,SPEAK3
INC 45H
MOV A, 45H
CJINE A, #02H,DELAY 5S3
LJMP ST3

CHECK_ST3: JB P3.3,$
LCALL DELAY 2
JB P3.3,SST3
LJMP RING BACK3

SST3: LCALL DELAY 1
LCALL DELAY 1
LJMP ST3

SPEAK3: LCALL TALK

i/I111777777777777777777777//// CONTROL [//////////1171//////7/]/

;after alarm, system will only check ring

CONTROL1 : DJNZ 59H,GO_ALARM1
MOV 58H, #00H ;alarmed byte
SJMP CONTROL

GO_ALARM1: LJMP ALARM1

CONTROL: JNB P3.6,8$ ;check ring signal
INC RO
CINE RO, #4, CHKB1
MOV RO, #00H
MOV P1, #0OFFH
LJMP CALL IN
CHKB1: JB P3.6,$
SJMP CONTROL

/111110077000 7700777777777 TRLK [[/1/7177 007171771770 77/7177777

TALK: SETB P3.1 ;off dtmf,on voice
LCALL DELAY
MOV RS, #00H

MOV A, SAH
Sss: CJINE A, #00H, RRR
SSS1:  LCALL MASSAGE1l7
LCALL MODE_0
MOV R3,#11

AGAIN A:LCALL CE_PULSE1
LCALL DELAY I
DJNZ R3,AGAIN A
LCALL SHUTMODE_0
LCALL STROBE_VI
INC RS
CJNE RS, #3,SSS1
SETB P3.5
LCALL DELAY 1
LCALL DELAY 1
RET

RRR: CJNE A, #0FH, TTT
RRR1: LCALL MASSAGE18
LCALL MODE_0



MOV R3, #10
AGAIN B:LCALL CE_PULSE1
LCALL DELAY I
DJNZ R3,AGAIN_B
LCALL SHUTMODE_0
LCALL STROBE V1
INC R5
CJINE RS, #3, RRR1
SETB P3.5
LCALL DELAY 1
LCALL DELAY 1

RET
TTT: RET
i[1171777777177777777/7/77/777/77/ CALL-IN [//////////1//7//1/117/7/
CALL_ IN: CLR P3.5 ;0ff hook
SETB P3.1 ;0ff dtmf,on voice

i///////// WAIT FOR DTMF ////////
WAIT CODE: MOV R7,#0EH
LLP: MOV R6, #00H
LP: MOV RS, #00H
DJNZ RS, $
JNB P3.4, CONTINUE
MOV A, P1
SWAP A
ANL A, $0FH
JB P3.4,%
CJINE A, #09H, CONTINUE

LCALL MASSAGE2
FUNCTION: MOV R7,#7FH
LLP1: MOV Ré, #00H
LP1: MOV R5,#00H
DJNZ RS, $
JNB P3.4,CONTINUEl
MOV A, P1
SWAP A
ANL A, #0FH
JB P3.4,$
LCALL FUNC1
CJINE A, #07H, FUNCTION
LJMP RUN

CONTINUEl1: DJNZ R6,LP1
DJNZ R7,LLP1
SETB P3.5
LJMP RUN

CONTINUE: DJINZ R6,LP
DJNZ R7,LLP

VOICE: LCALL MASSAGE1l
CJINE R4, #00H, PASS1
LCALL CLEAR_ADD2

PASS1: LCALL VOICE_REC2
LCALL MASSAGE1l2

SETB P3.5
LJMP RUN

$/1110117177777777717/777/7777/7/7 18D2590 [///////1/1//////1/7/7771/
SHUTMODE_0: CLR P0.0

LCALL DELAY I

RET



MODE_0:

ill/111//] 1

CE_PULSE1:

PLAY_ BACK1:

RECORDL1:

PD_PULSEL:

111111117
CE_PULSE2:

PLAY BACK2:

RECORD2:

PD _PULSE2:

/111117117
MASSAGE1 :

MASSAGE2:

MASSAGE3:

AGAIN:

SETB P0.0
LCALL DELAY I
RET

sp2s590#1 /////////
CLR PO.1

LCALL DELAY I
SETB P0.1
RET

SETB P0.7
LCALL DELAY I
RET

CLR PO.7
LCALL DELAY 1
RET

SETB PO0.2
LCALL DELAY I
CLR PO.2
LCALL DELAY I
RET

1sD2590%#2 /////////

CLR PO.4
LCALL DELAY I
SETB PO0.4

RET

SETB P0.7
LCALL DELAY I
RET

CLR PO.7
LCALL DELAY I
RET

SETB P0.5
LCALL DELAY I
CLR PO.5
LCALL DELAY
RET

PROCESSING /////////

LCALL
LCALL
LCALL
RET

SHUTMODE_ 0
PD_PULSEL
STROBE_V1

PLAY BACK1
PD_PULSE1
MODE_0

CE_PULSE1
SHUTMODE_0
STROBE_VT

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL PLAY BACK1
LCALL PD_PULSE1
LCALL MODE_0
MOV R3, #2 .
LCALL CE_PULSE1
LCALL DELAY I



MASSAGE4 :

AGAIN1:

MASSAGES:

AGAIN2:

MASSAGES®6 :

AGAIN3:

MASSAGE7:

AGAIN4:

MASSAGES :

AGAINS:

MASSAGE9 :

AGAING:

DJNZ R3,AGAIN
LCALL SHUTMODE_0
LCALL STROBE V1
RET -

LCALL PLAY BACK1
LCALL PD_PULSEl
LCALL MODE_0

MOV R3, #3

LCALL CE_PULSE1
LCALL DELAY I
DJNZ, R3,AGAIN1
LCALL SHUTMODE_O
LCALL STROBE_VI
RET

LCALL PLAY_ BACK1
LCALL PD_PULSE1
LCALL MODE_0
MOV R3,#4

LCALL CE_PULSEl
LCALL DELAY I
DJINZ R3,AGAIN2
LCALL SHUTMODE_O
LCALL STROBE V1
RET

LCALL PLAY BACK1
LCALL PD_PULSE1l
LCALL MODE_0
MOV R3, #5

LCALL CE_PULSE1
LCALL DELAY I
DJINZ R3,AGAIN3
LCALL SHUTMODE_0
LCALL STROBE_V1
RET

LCALL PLAY BACK1
LCALL PD_PULSEl
LCALL MODE_0
MOV R3, #6

LCALL CE_PULSEl
LCALL DELAY_I
DJINZ R3,AGAIN4
LCALL SHUTMODE_O
LCALL STROBE V1
RET

LCALL PLAY BACK1
LCALL PD_PULSE1
LCALL MODE 0
MOV R3, #7

LCALL CE_PULSE1
LCALL DELAY I
DJNZ R3,AGAINS
LCALL SHUTMODE_0
LCALL STROBE VI
RET

LCALL PLAY BACK1
LCALL PD_PULSE1
LCALL MODE_0

MOV R3, #8

LCALL CE_PULSEl
LCALL DELAY I
DJNZ R3,AGAING



MASSAGE1O0:

AGAIN7:

MASSAGELll:

AGAINS:

MASSAGE12:

AGAINY9:

MASSAGE1l3:

AGAIN10:

MASSAGE1l4:

AGAIN11:

MASSAGELl5:

AGAIN12:

LCALL SHUTMODE_O
LCALL STROBE_ V1
RET

LCALL PLAY BACK1
LCALL PD_PULSEl
LCALL MODE 0
MOV R3, #9

LCALL CE_PULSEL
LCALL DELAY I
DJNZ R3,AGAIN7
LCALL SHUTMODE_0
LCALL STROBE V1
RET -

LCALL PLAY BACK1
LCALL PD_PULSE1
LCALL MODE_0
MOV R3,#10
LCALL CE_PULSEl
LCALL DELAY I
DJINZ R3,AGAINS
LCALL SHUTMODE_0O
LCALL STROBE_V1
RET

LCALL PLAY BACK1
LCALL PD PULSEl
LCALL MODE_0
MOV R3,#11

LCALL CE_PULSEl
LCALL DELAY I
DJNZ R3,AGAINY
LCALL SHUTMODE_0
LCALL STROBE_VI
RET

LCALL PLAY_ BACK1
LCALL PD_PULSE1
LCALL MODE_0

MOV R3, #12

LCALL CE_PULSEl
LCALL DELAY I
DJINZ R3,AGAIN10
LCALL SHUTMODE_0
LCALL STROBE_V1
RET

LCALL PLAY BACK1
LCALL PD_PULSE1
LCALL MODE_0

MOV R3, #13

LCALL CE_PULSEl
LCALL DELAY_I
DJINZ R3,AGAIN11
LCALL SHUTMODE_O
LCALL STROBE_VI
RET

LCALL PLAY_ BACK1
LCALL PD_PULSE1
LCALL MODE_0
MOV R3,#14

LCALL CE_PULSE1
LCALL DELAY_I
DJNZ R3,AGATIN12
LCALL SHUTMODE_0



MASSAGE1l6:

AGAIN13:

MASSAGEL7:

AGAIN14:

MASSAGE18:

AGAIN15:

MASSAGE19:

AGAIN16:

MASSAGE23:

AGAIN17:

LCALL STROBE_V1
RET

LCALL PLAY_BACK1
LCALL PD_PULSE1
LCALL MODE_0

MOV R3, #15

LCALL CE_PULSEL
LCALL DELAY I
DJNZ R3,AGAIN13
LCALL SHUTMODE_0
LCALL STROBE_ V1
RET

1,CALL PLAY BACK1
LCALL DELAY I
LCALL PD_PULSE1l
LCALL DELAY I
LCALL MODE 0
MOV R3,#16

LCALL CE_PULSE1
LCALL DELAY I
DJNZ R3,AGAIN14
LCALL SHUTMODE_0
LCALL STROBE_VI
RET

LCALL PLAY_BACK1
LCALL DELAY I
LCALL PD_PULSE1l
LCALL DELAY I
LCALL MODE_0O
MOV R3,#17

LCALL CE_PULSE1
LCALL DELAY I
DJINZ R3,AGAIN1S5
LCALL SHUTMODE 0
LCALL STROBE_V1
RET &

LCALL PLAY_BACK1
LCALL PD_PULSE1
LCALL MODE_0
MOV R3, #18

LCALL CE_PULSEl
LCALL DELAY I
DJINZ R3,AGAIN16
LCALL SHUTMODE_0
LCALL STROBE_V1
RET

LCALL PLAY BACK1
LCALL PD_PULSE1
LCALL MODE_0
MOV R3, {22

LCALL CE_PULSEl
LCALL DELAY I
DJNZ R3,AGAIN17
LCALL SHUTMODE_0
LCALL STROBE_VI
RET -

/1111017710 07077777717777

STROBE_V1:

LCALL PLAY BACK1
LCALL CE_PULSE1



CLR P2.4 ;8witch to speak
LCALL DELAY I

JB P0.3,$
SETB P2.4 ;switch to non speak
RET

STROBE V2: LCALL PLAY BACK2
LCALL CE_PULSE2
LCALL DELAY I
JB P0.6,$
RET -

i[111177717777777777707777777

CLEAR_ADD2: LCALL SHUTMODE_0
LCALL PD_PULSEZ
LCALL DELAY I
RET

iI11111007777007777717771777
VOICE_RECl: LCALL MODE_0
MOV R3, #12
AGAIN C: LCALL CE_PULSE1l
- LCALL DELAY I
DJINZ R3,AGAIN_C

LCALL SHUTMODE 0
LCALL RECORD1
LCALL CE_PULSE1l
LCALL DELAY I

CONT : LCALL GET_CODE
CJINE A, #0CH, CONT
LCALL CE_PULSE1l
LCALL DELAY I
RET

iILIITIILI00 7770000107717
VOICE_REC2: LCALL RECORD2

LCALL CE_PULSE2
LCALL DELAY I

CONT1: LCALL GET_CODE
CJINE A, #0CH, CONT1
LCALL CE_PULSE2
LCALL DELAY I
INC R4
MOV 52H, R4
RET

i[111111117771771171717747117
RUN VOICE: LCALL CLEAR ADD2
RUN V1: LCALL STROBE V2
DJINZ R4,RUN V1
MOV R4,52H
RET

g

INIT_ISD: CLR P0.0 ;clear mode 0
CLR PO.2
SETB P0.3 ;for EOM bit
CLR PO.5
SETB P0.6 ;for EOM bit
RET

i/111771111777/7777111/111/// NUMBER 0-9 [/////////]//////1/177]/
NO 1: MOV P1, #00H
RET



NO 2: MOV P1, #01H

RET

NO_3: MOV P1,#02H
RET

NO_4: MOV P1,#04H
RET

NO_5: MOV P1,#05H
RET

NO_6: MOV P1,#06H
RET

NO_7: MOV P1,#08H
RET

NO 8: MOV P1,#09H
RET

NO _9: MOV P1,#0AH
RET

NO_0: MOV P1,#0DH
RET

i///17117171777/1//11///////]// CHECK VALUE ///[///////////DTMF///
CHECK_VALUE: CJNE A, #01H, AAA

LCALL NO 1
RET

ARA: CJNE A, #02H,BBB
LCALL NO 2
RET

BBB: CJNE A, #03H, CCC
LCALL NO_3
RET

ccc: CJNE A, #04H, DDD
LCALL NO 4
RET

DDD: CJNE A, #05H, EEE
LCALL NO_5
RET

EEE: CJINE A, #06H, FFF
LCALL NO 6
RET

FFF: CJNE A, #07H, GGG
LCALL NO_7
RET

GGG: CJNE A, #08H, HHH
LCALL NO_8
RET -

HHH : CJNE A, #09H,III
LCALL NO_9
RET

III: CJNE A, #0AH, RETURN

LCALL NO 0



RET

RETURN: RET

i/1111177771777777777/77///7/ FONCTION /[//////////////1//777///7/

FUNC1: CJINE A, #01H, FUNC2
CJINE R4, #00H,TO
LCALL MASSAGES
RET

TO: LCALL MASSAGE4
LCALL RUN _VOICE
RET

/1111177077 7777777777777777777777777777777717777777777777777777

FUNC2 : CJINE A, #02H, FUNC3
LCALL MASSAGE10
CJNE R4, #00H, PASS2
LCALL CLEAR_ADD2

PASS2: LCALL VOICE_REC2
LCALL MASSAGE1l2
RET

iIII111770 7070777077777 00 7070070007710 077 010087 1007177777777717177

FUNC3: CJINE A, #03H, FUNC4
LCALL MASSAGEll
LCALL CLEAR_ADD2
MOV R4, #00H
RET

/1111171707707 0 7077 LT TP LTI 7 74711717777

FUNC4 : CJNE A, #04H, FUNCS
LCALL MASSAGES
MOV R1,#60H
MOV 50H, #00H
LCALL GET DTMF
LCALL MASSAGE12

LCALL MASSAGE6
MOV R1, #6AH
MOV 54H, #00H
LCALL GET_ DTMF1
LCALL MASSAGE12

LCALL MASSAGE7
MOV R1, #74H
MOV 56H, #00H
LCALL GET_DTMF2
LCALL MASSAGE1l2
RET

;buffer for stored tel no.l
;counter for DTMF number

;buffer for stored tel no.2
;counter for DTMF number.

;buffer for stored tel no.3
;counter for DTMF number

iIIIILIPIP 0T P77 707777007770 7777777777777777777777777777777777

FUNCS : CJNE A, #05H, FUNC6
LCALL MASSAGElé
LCALL VOICE_REC1
LCALL MASSAGE1l2
RET

/1111707707707 770077007777777777777077777777777777777777717777

FUNCEG : CJINE A, #06H, FUNC7



LCALL MASSAGE19

MOV R7, #7FH
LLP_A: MOV R6, #00H
LP_A: MOV RS, #00H
DJNZ RS, $
JNB P3.4,CONTINUE_A
MOV A, P1
SWAP A
ANL A, #0FH
JB P3.4,8$

SAFTY: CJNE A, #01H,EQUIP
LCALL CHANNEL1
CJINE A, #0FFH, FIRE
LCALL MASSAGE13

RET
FIRE: CJNE A, #00H, PROX
LCALL MASSAGE1l4
RET
PROX: CJINE A, #0FH, RETURN1
LCALL MASSAGElS5
RETURN1: RET
EQUIP: CJINE A, #02H, CONTINUE A
LCALL SHUTMODE 0 ;massage 20

LCALL STROBE_V1
LCALL SUB_F6
RET

CONTINUE A: DJINZ R6,LP_A
DJNZ R7,LLP_A
MOV A, #07H
SETB P3.5

RET
i /11177007000 000 170401077010 777 00777171707 70770170007747777177/77777

FUNC7 : CJINE A, #07H, FUNCS8
LCALL MASSAGE9
SETB P3.5
RET

iIIIIIIITIIITILIL P87 111007 EL0LIIELL L7711 777000771711117777

FUNCS : CJINE A, #08H,NO_FUNC
LCALL MASSAGE3
RET

iIIIIIEIIIIITTT7770700071177710001100170700777777777177777171711777
NO_FUNC: RET

SUB_F6: MOV R7, #7FH
LLP B: MOV R6, #00H
LP_B: MOV RS, #00H
DJINZ RS, $
JNB P3.4,CONTINUE_B
MOV A, P1
SWAP A
ANL A, #0FH
JB P3.4,$

ASK: CJNE A, #01H, CON_TRL
LCALL SHUTMODE_O ;massage 21
LCALL STROBE_V1



LCALL ASK1 3

RET
CON_TRL: CJINE A, #02H, CONTINUE_B
LCALL SHUTMODE 0 ;massage 21

LCALL STROBE V1
LCALL ON_OFF
RET

CONTINUE B: DJNZ R6,LP_B
DJNZ R7,LLP_B
MOV A, #07H
SETB P3.5
RET

ASK1 3: MOV R7, #7FH

LLP_C: MOV R6, #00H

LP C: MOV R5, #00H

- DJNZ RS, $

JNB P3.4,CONTINUE_C
MOV A, P1
SWAP A
ANL A, #0FH
JB P3.4,$

ASK1: CJNE A, #01H,ASK2
LCALL EQU 1
MOV A, P2
MOV 21H,A
JB ODH,VOICE A
LCALL ON_1
RET

VOICE A: LCALL OFF_1
RET

ASK2: CINE A, #02H, ASK3
LCALL EQU 2
MOV A, P2
MOV 21H,A
JB OEH,VOICE B
LCALL ON_2
RET

VOICE B: LCALL OFF 2
RET

ASK3: CJNE A, #03H, CONTINUE_C
LCALL EQU 3 -
MOV A, P2
MOV 21H,A
JB OFH,VOICE_C
LCALL ON_3
RET

VOICE C: LCALL OFF_3
RET

CONTINUE_C: DJNZ R6,LP_C
DJNZ R7,LLP_C

MOV A,#07H
SETB P3.5
RET

EQU_1: LCALL MODE_0



EQU_2:

EQU_3:

ON 1:

OFF_1:

ON_2:

OFF_2:

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL

CE_PULSE1l

DELAY I

SHUTMODE_0 ;jmassage 23
STROBE_V1

SHUTMODE_ 0 ;massage 24 "1’
STROBE_V1

MODE_0

CE_PULSEl

DELAY_I

SHUTMODE_0 ;massage 23
STROBE_V1

MODE_0

CE_PULSE1

DELAY_I

SHUTMODE 0 ;massage 25 ‘2’
STROBE_V1

MODE_0

CE_PULSE1

DELAY I

SHUTMODE 0 ;massage 23
STROBE V1

MODE_0

CE_PULSEl

DELAY I

CE_PULSE1

DELAY I

SHUTMODE 0 ;massage 26 '3’
STROBE V1

MODE_0

CE_PULSE1l

DELAY I

CE_PULSE1l

DELAY I

SHUTMODE 0 ;massage 27 'open’
STROBE_V1

MODE_0

CE_PULSEL1

DELAY I

CE_PULSE1

DELAY I

CE_PULSE1

DELAY I

SHUTMODE_0 ;massage 28 ‘close’
STROBE_V1

MODE_0

CE_PULSE1l

DELAY I

SHUTMODE_0 ;massage 27 'open’
STROBE_V1

MODE_0
CE_PULSE1l

DELAY I

CE_PULSE1l

DELAY_I

SHUTMODE 0 ;massage 28 ‘close’



ON_3:

OFF _3:

BODY1:

BODY2:

BODY3:

CONTINUE_D:

/1111 ----

ON_OF:
LLP_E:
LP_E:

CLOSE:

LCALL STROBE V1
RET

LCALL SHUTMODE 0 ;massage 27
LCALL STROBE_ V1
RET

LCALL MODE_O0

LCALL CE_PULSEl

LCALL DELAY I

LCALL SHUTMODE 0 ;massage 28
LCALL STROBE_ V1

RET

MOV R7, #7FH

MOV Ré6, #00H

MOV R5, #00H

DJNZ RS, $

JNB P3.4,CONTINUE_D
MOV A,P1

SWAP A

ANL A, #OFH

JB P3.4,5

CJNE A, #01H, BODY2

MOV 2EH, #1

LCALL SHUTMODE 0 ;massage22
LCALL STROBE V1

LCALL ON_OF

RET

CJINE A, #02H,BODY3

MOV 2EH, #2

LCALL SHUTMODE 0 ;massage22
LCALL STROBE V1

LCALL ON_OF

RET

CJNE A, #03H, CONTINUE_D

MOV 2EH, #3

LCALL SHUTMODE_0 ;massage22
LCALL STROBE_V1

LCALL ON_OF

RET

DJNZ R6,LP_D
DJNZ R7,LLP D

MOV A, #07H ~
SETB P3.5
RET

______________________ 11771177

MOV R7,#7FH

MOV Ré6, #00H

MOV RS, #00H

DJINZ RS, $

JNB P3.4,CONTINUE_E
MOV A,P1

SWAP A

ANL A, #0FH

JB P3.4,$

CJINE A, #0AH, OPEN
MOV A, 2EH

'open’

‘close’



KALO 1:

KALO 2:

KALO_3:

RETURN_Z:

OPEN:

KALO 11:

KALO 22:

KALO 33:

RETURN_ZZ:

CONTINUE_E:

TELL1:’

TELL2:

CJINE A, #1,KALO 2

SETB P2.5
LCALL TELL1
RET

CJNE A, #2,KALO 3

SETB P2.6

LCALL TELL2

RET

CJINE A, #3,RETURN_2Z
SETB P2.7

LCALL TELL3

RET

CJNE A, #01H,CONTINUE_E
MOV A,
CJNE A, #1,KALO 22

CLR P2.5

LCALL DELAY 1
LCALL TELL4

RET

CJINE A, #2,KALO 33
CLR P2.6

LCALL DELAY 1
LCALI TELLS

RET

CJINE A, #3,RETURN_Z2Z
CLR P2.7

LCALL DELAY 1
LCALL TELL6

RET

2EH

DJINZ R6,LP_E
DJNZ R7,LLP_E

MOV A,

#07H

SETB P3.5

RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL

MODE_0
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
SHUTMODE_0
STROBE_VT
MASSAGE23
SHUTMODE_0
STROBE_VT

MODE_0
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
CE_PULSE1

;equipmentl

;equipment?2

;equipment3

;equipmentl

;equipment?2

;equipment3

;massage23



TELL3:

TELL4 :

TELLS:

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL

LCALL’

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
RET

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL

DELAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
SHUTMODE_0
STROBE_V1
MASSAGE23
MODE_0
CE_PULSE1
DELAY I
SHUTMODE_0
STROBE_V1

MODE_0
CE_PULSEl
DELAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I.
CE_PULSEL
DETAY I
CE_PULSE1
DELAY I
SHUTMODE_0
STROBE_V1
MASSAGE23
MODE_0
CE_PULSEl
DELAY_I
CE_PULSE1
DELAY I
SHUTMODE_0
STROBE V1

MODE_0
CE_PULSE1
DELAY_I

CE_PULSE1
DELAY_I

CE_PULSE1
DELAY_I

CE_PULSE1
DELAY I

SHUTMODE_0
STROBE_VI
MASSAGE23
SHUTMODE_0
STROBE_V1

MODE_0
CE_PULSE1
DETAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
CE_PULSE1
DELAY I
SHUTMODE_0
STROBE_V1
MASSAGE23

;massage23

;massage23

;massage23

;massage23



TELL®6 :

i/1/7171171171717/11/7//// CHECK _MULTIPLEXER ///////////]1/{1/////

CHANNEL1 :

CHANNEL?Z2 :

CHANNELS3 :

CHANNELA4 :

CHANNELS :

LCALL MODE_0
LCALL CE_PULSE1
LCALL DELAY_ I
LCALL SHUTMODE_0O
LCALL STROBE_ V1
RET

LCALL MODE_0
LCALL CE_PULSE1
LCALL DELAY_I
LCALL CE_PULSE1
LCALL DELAY_I
LCALL CE_PULSE1
LCALL DELAY I
LCALL CE_PULSE1
LCALL DELAY I
LCALL SHUTMODE_O
LCALL STROBE_VI
LCALL MASSAGE23
LCALL MODE_0
LCALL CE_PULSEl
LCALL DELAY_ I
LCALL CE_PULSEl
LCALL DELAY I
LCALL SHUTMODE_O
LCALL STROBE_VI
RET

MOV A, P2

ANL A,#11110000B
ORL A, #00000000B
MOV P2,A

JB P3.2,CHANNEL2
MOV A, #00H

RET

MOV A, P2

ANL A, #11110000B
ORL A, #00000001B
MOV P2,A

JB P3.2,CHANNEL3
MOV A, #00H

RET

MOV A, P2

ANL A, #11110000B
ORL A, #00000010B
MOV P2,A

JB P3.2,CHANNEL4
MOV A, #00H

RET

MOV A, P2

ANL A,#11110000B
ORL A, #00000011B
MOV P2,A

JB P3.2,CHANNELS
MOV A, #00H

RET

MOV A, P2
ANL A,#11110000B
ORL A, #00000100B
MOV P2,A

;choosge

;choose

;choose

;choose

;choose

;massage23

chennel

channel

channel

channel

channel



CHANNEL®6 :

CHANNEL?7 :

CHANNELS :

CHANNELS :

CHANNEL10 :

CHANNEL11:

CHANNEL12 :

CHANNEL13:

JB P3.2,CHANNELG6
MOV A, #00H
RET

MOV A, P2
ANL A,#11110000B
ORL A, #00000101B
MOV P2,A

JB P3.2,CHANNEL?7
MOV A, #00H

RET

MOV A, P2

ANL A,#11110000B
ORL A, #00000110B
MOV P2,A

JB P3.2,CHANNELS
MOV A, #00H

RET

MOV A, P2

ANL A,#11110000B
ORL A, #00000111B
MOV P2,A

JB P3.2,CHANNEL9
MOV A, #00H .

RET

MOV A, P2

ANIL A,#11110000B
ORL A,#00001000B
MOV P2,A

JB P3.2,CHANNEL10
MOV A, #0FH

RET

MOV A, P2

ANL A, #11110000B
ORL A, #00001001B
MOV P2,A

JB P3.2,CHANNEL11l
MOV A, #0FH

RET

MOV A, P2

ANL A,#11110000B
ORL A, #00001010B
MOV P2,A

JB P3.2,CHANNEL12
MOV A, #0FH

RET

MOV A, P2

ANL A,#11110000B
ORL A, #00001011B
MOV P2,A

JB P3.2,CHANNEL13
MOV A, #0FH

RET

MOV A, P2

ANL A,#11110000B
ORL A, #00001100B
MOV P2,A

JB P3.2,CHANNEL14
MOV A, #0FH

RET

;choose:

;choose

;choose

;choose

;choose

;choose

;choose

;choose

channel

channel

channel

chennel

channel

channel

channel

channel

10

11

12

13



CHANNEL14 :MOV A, P2
ANL A,#11110000B
ORL A, #00001101B
MOV P2,A ;choose channel 14
JB P3.2,CHANNEL1S
MOV A, #0FH
RET

CHANNEL15:MOV A, P2
ANL A,#11110000B
ORL A,#00001110B
MOV P2,A ;choose channel 15
JB P3.2,CHANNEL1l6
MOV A, #0FH
RET

CHANNEL16 :MOV A, P2
ANL A,#11110000B
ORL A, #00001111B
MOV P2,A ;choose channel 16
JB P3.2,READY
MOV A, #0FH
RET

READY: MOV A, #0FFH
RET

/111177770777 10077177711771177/ GET_DTMFE [/////////111111/11///7/

GET_DTMF': LCALL GET_CODE
CJINE A, #0CH, GETDTMF ;CHECK DTMF #
RET
GETDTMF : MOV @R1,A
INC R1
MOV A,50H
ADD A, #01H
MOV 50H,A ;address 50h for stored
;counter
JB P3.4,8
SJMP GET_DTMF

GET_DTMFl1: LCALL GET_CODE
CJINE A, #0CH,GETDTMF1 ; CHECK DTMF #
RET
GETDTMF1: MOV @R1,A
INC R1
MOV A,54H
ADD A, #01H
MOV 54H,A ;address 54h for stored
;counter
JB P3.4,8
SJMP GET DTMF1

GET _DTMF2: LCALL GET_CODE
CJINE A, #0CH, GETDTMF2 ;CHECK DTMF #
RET
GETDTMF2: MOV @R1,A
INC R1
MOV A,56H
ADD A,#01H
MOV 56H,A ;address 56h for stored
;counter
JB P3.4,8$
SJMP GET_DTMF2



i[11111177777777//777777/7//// GET_CODE /////////////1//////1/////

GET_CODE: JNB P3.4,$
MOV A,P1
SWAP A
ANL A, #0FH
JB P3.4,5%
RET

/111171777777 7777777/777777/7 DELAY [///////11/1777//7//7777/7/7///

DELAY 1:MOV 40H, #100
DELAY A:MOV 41H, #99
DELAY B:MOV 42H, #45
DJNZ 42H,$
DJNZ 41H,DELAY B
DJNZ 40H,DELAY A
RET

DELAY 2:MOV 40H, #52
DELAY C:MOV 41H, #99
DELAY D:MOV 42H, #45
DJINZ 42H,$
DJINZ 41H,DELAY D
DJNZ 40H,DELAY C
RET

DELAY: MOV R7,#00H

LOOP: MOV Ré6, #00H
DJINZ R6,$
DJNZ R7,LOOP
RET

DELAY_65:MOV R7, #7FH

LOOP1: MOV Ré6, #00H
DJNZ R6,$
DJNZ R7,LOOP1
RET

DELAY _I: MOV R7,#40H

LOOP2: MOV R6,#00H
DJINZ R6,$
DJNZ R7,LOOP2
RET

DELAY _T: MOV R7,#20H
OOP: MOV R6, #00H
OoP: MOV RS, #00H
. DJINZ R5,$
DJIJNZ R6,0P
DJNZ R7,00P
RET

CUT_OUT:LCALL NO_9 ;for PABX system of KMITL
CLR P3.7
CALL DELAY 65

SETB P3.7
LCALL DELAY T

LCALL NO 0
CLR P3.7

CALL DELAY_65
SETB P3.7
LCALL DELAY T
RET

END
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SYORAGE D2500 Series

'1P§Ylﬁﬁ?muna ﬂmfsmg‘ie -Chip Voice Record/Playbaclk Devices
45-, 60-, 75-, and 90-Second Durations

» v
138 nuuumie- 19124 Jm'nmu 1ynustuny

e o200 l"]. 223 86 TFAX: VOLTLL5-058)

GENERAL DESCRIPTION
Information Storage Devices' 1ISD2500 Scries provides

FEATURES

* Lasy-ta-use single-chip voice record/playback solution

high-quality, single-chip record/playback solulions for
45- to 90-sccond messaging applications. The CMQOS
devices include an on- chip oscillator, microphone
preamplifier, automalic gain eontrol, antialiasing filter,
smoothing filler, and speaker amplifier. Inaddition, the
1SD2500 is fully microprocessor-compatible, allowing,
complex messaging and addressing to be achieved.

Recordings are stored in on-board
memory cells, providing zero-power message slorage.
This unique solution is made possible through 181s
patented Direct Analop, Storage Technology (NDAST!Y),
whereby voice and audio signals are stored divectly, in
theirnaturalanalog, form, inlo memory. BDirectanaloy,
storage allows natural voice reproduclion inasingle-
chip, solid-state solulion.

non-volatile:

ISD2500-SERIES SUMMARY

Part Duration | Inpul Sample | Uppoer, Pass
Number [(Seconds) Rate (KI17) lhml (K112)
18102545 45 10.6 1.5
1SD2560 60 8.0 3.4
1502575 75 6.4 27
ISD2590 90 5.33 23

- No external ICs reguired

- No development system required

High-quality, natural voice/audio reproduction
Manual swilch or mictoplocessor controllable

= Mayback can be edpe- or level-activated
Single-chip durations of 45, 60, 75, and 90 seconds
Dircclly cascadable for longer durations
Zero-power message storape

= Pliminates battery. backup circnils

Automatic Power-Down (Push-Bulton Maode)

= L pA standby cureent (Ivpical)

Fully addressable to handle multiple messages
100-ycar message relention (Lypical)

1001 record cycles (lypical)

On-chip clock source

On-chip Aulomatic Gain Control (AGQ)
Programmcr support for play-anly applications
Single +5 voltsupply (1.5 V 10 6.5 V operating range)
- Low-voltage (3.6 V 1o 1.0 V) versions available
Available in dic form, DI, SOIC, and TSOP
packaging, X

Industrial-temperature (-40°C to 857°C) versions
available

1SD2500-SERIES BLOCK DIAGRAM
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ISD2500 SERIES — DETAILED
DESCRIPTIONS )

Speech/Sound Quality

The I1SD2500 Series includes devices offered at 5.3, 6.4,
8.0, and 10.6 KHz sampling lrequencics, allowing, the
user a choice of speech quality options. The speeeh
samples are stored direelly into on-board non-volatile
memory without the digitization and compression
associaled with other solutions. Direct analog storape
provides a very true, natural sounding reproduction of
voice, music, tones, and sound effects notavailable with
most solid-state digital solutions.

Duration

To meel end system requirements, the 1SD2500 Series
offers single-chip solutions at 45, 60, 75, and YU seconds.
Parts may alsobecascaded togetherforlonger durations.

EEPROM Storage

One of the benefits of ISD’s DAST technology is the use
of on-board non-volatile memory, providing zero-power
message storage. The message is retained for up to 100
years without power. In addition, the device can be re-
recorded over 100,000 times.

Microconlroller Interfacé

Inaddition loils simplicity and case ol use, the 1512500
Series includes all the interfaces necessary for
microcontroller-driven applications. The address and
control lines can be interfaced to a microcontroller and
ninupulated to perform a varicty of tasks, inclading
message assembly, message concatenation, predefined
fixed message segmentation, and message management.

Programming

The ISD2500 Series is also ideal for playback-only
applications, where single or 'mulliple messages are
relerenced through bultons, switches, or a nvicro-
controller. Once the desired message configuration

is created, duplicales can casily be ;cncrnlctl vianan ISD

programmer.
1ISD2500 SERIES — PIN DESCRIPTIONS

Micraphonc Input (MNIC)

The microphone input transfers its sipnal to the on-chip
preamplificr. An on-board Automatic Gain Control
(/\GC)circui!v:nnlml::llw;;ninnflhispwmnpliﬁcr from
18 1o 24 dl. An external microphone should be AC
coupled to this pin via a series capacilor. The capacitor
value, together with the internal 10 K Ohun resistance on
this pin, determines the low frequency cutoff for the

1SD2500-Scrics passband.

Microphone Reference Input (MIC REF)

By connecting this pin to Vo (analog ground) via a
serics capacitor, common mode noise can be rejected at
the preamplilier. The capacitor value should be exactly
the same value as the input coupling capacitor used for
microphoncinput. Using this approach may provide up
to a 10 dB noise improvement. [F THIS INPUT IS
UNUSED, IT MUST BE LEFT DISCONNECTED.

Analog Output (ANA OUT)

This pin provides the preamplificr output to the user.
The voltage frain of the preamplifier is determined by
the voltage level at the AGC pin.

Analog Inpul (ANA IN)

The analog input pin iransfers ils signal to the chip for
recording,. For microphione inputs, the ANA OUT pin
should be connected via an external capacitor lo the
ANA IN pin. This capacitor value, (dgclher with the 3.0
K inputimpedance of ANAIN, can be selected to give
additional cutof( at the low-frequency end of the voice
passband. If the desired inputis derived from a source
other than a microphone, the signal can be fed,
capacitively coupled, into the ANA IN pin directly.

.

2 L Single-Chip Solutions That Speak For Theinseloes ™
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‘Automalic Gain Control Input (AGCO)

The AGC dynamically adjusts the gainof the preampliticr
to compensate for the wide range of microphone inpul
levels. The AGC allows the full range of whispers o loud
sounds to be recorded with minimal distortion. The
“attack” time is determined by the time constant of a §
K€ internal resistance and an external capacitor (C2 on
the schemaltic on page 7) connected rom the AGC pin to
Viga analog ground. The “release” time is determined by
the time constant of an external resistor (R2) and an
externaleapacitor (C2) connected in parallel between the
AGCPinand Vgga analog ground. Nominal values of 470
K€ and 4.7 uF give satisfactory results in most casces.

Speaker Outputs (SP+/SP-)

All devices in the ISD2500 Series include an on-chip
differentinlspeaker driver, capable of driving SO milliwatts
into 16 €.

Thespeakeroutputsare held at Vg fevels during record
and power down. It is therefore not possible Lo paraliel
speaker oulputs of multiple 1502500 devices or the
outputs of other speaker drivers.

CONNECTION OF SPEAKER QUTPUTS IN PARAE.-
LEL MAY CAUSE DAMAGE TO THE DEVICE.

While a single output may be used alone (including a
coupling capacitor between the SP pin and the speaker),
the two opposite-polarity outputs used together yield a
A:Limprovement in output power.

NEVER GROUND OR DRIVE AN UNUSED SPEAKER
JUTPUT.

Power Down Input (PD)

Vhen not recording or playing back, the PD pin should
e pulled HIGH to place the part in a very low power
node (see lgy specification). thntWFpulscs LOW for
m overflow condition, D should be brought HIGH 1o
eset the address pointer back to the beginning of the
tecord/Playback space. The PD pin has additional
unctionality in the M6 (Push-Button) Operational Mode
lescribed later in the Operational Mode section.

"hip Enable Input (CT)

he C pin is taken LOW to cnable all Playback and
ccord operations. The address inputs and Playback /
ccord input (I’/R) are latched by the falling edge of CT..
I: has additional functionality in the M6 (Push-Button)
perational Mode described later in the Operational
lode section.

ayback/Record Input (P/R)

e P/R input is latched by the falling edge of the
E pin. A HIGH level selects a Playback cycle while a
OW level selects a Record cycle. For a Record cycle, the
ldress inputs provide the starting address and

PILLUIMINANY DAIA SHELT

1ISD2500 SERIES

recording continues until "D or Clis pulled HHGTToran
overllow is detected (i.e. the chip is full). When a Record
cycle is terminated by pulling PD or CE HIGH, an End-
Of-Message (EOM) markerisstored at the currentaddress
in memory. For a Playback cycle, the address inputs
provide the starting address and the device will play
until an EOM marker is encountered. The device can
continue past an EOM marker inan operational mode, or
if CEisheld LOW inaddress mode. (See Table 1, Page 5 for
more Operational Modes).

Address/Mode Inputs (Ax/Mx)

The Address/Mode Inputs have two functions depending
on the level of the two Most Significant Bits (MSB) of the
address.

If either of the two MSBs is LOW, the inpuls are ALL
interpreted as address bits and are used as the start
address for the current Record or Playback cycle. The
address pins are inputs only and do not output internal
address informationas the operation progresses. Address
inputs are latched by the falling edpe of CE.

If both MSBs are HIGH, the Address/Mode Inputs are
interpreted as Mode bils according to the Operational
Mode Table 1 on page 4. There are six (6) operational
modes (M0..M6) available as indicated on Table 1. It is
possible to use multiple operational modes
simultancously. Operational Modesaresampled on EACH
falling edge of CE, and thus Operational Modes and
direct addressing are mutually exclusive.

External Clock Input (XCLK)

The ISD2500 devices are configured at the factory with an
internal sampling clock frequency centered to +1 % of
specification. The frequency is maintained to a total
variation of #2.25 % over the entire commercial
temperature and operating voltage ranges. If greater
precision is required, the device can be clocked through
the XCLK pin as follows:

Part Number Sample Rale Required Clock
1502590 533K1 17 682.7 KMz
ISD2575 6.4 Kl'z 819.2 KHz
1SD2560 SOKIIz 1024 KI-lz
1SD2545 10.6 Kz 1365.3 KIHz

These recommended clock rates should not be varied
because theanti-aliasing and smoothing filters are fixed,
and aliasing problems can occur if the sample rate
differs from the one recommended. The duty cycle on
the input clock is not critical, as the clock is immediately
divided by two. IF THE XCLK IS NOT USED, THIS
INPUT MUST BE CONNECTED TO GROUND.

y, 1993
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ISD2500 SERIES — PIN DESCRIPTIONS, CONT.

End-Of-Message / RUN Output (EOM)

A non-volatile marker is automatically inserted at the
end of each recorded message. It remains there until the
message is recorded over. The EOM output pulses LOW
for a period of Tgom at the end of cach message.

In addition, the 1SN2500 Series has an internal Vce
detect circuit to maitain message integrity should Vee
fall below 3.5V. In this case, EOM goces LOW and the
device is fixed in Playback-only mode.

When the device is configured in Operational Mode M6
(Push-Button Mode), this pin provides an active-FTIGT
RUN siﬁnal, indicating the device is currently recording
or playing. This signal can coaveniently drive an LED
tor a visual indicator ot a Record or Playback operation
in process.

Overflow Output (OVF)

This signal pulses LOW at the end of memory space,
indicating the device has been filled and the message
has overllowed. The OVE output then follows the CH
input until a PO pulse has reset the device. This pincan
be used o cascade several 1ISD2500 devices together Lo
increase Record/ Playback durations,

Auxiliary lnpu! (AUX IN)

The Auxiliary Inputismultiplexed through tothe output
amplifier and speaker output pins when CE is HIGH
and Playback has ended, or if the device is in overflow.
When cascading multiple 1SD2500 devices, the AUXIN
pin is used to connect a Playback signal from a
following device to the previous-output speaker
drivers. For noise considerations, itis suggested that
the auxiliary input notbe driven whenthe storage array
is active.

Voltage Inputs (Vcea, Veen)

To minimize noise, the analog and digital circuits in the
1SD2500Series devices use separate power busses. These
+5 V busses are brought out to separate pins and should
be tied together as close to the supply as possible. In
addition, these supplics should be decoupled asclose to
the package as possible.

Ground Inputs (Vgsa, Vssnp)

The 1512500 Series of devices ulilizes separate analog
and digital ground busses. These pins should be tied
together as close to the package as possible and connected
througha low-impedance path to powersupply ground.

OPERATIONAL MODES

The I1SD2500 Serices is designed with several built-in
operational modes provided to allow maximum
functionality witha minimumofadditional components.
These are described in detail below. The operational
modes use the address ping on the 1ISD2500 devices, but
are mapped outside the valid address range. When the
two Most Significant Bits (MSBs) are HIGII, the
remaining address signals are interpreted as mode bits
and NOT as address bits. Therefore, operational mocdes
and directaddressing are not compatible and cannot be
used simultancously.

There are two important considerations for using
opcrational moaes. Iirst, anoperations begin inittany at
address 0, whichis the beginning of the ISuZsuu address

TABLE 1. OPERATIONAL MODES

space. Later operations can begin at other address
locations, depending on the operational mode(s) chosen.
In addition, the address pointer is reset (o 0 when the
device is changed trom Kecord to Playback, layvback to
Record (except M6 maode), orwhena Power-Down cycle
15 execulted.

Second, Operational Modes are excculed when CE goes
LOW and the two MSBs are HIGI. This Overational
Mode remams in eftect until the next LOW-going CEi
signal, at which point the current address/mode levels
are sampled and excecuted.

OPERATIONAL MODE DESCRIPTIONS

The Operational Modes can be used in conjunction with
a microcontroller, or they can be hard-wired to provide
the desired system operation.

" Mode Jointly*
Control Function Typical Use Compatible
MO | Message cucing Fast-forward through messages - M4, M5, M6
M1 Delete EOM markers Position FOM marker at the end of the last message | M3, M4, M5, M6

M2 Not applicable Reserved N/A

M3 Looping Continuous playback from address 0 M1, M5, M6

M4 Consecutive addressing | Record/Play multiple consecutive messages MU, M1, M5

M5 CE level-activated Allows message pausing MO, M1, M3, M4
M6 Push-button control Simplified device interface Mo, M1, M3

" iidicates additional operationa] mudes which can be ased simdtaneonsly with the given nodv.

: e Single-Chip Solutions That Speak For Themselves ™ July, 1993




/MO— Message Cueing

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addressus of cach message. Each CE LOW pulse causes
the internal address pointer to skip to the next message.
This mode should be used for Playback only, and is
typically used with the M4 Operational Mode.

M1 — Delete EOM Markers

The M1 Operational Modeallows sequentially recorded
messages to be concatenared into a single message with
only one EOM marker set at the end of the combinea
message. When this operational mode is configured,
messages recorded sequentially are played back as one
continuous message.

M2 — Unused

Whenoperational modesareselected, the M2 pinshould
be LOW.

. M3 — Message Looping

The M3 Operational Mode allows for the automatic,

continuously repeated playback ol the message located
at the beginning of the address space. A message CAN
completely fill the 1ISD2500 device and will loop from
beginning to end without OVF going LOW.

M4 — Conseculive Addressing

During normal operations, the address pointer will
reset when a message is played throush to an COM
marker. The M4 Operational Mode inlubits the address
pointer reset on EOM, allowing messages to be played
back consccutively.

M5 — CE Level Activated

The default mode for 1SD2500 devices is for CIE to be
edge-activated on Playback and level-activated on
Record. The M5 Operational Mode causes the CE pin to
be interpreted as level-activated as opposed to edge-
activated during Playback. This is specifically useful for
terminating Playback vperations using the CE signal.

In this mode, CE LOW begins a Playback cycle, CE
HIGH stops the cycle, and CEE LOW again will begin

. Playing at the point where the message was stopped
without resetting the address pointer.

M6 — Push-Button Mode

The ISD2500 Series of devices contain a push-button
operational mode. The push-button mode is ysed
primarily in very low-cost applications and is
designed to minimize external circuitry and
components, thereby reducing system cost. In order
to configure the device in push-button operational
mode, the two most significant address bits (pins 9 and
10) must be HIGH, and the M6 mode pin (pin 7) must

1SD2500 SERIES

PRELIMINARY DATA SHEET R '

also be HIGH. A device in this mode always powers
down at the end of each Playback or Kecord cycle atter
Ck goces HIGH.

When this operational mode is implemerited, several of
the pins on the device have alternate functionality:

Pin Alternate Functionality
Name in Push-Button Mode

Pin 23, CE Start/Pause ["ush-Button
(LOW Pulse-Activated)

P’in24,’D Stop/Reset Push-Button
(IFUGHH Pulse-Activated)

Pin 25, EOM Active-HIGH Run
Indicator

Pin 23: CE (Start/Pause)

_ In push-button Operational Mode, CE acts as a LOW-

going pulse-activated Start/Pause signal. Ifno operation
is currently in progress, a LOW-going pulse on this
signal willinitiateaPlayback ora Record cycleaccording
to the level on the P/R pin. A subsequent pulse on the
CE pin, beforean End-Of-Messapeisreached in Playback
oranoverflow condilion occurs, will cause the device to
pause. The address counter is not reset, and another CE
pulse will cause the device to continue the operation
from the place where it was paused.

Pin 24: PD (Stop/Reset)

In push-button Operational Mode, I’D acts as a HIGH-
going pulse-activaled Stop/Reset signal. When a
Playback or Record cycle is in progress and a HICH-
going pulse is observed on I'D, the current cycle is
terminated and the address pointer is reset to address 0,
the beginning of the message space.

Pin 25: EOM (Run)

In push-button Operational Mode, EOM becomes an
active-HIGH run signal which can be used to drive an
LED or other external device. It is HIGH whenever a
Record or Playback operation is in progress.

Recording in Push-Button Mode
1) The PD pinshould be LOW, usually using a pulldown
resistor.

2) The P/R pin is taken LOW.

3) The CE pin is pulsed LOW. Recording starts, EOM
goes HIGH to indicate an operation in progress.

4) The CE pin is pulsed LOW. Recording pauses, EOM
goes back LOW. The internal address pointers are not

v
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OPERATIONAL MODE DESCRIPTIONS, CONT.

cleared, but an EOM marker is stored in memory o
point to the message end. The P/R pin may be taken
IGH at this time. Any subsequent CEE would starta
playback at address 0.

5) The CE pin is pulsed LOW. Recording starts at the
next address after the previous set EOM marker.
lm_goes back HIGH. (Note: if the M1 operational
mode pin is also HIGH, the just previously written
EOMbitis erased, and recording startsat thataddress.)

6) When the recording sequences are finished, the final
CE pulse LOW will end the last Record cycle, leaving,
asel FOMmarkeratthe messageend, Recording may
also be lerminated by a LHGH Hevelon D, which will
leave a set EOM marker.

Playback in Push-Button Mode
1) The PD pin should be LOW.

.2) The l’/ﬁpin is taken HIGHL.

N The CEpinis pulsed LOW. Playback starts, TOM goes
HIGH to indicate anoperation in progress.

4) If the CE pin is pulsed LOW or an FON marker is
encountered during an operation, the partawill pause.
The internal address pointers are not cleared, and
TEOM goes back LOW. The I'/R pin may be changed
at this time. A subsequent Record operation would
notrescttheaddress pointers and the recording, would
begin where Playback ended.

5)CEis again 1in pulsed LOW. Playback starts where it left
off, withCOM ¢ ),mngl HCH to indicaleanoperationin
progress.

6) Playback continues as in 4) and 5) until PL is pulsed
HIGH or overflow occurs.

7) Ifin overflow, pulling CE LOW will reset the address
pointer and start Playback from the beginning. After
a PD pulse, the part is reset to address 0.

Note : Push-button mode can be used in conjunction
wilth modes MO, ML, and M3,

PRELIMINARY DATA SHEET

1ISD1000A COMPATIBILITY

The 1SD2500 Series of devices is designed to provide
upward compatibility from the ISD100VA family. When
designing with the ISD2500 Series, the following

differences should be noted. '

Addressing

The 1SD2500-Series devices have 480 K storage cells
designed to provide 60 seconds of storage ata sampling
rate of 8.0 KHz. This is approximately four times the
storage of the ISD1000A family. To enable the same
addressing resolution, twoadditionaladdress pinshave
beenadded. Theaddress space of each deviceisdivisible
into 600 increments with valid addressing from 00 to
257 Hex. Some higher addresses are mapped into the
Operational Modes. All other addresses are invalid,

Overflow

The ISDI1000A family combined two functions on the
EOM pin:end-of-message indication and overflow. The
ISD2500 Serics separates these two functions. |in 25
remains as COM, but outputs only the EOM signal
indication. Pin 22 becomes OVF and pulses LOW unly
when the device reaches its end of memory, or is “full.”
This change allows easy message cueing and
addressability across device boundaries. Thisalso means
that the M2 operational mode found in the 1ISD1000A
family is not implemented in the 1ISD2500 Series.

Push-Button Mode

The 1SD2500 Series includes an additional Operational
Mode called Push-Button mode. This provides an
alternative interface to the Record and Playback
functions of the part. The CE and PD pins become
redefined as edge-activated “push-buttons.” A pulse
on CE initiates acycle, and if triggered again, pauses the
current cycle without resetting the address pointer (i.e.,
a Start or Pause function). PD stops any current cycle
antd resets the address pointer to the beginning of the
message space (i.e.,, a Stop and Reset function).
Additionally, the EOM pin functions as an active-HIGH
run indicator, and can be used to drive an LED
indicating a Record or Playback operation is in
progress. Devices in the Push-Button mode cannot be
cascaded.

Looping Mode

The ISD2500 Series can loop with a message that
completely fills the memory space.

Note: - Additional descriptions of ISDIO0A device functionnlity amd
application examples are provided in the 1SD Application Notes
sl Design Mannal.
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APPLICATION EXAMPLE - PUSH-BUTTON

ISD2500 Vee 45V
28
Y ! 10 veeo [ I
< 21 A Veea *
Vss 2 ( c4 1 01 cs
' Ao Vsso 7—1 = =
Re Ry Vee 51 a4 Vegp F——"
Vee 100 K ook BV T 6 . _L_
By S . L WY spy |14 :
—h 1] 15
0 O——t — A7 SP- -~
START/PAUSE *1 a8 AUX IN 16 Q)
0 20 SPEAKER
AY ANA IN
2 el c.
0 O =
STOP/RESET D CE anaout 12T qpf
21 pPD
6 27 piR MIC REF |18
——©° 24 EOM MiC
PLAYBACK/RECORD 221 ovF
:i.:_ _L_zg_ XCLK AGC 19
= o A
= €2 non-BiAsED
4.7 wF  MICROPHONE

Vor wore detuils, please refer to e 1SD Application Notes nnd Design Mamal.

APPLICATION EXAMPLE -
PUSH-BUTTON CONTROL

APPLICATION EXAMPLE -
PASSIVE COMPONENT FUNCTIONS

Control
Step Function Aclion Part Function Comments
1 Select record /play- | P/R = As desired 2 |Release lime Sets release time
back made constant for AGC
2A Begin playback P/R = HIGH C2 | Attack/Release Sets attack/release
T = Pulsed LOW . time constant t:mc .fur ACC' '
) Begin record P/ = LOW C3  JLow-f requency Provides additional
o cutolf capacitor pole for low-frequency
CL = Pulsed LOW -
p— cutoff
3 (Pauserecordor | CE=Pulsed LOW R6, |Pullupand pull- | Delines static state
playback R7 {down resistors of inputs
4N |Iind playback Automatic at TTOM marker C1, C4 | Power supply Filters and bypass of
or PD Pulsed 1 HGH C5 |capacitors power supply
413 End record D = Pulsed LHGTT .

July, 1993
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APPLICATION EXAMPLE - MICROCONTROLLER/ISD2500 INTERFACE

Vee
1
st 52 l s3 3]’ :U‘N
RECORD 4OPLAY 4(?MSG# -
Microcontroller § U
1SD2500
—1 0sct PBO ‘ - v
— AO R
0sc2 PB1 - VCCD ”
Al ccal—
—e R1 3
— RESET PAO A2
i TBD +| aa v 12
—~——d IRQ PA1 ! Vsso P
U1 * PA2 A4 SSA [
PA3 S| As y
— Vv PA4 7} A6 SP+
o0 p o [
PAS : A7 Us P
— Vgg PAG 2! A8 AUX IN
PA7 1] a9 ANAIN 20
—— 21
2| CE ANAOUT |2}
24} pp
27| p/ MiC REF 2
251 EOM mic 7.
22| ovF
26§ XCLK AGC |19

Por wre details, please refer 1o the 181 Application Notes aml Design Mannal,

EXPLANAYION

In this simplified block diagram of a microcontroller
application, the Push-Button mode and message cucing
arce used. The microcontroller is a 16-pin version with
cnough port pins for buttons, an LED, and the 1SD2500-
Series device. The software can be written to use three
buttons: one cach for play and record, and one for
message selection. Because the microcontrotler is
interpreting the buttons and commanding the 1ISD2500

device, softwarecanbe written forany functions desired

in a particular application.
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APPLICATION EXAMPLE - DESIGN SCHEMAYIC

PRELIMINARY DATA SHEET

ISD2500 SERIES

ISD2500 Vee #5V
11 Ao v 2
Vs Ee e
= Vss | 3] Ao 0.4 pF =— —L—o.1yF
= 4| a3 v 12 T 22 pF
SSO [ 13 Tz
R4 21 Ad Vesa [ 1
100 K(1 61 as =
P ? sps |4 '
O O e 1] ::(7; SPt 15 ]
CHIP ENABLE 21 ag AUX IN |1 .
O 194 A9 ANA IN A—_‘_ SPEAKER
$—o0 . v | == " C3
POWER DOWN =1 CE ANA OUT T_—:I 1 wF
21 PD
o 271 PR MIC REF 2
—— 0o 25] Eom mic |2 ]
LPLAYBACK/RECORD 221 ovF Ve Cy
= L——?G XCLK AGc |2 T 22pF T
L —1~ Cs
K Ay M3 22 0F
2K 10 K2
4 AR ' CTRE
470 KQ -dld ELE T
X' C4  MICROPHONE
= /—_L\220 nF =
Note: I desived, pin 18 nury be loft wnconnected Qnicrophone proampdifier poise wndl be higher). b this case, pin 18 nist uot b tied o any other
sigtal or voltage, For more details, please refer o the 1SD Application Notes amd Design Manual.
APPLICATION EXAMPLE - APPLICATION EXAMPLE -
BASIC DEVICE CONTROL PASSIVE COMPONENT FUNCTIONS
Control Part Function Cominments
Ste Function Acti -
p e | 2 R1 | Microphone power | Reduces power
1 Power up chipand | 1. PD = LOW supply decoupling | supply noise
sclect record/play- | 2. P/R = As desired R2 | Release time Sets release time
back mode constant for AGC
2 Set message address | Set addresses R3 | Microphone biasing | Provides biasing for
for record / playback | AO-A7 resistor microphone operation
IA Begin playback P/R = HIGH C1 Mlcrqphone D?— D.ccouplcs n.ucrophonc
CE = Pulsed LOW blocking capacitor. | bias from chip. Pro-
. C * = TR = Low-frequency vides single-pole low-
38 | Begin record P/R=1OW cutoff frequency cutoff
CL=LOW C2 | Attack/Release Sets attack/release
4A | End playback Automatic time constant time for AGC
. C3 | Low-frequency Provides additional
4B End record PD or CE = HIGH cutoff capacitor pole for low-frequency
. cutoff
C4 | Microphone power | Reduces power
supply decoupling | supply noise
network
G5 | Common-mode Provides common-

capacitor

mode noise rejection

July, 1993

Single-Chip Solutions That Speak For Themseloes ™




PRELIMINANY DATA SHEET

s
;- DIE BONDING PHYSICAL LAYOUT
A3 A2 Al AD Vccp PR XCLK EOM  PD
LN Y N N W _
Ad b b b W M oo /CE
e w  sue
A5 OVF
|. Die Dimensions A6 u /
X: 187 +1 mils 1 e
Y:399 +1 miis
H. Die Thickness
21 mils
0. Pad Opening
109 microns (4.3 mils)
-~ ISD2500 ==
m—— ANA OUT
A7 —ig
Ag —| ™ B ANAIN
R St U Al . . Ve G
V% AN\ C A N
AUX IN Vsso VSSA SP+ SP- VCCA MIC MIC REF
PIN/PAD DESIGNATIONS
Pin Pin Name X Axis | Y Axis| | Pin Pin Name X Axis | Y Axis
Al Address 0 SUASY | 882 | | s Speaker Output — 425.60 | -4790.8
Al Address | -1406.9 | 4898.21 | Veca Ve Analog Power Supply | 865.1 | -4848.3
A2 Address 2 -1661.9 | 4898.2| | MIC Microphone lnput 1320.7 | -4897.3
A3 Address 3 -1916.9 | 48982} | MIC REF Microphone Reference 1605.1 | -4897.3
Ad Address 4 i -2069.9 | 46U8.2| | AGC Automatic Gain Control 1877.6 | -4871.3
A5 Address 5 21949 | 435821 | ANAIN Analog Input 2202.11 | -4269.8
NG Address 6 21949 0821 | ANAOUT | Analog Output 2123.1 {-3910.8
A7 Address 7 21949 1 -4212.3) | OVFE Overflow Output 2142.6 | 4154.7
A8 Address 8 21949 | -H156.3) | CE Chip Enable Input 2202.1 | 4558.7
AY Address Y 20764 | 189731 ] 'D Power Down Input 2048.1 | 4898.2
AUXIN | Auxilary Input -1607.9 | -1868.3| | EOM End of Message 1048.1 | 4865.7
Vis Vys Digital Power Supply | -1343.9 | -1850.8] | XCLK External Clock 1221.1 | 4898.2
Visa Vis Avalog Power Supply | -551.9 | -1834.8) | /R Playback/Record 965.6 | 1898.2
S+ Speaker Output + Nb 7908 Veen Ve Digital Power Supply | 640.1 | 4895.7
o Single Chip Solutions Thnt Speak For Themselves ' July, 1993
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}&TE MAXIMUM RATINGS

Condition Value
Temperature under bias -05" Clo +125° C —
Storage temperature range | —65° Cto +150° C
Vultage applicd to any pin {(Vss-0.3 V)10 (Ve +03V)
Vuollage applicd to any pin (Vsg-1.0V)to (Ve + 10 V)
(Input current limited to £ 20 mA)
ead temperature (soldering — 10 seconds) e C
Vee - Vg -03Viw+ 70V

Stresses above e listod oy cnuse peramnent damnge to e device. Exposioe to e absolite maxineme eatings moy affict device seliability,
Punctional opevation is ned inplicd at these conditions.

DC PARAMETERS
Operating Conditions: Ty =0" Clo 70" C™, Vi =15 Vo 6.5 VI, Voo = 0 V' unless othenwise noted

Symbol Paramelers Min Typ " Max Units | Conditions
Vi, Input Low Voltage 0.8 \Y

Vin Input High Voltage 2.0 Vv

Vo Qutpul Low Voltage 0.4 Vv loL =40 mA
Vot Qutput High Voltage Ve =0 \ lon = - 1pA
Vo OVE Quiput High Voltage 2.4 , \Y loi = - 1.0 mA
\ EOM Output High Voltage " Vee-10 \ o =-32mA
e Ve Current (Operating) 25 30 mA Rixr=rco )
Iy Ve Carrent (Standby) ‘ I 10 A )

I Input Leakage Current +1 A

1x1 Output Load tmpedance 16 (9] Speaker Load
[NNTS Preamp In Input Resistance 1] K€ Pins 17, 18
Run Aux Input Resistanee 0 K¢

RANA N Ana In Inpud Resistanee a0 Kf)

Appey | Preamp Gain | 21 8 | AGC=v0v
Apria Preamp Gain 2 -15 5 dB AGCC =25V
Aaux Aux In/SP+ Gain 098 10 V/V

A AnaintoSP+/- 22 dB

Raue AGC Output Resistanee J K$)

Notes: 1. Tipical values @ 1, = 25° Cand 5.0 V.
2 Wath 12 RS2 sevies resislor al ANA IN,
YL o-frequeney cutoff depemds upon vabiee of externnl copucilm s (sev Pin Descriptions).
4. Case lemperature,
5 Ve = Veea = Veen.
0. Vg = Vo = V.
7. Viea amd Ve eommectad ogelher.,

July, 1993 Single-Chip Selutions That Speak For Vhemselves '
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AC PARAMETERS .
Operating Conditions: Ty = 0" Ct6 70° C™, V(¢ =45 V10 6.5 V ¥, Vg = 0 V '%; unless otherwise noted
Symbol Characteristic ' Min | 1yp™ | Max Units | Conditions .
THD Total Harmonic Distortion 1 Yo @1 KHz @
Pour Spuaker Output Power 12.2 50 mW | Rexr=1602®
Vour Voltage Across Speaker Pins 2.5 Vpp | Rexr=600Q
Vini Mic Input Voltage 20 mV Peak-to-leak
Ving Ana in Input Voltage 50 mV PPeak-to-Peak
Ving Aux In Input Voltage ’ 1.25 v Peak-to-Peak; Ry = 1682
Tererr Control/ Address Setup Time 00 nsec
Thowo Control/ Address Hold Time 0 nsec
Tén CT Pulse Width 100 nsec
Ty Power-Up Delay - 15132545 B 18.75 msec
- 1502500 25 msec .
- 15D2575 31.25 msec
- 15D2590 75 msec
Teom EOM Pulse Width - 1SD2545 9.375 msec
= 1SD2560 12.5 msec
- 1502575 15.625 msec
- 15D2590 18.75 msec
Tron PD Pulse Width  —1SD2545 18.75 msec
Record - 1512560 25 mscec
- ISD2575 325 msec
- 1512590 37.5 msec
Tin PD I'ulse Width — 1S1D2545 Y.375 msec
Play - 1502560 125 msec
- 15D2575 15.625 mscc
- 15D2590 18.75 msec
Ty I'D Pulse Width Static 100 nsec
T Power Down Hold 0 nsec
Tovr: Overflow Pulse Width 10 sec

Notes: 1. Typical velnes @ 14 = 25° C and 5.0V :
2. With 12 KL servivs registor ol ANA IN. Requeired for 6.5 V operation to minimize distortion,
3 Lowsfrequency cutoff depends wpon salne of exterint vapacitors (see Pin Descriptions).
. Cose lemperaliere,

Vee=Veeas Veen.

6. Vo= Vigp = Viap.

7. Veea amd Ve conneced together.

8 Trom AUXIN; if ANA IN is driven at 50 mV. p-p. e Pogr =.12.2 mW, typieal.

Y. Typys is requived during a sttic condition, Lypically vverflow. ’

)
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TIMING DIAGRAMS {ISD2500 SERIES )
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1SDL500 SENIES

RECORD
CE Tce N /
| Y | N
_ | Tser -
pm - * Don't Care
- T >t =] Ty Tponj<4—*|
: - Tioto . [0 ros Tro
PO Don't Care N
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< PHLLIMINARY DATA SHLLET

AUSH-BUTTON AC PARAMETERS

Symbol Characteristic Min Typ n Max Units | Conditions

Teg CE Pulse Width [Start/Pause] 300 nsec

Ty Control/ Address Setup Time 300 nsec .
Trup Power-Up Delay - 1SD2545 18.75 msec
- IS122560 25 msec
- 151)2575 31.25 msec
- IS1D2590) 37.25 msee
T PD Pulse Width [Stop/Rescet] 300 nscc
TrunN CE to :OM HIGH 25 400 nsec
Tyauss CE 1o EOM LOW 50 400 nsee
Tos CE HIGH — 15102545 S0 80 msec
Debounce . —1SD2560 70 105 msec
~- 1SD2K75 15 135 mscc
- 15102590 105 160 msec

Nuotes: 1. Typival valnes @ Ty = 25" Cand 5.0 V.

TIMING DIAGRAMS (ISD2500 SERIES )
PUSH-BUTTON MODE RI:CORD

“Stan” “"Pause” “Slan” “Stop”

— —=Tegf*— —™Tee[~— —*Tee[~*—
AN U0 7 L 2

(StarVPause)  [4.7gpr - Tser - - Tser >
PIR

PD ——I TSET [=- : —| Tpp ""—Tser —]
(Stop/Reset) 1 .

~—Tser .

AO-A9

MIC ANA 1N —————Apn d M o/ AR
OVF ; :
+ Taun— ‘/F— — —Tpause \_/
' L AT

(Ran) ; " f
un .
Teup |+— =708 TP oG H" Toe
Notes: (1) 2 3 {4, 5) (6,7) (8)
PUSH-BUTTON NIOD[,E PLAYBACK
“Star(” "Pause” “Start” "Stop”
— TCE — - TCE g — —r TCE g—
AR U . y -
(StarUPause)  |e Tgpr b= Tser A |- Tser -~
PR \i ; * |
PO —=| TSET j=- —+| Tpp |~—Tser —
(Stop/Reset) L A
~—TseT :
AD-A9 .
SPoi iy A o
OvF + Thun— — —» —1—Tpause \/
(Rom) : : TN\ /
un . T
) Tog —; e e,
" Toun |<_ -—Tpo .. . Tos fouted Teuo |<_‘_ Tos |
Notes: (1) B ) (4, 5) 6.7 (8)

Noles: 1. A9, A8, aud AG = 1 for push-bution operation,
2. The first CE LOW pudse performs a Start Junction,
3. The part will begin 'ty play or record after a power-up dehty Tpyy,. —_

4. The part mugt nrve CUHIGH for a debonnce period Tyyg before it will recognize another Jilling edge of CE amd pause.

5. The second CE LOW pulse,_ad every vven pulse thereafler, performs o Panse function. —

6. Again, the part mst have CE HICH L for a debounce period Ty before it will recognize another falling el of CE, which would restart an

operation, I addition, the part will not do an infernal power down antil CLis 1IGH for the Ty time,
7. The third CE LOW pulse, aind every edd pulse thereafter, perjornes a Resnme function, )
S Abany tinwe, o THGH leswl on PPD vill stop the currend function, reset the address connter, and power down the devive,
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ISD2500 SERIES
PRELIMINARY DATA SHEET
B '7".:
" PACKAGE DIAGRAMS
28-Lead Plastic Dual In-Line Package (DIP) Type I’ INCHES MILLIMETERS
nnn.rjr:lnnnr'lr]nr’lr‘lh Min | Nom | Max || Min |Nom | Max
y A | 1.445]1.450 |1.455 || 36.7 |36.83}36.95
O O B 150 3.489
« C1 | .600 625 |} 15.24 15.88
e ——— Cc2 | 50| s fsso | sade [13.72] 1397
D {125]130 {135 (] 292 |3.05 | 3.8
N — oz —] i | 125 | 130 | 135 || 38 343
s k| 015 .018 | .022 || 038 | 046 | 0.56
T G |.055].060 |.065 || 140 | 1.52 | 1.65
H 00 2.54
NG PR I VL NV I G B AR I o
28-Lead Plastic Small Outline Package (SOIC) Type ] INCHES MILLIMETERS
Min | Nom | Max || Min | Nom | Max
taannan TN A | 706 | .714 [ 718 || 17.93]18.14 | 18.24
. B | .086 | 088 |.090 || 218 | 2.24 | 2.29
C |.340 [ 396 [ 350 || 864 | 879 | 8.89
D | .04 | 007 | 010 |].102].178 | 254
E | 014|016 .02 [| 360] 410 [ 480
RERARRREARERE R 050 127
A ' G ' G | 463 | a70 | 477 || 11.76[ 12,00 | 12.12
: P ’ ' c—ll H | .020] .031 [.042 [| 510] 790 | 1.07
LTI Tree s i
T ” & T
E—ll— -‘IFL.- —l ,-—H
32-Lead Thin Plastic Small-Outine Package (TSOP) Type 1 MinlN[\jColllnESMax l\dNilniLll‘\}(')\:lnETl\l/zl:\(xS
, . : A | 780 790 T 795 [ 19.80 [20.00]20.20
, - g , B | 720 | 724 | 728 |] 18.30 [18.40 | 18.50
[+ e C | 307 | 315 {323 || 7.80 | 8.00 | 820
= 32 D | oo | 003 [.006 || oo |ous]oi1s
= LS E | 006 | 008 |.010 || 015 [ 020 | 025
gl e F 0197 0.50
S B E G | 037039 [ 041 || 095 [ 1.00 | 1.05
H | oo | 3 |5 0° | 30 | 5°
¢ [ | .016|.020 | .024 [| 040 | 050 | 0.60
i -(J;— J [ ov4 | 006 | .008 |} 0.10 015 | 020
D - —_—
—'E_—-"—- '—-IF'- |
15
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Features

e Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode
Inhibit mode
Backward compatible with
MT8870C/MT8870C-1

Applications
® Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

1s02.cmos MT8870D/MT8870D-1
Integrated DTMF Receiver

N8

9161-002-162-NA ISSUE 2

QR %

July 1993

Ordering Information
MT8870DE/DE-1
MT8870DC/DC-1
MT8870DS/DS-1 18 Pin SOIC

~40°Cto +85°C

18 Pin Plastic DIP
18 Pin Ceramic DIP

Description

The MT8870D0/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder. functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting

Q1

Q2

Q3

Q

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

o Telephone answering machine
vDD V5SS VRef INH
PWDN hs -
CIRCUIT VRef
BUFFER L_
cHip' T cHIp HIGH GROUP
POWER  BIAS FILTER DIGITAL CODE
DETECTION CONVERTER
N+ DIAL ZERO CROSSING ALGORITHM | | AND LATCH
N TONE DETECTORS
FILTER
Gs LOW GROUP —
FILTER
—DO—-—*- opw St STEERING - / \
CLOCKS = GT LOGIC
A
- -
osc1 osc2 SUGT ESt STD TOE
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IN+ 1 D vDD
IN- 2 17 P svGT
GS 3 16 g ESt
VRef ] 4 15 P st
INW 4 5 14 P Q4
PWON 4 6 13 g Q3
osc1 d 7 12P qQ
0sC2 T 8 "MpQ
vss d 9 10 P TOE

18 PIN CERDIP/PLASTIC DIP/SOIC

Pin Description

Figure 2 - Pin Connections

Pin # Name Description
1 IN+ | Non-Inverting Op-Amp (Input).

2 IN-- Inverting Op-Amp (Input).

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

4 Veet | Reference Voltage (Qutput), Nominally Vpp/2 is used to bias inputs at mid-rail (see
Fig.6 and Fig. 10).

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

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

7 0SC1 | Clock (Input).

8 08C2 | Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 Vss Ground (Input). OV typical.

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

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

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

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

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

18 Vop Positive power supply (Input). +5V typical.
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Functional Description

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

Filter Section

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

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations

Voo
- C
Voo
St/GT Ve
———AAA—
ESt
R
Sto >
MT8870D/
MT8870D-1 tera=(RC) In (Vap/ Vysy)
terp= (RC)in [ Voo’ {VDD' VT!(”

Figure 4 - Basic Steering Circuit

and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and noise.
When the detector recognizes the presence of two
valid tones (this is referred to as the “signal
condition” in some industry specifications) the
“Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state (see “Steering
Circuit”).

Steering Circuit

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

0
T PRECISE
/[ \ y: ~ DIAL TONES
10 2 \4A X=350 Hz
. ] Y=a40Hz
] 1\ DTMF TONES
20 ] T\ A=697 Hz
ATTENUATION B=770MHz
{d8) C=852Hz
- [ \ D=941 Hz
30 £=1209 Hz
| i \ F=1336 Mz
G=1477 Hz
40 . ] ﬂp H=1633 Hz
r o N —
\
AR |
50 7 v
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I condition is maintained (ESt remains high) for the

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

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

trECc=tpp *+tGTP
tip=tpattcra

The value of tpp is a device parameter (see Figure
11) and tgec is the minimum signal duration to be
recognized by the receiver. A value for Cof 0.1 pF is

tarp=(RpCy)In{Vpp/ (Vop-Vrs]

Yoo c l tora=(R,Cy) In (Vpp/ Vrs)
1
sveT O Re=(RyR3)/ (Ry+Ry)
Ry
£st e

a) decreasing tgm; (towp <tgra)

torp={(R4Cy) In [Vpp £ (Vpp-Vrs)]
tera=(ReCy) In (Vpo/ Vig))

<
=)
o
|
- ‘

Re=(R,R)/ (Ry+ Ry)

Digit [ ToE [ Inv [ ESt | Q¢ | Q | @, | q

ANY | L X H 4 4 [4 z
1 H X H 0 ] 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
L H X H 0 1 0 [+]
H H X H 0 1 0 1
[] H X H 0 1 1 0
7 | H X H 0 1 1 1
8 H X H 1 0 0 0
9 H |--X H 1 v} 0 1
0 H X H 1. 0 1 0
l H X H 1 ] 1 1
# H X H 1 1 0 0
A H L H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H L H 0 0 0 0
A H H L __| undetected, the output
B H H L | code will remain the same
C H H L | as the previous detected
D H | H | L |code

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 (tgrp) and tone absent (tgya). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short trec with
a long tppo would be appropriate for extremely
noisy environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power
down the device to minimize the power
consumption in a standby mode. 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(Vpes) 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 Vget 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
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent
devices are connected in a similar fashion. Refer to
Figure 7 for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required. .

0—' W MT8870D/
¢ R N+ MTE870D-1
+
—O— -
iN-
oA *
G Ry
Rg
GS
L
R
3 R,
Vaet

DIFFERENTIAL INPUT AMPLIFIER
Cy=Cy=10nF
Ry=Ry=Rg=100kQ
Ry=60kQ, Ry=37.5kQ
Ry= Rafs
Rz:Rg

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

VOLTAGEGAIN(A, dith= R
R,

1 \2
2
Ri*+\ e

Figure 6 - Differential Input Configuration

l | ) To OSC1 of next I
c . MT8870D/MT8870D-1
\>4

INPUT IMPEDANCE

(Zinpirr) =2

A\ 4 X-tal
osC1

0sC2

L
O .
0sC2 __I..”.___ osc1
c

C=30pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
A pF 4.984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2 - Recommended Resonator Specifications
Nnta: Om =nuality fartarnf RICmndol o 1170 /RICY
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: Applisations

l‘\ECEIVER SYSTEM FOR BRITISH TELECOM SPEC POR
1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and R,
to provide 3 dB attenuation, such that -34 dBm
input signal will correspond to -37 dBm at the gain
setting pin GS of MT88700-1. As shown in the
diagram, the component values of Ry and C; are the
guard time requirements when the total
component tolerance is 6%. For better
performance, it is recommended to use the non-
symmetric guard time circuitin Fig. 8.

tare=(RsCy) InVpp/ (Vop-Visy!
tara=(RyCy) In (Vpp/ Vrgy)

v Rp=(R\Rz)/ (Ry+Ry)

oD C l
<
SUGT
R R
A ! 1 Notes:
3 R, =368KQ +1%

R;=2.2MQ 1%
Cy=100nF £5%

Figure 8 - Non-Symmetric Guard Time Circuit

Voo 8
oTMr O—1
Input Ry MT8870D-1 <
—] N+ Ll Voo —e
—{] IN- suGT 2
] G5 est 0 !
Re 0 viy sto P———O
O———— ] InH qa b———o0
Q————{] PWDN Q3 :]—._._O
0sC 2 B—+——0O NOTES:
X 4 osc2 q P——o0 Ry=102KQ £1%
Ves ToE P— Ry=71.5K0Q +1%
Ry=390KQ 1%
€y, o= 100 nF £5%
X =3.579545 MHz £0.1%
Vpp = 5.0V +5%
rd

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings'

Parameter Symbol Min Max Units
1| DCPower Supply Voltage Voo 7 v
2| Voltage on any pin \'/] Vss-0.3 Vpp+0.3 v
3| Current at any pin (other than supply) I 10 mA
4| Storage temperature Tste -65 +150 °C
5| Package power dissipation Pp 500 mw
Exceeding these values may cause permanent 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 - Voltages are with respect to ground (Vgg) unless otherwise stated.
Parameter Sym | Min | Typ* | Max | Units Test Conditions
1 DC Power Supply Voltage Vpo | 4.75 5.0 5.25 Vv
2 Operating Temperature To -40 +85 °C
_; Crystal/Clock Frequency fc 3.579545 MHz
[ 4] Crystal/Clock Freq.Tolerance Afc +0.1 %
* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
DC Electrical Characteristics - vop=5.0v+ 5%, Vs5=0V,-40°C = To s +85°C, unless otherwise stated.
Characteristics Sym | Min Typ* Max | Units Test Conditions
1| $ [Standby supply current Ibbq 10 25 LA |PWDN=Vpp
2 l,',' Operating supply current oo 3.0 9.0 mA
3 :’_ Power consumption Po 15 mw | fe= 3_.579545 MHz
Y
4 High level input Viy 35 V |Vpp=5.0v
5 Low level input voltage Vi 1.5 V  |Vpp=5.0V
6 ,1, Input leakage current /i, 0.1 LA | Vin=Vssor Vpp
7| P [Pull up (source) current Iso 7.5 20 | pA |TOE(pin 10)=0,
7 ‘ Vpp=5.0V
81 s {Pull down (sink) current Ig) 15 45 LA | INH=5.0V,PWDN=5,0V,
VDD= 5.0v
9 Input impedance (IN+, IN-) | Ry 10 MQ {@ 1kHz
10 Steering threshold voltage | Vs 2.2 2.4 2.5 V |Vpp = 5.0V
1 Low level output voltage Voo Vss+0.031 V |Noload.
12 3 High level output voltage VoH |Vpp-0.03 V |Noload
13 E Output low (sink)-current lov 1.0 2.5 mA |Vour=0.4V
141 y |Output high (source) current{ lgy 04 0.8 mA {Voyr=4.6V
15| T [Vgetoutput voltage Vret | 23 25 2.7 V |Noload, Vpp = 5.0V
16 VRef OUtput resistance Ror 1 kQ

* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
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* Operdting Characteristics - vop=5.0v 5%, Vs =0V, -40°C < To < +85°C ,unless otherwise stated.

Gain Setting Amplifier

Characteristics Sym Min Typ: | Max [ Units Test Conditions

1 | Input leakage current . lin 100 nA | Vsss Viy SVpp

2| Inputresistance Rin 10 MQ

3| Input offset voltage Vos 25 mv

4} Power supply rejection PSRR 50 dB {1kHz

5| Common mode rejection CMRR 40 dB |0.75Vs Viy =4.25V biased

atVpes =2.5V

6 | DC open loop voltage gain AvoL 32 dB

7| Unity gain bandwidth e 0.30 MHz

8 | Output voitage swing Vo 4.0 Vpp | Load =100 kQ to Vss @ GS
9 | Maximum capacitive load (GS) G 100 pF

10 | Resistive load (GS) R(, 50 kQ

[ 11 | Common mode range Vem 2.5 Vpp | No Load

MT8870D AC Electrical Characteristics -

Voo =5.0V £5%, V=0V, -40°C s To < +85°C, using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
Valid input signal levels .29 +1 dem {1,2,3,5,6,9
1 (each tone of composite
| |signay 275 869 | mVawms | 1,2.3.5.6.9
2 Negative twist accept 8 dB 2,3,6,9,12
3| Positive twist accept 8 dB 2,3,6,9,12
4] Frequency deviation accept +15% * 2Hz 2,3,5,9
B Frequency deviation reject +3.5% 2,3, 59
6| | Third tone tolerance -16 d8 [2,3,4,5,9,10
| 7]  [Noise tolerance -12 d8 |2,3,4,57,9,10
81 | Dialtone tolerance +22 dB  |2,3,4,5,8,9, 11

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

*NOTES

1. d8m = decibels above or below a reference power of 1 mW into a 600 ohm load.

2. Digit sequence consists of all DTMF tones.
3. Tone durition= 40 ms, tone pause= 40 ms.
4, Signal condition consists of nominal DTMF frequencies.

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

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

8. The precise dial tone frequencies are (350 Hz and 440 Hz2) + 2 %.

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

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

11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.”
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MT8870D-1 AC Electrical Characteristics - vpp=5.0V+5%, V=0V, -40°C < To s +85°C, using Test Clrcuit
; shown in Figure 10.

‘ ‘,r Characteristics Sym Min Typt | Max Units Notes*
';%- ; Valid input signal levels -31 +1 | dBm zeﬂedsatv
" (each tone of composite oo=5.0
'j %— signal) 218 869 mVRMs 1,2,3,5,6,9
e -37 dBm | Tested at
i 2 input Signal Level Reject Vop=5.0V
3 ‘ 10.9 mVewms |1,2,3,5,6,9
- __3_ Negative twist accept 8 dB |2,3,6,913
A _4 Positive twist accept 8 dB 2,3,6,9,13
< 5 Frequency deviation accept +15%* 2Hz 2,3,59
6 Frequency deviation reject +3.5% 2,3,59
o \_Z_ Third tone tolerance -18.5 d8 2,3,4,5,9,12
_8 Noise tolerance -12 dB 2,3,4,5,7,9,10
: 9 Dial tone tolerance +22 dB 2,3,4,5,8,9, 11
'Iypieal figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
NOTES
L 1. dBm = decibels above or below a reference power of 1 mW into a 600 ohm load.

2. Digit sequence consists of all DTMF tones.
3. Tone duration = 40 ms, tone pause = 40 ms.
, 4. Signal condition consists of nominal DTMF frequencies.
- 5. Both tones in compoasite signal have an equal amplitude.
6. Tone pair is deviated by *1.5 % * 2 Hz.
7. Bandwidth fimited (3 kH2 ) Gaussian naise.
. rg 8.The precise dial tone frequencies are (350 Hz and 440 Hz} + 2 %.
9. For an error rate of better than 1in 10,000.
10. Referenced to lowest level frequency component in DTMF stgnal.
11. Referenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.
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MT8870D/MT8870D-1 150%-CMOS

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

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 Tone present detect time top 5 1 14 ms | Note1
2 Tone absent detect time toa 0.5 4 8.5 ms | Note 1
3] :',, Tone duration accept “trec 40 ms [ Note2
4| | |Tone duration reject Wec { 20 ms | Note2
51 G |Interdigit pause accept to 40 ms |Note2
6 Interdigit pause reject too 20 ms | Note 2
7 Propagation delay (St to Q) teq 8 H us | TOE=Vpp
| 8| o |Propagation delay (st to StD) tesip 12 1 186 us | TOE=Vpp
u j =
9] T |Output data set up (Q to StD) | tosto 3.4 ks | TOE=Vpp
10| ¥ |Propagation delay (TOE to Q ENABLE) | terg 50 ns 'S%a::f 10kQ,
s
1 Propagation delay (TOE to Q DISABLE) | tr1D 300 ns 'S%ad:f 10kQ,
p
_121 ; Power-up time tey 30 ms | Note3
13 \;‘v Power-down time top 20 ms
L_i Crystal /clock frequency fc 13.57593.5795}3.5831| MHz
15 ] f Clock input rise time tinct 110 ns | Ext. clock
_15 0 |Clock input fall time tHLcL 110 ns | Ext. clock
_!l_ i | Clock input duty cycle ‘DCq. | 40 50 60 % | Ext. clock
18 Capacitive load (0SC2) Cio 30 pF

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

N o=

w

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, te; equals time from POWN going low until ESt going high.

9]
oTME O— c
Input R MT8870D/MT8870D-1 2
IN+ U Vpp El——*
—C] IN- suGT [— R
—] Gs st O 3
_Rz '—'Q Viet StD 3————0
Q————— mH qs p———0
O———] rown @ b——0
osc1 Q2 ——O
Xﬂ‘uﬂf—c osc2 o f——o0
,J;_———C Vg ToE [ —

NOTES:

Ry, Ry=100kQ +£1 %
Ry=300kQ +1%

€. C=100nF £5%
X-tal=3.579545 MHz 0.1 %
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| o |
EVENTS A | B | ¢ | ¢ | F | &
4 1] 1]
WEC s 14 i thic |4 4 tpd >ito ¢
.
v I I TONE TONE
in I I TONE #n #n+1 fnsr [
ookl T b eto
ESt | | I | | ! L] |
" 1 y Tt
- T [~
St/GT 1 L Vrse
g >} i€ o
[ st
> Ay % HIGH IMPEDANCE
Q1.Qs DECODED TONE # (n-1) ¢ #n )_____@:
T { ]
[ < ] :
L] 5 : —
StD : ;
I 1
> il
¥ s o [I
EXPLANATION OF EVENTS
A} TONEBURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
8)  TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS.
Q END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
D)  OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
£) TONE #n+ 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY HIGH
IMPEDANCE).
) ACCEPTABLE DROPOUT OF TONE #n+ 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.
G)  ENDOF TONE #n+ 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
EXPLANATION OF SYMBOLS
Vie  DTMFCOMPOSITE INPUT SIGNAL .
ESt  EARLY STESRING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
St/GT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,
Qi-Qs  4-BIT DECODED TONE OUTPUT.
StD  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE REQUIRED
GUARD TIME THUS CONSTITUTING A VALID SIGNAL.
TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q, TO ITS HIGH IMPEDANCE STATE.
ez MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.
taec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
to  MINIMUM TIME BETWEEN VALID DTMF SIGNALS.
too  MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top  TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
toa  TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
ter  GUARD TIME, TONE PRESENT.
teta  GUARD TIME, TONE ABSENT.

Figure 11- Timing Diagram




MOTOROLA :

SEMICONDUCTOR
TECHNICAL DATA

MC145412
Advance Information MC145413

Pulse/Tone Repertory Dialer MC145512
Low Power Silicon-Gate CMOS

The MC145412/13 and MC145512 are silicon gate, monolithic CMOS Integrated circuits
which convert keyboard inputs Into either pulse or DYMF outputs. They are packaged in a

standard 18 pin {0.3° wide) plastic DIP. 18 PLASTIc
® 3Ix4 or 4x4 Keyboard Compatibility Which Allows the Use of 2-of-7, 2-of-8, or ! CASE 707
Form A Type Keyboards
® MC145413 Adds Kayboard Selectable Pause Switch Function Ordering Information
® Single Pin Switchable Between DTMF, 10 pps and 20 pps MC146 X X X X
@ 500 Hz Tone Signal Output in the Pulse Dialing Mode
® Memory Storage for Ten 18 Digit Numbers, Including Last Number Redial P Plastic
® Uses 3.579546 MHz Colorburst Crystal 4 40/60 M/B Ratio
@ Telaphone Line Powered L 522/68 M/B Ratio
® Silicon Gate CMOS Technology for 1.7-5.5 V Low Pawer Operation
® Stand Alone DTMF Dialer/Stand Alone Pulse Dialer
® Mute Output Used to isolate Receiver from Dialing Output
® Memory Programming Options by Keyboard Configuration PIN ASSIGNMENT
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This docurnent contains information on a new product. Specifications and information harein are subject 10 change without natice.
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MC146412, MC145413, MC145512

ABSOLUTE MAXIMUM RATINGS (Vgg=0V)

Parameter Symbol Rating Unit
DC Supply Voltage Voo -0.5t +8.0 \
Operating Temperature TA -30t0 +60 °C
Storage Temperature T,gg -65t0 +150 °C
DC Current Drain Per Pin i 10 mA
Maximum Voltage v
On Any Pin Relative to Vgg Vint -05
On Any Pin Relative to Vpp Vin2 +0.5
ELECTRICAL CHARACTERISTICS (T = - 30 t0 60°C, Vpp =2.5 V, Vg5 =0 V, Unless Otherwisa Noted)
. Characteristics Symbol Min Typ Max Unit
DC Supply Vortage Pulse Mode Voo 20 - 6.5 v
DTMF Mode 2.5 - 6.5
Operating Current Pulse Mode {MS =Vpp! Iop - 0.25 0.7 mA
DTMF Mode (MS = Vgs) - 1.0 2.0
Memory Retention Voltage Vatby 1.7 - - v
Mamory Retention Current {Vpp=1.7V) Istby - 1.0 20 rA
{(Vpp=2.5 V) o 12 2.5
Input Voitage, Row/Column/OH 0" Level ViL - - 0.2 Vpo v
*1” Lovel vin |08vpp - -
Row/ Column tnout Impedancs To Vpp Zin - 100 -~ ko
To Vss - 2 =
OH Pull-Up Resistance R - 50 = k0
Input Capacitanca (All Inputs) Cin - 10 - pF
MS Pin Input Impedance Zin 50 200 - kO
Output Sink Current {Vpo =25V} TSO Pin loL 0.5 0.7 — mA
M0 Pin 1.0 2.0 -
OPL Pin 1.0 2.0 -
(Vpp =4.0 VI MO Pin 3.0 - -
OPL Pin 4.5 - -
TSO Output Sourca Current (Vg =2.0 V) loH 0.5 0.7 - mA
Qutput Leaskage Current MO, OPL Pins Ineg . - - 1.0 A
OTMF Output Lsvel Refersnced to Vpp/2 Row Tone Vout 260 310 370 mV RMS
(Vpp=2.5 t0 4.0 V, RL=500 0 to Vpp! Column Tone 30 390 460
DTMF Output Tone Leakage (Vpp =3.5, RL =600 0, 300 to 4000 Hz) - - -80 dBm
DTMF Qutput Tone Distortion (Vpp =3.5, RL =600 0, 300 to 4000 Mz} - - 5 %
Pro-Emphasis - 1 2 2.5 da
OTMF Output Leakage Current While Not Dialing Tones (Vpp=2.5 V) - . 1.0 pA
OTMF Output Sink Currant While Diafing Tones 20 - - pA

!
i
'
H
]
i
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MC145412, MC145413, MC145512

SWITCHING CHARACTERISTICS (T =256°C, Vpp = 2.5 V, Osc. Froq. =3.579546 MHz, Unless Otherwiss Noted)

Characteristics Symbol | Min Typ Msex Unit
Row/Column Scan Frequency [] - 250 - Hz
Key Debounce Time tpe 16 - 20 ms
DTMF Tone Duration for Keypad Diafing wi 60 78 - ms
OTMF Tone Duration for Memory Dialing W2 90 102 110 ms
Inter-Digit Pauss Time DTYMF {Memory Dialing) o 90 8 110 ms
Pulse 10 pps 08 1.0 1.2 s
20 pps 0.4 0.5 0.8
MS Pin Scan Rate tms - 1 - kHz
Make/Break Ratio MC145412/13 MBR - 40/60 - %
{MS =Open or Vpp) MC145512 - 32/68 -
Qutpulsing Rate MS = Open fopL - 10 - PR
MS =Vpp - 20 -
MUTE Output (MO} Overlep Time MO - 2 - ms
TSO Output Frequency Hso - 500 - Hz
TSO Output Duraton trso 38 - 40 ms
DTMF Cycle Time {Mermory Diafing) 8 - tones/s
{Keypad Dialing) 10 -
DYMF Frequency Deviation - - +1.0 %
Proadigit Mute MC145412/13 Pulse 10 pps 7] - 40 - ms
20 ppa - 20 -
MC145512 Pulss 10 pps - 3 -
20 pps - 16 -
DTMF - 1 -

PIN DESCRIPTIONS

VDD. Vs5—POWER SUPPLY (PIN 1, PIN 6}

DC power is supplied to the part on these two pins, with
Vpp being the most positive. Permissible ranges are from 1.7
to 5.5 V.

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 batween pin input
voltage and operating mode is shown in Table 1 below.

Table 1. Mode Select Options

"MS | Dialing Mode
\ Vpo 20 pps Pulse Dialing
| Open 10 pps Pulse Dialing
{ vgg | DTMF Diafing

OH-ON-HOOK {PIN 12} i

Connecting te OH pin to Vpp, or allowing it to float sets
the device in the on-hook mode. Connecting this pin to Vgsg
selects the off-hook mode. When in the on-hook mode, rep-
ertory 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 ganerated. 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 cutputs
tones corresponding to the row and column of the key de-
pressed. Simultanscusly 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 impedancs. While output-
ting tones, this pin has a dc bias at (Vpp —Vgg)/2. DTMF
OUT is an open drain output requiring an extermnal pull-up to
Vpp. This pull-up resistor must satisty the instantaneous cur-
rent requirements of the internal feedback natwork in addition
to the load applied to the pin,

OPL—OUTPULSING (PIN 17}

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

MO—MUTE OUTPUT (PIN 11)

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

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC145412, MC145413, MC145512

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-of-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 Vgs. Connecting pin 2, COL 4,
to Vpp sets the part to 3 x 4 keyboard mode. Keyboard mode
selection is parformed during application of power.

Typicat keyboard configurations are shown in Figure 1.

0SCjn. 0SCout (PIN 8, PIN 9)

A 3.579545 MHz crystal is required as the freq y ref-
arence for the on-chip oscillator. Crystal biasing is accom-
plished by an intermnal resistor and capacitors.

CLASS A (SPST)

1,

C0L——O0 O——ROW

STANDARD 2.0F.7 OPST)
o——CoiL

O——f0ow

STANDARD 2.0F.7 DPST) vdn

cot
by fE T
——O | O——cit
Yoo ROW
Vg — — - -

Figure 1. Keyboard Configurations

GENERAL DEVICE DESCRIPTION

The MC145412."MC145512 and the MC145413 provide users
with switchable oulse and DTMF dialing functions. The
MC145412/MC145512 change dialing modes via the MS pin.
The MC145413 a users to switch dialing modes via the
keyboard in addition to the MS pin. All devices have 10 mem-
ories, LNR {last number redial) inclusive, each 18 digits long.

On application of power, there is a 64 ms initialization period
during which the cscillator is enabled and the keyboard inputs
are disabled. During initialization COL 4 is scanned to sat the
keyboard mode. :t the COL 4 input is high {(Vpp! the dialer is
set to the 3 x 4 keypad mode, otharwise ths 4 x 4 keypad mode
is selocted. Changing modes is not possible after this initiali-
2ation pericd.

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

feither 10 pps, 20 pps, or DTMF). After debouncs, the keypad
entry Is checked and the input is latched into LNR memory
followed by a stop cede. This process continues until 18 digits
have been entered. If a 19th digit is entered, it will over-write
the first digit and will ba followed by a stop cods. 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
pin is designed to drive an external PNP transistor which can
be used to modulate tip and ring voltage at the DTMF
frequencies.

If the first key s for redlal or recall, the device will respond
accordingly, either rediafing the last number entered, or re-
calling and dlaling the number selected by a subseq key
depression. Responses to dialing sequences for 4x 4 key-
boards are shown in Figure 2, and 3 % 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. {f the part is in the
on-hook mode and a kay is depressed, the oscillator will start
and the kay 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 made, it can be
stored in repertory memory. For the 4 x 4 keyboard, pressing
the STORE key {* for 3 x4 keyboard), followed by a digit (1
through 9) will store the number in the repertory memory
location specified by the digit.

The RECALL key for the 4 x 4 keypad is used to recall and
dial numbers stored in the repertory memory. The digit im-
mediately following the RECALL key designates the memory
tocation of the number to be auto-dialed. For the 4x4
keyboard, a last number redial cari be accomplished if the
RED/P key {COL 4, ROW 1) is the first key dapressed after
an on-hook to off-hook transition. Otherwise the
RED/P key will effect a 4 sacond pauss. If the pulse mode is
selected, redial can be accompiished if the first key depressed
on a transition to off-hook is #. For the 3 x 4 keyboard, redial

- oceurs if the first key depressed is *,0.

The PAUSE key (COL 4, ROW 2) for the MC145412/
MC 145512 will cause a 4 second pause. The PAUSE/S key
{COL 4, ROW 2) is a feature offered on the MC145413. De-
pressing this key will 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.

MOTOROULA TELECOMMUNICATIONS DEVICE DATA
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MC145412, MC145413, MC145512

1. MANUAL DIALING-OFFHOOK  (PULSE OF OTMF MODE}

) 0 G- (3

ALL DIGITS ENTERED WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING ® OR # WILL DIAL OUT THE DTMF SIGNAL 1N TONE MODE OMLY,

2. MANUAL DIAUKG WITR AUTO ACCESS PAUSE—OFF.HOOK  (PULSE OR DTMF MODE)

(o] (=) ()]
[ o0 Jeeeno| on ”nustjm-----m MC145412MC145512 OHLY

m'“"m [._Jm'""m PULSE MODE ONLY

THE AUTO ACCESS PAUSE WILL HOT OCCUR DURING MANUAL DIALING IN DTMF MODE, 1T IS RETRIEVED DURING RECALL OR REDIAL.

3, STORING KUMBERS INTQ MEMORY-ON-HOOX/DFF-HOOK  (PULSE OR OTMF MODE}

LIE_‘I[M [_srﬂ][A_] A=1-§  MEMORY ADDRESS

THIS OPERATION TRANSFERS THE DIGITS DV TO ON FAOM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY “A”. CIALING OUTPUTS ARE
NOT ACTIVATED OURING ON-HOOK PROGRAMMING.

4. MEMORY REDIAL—OFF-HOOK  (PULSE OR OTMF MODE}

RECAWUL m A=1-9 MEMORY ADORESS

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

OR
E PULSE MODE ONLY

REDIALS THE NUMBER THAT WAS PREVIDUSLY ENTERED INTO THE LAST NUMBER REDIAL REGISTER.
8. PULSE-TO-TONE MODE SWITCH-OFF-HOOX  (PULSE OR DTMF MODEI

m““-[ ON I lPAlJSUS][ 0x »]""' MC145413 ONLY

7. CASCADED DIALING—OFF-HOOK  {PULSE OR DTMF MODE)

N I 2 o I ey

l l . CASCAOE MEMORY RECALLS
RecaL [ Al ]”’”’ [“‘““q l 42 l A1, A2 = 1-8 MEMORY ADDRESSES

CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL
[reor oafmeend] [ Tn ] e Tootes 5

YA/ RAT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.
8. SIGNALING ® AND 7 YONES—OFF-HOOK  (DTMF MODE OKLY)

Ej OUTPUTS * TONE :
[I] QUTPUTS # TONE

4 x 4 XEY MATRIX
COL 1 coL 2 coLa CoL 4

ENERE ] [mor]  nows
Lo (s [ ] [pwse] w2 145413 PAUSTS €1 05 PSS &
L1_][ s | {9 | [some]  nowa

EEIERIEN

fmecae]  nows

Figure 2, 4x 4 Keyboard Dlailing Sequences
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MC145412, MC145413, MC145512

1. MANUAL DIALING-OFF-HOOK  [PULSE OF DTMF MODE}

ML KEY ENTRIES, EXCEPT * AND #, WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER, PRESSING * OR # WILL NOT DIAL OUT THE DYMF SIGNAL IN TONE
MODE. FOR SSNALING, ® OR # SHOULD BE PRESSED TWICE.

2. MANUAL OIALING WITH AUTO ACCESS PAUSE—OFF-HOOX  {PULSE OR DTMF MADE}

o ) J ) e g ]
P Ca (| B A

THE AUTO ACCESS PAUSE WILL NOT OCCUR ON MANUAL DIALING IN DTMF MODE. IT CAN ONLY BE RETRIEVED DURING RECALL OR REDIAL,

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

u_l-""EDN—IEI_A_J A=1-9 MEMORY ADDRESS

THIS OPERAT:ON TRANSFERS THE DIGITS O1 TO ON FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY “A”.

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

E [Il A=1-8 MEMORY ADDRESS
5. LAST NUMBER REDIAL~OFF-HOOX  (PULSE OR DTMF MODE)
0]
THIS OPERATION REDIALS THE LAST NUMBER ENTERED OFF-HOOX AND RETRIEVES DATA FROM MEMCRY ADODAESS 0.
8. PULSE-TO-TOXE AND TONE-TO-PULSE SWITCHING--OFF-HOOK  (PULSE OR DYMF MODE)

(o ]+~ (o] [owmons swren] [ox - -[or ]

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 DALING-OFF-HOOK  (PULSE OR DTMF MODE)

I R [ e
(e S0 o = T[] 5 s o aoomesses
[ e o = | [ 2] CAschLE ST mbe Remat W weony mkiE

#/4////. RAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.

8. SIGNALING ® AND # TONES-OFF-HOOK  (DTMF MOOE ONLY)

1. | E QUTPUTS * TONE
14
) l II’ QUTPUTS # TONE

3% 4 XEY MATRIX
o cot 2 oLl

CICG] wn
COIC0] wn

ROW 3

AOW 4

Figure 3. 3x 4 Keyboard Dlaling Sequencea
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MC145412, MC145413, MC145512

HOOK SWITCH | GFF-HO0K [ ownoox |
|

Kevoers | | o 2 | o -1~ | RETUL
-2l i
578845 s ST p e T )-

| 1 500 | |

ocon_L AR — U000 AR -~ ————~ nr
o~ NS~ WU~~~ —~ i

ormptooe | b= 1gg | |
omm our ———{ OTNF OTME
—+

R | [ 1 i)

Figure 4. Timing Diagram
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LM567/LM567C

National
Semiconductor
Corporation

LM567/LM567C Tone Decoder

General Description

The LM567 and LMS67C are general purpose tone decod-
ers designed to provide a saturated transistor switch to
ground when an input signal is present within the passband.
The circuit consists of an | and Q detector driven by a volt-
age controfled oscillator which determines the center fre-
quency of the decoder. External components are used to
independently set center frequency, bandwidth and output
delay.

Features

® 20 to 1 frequency range with an external resistor

® Logic compatible output with 100 mA current sinking
capability

m Bandwidth adjustable from O to 14%

u High rejection of out of band signals and noise

® Immunity to false signals

w Highly stable center frequency

m Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

= Touch tone decoding

= Precision oscillator

m_Frequenzy monitering and control
m Wide band FSK demodulation

m Ultrasonic controls

m Carrier current remote controls

s Communications paging decoders

Connection Diagrams

Metal Can Package
_OUTPUT

ouTPUT
FILTER

TIMING
CAPACITOR

TIMING
RESISTOR

TUH/6975-1

Top View

Order Number LM567H or LM567CH
See NS Package Number H08C

Dual-In-Line and Small Outline Packages

1 8
i prr= e
2

1
L00? 78 8

FILTER
g (e 8_ TIMING
stieeron CAPACITOR

INPUT

&

5 niving
RESISTOR

TL/H/6975-2
Top View

Order Number LM567CM
See NS Package Number MOBA

Order Number LM567CN
See NS Package Number NOBE
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Soldaring information
Dual-ir-Line Package

Distributors for avallabllity and specifications. Soldering {10 sec.) 260°C
Supply Voltage Pin oV Small Outline Package .
cower Dissipation (Note 1) 1100 mw m:e:’(‘f;esg’) sec.) e

8 5V See AN-250 “Surface Mounting Methods and Their Effect
Va -1V on Product Reliability” for other methods of soldering sur-
V3 Vg4 + 0.5V face mount devices.

Storage Temperature Range —65°C to +150°C
Operating Temperature Range
LM567H

LM567CH, LM567CM, LM567CN

-55°Cto +125°C
0°Cto +70°C

Electrical Characteristics ac estCircuit, T4 = 25°C,v- = 5v

Parameters . Conditions -~ LM567C/LM567CM Units
" | Min Typ | Max|~ Min Typ Max
Power Supply Voitage Range N 4.75 5.0 9.0 | 4.75 5.0 9.0 \
Zm:; i:fply Current ' Ry = 20k 6 8 7 10 mA
;g;/vzrt::pply Current Ry = 20k 1" 13 12 15 mA
Input Resistance 18 . 20 15 20 kn
Smaliest Detectable Input Voltage I = 100 mA, §; = {, 20 25 20 25 | mVrms
Largest No Output nput Voltage Igc = 100mA, f; = {, 10§ 15 10 15 mVrms
Largest Simultaneous Outband Signal to : ~ 6 a8
Inband Signal Ratio !
Minimum Input Signal to Wideband B, = 140 kHz _g -6 dB
Noise Ratio
Largest Datection Bandwidth 121 14 16§ 10 14 18 | %ofly
Largest Detection Bandwidth Skew | 1 2 2 3 % of fg
lf::g::tr ;)lz::clion Bandwidth Variation with : <01 +0.1 %/°C
;3?;;‘\2:(:90:0" Bandwidth Variation with | 4.75 — 6.75V a9 +2 £ -5 %V
Highest Center Frequency 100 500 100 500 kHz
Center Frequency Stability (4.75-5.75V) 0<TpA<70 35 = 60 35 60 ppm/°C
—55<Tp < +125 35 + 140 35 £ 140 ppm/°C
Center Frequency Shift with Supply Voltage | 4.75V — 6,75V 0.5 1.0 04 20 %IV
4,75V — 8V 2.0 2.0 %IV
Fastest ON-OFF Cycling Rate 10/20 fo/20
Output Leakage Current Vg = 15V 0.01 25 0.01 25 pA
Output Saturation Voltage e; = 25mV,lg = 30 mA 0.2 04 0.2 0.4 v
e = 25mV, lg = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns
Note 1: The maxi of the LM567 and LMS67C Is 150°C. For op: g st d temp dovices in the TO-S package must be

dorated based on a me;'mal voslslanrco of 150°C/W, junction to or 45°C/W, | to case, For the OIP the devu':o must be dsrated based on a thermal
tesistance of 110°C/W, junction to ambient. For the Small Outline packags, the davice must be cerated based on a therma! resistance of 160°C/W, [unction to
ambient,

Note 2: Refer to RETSS67X drawing lor specifications of mifitary LM587H version,
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Schematic Diagram
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Typical Performance Characteristics

Typical Frequency Drift with

. Temperatu

re (Mean and S.D.)

ERS R

] —

e

0%

e

|

CHANGE 1N FREE RUNNING FREQUERCY %)

s -
215 30 -2 0

% 50 1% 100 128

TEMPERATURE (°C}

Typical Frequency Drift with

iy Temperature (Mean and S.D.)
b wergvin | T

H [ |

- 29

3 T T 1

- ! 3 l

o [} J— T

LS ;

2. i Y\ &

H ! ] ' N
= .

= B

3 [ ]

Z 1

g N

g -0 e

- -15 .30 -3 0 2% 50 )% 100 12%

“EMPERATURE °C)

Detection Bandwidth as a
- Function ot Czand Cy

W
[ARETT
\ Vﬁ_t - 5y
Zz W X
a3 t
23 3
=2 |
ey
25 0
<,
¢ i
0
e 2 ¢ & 8 10 312 14 8
FANOWIOTH 1% OF 1y)

SUPPLY CURRENT tmA} INPUT VOL TAGE tmV sem} BANDWIDTH (% OF Ipl

OUTPUT YOLTAGE PIN B (V)

Typical Bandwidth Variation

. with Temperature

-
-~
|

SANDWIDTH AT 25°C

<73 <80 -28 0 28 S0 S 00 23

TEMPERATURE Q)

Bandwidth vs Input Signal

o~ Amplitude

%

W

150

30

BN

IV X s
[V A
17y

31008 M aplrecty
w3
e e b L LI N

E A T S B Ut Y )
BANDWIDTH 1506 1)

Typicai Supply Current vs

Supply Voltage
5

tomasel |
NQ LOAD “ON" CURRENT
LA
7

QUIESCENT CURRENT
1 F ' [}

v !
! 1
QN A
4 s [} } [} H 10
SUPPLY VOLTAGE V)

Typical Output Voltage vs

Temperature
]

09
L1
or
(13
05
04
0l
[}
(4}

. ] N
- Vec * SV

0
15 .50 228 0 18 S0 7% 100 128

TEMPERATURE (*C)

CHANGE 18 FREC AUNNING § REQUENCY (%)

Typlcal Frequency Drift with
. {(Mean and S.D.) Temperature

LI
AT LS

1

A3 .50 225 0 25 S0 IS 100
TEMPERATURE (C)

i3

Largest Detection Bandwidth

"
—
2 \
s
A" N
=
[-]
€
H s
1, = 28°C
Veg = WV
. ]
100 w [ 100% ™
CENTEA FAEQUENCY th1)
Greatest Number of Cycles
Before Qutput
1000 s
X ! b ] Voo = 5V
T e
200 %’ BANDWIDTH LIMITED §Y C, —]
200 B 1
d 0 L
w \: X
b4 i N 9ANOWIOTN LiMITED BY
3 e N\
S

EXTERNAL
1\& \ (MINIMUM €;)

50 SR
(IS}

g8

I-:\;‘.-

308 19 010 S0 w0

BANOWIOTH 1™ OF 15}

TLIH/6975-4

5-65




LM567/LM567C

Typical Applications

0.5 uf
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A2 4.7k
R3 20k

C1 0.10 mfid

C2 1.0mide6v
C3 22mid6v
C4 250 mid 6V

Component valuas (typ)
R1 6.8 to 15k
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Typical Applications (continueq)
Oscilllator with Quadrature Output Osclliator with Double Frequency Qutput

* +
Ry L
r 3 tMs8? ' LJ_L LMs§? 3 ‘; -rU—U-U- R
H ] $ %0

-
TT

gcl

TL/H/6975-6 TL/HI6975-7
Connact Pin 3 to 2.8V 10 invert Output

Precision Osclilator Drive 100 mA Loads

“l
LMS§? '
2 (] 5 1 —! LJ L]
vCo

TERMINAL ¢

(—6%) ,

<

“l
AR
= = TL/H/6975-8
AC Test Circuit Applications Information
sy The center frequency of the tone decoder is equal to the
free running frequency of the VCO. This is given by
1
fo = ————
A 9 % T 1.1 R,Cy
g = 2.8K 0033 The bandwidth of the filter may be found from the approxi-
] mation
— ' Vi
s 7 8 5 - BW = 1070 '—:c—z in% of fp

Where:
Vj = Input voltage (volts rms), V; < 200 mV

li_mj_ _j_ ‘ hish . Ca = Capacitance at Pin 2 (1F)
TTT 1

SlGNM. +5V
INPUT

]|

TL/H/6978-9

f; = 100 kHz + 5V
*Note: Adjust lor o, = 100 kHz
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MOTOROLA
TECHNICAL DATA . .

6-Pin DIP Optoisolators

Triac Driver Output

These devices consist of gallium arsenide infrared emitting diodes optically coupled to
8 monolithic silicon detector performing the function of a Zero Voltage Crossing bilateral
triac driver. )

They are designed for use with a triac in the interface of logic systems 1o equipment
powered from 240 Vac lines, such as solid-state relays, industrial controls. motors, sole-
noids and consumer appliances, etc.
® Simplifies Logic Contro! of 240 Vac Power
® Zero Voitage Crossing
High Breakdown Voltage: Vprm = 400 V Min
High Isolation Voltage: Vigg = 7500 V Guaranteed
Small, Economical, 8-Pin DIP Package
dv/dt of 2000 Vius Typ, 1000 V/us Guaranteed
UL Recognized, File No. E54915 Q)

VDE approved per standard 0883/6.80 {Certificate number 41853), with additional
approval to DIN IEC380/VDEO0806, IEC435/VDE080S, IEC65/VDE0860, VDED110b,

covering all other standards with equal or less stringent requirements, including 83

IEC204/VDEOD113, VDE0160, VDEOB32, VDE0B33, etc. ]
Special lead form availabie (add suffix “T" to part number} which satisfies VDEOB83/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.

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

MAXIMUM RATINGS (T4 = 25°C uniess otherwise noted)

Mocso41'
MOC3042
MOC3043

6-PIN DIP
OPTOISOLATORS
TRIAC DRIVER QUTPUT
400 VOLTS

CASE 730A-02
PLASTIC

COUPLER SCHEMATIC

[ Rating | Symbol Valwe | unit |
INFRARED EMITTING DIODE
Reverse Voltage VR 6 Volts 1 6
Forward Current — Continuous e 60 mA NS
Total Power Dissipation @ T = 25°C o 120 mw 2 ya0s
Negligible Power in Output Driver
Derate above 25°C 1.41 mWrC o R0 s
OUTPUT DRIVER SR
OH-State Output Yerminal Voltage VoRMm 400 Volts
Peak Repetitive Surge Current Itsm 1 A
(PW = 100 us, 120 pps)
Total Power Dissipation @@ Ta = 25°C PD' 150 mw 1. ANODE
o ,. N
Daerate above 25°C 1.76 mwrc 2 CATHODE
TOTAL DEVICE anNe
Isolation Surge Voltage {1) Viso 7500 Vae ;m;ﬁ;ﬁ L
{Peak ac Voltage, 60 Hz, 1 Second Duration) DO NOT CONNECT
Total Power Dissipation @ T4 = 25°C Pp 250 mw 8. MAIN TERMINAL
Derate above 25°C . 2.94 mwrC
Junction Temperature Range T -40t0 +100 °c
Ambient Operating Temperature Range TA -40to +85 ‘C
Storage Temperature Range Tstg -40to +150 ' i
Soldering Temperature (10 s) E o - 260 C
{1} Isotation surge voltage. V5. it an i | device di i rating.

For this test, Pins 1 and 2 sre common, and Pins 4, 8 and § are commen,
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I1a4. ON-STATE CURRENT {ma)

MOC3041, MOC3042, MOC3043

1

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

l Charscteristic l Symbol Min I Typ I
INPUT LED )
Reverse Leakage Current iR — 0.05 100 uA
(VR = 6V}
Forward Voltage ve - 1.3 1.5 Volts
{lg = 30 mA)
OUTPUT DETECTOR {If = 0 uniess otherwise noted)
Leakage with LED OH, Either Direction iDRM1 - 2 100 nA
{Rated VprM. Note 1)
Peak On-State Voitage, Either D:rection VTm —_ 1.8 3 Volts
{lym = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage {Note 3} av.al 1000 2000 —_ Vips
COUPLED
LED Trigger Current, Current Rezuired to Lateh Qutput ieT mA
(Main Terminal Voltage = 3 %', Note 2) MOC3041 —_ — 15
MOC3042 - -— 10
MOC3043 - - 5
Holding Current, Either Direction (% — 100 - uA
Isolation Voltage (f = 60 Hz, t = 1 sec) Vviso 7500 - - Vacipk)
ZERO CROSSING
Inhibit Voltage . Vin - 5 20 Volts
{Ig = Rated IgT. MT1-MT2 Vo::age above which device will
not trigger.}
Leakage in Inhibited State IDRAY2 - — 500 pA
U = Rated IgT, Rated Vprat. Off State)
Notes: 1. Test voltage must be apphec within dv:dt rating.
2. All devices are guaranieed to trigger at an lg value less than or equal to max IgT. Therelore, ing If lies max
T (15 mA for MOC3041, 1C mA for MOC3042, 5 mA for MOCI043) and absolute max [f (60 MA}.
3. This is static dv/dt. See Figure 7 for test circuit. Commutating dvrdt is a function of the load-driving thyristoris) only.
TYPICAL ELECTRICAL CHARACTERISTICS
von 2SI L
OUTPUT PULSE WIOTH - 80 z2s / 5 NO| D10 |
+600 1 - 3gma Ty = 25C
F = / 14
+400 —— [ = 60 He
Tp = 28°C / 13
+200 4 =12 ~J
0 4 2
-~ 200 g ) |~
—400 » 08 -
0 /] =08
7 07
800
-4 -3 -2 = 0 1 2 k] 4 S -4 -0 L} 2 9 60 g0
VM. ON-STATE VOLTAGE (VOLTS) Ta. AMBIENT TEMPERATURE (°C}

Figure 1. On-State Characteristics
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MOC3041, MOC3042, MOC3043

500 T
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2 I ) !
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= 20 ! -]
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3 == T
Q z
g %0
7
-—,l 4
] 17 !
£ 20
52 10 :
‘ *
-4 -2 0 0 & 60 8 100
Ta. AMBIENT TEMPERATURE [°C)
Figure 3. IprM1. Peak Blocking Current
versus Temperature
: T T 71
: 11
15 . NORMALIZED TO
14 : Ta = B8
a !
g ;
=20 ~J
g 1.1 ~]
2 1 [~ |
Li 09 \\ :
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Figure 5. Trigger Current versus Temperature
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PULSE
INPUT

WAVEFORM

15 [ I

M —

13 \ ty = RATED#y
g 12 N
g A
g A
z ~
< 09
g 08 N\
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Figure 4. ipppm2. Leakage in Inhibit State
versus Temperature

B ; l
= | P
2 ol o | NORMALIZED 10:
g \ i Pl 2 100 us
= \ n Ta = B%C
8 sl
AV
o
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] i
-
g : Tl
£ 4 : "] !

1 2 1} 10 n 0 100

P, LED TRIGGER PULSE WIDTH ts)

Figure 6. LED Current Required to Trigger
versus LED Pulse Width

1. The mercury wened relsy provides 8 high speed repeated pulse to
the D.U.T.
. 100x scope probes are used, (o allow high speeds and voltages.

{Z
3. The warst-case conditien for static dv/dt is established by trigpering

the D.U.T. with » normal LED input current, then removing the
current. The verisble ATEST sllows the dvidt to be graduatlly
incressed wntil the D.U.T. continues to trigger in response to the
applied vonage pulse, even ahier the LED current has been removed.
The dvict is then decreased unti! the D.U.T. staps triggering. mC is
messured at this point and recorded,

Figure 7. Static dv/dt Test Clrcuit
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MOC3041, MOC3042, MOC3043

Vo Rn g ¢ Typical circuit for use when hot line switching is e
O AN =0 KOT required. In this circuit the “hot” side of the line is f-;
M / 1 ~., switched and the load connected to the cold or neutral k3

:Do_zl 1o 29 side. The load may be connected to either the neutral or ks
4 4 b4 hot line. &

o] " %0 Vae Rin, is calculated so that If is equal to the rated gy of i

1 the part. 5 mA for the MOC3043, 10 mA for the MOC3042, -

k<) EE T 00, or 15 mA for the MOC3041. The 39 ohm resistor and 0.01 ol

ﬁo pF capacitor are for snubbing of the triac and may or may
040 NEUTRAL ot be necessary depending upon the particular triac and

*For highly inductive toads (power tactor < 0.5], change this value 1o load used.
360 ohms.
Figure B. Hot-Line Switching Application Clrcuit
~
R 1: 0y
Suggested method of firing two, back-to-back SCR’s,
v 1 € with a Motorola triac driver. Diodes can be 1N4001:; resis-
o T \ tors. Rt and R2, are optional 330 ohms.
2 MOC304V/ < X scr
304 —O '
o ) ¥ SCR
3 4 'zl‘v / ‘;g(r, :-:’:ly inductve losds {power factor < 0.5}, change this value to
8.
L Note: This optoisolator should nat be used to drive a load directly. It is
) A 0 intended 1o be a trigger device only.
R2 &
{ LOAD "-— ,\J
Figure 9. Inverse-Parallel SCR Driver Circuit
OUTLINE DIMENSIONS
NQTES:
onma st 1. DIMENSIONING AND TOLERANCING PER ANS!
N N Y wa PITANOGE VI4SM, 1982,
ConARADN 2 CATHODE 1 CONTROLUING DIMENSION: INOL
@ In 2 DM L TO CENTER OF LEAD WHEN FORMED
| A TR, an
W R e et :wnmrim
X MALBAETERS POHES
G g ' | ood [oen | wax | T T MAX
1 e b
10
- 9 | se ] o
' 1] 16
- a1 . @ 1 o0 | oow | aon
S l R S Y 25 8SC 10
% uJ [{lenem® [[10]20) o o
—edlo—— s D : 1 030
W | o T 1 18
(Haunmn® [1[a@0®]  CASE 730A-02 19 [ [ow o
PLASTIC
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4N25, 4N25A, 4N26, 4N27, 4N28
MOTOROLA

E SEMICOND U CT O R 000

ELECTRICAL CHARACTERISTICS (T = 25°C uniess otherwisa noted)
TECHNICAL DATA | Charactariztic | Symoot Min | Typ | Max | Unn
4 N 2 5 | INPUT LED
; Forward Voltage tlg - 10 mA) Ta = 25°C H Ve - 118 1.5 Voits
- - | .
® i Ta = -55C l - 1.3 - .
i 6-Pin DIP Optoisolators 4N25A | e we | Z {m =
; TranSIS‘tOf Output 4N26 ’ Re: e Leakage Current (Vg + I V) l 'R - - i 100 uA
. 4N27 Capacitance (V = O V. [ + | MHz) | < = L oF
hese devices consist of a gallium arsenide infrared emiting diode optically coupled
to a monolithic silicon phototransistor detector. 4N28 TR AN STOR T
- 1 A
* Convenient Plastic Duai-in-Line Package Collector-Emittar oru- c.‘z:suéu -xNzS.ZSA.i:g; | ceo = | l ‘5& i n
* Most Economical Optoisolator e =l 10V:iTa - + T
* High Input-Output Isolation Guaranteed — 7500 Volits Peak IVCE = 10V. Ty =« 100°C) All Qevices | Ice0 | — ! | = 1 A
* Muots or Exceads All JEDEC Reqistered Specifications 8-PIN DIP 3 c (Ve - 10 VI 1 - 0z | - nA
o UL Hucogmesd Fily Number £54915 S\ OPTOISOLATORS L =Ngor 90ss Dok Cornend e : B9 —— —
* VOE approved per standard 0883/6.80 (Curuilicate number 41853), with additional TRANSISTQR QUTPUT ORYLCTORGEner Breardown Vousge lic - | mAd |_V18RICEO 2 > L= =
approval to DIN IECI80/VDEOBO6, IECI3SVOEDBOS, IECESVOEDBE0, VOE 1 10b, covering Collector-8ase Breakdown Voltage (Ic = 100 uAl 1 V(BRICBO 70 90 | - Voits
all othar standards with equal or less stnngunt requiremaents, including IEC204/ /3 - - 7
P e h Emitter-Collactor Breakdown Voltage (Ig = 100 uAl | vigmy 7 78 | olts
VDEO113, VOEO150, VOEQ832, VDEQH33, sic. .., il oo e SRIECO
* Special lead form available {add suffix T o part number) which sausfias VOE088Y OC Currant Ganlic = 2 mA. Vcg = 5V) | ne = 00 = =
.80 requirement for 8 mm minimum creepage distance between input and output Collector-Emicter Caoacitance (I « | MHz. Veg = 0) | Cce - ? ot of
solder paas. N
- t = | MH2, Vg = 0) C - 19 - of
* Vanous leaa form | . Consult "0 ator Lead Form Options” data Pyecte-Basa Caonci g i~ b l
sheet for details. Emurter-Base Capacitance (1 = | MHz, Veg = 0 Ces = 9 | = | of
COUPLED
Outout Collector Current (Ig = 10mA, Veg = 10 V) 'c mA
A
c f,i. 751‘:41 4N25,25A.26 2 4 =
MAXIMUM RATINGS (T4 = 25°C unless otherwise noted) 4N27.28 1 S =
[ Rating I Symbol [ Value | e | Collector-Emiter Saturation Voltage (Ic = 2 mA. Ig = 50 mA) VeE(san | — 0.15 9.5 Voits
INPUT LED SCHEMATIC Turn-On Timae (Ig = 10 MA, Ve = 10V, Ry = 100 0) ton - 28 - us
Reverse Voltage | el ] 3 [ vons Turn-Of Tieme (If = 10 mA, Vec = 10V. R = 100 ) o# - 45 - us
Forwara Current — Continuous | Bel 1 50 mA Rise Time (g = 10 mA. Veg = 10 Y, R = 100 Q) t - 1.2 - us
LED Power Oissipation w Ty = 25°C Po 120 mw Fall Tima (lg = 10 MA. Ve = 10 V. R = 100 00) 1] - 13 - e
with Neghgible Power in Qutput Detector Vi
Ourate above 25°C 14 mMWAC Lo ‘, r—_—'—" § Isolation Voltage (I « 80 He, | = 1 sec) Viso 7500 -_ - acipk)
OUTPUT TRANSISTOR r\i Isolation Resistance (V = 500 V) A1so 1ot = = i
I Cottector-Eminter Voitage Ye:o | 0 —= ! s isolation Capacitance (V = O V. [ = | MHz) Ciso - 02 | -— of
Emiter-Collactor Voltage Veco | 7 Voits L Sielelele s
Collector-Base Voltage vego | 70 Volits 4
Collector Current — Continuous e 150 mA TYPICAL CHARACTERISTICS
Detector Power Dissipation w T4 = 25°C Po 150 mw 2 YT T 7 3w
with Negligibla Power in Input LED PULSE ONLY A = 3
Derate above 25'C 176 | mwrc 1 LED ANODE F——— st s\ g somm:!n 10 = 1 ; -
RT] - 10mA 1
TOTAL DEVICE PN 2 T A7 3 e T =
: 2 R P LT
Isolation Surge Voltage (1) Viso 7500 Vac | 4 EMITTER & ! pavy : '
N (Peak ac Voltage, 60 Hz. | sec Ouration) ' | S. COLLECTOR g - 7y §
' > 5 BASE 3 | ' 2 T wate yanu; =t=
| Total Device Power Dissipation w Ty = 25°C I Po | 250 ’ mw | > Al ¥ b3 | :Hg . L{ ¥ { } - { H
P Derate avove 25'C | 2% mWiC J gu = aNi(1% g W 11 ]
Ambient Operatung Temperature Range Ta | -55t0 ~100 ‘c | 5 1Ta = =5CID A é
Storage Temparature Range Tsig l -5510 + 150 L3 i £ ARS 2 - — i;' - T
Soldering Temperature (10 sec, 1/16” lrom case) | Tsot | 260 ' 1 T 100°C 4‘/1" |r 1 i o A‘H ; T
1115012000 3urge voItage 1s an nternal device dIeiectnG Draakdown ratng. 1 10 00 1000 [Ll} as | 2 5 n 2 2
For this test. Pins 1 and 2 are common, and Pins 4. 5 and 6 are common. If. LED FORWARD CURRENT (mal Ig. LED INPUT CURRENT ImA)
Figure 1. LED Forward Voitage versus Forward Current Figure 2. Output Current versus Input Current




4N25, 4N25A, 4N26, 4N27, 4N28 4N25, 4N25A, 4N26, 4N27, 4N28
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