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HOUSEHOLD APPLIANCES CONTROL AND ALARM

SYSTEM USING MOBILE PHONE
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Abstract

This project is electrical appliance controlled system using long distance communication
via mobile telephone. The system will automatically answer when a call comes in a mobile
telephone. The system receives the control code in Dual Tone Multiple Frequency (DTMF)
signals. The Microcontroller MCS51 is the main control part that receives input signals from the
previous part for processing and controlling equipments. There are the electrical appliance status
sensing for control and the system alarm when trespassing or conflagration caused by a call to

telephone number that user can change.
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M13199 2.2 1R THuan 31914109 Serial Port

SMO SM1 MODE Description Baud Rate
0 0 0 Shift Registers Fosc/12
0 1 1 8-bit UART variable
Fosc/64 or
1 0 2 9-bit UART
Fosc/32
1 1 3 9-bit UART variable
SCON
SMO SM1 SM?2 REN TBE RBR T1 RI
sM2 14 lun s Hoa 151Uy Multi - Processor
REN : fisidendnoz s udoyanin Serial Port (1: 1951118)
TBE :1ah 9 hezare v TXD 1910 Tvua 2, 3
RB8 :iiafi 9 1 ldvinn1ssudoyasine1 RXD 14luTnua 2, 3
1 ozl 17 iodhimsdadoya 1 byte panlilfiar TXD
o A Y Yo 3
RI - 9zitlu “17 ie 1ASudoyaninu1 RXD 11nsy 1 Byte

A3 mMIfINMIM THI 1ea$1397 1A Baud Rate
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Ft/32=Co ; Smod =0 ‘H?ﬂ Ft/16 = Co ; Sm2.2 MICROCONTROLLER
4, od=1
5. 100H - Co --» THI

2.3 dauiTufnae (ISD4003-05M)
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ISD4003 - 5SM

I1ss SCLK | 28
2 | Mosl Veed | 27
3§ MIso XCLK | 26
4 | vssd INT| 25
5 INC RAC | 24
6 NC Vssa | 23
7 INC NC | 22
8 | NC NC | 21
9 INC NC | 20
10 NC NC 19
11| vssa Veea | 18
121 vsa ANA IN+ | 17
13 | AOUT ANAIN- | 16
14 | Am Cap NC | 15

U1 2.6 31 loddufiniFuensyga 1SD4003-05M

2.3.1 qruandana
1 a &R a 9 @

- msaauuaziunn@ee 13 ludufen
- MIOUNUTIRU 3 V
- AUATZUE 15 mA YMLLAW UASAUNTZIE 25 mA Vs TuA

-]
Fun
v R
Tuh

- heinn 1duu 4, 5, 6, 8 1A awvuIauedlod
- Sufindr 18301 100, 000 Ade

- 9991 lAuuda 1007

-f ﬂﬁi’ﬂé D91311UY SPI (Serial Peripheral Interface)

15190 2.3 YRV IA1e9 ¥4 lod 1SD4003

SS,SCLK,MISO,MOSI Auundyaaildlumsniugu 1sD4003

WuwnfudygrennfinuiensSamplingFyaaudsas laelnd

XCLK M o o = a ;y = ¥ '
udases ldyanaumaeludsidivni lildvzdoasGround

EY .
nivztluaein “0” iWom@uannuanLIoA U 13 @uILHYA
INT o »
Tuumazdonuiu

ar

ANA IN+,ANA IN- | iflunduyaiiedudyanaudennmeovenienstiufinges




M3139 2.3 (AB) MAUDIUIA1ee) ¥4 1DFISD4003

AOUT

¥, v
dyaaudviszesnnnuinile ooy lulvuayeanis Play
AM CAP Funildlumsaadyanusuniuvuziauiios
o L4 o P o
VeeD, VeeA Wuv TWides vealodhaunusssu 3 v
o
VssD, VssA 111491 Ground vea o
[SD4003 - 5M
+5V
P1.0
i ! [ ss SCLK | 28 l 5
2 27
P12 jm—mm | MOSI Veed . . . *+——
3o 3 | miso XCLK | 26 _J_ J_+ J_ / w
ZD 3V
: :SCS" RTCT ;: 0.22uF 4F | 0.220F
§ I NG vssa | 23
7N NC | 22 ] =
9 [NC NC | 20
10 | NC Nc | 19 0.1uF
1| vesa Veea | 18 |
wF 12 | vssa ANA IN+ | 17 F—I ! ™
Ay 13 | aouT Na IN- | 16 Il /—I
ouT pal 14 | am Cap A ANC 15 0III ] IN

—F

1 2.7 2s9sms1Fnuves lediiuiinifua 1sD4003

A15197 2.4 F1T9A199 V04 ISD4003

o fda DAL T ’
FE14 Yoya
C4 |C3 |C2|Cl [CO|ALQ0 A9 A0

Power Up 0 0 1 0 0 000 0000 0000 0x2000
SETPLAY 1 1 1 0 0 Al0-AQ OxExxx
PLAY 1 1 1 1 _ .0- | 000 0000 0000 0xF000
SETREC 1 0 1 [0 0 Al10-A0 OxAxxx
REC 1 0 1 1 0 000 0000 0000 0xB00O
STOP 0 |0 1 1 ¢ | 000 0000 0000 0x3000
PWRDOWN 0 |0 |0 1 ¢ | 0000000 0000 0x1000




Power Up : L?'m’l'ums'ﬁnm
SETPLAY : AMAUA Address ﬁn:m'u
PLAY NG HE
SETREC : fMuR Address iozaiuiin
REC : Junmiua
STOP - nganmsiauniouinidos
PWRDOWN  : Hg@n15#191u
S I
3 .
!
! .
e L ANAANANAANANNANAANNN
A

3
T ) ) ) OO
l

SN g ey PRV Y EVRAVEVEN
MISO FTXPE P P OO

5UN 2.8 Uuvunsdomsuns ISD4003
OVF  : Overflow iilu “1” io@usunuamizvanu s
EOM  : End of Massage 1i1 “1” liip ugadeonnuidofian

P10-P0 2§l Address Yopiiufiauniotudiney

2.4 $1002IBUAKATHANM TNINIUVBINIUDBATHE DTMF

1C MT8870 iudadredyna Digital rﬁ'ammnmiﬁwqum?aammamﬁ'ﬁ
anud Insdme nutodls mslssdyanannuiduiannnatfusaavres Insfmiiiana
{15 (4330 Tone #38 DTME) Widluszvudnauniedteen 391 MT8270 Mudasnaud

o o o) =
Tnsdmn Inidwaugu aosuun 4 Ua

2.4.1 AENLAYDI MT8870
- {lussunazooasHaaud (DTME receiver)

4
- Au ey 1915 peszduAuay TTL
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Snimeayanon nizeouindimanisdh

v
- musasedaiweenmeludaled1d
ar 4 o
-gansadSunisa’lngd (Guard time) 18
-ifuledquamga
2.4.2 mi51i1 MT8870 1eflerau
- % uds Tuaaou Insa
g LY ar «
- ipsoatloatuInsdwrimalna
] LY ) 4
-1 luanufedunidamsa
- uswsuaeuiined
- ¥ lumTesguawuniadon nSe PABX
- dipaud i Insdwsina 1y
dr or
-mInanua gy
o ar «
- MsnruaNgUnTaini Insiwy
9 4 ar 4
-lgiunToaaouniunia Insdnwe
I~ = Py o Q d o ¥, & o ] o ;
MT8870 111 lodnoaswan1ud Insdnsistanatuvua 18 41 Felivinieg Al
o Py Qy P~
- 411 IN+ Suiuou-suneiag (+) vaseetusuilnivlulod
o = ay =1
- 412: IN- 1 u¥1Bu05 A () vosoatuauilnelylod
. =] P 3 9 ar 1 or c;. 9
-913: GS (Gain Select) iU 1 muadaTvwaNNANA 19D Ty AT TaanTs
AR UMY (RF)
H ] (-3 oy = 1] ar A
-914: VRef( Reference) tua# 14 lun1ssimuaussdudradalaglnfszmidy vDD2%9e
g} [ 5 o
¥ lusaneduduns
e = 3 ° @ e a & o a
- 415: INH (Inhibit) 9132z 1 lunmsfdmuanmisasedudggna Inunsdune seduilunein
[l a o ~ o o ] o
«17 ag'lins mivdyg uduns Tasndnis1daunaliezdeasnsiig
v
-416: PWDN (Power Down) Y1592 198 muaanigauausinuiazvgandadya s
- Q'J [ 4
TavdnamslFaunaldazdeaining
- a17: 0SC1 iHuFgaraninBuwe
¥
(% =Y =l L) =y ¥ (vl :&
- 418: 08C2 Wiudygnuuiinuerdnn vilszrenTanean 3.579545 MHz fU ¥1 0SC1 ¥4
¥
awluiuiinesfudadygimuiniey

- 9719 VSS NI TG

82438



& a Yo [ N A =2 'Y ' ¥ o N o N
wnanstiuenansianubdmiunislsnuiionsfnwiniu lweygalniluldssloguaunism

luansalla viedu Bnnsnudlvdnuanilon uaznedenddaunvesonansnaseniinisuiliuly



mageastianud DTMF  Hignnseasvuiooudlnzinudinsesasasiannudieomilu
LY - o e a o 1o a
duey  Tasldinadamsifuudiaen  uazlinsasisaouanuifdwriudiunnwd
& T o 24 9 - ' 49 Py
a5y DTMF w5oli iWedlesfunrmddudwnay iloasseaouiminuiinugndes
o — . =3 o =y ) [ 1A @ by ' e 3
dayay iU Est (early steering) NaziifunaanWdimsumasasia ldanainaniaig 4 1

AR IUANT19N2.5

Ei v oo s Fd a
M1319N 2.5 memmamwﬁ”lﬂinﬂmmnmaq

Flow Fruc NO TOE Q, Q, Q, Q,
697 1209 1 H 0 0 0 I
697 1336 2 H 0 0 1 0
697 1477 3 H 0 0 1 1
770 1209 4 H 1 1 0 0
770 1336 5 H 0 ] 0 1
770 1447 6 H 0 1 1 0
852 1209 7 H 0 1 1 1
852 1336 8 H 1 0 0 0
852 1477 9 H 1 0 0 1
941 1336 H ] 0 1 0
941 1209 * H 1 0 1 1
941 1447 # H ] 1 0 0
697 1633 A H 1 I 1 0
770 1633 C H 1 1 1 0
852 1633 C H 1 1 1 1
941 1633 D H 0 0 0 0
- - ANY L Z z Z 28

MaveeFaImnuuAna1 29sduBunavel MT8870 Huninvereatueuili

o o

os

| 3 ]
awsniSuasvin Tavdaorsesnwusnmiud 1t TuTasenuiiez1deesgih 2,10
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Ty
oTME O—if ]_
Irput K. vl
' MTE870DMTEBTOD-1
||
p—{] i+ Yoo 4
-1 - W Mo
x 3¢ z3:
< Vg 30 bt
O} e 2 —t—0
O—....-.—..-...—......—.E Bl Y o2 ;}——-—-—-—O
O3C 4 32 [ O NOTES!
X g osc 2 21 O ?R,J:’Krv?if *
H BE it rE .
Vae T £L0.=180 ~F & 52
Xoazd STOSLAHT £0 7¢

51 2.10 uansnsAD99 MABUNANI MY Single-Ended Input

o A = iy =] = ‘ A 3 VoA
n1nmmmmmniuﬂWﬂunw“lu"lﬂmzmwmmagn10114 INBULAADLIATANDRUUIA 3.58

a ¥ Yo A ) o = o a
MHZ ﬂmﬁJ‘liﬂﬁl‘h’Q’m"lﬂ‘nmfl rﬂ?ﬁﬂ’)ﬂﬂﬁﬂ“uﬂﬂj'n\lﬂllﬁﬂqﬂluzﬂﬂ 2.11

l o T TSCT ofnew
MTeaToDMITEsTo T

X1a

N
i~
e

L)

~a
oo

\.

(]
)
[5]
<
—

p;
X-tal=2 6709544 Mz

= ) = <
3‘1]11 2,11 AN A WNITHAAANIUD

2.5 qmﬁlfﬁ AT Command (AT Command Set)
0w dy i o o ¢ A a d
gafmFai lFlunmsaugumsiinuyes Insdwiindeunuaz Tu@y (MODEM) Tay
msdadoyad o3 ILUUNSTBTISHUVOUNTY (Serial Communication) TagifianInnsiany

= s 4 d o [ = 1
VOIVIBN Hayes Microcomputer Products Inc. e ldauTuRudmsunousiom a%{muuﬂﬂa



2]

i d []
=

™ o ! P o P 6 w Aad o A -2

way laSuanuiieuednann wdaidluinasgusunig nesgruddiliyeSondnventian
o3 o @ At o 9 v

Hayes Command Set tHusidanselddidmmrsodmuanissiiauaieg vesluay18Tasld

s daw P s o o & v o A a
genaurs aenunaernunes 1 luaylagassaluszuvves Insdnsinasuinvaiey
[} o 9 o g [] 9 as :‘l = a 3 o M
qunarstdesziauves lwaudsgnevognieludie aaludamusoneelgdiide AT

o Y] ' : = ] o @

Command Tumsarugumsiiauves Insinimaoun 14 Taelidedldnsdoumdsriume
1 & as ¢ A A A 3 AR ¢ o ° 1 i @& Y
Yunaraunied Insdnimdoui madnslaidunsiiauaie wu msdalvinmsinsesn

M3ed SMS Mssumesend nmsdSuanudsysadss

a o 4

2.5.1 yAAIEI AT Command dwulnsdniindennt Gmud Ju €35, 535, M35, C45
TuasAededy Tuidnves InsAwiindsundiund Ju €35,535M35,045 12A0aly

~ 1 d ar A ar ¥
jduuvnisAnaedemisuuveynsy ludnyme 19200-N-8-1 Fanwedednsiaisaadoya

¥ 3
19200 JaaoIurii Lifiwsada deyalivuia 8 Ua uaziifanea 1 da lnoldgadide AT

Command #3fina1 lludadhedu Taeligiuuufio yamidess inududroaaonus AT uanas

'
o as

Werumda 14 aied 1§38 CR (Carriage Return) v3ona ENTER Tag Insdnviindoufioz

[
o @

o o ar T g
Sudidahiihaunazeziinisaouaueandunnd1 OK ®ie ERROR wisnouauauilujluuy

& ' =2 o o

uan s9vznarnfene lUinudotdoud 1daludruar9Razdedidsdulddy

oOh.

s A ' ¥ ]

InsAwstindounansuneslimsaevausndu ingiy Mdendidilssutanasgazgn

2~

BuMD T T lagozuaaadlet ueIu e UYD YRR 10 AT Command ¥ed InsAnwvinAauf

v
o ar

- ' a a & = o A
Fosud Ju €35,835,M35,C45 1idaas1ah 2.6 Faanmsoieggirdaionuals fidauves

L)

MANUIN

A15197 2.6 715 19UANIAIDENYARTI AT COMMAND

Ad ANUNUY
A naufdIaIga
L] d' 19/ Y o o ] a'/
AT ayunegdamhdmiugng dids
a ) E] [ ar ¢ A = ] 0 o w t::J
ATA Wumdelvnisneuiudyaa Insdwn nlinsSenuiionsemididailne

= a o 4 2
Eﬂﬂﬂ'l'iﬂﬂﬂﬁig"r‘i’jﬂ‘l_lﬁWTINWQﬁ'fJ\‘ig]’TuﬂgﬁiJﬂlu

ATD<str>; | Wumde1d InsoondaTuiffnsoNGen1) AUTO DAILING lavfi<st>9y

a’ as é i a’
unuAwdIsnus P wie T Fudunsuansiielddrvazaiswyuuuy

o o M 3/

vo o o BN Py ]
PULSE #50 TONE ‘lLisududossimuadld usdrundrdafoszdosld

o

A R o #d °
IRIOIHUY "hmwmmaﬂmﬂwwmzmnﬁTmaeﬂ

'
a’

aeonazudasims Ins ludamanaay 027390120 a2 1¥dd
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A131471 2.6 (F18) 13 19UAAIAIBENYAAITI AT COMMAND

3
[

A ANURINY
1 ATD027390120;
<] o w 3/ [ o [ d o Ao |
ATD><n>; | ilufidald Insoonuuieny Insdwniainaya Insdunilegiundwmia
wei n madonaya Insdui 18 lao ¥R 19 AT+cpbs
ATH dlusmidaneme
ATSCNI | diufdsdmsunsisaeudoyavesnessiinsoen

ASCNI: 1[,<es>[,<number>,<type>]]<CR><LF>
~SCNI: 2[ ,<es>[,<number> <type>][<CR><LF>
ASCNI: 3[,<es>[,<number> <type>]|<CR><LF>
ASCNI: 4[,<cs>[,<number> <type>]]<CR><LF>
ASCNI: 5[,<cs>[,<number> <type>]]<CR><LF>
ASCNI: 6[,<cs>[,<number> <type>]]<CR><LF>
ASCNI: 7[,<cs>[,<number> <type>]]
OK/ERROR/HACME ERROR

parameter

<cs> ANTULATINIIIUVDIY mULﬂ‘UﬁLﬁUTJ‘i’J’EN (first parameter)
0 Mdsnoomsisonay

1 msSendiy

2 MTToaY

<number> Y2101 Y TN AW

<type> UTLIANVDIVUUIAY

1 o d A a4 Yo o o
2.5.2 HOADUAUDINNA mnimawmﬂnaumua"lﬂiumm

:; 1 7] o ﬂ' a A Yo o o
13130 2.7 LaAHAR D UT HBIN 199 ﬁJ‘]ﬂIﬂiﬁWﬂLﬂﬁ@uﬂlﬂJﬂqﬂﬁﬂﬂTﬁﬂ

HORDLTUDY ATIUNING
a o o o o
OK Wmusidaduse
RING asnwuFyn unszs uieldwSundn
v fé ] 3o o =] & Py v
NO CARRIER Tuansodeuse lddusanissn@nmsaane
ERROR limusodfianwiida ldnsesidelinnueuiulyl
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13199 2.7 (AD) LAAIHARDUAUDIA1IY 910 InsAwiindouiiiie 185 ufds

NO DIALTONE

o

”lﬁﬁmyiym dial tone

BUSY

a1 14

dumianvaanein Insdiwyiliofo Siemens U €35, S35, M35, C45

a & v ' o ¢ v ¢ & ad ¥ = o«
A1314N 2.8 ¥OUATHUINUDIVIAIIG ‘1ummum%ﬂm%’ﬁmmaau‘nwammuﬁ

1 12

U €35,
$35, M35, C45
| ¥e i
1 GND NTIRVBITZUVAIADA
2 SELF-SERVICE AAUMIIID
3 LOAD Sunsadu fhnszudasadnmsuunmess
4 BATTERY WS IR IAHA +5 120d
5 DATA OUT (Tx) dadoyauuuaynsugnieusn
6 DATA IN (Rx) TudayauLUEYNI VNN IBUDN
7 Z CLK vousunazaugums gUnsalnouen
8 Z DATA souTuuazatugums 14¥ginTainiouen
9 MICG 3128 WA
10 MIC FUNAVDIFQYRRT
11 AUD i1ARAvaIdgy R audoe
12 | AUDG asnadmiud1 Iwaniouen

2.6 auaadHa LCD

LCD Module fiogratoiunanmautauandistu U wia @i 2 nqundn fie uuy

Dot Matrix 4ta2 Graphic 1a8411Y Dot Matrix lasvziaainatdud1dnusvuia s x 8 Dot uazil

Swuddnusuazussiauanaeiu I luudaz{u d1uuDY Graphic sz eusousaswaly

L]



24

»

wuy Bit Map Avvzardrailunmlag Aldaudeams uuamalumsldauveana 2 wuuidl
snuazlndifosiu msldaulaoialiinez1duuy Dot Mamix wnaduiiessinsimgnna
HRZINAIWBAD N Ky

2.6.1 AauLiAvee Dot Matrix LCD Module
- FI5NYILAAINIY Dot Matrix YU1R § x § Dot
- HilABennaisguaums IFau laelid waudidhysuaz ussviauana ey

9} [ o =t [ Y Y as
- msisudsuazazaIn szunlulasnouInsmesfivauddedoyaldfiuLcD Module

" - 9/ g b v ° g vy Pl

widu dJoanuiszdsinguuskinanaazizae PBaasadi 1d ludeudonmwaszuy
- IMFIRIAEE MY IUWANUALAINUINYIY 15U CLEAR DISPLAY, HOME CURSOR,
ON QFF CURSOR, BLANK CHARACTER Llﬂﬁﬁu"] n

y L »
- funszua IMdeeuaziiminu saunarinaulaa e Iwidesedu s Toad

2.6.2 une Fydnwuaiues LCD Module
-411 CC AMFURDATIIM V
-912()CCV Swdune Widus 5 Toad
- 9713 () EE V u59aUd W3y U980 LCD
- 414 (RS) 5w “1” 1Bon1¥ Data Register
- §Ju «0” 1014 Instruction Register
-915 R W) Wy “1” deamsemdeya
- iy «0” Aosmsidivudoya
-7 6 (E) dyanat v LCD Module %1914
-417-14 () 0- 7 DB Yayatia 0 fatia 7

M119h 2.9 MINMveIdyy I E

RS R/W E OPERATION
—_— Write instruction
0 0 Q
- code

Read busy flag and
0 1 VAN

address counter

1 0 ., Write data
1 1 _/—\_ Read data
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a1 1 A o =
-RS uaz R/W doafianilu <0 uazdadoyalvmsidyana Ewdeuan < Ty <07
}
m3doudoyannnia
o o Y 1
- RS Wy “0” uaz W i “1” vazAdaanavt E @ <17 Tun15e1u Busy flag UazAddress
[
Counter Y33

- RSl “1” wag Rew 1y <07 vmzfidygan E wdouain <1 ludu <07 lumsdou

e

afg

¥
veoya

2=

1FR

o o a - o
-RS Wu «1” wag W W «1” uazfudeyavasiidyga £l <17

a

= [y 1 o o
mﬁwuui’fﬂyaiﬁﬂu LCD Module 921114111 2 AN ﬁﬂ Instruction 1A% Data 'Iml

= 1

i muadwdyana RS Aot RS = “0” azvanudidadya1sunIuan (Instruction) M3081%
A1 Flag oA 1MWN15%1914989 LCD Module a1 RS = “1” 93HU18990139 14N 018U Data
1 LCD Modulendnlunms@uudoyal® LCD Module dlofimsifsudoya’ludada Lep 14
nanlumsii s s i (AR execute time Tua1319 ) szuninIninouInsamod
a150a399a01 18910 Busy Flag ( BF ) wazdi5undooud vszaunsaoudeyaduse 4
18 nsdif mareaaesiduiuy 1o Port e lidsndudeyatounduldszunlulasa A
vedelditmaniraamnumaisudoyaldiu LCD Module Famnsom1diauy 8 bi
uaz 4 bit laonsfi 4 bit 9z e wdyn 1 data 1R 4 1dufie DB, - DB, ( ¥dwmiuszuy
TuTasaouTnsamos v dbit wiaienistszniame ) ms@sudoyavznaziunioudy s
bit owdlfifon 2 nfa DB, - DB, Aeundaevamday DB, - DB, uazszdesimun
ﬂﬂ!ﬁﬂﬁﬁﬂWﬁ] DL 1uﬁ1’é’ﬁFunction Set A7UDDRAM ( Display Data Ram ) Ao HUIATNE
nwlud? LCD Module fuilu Bufferuosdoyalasdi@ousia ascu laq aslyly
T a1 fozvaingiudisnys funaueasiufiCGRAM( Character Generator Ram )
Aomiineaam$1n101ui LCD Moduledmiuitunmdasnus iglfmaunsnadialdioss i)
Tawazde Address 1ianan 64 byte fio 87787 gL 8 U107
2.6.3 TwazBEave wAazMFslu LCD Modute

1. CLEAR DISPLAY

RS R/W DB DB, DB, DB, DB

. s DB, DB, DB,

0 0 0 0 0 0 0 0 0 l

]
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#MTUMT Clear display 1av129n1510uAI6NYS Space ad1ylu DDRAM Fanuauag
fMuaf1 DDRAM Address 1¥iflu 0 wouta Cursor sendu g umiseuugaves
WM
2. CURSOR AT HCME

R& RW DB, DB, DB, DB, DB, DB, DB DB

2

0 0 0 0 0 0 0 0 I *

f1m3uATMUA DDRAM Address Wil 0 whowth Cursor a¢ Ieg@dumisdsuugaves
sonmTaoiidoyalu DDRAM lifimswasuutas
3. ENTRY MODE SET

RS RW DB, DB, DB, DB, DB, DB, DB, DB,

0 0 0 0 0 0 0 1 I/'D S

[/D =0 fMuuaRANI1993 Cursor ttay DDRAM 1iilutiuy Decrement
I/D =1 8 IMUANANI4989 Cursor ag DDRAM ¥l Increment
S = 0 Woleudoyanda &3 Cursor szgmifiou lmuiiameveedi1 1/D
$ = 1 iledisudoyanda @3 Cursor 9zpgfiuNuazAISnus vz gnaY la M Ivesn 1/D
3/ ]
msdmuas D uay S U dfmuenoumsieudoynlu DDRAM uaziileimuaudiezdos
g Ve @ ) o
Ta15/1d s Clear Display 80
4. DISPLAY ON/OFF

RS RW DB, DB, DB, DB, DB, DB, DB, DB,

0 0 0 0 0 0 0 D C B

D = 0 fmunld Off Display
D = 1 fimua ¥ On Display
C =0 Myuald Off Cursor

C =1 f1mual¥ On Cursor 1aw Cursor aziiluduain1dd16nys

Py

o Y 1 o o '
B=0 ﬂ'l?‘i‘uﬂclﬁ‘lilijﬂﬁﬂ'i%ﬁWS‘Uﬂﬂ'llmux‘l Cursor

B = 1 H11ualiun1snsewsun@umua Cursor
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5. DISPLAY SHIFT

RS R'W DB, DB, DB, DB, DB, DB, DB, DB,
0 0 0 0 0 1 S/C R/ * *
s/C =0 fhmualfifon Cursor muiema R T 1 frwmrle
siC = 1 fmualideudonumuumaansmuiiemis R 1 1 Column
R/L = 0 fvua fAem e ldneany
R/L = 1 fmualdfianisldnan
6. FUNCTION SET
RS RW DB, DB, DB, DB, DB, DB, DB, DB,
0 0 0 0 1 DL N F * *

DL = 0 AmualinisAnaefy LCD Model i1y 4 bit
DL = 1 S mualinisfadeady LCD Model 1§luuy 8 bit
[ ' dw Q d’. A = o g 1 q‘/’

MR IMUART D/L Hensnnszin a7 DB4-DB7 Gadiinmsnmualiidlunus bit dausnsgs
usn nasnsrswiduanei i LCD Module finsfudayauu 4 bit siud
N =0 ATHUASIUIUVITNALUUY 1/8 Duty 1482 1/11 Duty
N = I MUUATIUIUYSTNAULUY 1/16 Duty

o Y o o
F =0 /HuUa 1¥a 180582/ uiUy 5*7 Dots

5 Yo o =1
F =1 frunlidrdnu 8 uuuy $*10 Dots
7. SET CGRAM ADDRESS

RS R/W DB, DB, DB, DB, DB, DB, DB, DB

0 0 1 CGRAM ADDRESS

AMTUNITAIMUA Address ¥81 CGRAM 11 18vhmsinualdudinmsouuazouDATA
aovnitazidulUa iy Address A MuaRuf
8. SET DDRAM ADDRESS

RS R/W DB DB, DB, DB, DB, DB, DB, DB,

7

0 0 1 DDRAM ADDRESS
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$MFUMIAIMUA Address Y83 DDRAM (i 14M1n15f1vua 13820158 miaz@ouDATA #
so9 Nt oz Uiy Address AfMUATLR Muritiaves Address Tundazguaziiniu
UANAAUTNL S 1z AN AL T A liumdu
9. BUSY FLAG AND ADDRESS READ

RS R'W DB, DB, DB, DB, DB, DB, DB, DB,

0 0 1 BF ADDRESS

> [y ' ] P @
§M5Un1581UA1 BF (Busy Flag ) 200019 1uniouyes LCD Module Tunissudoya &1
a9

] ¥
BF = 0 nuwanumdouiiaziudoyali1d uadt BF = 1 vuwanuhdshinfounsnnnil

fatlun1391ua Address ¥9ICGRAM #30 DDRAM @20

2.6.4 MmIg LAz BB uTayaiy DDRAM/CGRAM
1. WRITE DATA TO DDRAM OR CGRAM
RS R/W DB, DB, DB, DB, DB, DB, DB, DB,

1 0 DATA

dmiumadeudeyaniniieanus DDRAM 130 CGRAM TaoiloRinisiisuudiaddress
a = ar e a o 1 [-] o
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MODE SELECTION
0=MCUDED
1=MODEA

GROUP A

PORT C (UPPER)
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SEMICONOQUCTAOR®

Single-Channel: 6N137, HCPL-2601, HCPL-2611
Dual-Channel: HCPL-2630, HCPL-2631
High Speed-10 MBit/s Logic Gate Optocouplers

Features Description
M Very high speed-10 MBit/s The 6N137, HCPL-2601/2611 single-channel and HCPL-2630/
& Superior CMR-10 kV/ps 2631 dual-channel optocouplers consist of a 850 nm AlGaAS

LED, opficailly coupled to a very high speed integrated photo-
detector logic gate with a strobable output. This output features
an open collector, thereby permitting wired OR outputs. The

m Double working voltage-480V
M Fan-out of 8 over -40°C to +85°C

& Logic gate output coupled parameters are guaranteed over the temperature range

m Strobable output of -40°C to +85°C. A maximum input signal of 5 mA will provide

m Wired CR-open collector a minimum output sink current of 13mA (fan out of 8).

m U.L. recognized (File # E90700) An internal noise shield provides superior common mode rejec-
] tion of typically 10kV/us. The HCPL- 2601 and HCPL- 2631 has

Applicatlons a minimum CMR of 5 kV/us. The HCPL-2611 has a minimum

CMR .
M Ground loop elimination of 10 kV/s

B LSTTL to TTL, LSTTL or 5-volt CMOS
N Line receiver, data transmission

M Data multiplexing

W Switching power supplies

W Pulse transformer replacement

W Computer-peripheral interface

Package Schematic
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6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611
Truth Table {Positive Logic)

Input Enable Qutput

H C

L H H

H L H

L L H

H NC L

L NC H

A Q.1uF bypass capacitor must be connected between pins 8 and 5. (See note 1)

@2005 Fairchild Semiconductor Corporation 1 www fairchildsemi.com
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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Absolute Maximum Ratings (T, = 25°C unless otherwise specified)

Parameter Symbol Value Units
Storage Temperature Ts1g -55 10 +125 °C
Operating Temperature Torn -40 o0 +85 °C
Lead Solder Temperature TsoL 260 for 10 sec °C
EMITTER

DC/Average Forward Single Channel IF 50 mA
input Current Dual Channrel {Each Channel) 30

Enable Input Voltage Single Channel Ve 5.5 v
Not to exceed V¢ by more than 500 mV

Reverse Input Voltage Each Channel VR 5.0 v
Power Dissipation Single Channel P 100 mw

Dual Channel (Each Channel) 45
DETECTOR
Supply Voltage Vee 7.0 v
(1 minute max)
Output Current Single Channel lo 50 mA
Dual Channel (Each Channel) 50

Output Voltage Each Channel Vo 7.0 v
Collector Output Single Channel Po 85 mwW
Power Dissipation Dual Channe! (Each Channef) 60
Recommended Operating Conditions

Parameter Symbol Min Max Units
Input Current, Low Level e 0 250 A
Input Current, High Level IFH 8.3 15 mA
Supply Voltage, Output Vee 4.5 55 Vv
Enable Voltage, Low Level Ver 0 0.8 v
Enable Voltage, High Level Veu 2.0 Vee v
Low Level Supply Current Ta -40 +85 °C
Fan Out (TTL load) N 8

*6.3mA is a guard banded value which allows for at least 20% CTR degradation. nitial input current threshold value is

5.0 mA or less.

2

Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channei: HCPL-2630, HCPL-2631 Rev. 1,.0.5

www fairchildsemi.com
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Electrical Characteristics (T, = 0 to 70°C Unless otherwise specified)
Individual Component Characteristics

Parameter Test Conditions Symbol | Min | Typ** | Max | Unit

EMITTER (Ir = 10mA) Ve 1.8 v

input Forward Voitage } Ta = 25°C 1.4 1.75

input Reverse Breakdown Voltage (Ir = 10pA) Bvr 5.0 v

Input Capacitance (Vg =0, f=1MHz) Cin 60 pF

input Diode Temperature Coefficient (lr = 10MA) | AVE/AT, 1.4 mv/°C

DETECTOR

High Leve! Supply Current Single Channel Veg =5.5V, [ =0 mA) lcon 7 10 mA
Dual Channel (Vg =0.5V) 10 15

Low Level Supply Current  Single Channel (Vec =55V, Ip = 10 mA) lccL 9 13 mA
Duai Channel | (Vg = 0.5V) 14 21

Low Leve! Enable Current (Vee =5.5V, Vg =0.5V) gL -0.8 -1.6 mA

High Leve! Enable Current (Voc=5.5V, Vg =2.0V) len -0.6 -1.6 mA

High Leve! Enable Voltage (Vee =5.5V, [ =10 mA) VEH 2.0 v

Low Level Enable Voltage (Vee =5.5V, [ = 10 mA)(Note 3} VEL 08 vV

Switching Characteristics (T, = -40°C to +85°C, Vg = 5V, I = 7.5 mA Unless otherwise specified)

AC Characteristics Test Conditions | Symbol | Min | Typ** | Max | Unit
Propagation Delay Time (Nt%te 4y (T4 =25°C) TeLH 20 45 75 ns
to Qutput High Level _ ~ -
(R_ = 35042, C_ = 15 pF) (Fig. 12) 100
Propagation Delay Time (N%re 5) (T, =25°C) TenL 25 45 75 ns
to Qutput Low Level (R, = 3500, C, = 15 pF) (Fig. 12) 100
Pulse Width Distortion (R_ =350, C_=15pF) (Fig. 12) | [Tpy- 3 35 ns
Teunl

Qutput Rise Time (R, =350Q, C_ =15 pF) 1 50 ns
{10-90%) {Note 6) (Fig. 12)
Output Rise Time (R =350Q,C_=15pF) 1 12 ns
(90-10%) (Note 7) (Fig. 12)
Enable Propagation Delay {lp=75mA Vg =3.5V) ‘eLn 20 ns
Time to Qutput High Level (RL = 3500, C_ = 15 pF) (Note 8) (Fig. 13)
Enable Propagation Delay (lp=75mA Vgy=3.5V) 1eHL 20 ns
Time to Output Low Level (R = 350Q, C| = 15 pF) (Note 9) (Fig. 13)
Common Mede Transient (Tp = 25°C) Wl =50V, (Peak) | ICMyt Vius
Immunity (at Output High (lr =0 MA, Vg (Min.) = 2.0V)
Level) 6N137, HCPL-2630 (R, =3500) {Note 10) 10,000

HCPL-2601, HCPL-2631 (Fig. 14) 5000 | 10,000

HCPL-2611 Veul = 400V 10,000 | 15,000
Common Mode Transient (R, =350Q) (g =7.5mA, Vo (Max.) = 0.8V | ICM! 10,000 Vius
'Lrgc;‘)”“y (at Output Low  gN137, HCPL-2630 Wewl = 50V (Peak)

HCPL-2601, HCPL-2631 (Ta = 25°C)(Note 11)(Fig. 14) 5000 | 10,000

HCPL-2611(T, = 25°C) Wepl = 400V 10,000 | 15,000

3 www fairchildsemi.com
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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Transfer Characteristics (T, = -40 to +85°C Unless otherwise specified)

DC Characteristics Test Conditions | Symbol | Min Typ** Max Unit

High Level Output Current (Vcc =55V, Vg =55V) lon 100 LA

(¢ = 250 pA, Vg = 2.0 V) (Note 2)

Low Level Cutput Current (Ve =5.5V, Il =5 mA) VoL .35 0.6 v

(VE=2.0V, loy = 13 mA) (Note 2)

Input Threshold Current (Vec=55V,Vp=086V, et 3 5 mA

VE=2.0V,ig. = 13 mA)

Isolation Characteristics (T, = -40°C to +85°C Unless otherwise specified.)

Characteristics Test Conditions | Symbol | Min Typ** Max Unit
Input-Output (Relative humidity = 45%) .o 1.0 HA
Insulation Leakage (To=25°C, t=5s}
Current (V).0 = 3000 VDC)
{Note 12)
Withstand Insulation Test Voltage (RH < 50%, Ty = 25°C) Viso 2500 VRMs
(o2 pA)
(Note 12) (t =1 min.}
Resistance (Input to Output) (V1.0 =500 V) {Note 12) Ri.o 1012 Q
Capacitance {Input to Output) {f =1 MHz) (Note 12) C.o 0.6 pF

1.

© wNe v AL

11,

** All Typicals at Ve = 5V, Ty = 25°C

NOTES

The Vg supply to each optoisolator must be bypassed by a 0.1uF capacitor or larger. This can be either a ceramic or solid
tantalum capacitor with good high frequency characteristic and should be connected as close as possible to the package V¢ and
GND pins of each device.

Each channel. .

Enable Input - No pull up resistor required as the device has an intemal puli up resistor.

tp 4 -Propagation delay is measured from the 3.75 mA level on the HIGH to LOW transition of the input current pulse to the 1.5V
ievel on the LOW to HIGH transition of the output voltage pulse.

tenL -Propagation delay is measured from the 3.75 mA fevel on the LOW to HIGH transition of the input current pulse tothe 1.5V
tevel on the HIGH to LOW transition of the output voltage pulse.

t; -Rise time is measured from the 90% to the 10% levels on the LOW to HIGH transition of the output pulse.

t;-Fall time is measured from the 10% to the 90% levels on the HIGH to LOW transition of the output pulse.

te 4 -Enable input propagation delay is measured from the 1.5V level on the HIGH to LOW transition of the input voltage pulse to
the 1.5 V level on the LOW to HIGH transition of the output voltage pulse.

teqL -Enable input propagation delay is measured from the 1.5 V level on the LOW to HIGH transition of the input voltage pulse to
tEe 1.5 V level on the HIGH to LOW transition of the output voltage pulse.

10, CMy -The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the high state (i.e., Vour

> 2.0 V). Measured in volts per microsecond (V/ps).
CM__-The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the low output state (i.e.,
Vout < 0.8 V}. Measured in volts per microsecond (V/ps).

12. Device considered a two-terminal device: Pins 1,2,3 and 4 shorted together, and Pins 5,6,7 and 8 shorted together.

4
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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Fig.1 Low Level Output Voltage vs. Ambient Temperature
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Fig.3 Switching Time vs. Forward Current
120
Voo =5V
_. 100
-
p=3
: N\
g 80 \
c R =4kQ (Tpy)
o
= 60
3
a
2 40 N
a T
s X —
A
20 \ B =1ki2 Ru=Tka (T~
A =4k (Tpw)
0 R,_] = 35011 (Tp\_q), Ry =350 ki2
5 T 9 11 13 15
I - Forward Current (mA}
Fig. 5 Input Threshold Current
. vs. Ambient Temperature
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Fig. 2 Input Diode Forward Voltage
vs. Forward Current
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Single-Channel: 6N137, HCPL-2601, HCPL-2611 Duai-Chanrel: HCPL-2630, HCPL-2631 Rev. 1.0.5
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Fig. 7 Pulse Width Distortion vs. Temperature Fig. 8 Rise and Fail Time vs. Temperature
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7 L——l—"‘ R 500
£ N
e 60— (conditions: TN =5 Conditions:
.g IF = 7.5 mA g 400 f-1F=75mA
E vec =5V RL=4kn E vee=5v AL =4 ka (i)
@ -—
g 40 3 a00 }
% B 1hq 2 AL =1 ki)
‘§ BL = 3500 S 200 / ‘
a 20 4 H AL = 350602 ()
8 417 2 /
[ yf & 100
g E
g 0 =
o 0 RL=1 k2
Ru=4kn J(n
AL = 3500
80 -40 <20 0 20 40 60 80 100 -0  -40  -20 [V 20 40 60 80 100
Ta - Temperature {°C) Ta - Temperature (°C)
Fig. 9 Enable Propagation Delay vs. Temperature Fig. 10 Switching Time vs. Temperature
120 120

1
AL =4 k(2 (TELH)

-
[=}
(=)

100 \
- N

AL = 4 k) TPLH

[=
(=)

AlL=1ka TPLK
RL =350 TPLH
60 A\

N [N

-

AL =1 ket (TELH}
BL = 85001 {TELH)

N —
A N 40

AL = 3500
RL=1k
AL= 1kl | (TEHY) AL =4 kg TPHL
0 AL=4kn ] 20 B _=3350Q

-60 -4 -20 0 20 40 60 80 100 -60 -40 -20 [4] 20 40 60 80 100
Ta - Temperature (°C) Ta - Temperature (°C}

r-Y
o

TP - Propagation Delay (ns)

N
o

TE - Enable Propagation Delay {ns)
D
<)

Fig. 11 High Level Output Current
vs. Temperature

n
[=3

I I

3. Conditions:
= Veo=55V
] Vp=55VY
o i5 V=20V
- N IF = 250 uA
3
o \
H
a 10 ™~
E \TH'_——J'
3
B
F S
'
I
e

0

-60 -40 -20 0 20 40 60 80 100
Ta - Temperatute (“C)

6 www fairchildsemi.com
Single-Channel: 6N137, HCPL-2601, HCPL-2611 Dual-Channel; HCPL-2630, HCPL-2631 Rev. 1.0.5

1auueyy-ajbug

1duueyd-jeng 1192-1dJH ‘1092-1dIH ‘LELN9

S1adnodoidg ajeq di6io s/igW 01-paadg ybiy 1€92-1d0H ‘0£92-1d9H




Pulse
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Fig. 12 Test Circuit and Waveforms for tp g, tpy t, and t;.
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Fig. 13 Test Circuit tgy_ and tg .
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Iso2-cmos MT8870D/MT8870D-1
MITEI_® Integrated DTMF Receiver

Features {SSUE 3 May1995
« Complete DTMF Receiver Ordering Information

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

+ Internal gain setting amplifier MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC

+ Adjustable guard time !
MT8870DN/DN-1 20 Pin SSOP

* Central office quality MT8870DT/DT-1 20 Pin TSSOP
+ Power-down mode -40 °C to +85 °C

« |phibit mode

+ Backward compatible with Description

MT8870C/MT8870C-1
The MT8870D/MT8870D-1 is a complete DTMF

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

group filters; the decoder uses digital counting
techniques to detect and decode alf 16 DTMF tone-
pairs into a 4-bit code. External component count is

* Paging systems
+ Repeater systems/mobile radio

» Credit card systems minimized by on chip provision of a differentiail input
«  Remote control amplifier, clock oscillator and latched three-state bus
* Personal computers interface.
» Telephone answering machine
VDD  VvSS VRef INH
4
S B Bias \
PWDN Circuit / VRef
Buffer ‘
c ‘ £ L g—a— o1
hip  Chip .
Power Bias H'Qh‘GrOUP -D'- Digita! Cade |
Filter Detection Converter .
Algorithm and Latch Qz
IN + i
T%ﬁ!a Zero Crossing
N - Filter Detectars - Q3
S Low Group —
G Filter _D- g—r Q4
| — foall 4 St Steerin
Chip - i 9
Clocks +— GT Logic y
A A
] Y
0SCH 0SC? SYGT ESt STD TOE

Figure 1 - Functional Block Diagram
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IN+ ] 1 U 18b vDD |N+E 1 L 207 voD
IN-[] 2 170 svGT IN-[] 2 19071 svGT
Gs[] 3 16[] ESt Gs[13 181 ESt
VRef [} 4 1511 SiD VRet [] 4 17] stD
INH[] 5 14171 Q4 INHC} 5 161 ] NC
PWDN[] 6 1311 Q3 PWDNT] 6 15 04
0osc1 7 12 Q2 NC 7 14 qa
oscz2(] s Mg o osci[] s 131 q2
vss(] 9 10[] TOE oscz2[ 1o 12 1o
VvSSLj10 1 Toe
18 PIN CERDIP/PLASTIC DIP/SQIC 20 PIN SSOP/TSSOP

Pin Description

Figure 2 - Pin Connections

Pin #

18 | 20 Name Description

111 IN+ Non-Inverting Op-Amp (Input),

2|2 iN- Inverting Op-Amp (Input).

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

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

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

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

718 OSC1 |Clock (Input).

8 (9 0OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 {10 Vgg  |Ground {lnput). OV typical.

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

11-|12-| Q1-Q4 |[Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14 ] 15 {ast valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15117 StD Delayed Steering (Cutput).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic jow when the voltage on St/GT falls
below VTSt‘

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

17 | 19| SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voitage on St.

18 | 20 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16
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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

Voo
[ .
— C
Voo
SUGT Ve
ESt AAA
R
S0 -
MT8870D/
MT8870D-1 teTa=(RCHn(Vpp/Vrsy)
lere=(RCINVpp/(Vpp-Vrsi)]
U

Figure 4 - Basic Steering Circuit

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

Steering Circuit

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

0 PRECISE
DIAL TONES
X=350 Hz
10 Y=440 Hz
7 DTMF TONES
20 ;
ATTENUATION Z A
(aB) v C=852 Hz
30 ~ D=941 Hz
7 E=1209 Hz
’ | F=1336 Hz
7 G=1477 Hz
40 i H=1633 Hz
, %
50 A 7 ,
bRttt
1kHz
X Y AB C D E F G H
FREQUENCY (Hz)

Figure 3 - Filter Response
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sondition is maintained (ESt remains high) for the
/alidation period (tgTp), V. reaches the threshold
V1se) of the steering logic to register the tone pair,
atching its corresponding 4-bit code {see Table 1)
nto the output latch. At this point the GT output is
activated and drives v to Vpp. GT continues to drive
ligh as long as ESt remains high. Finally, after a
short delay to allow the output iatch to settle, the
Jelayed steering output flag (StD) goes high,
signalling that a received tone pair has been
-egistered. 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 simpfe steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

trec=tpptlaTe

tip=tpattera
The value of tp is a device parameter (see Figure
11) and tgge is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 pF is

taTp=(RpC)In[Vpp/Vpp-Vrsy]

V,
Do O—_L tTa=(R1C1)In(Vpp/Vrsy)

(o}
! Re=(RtR;)/(R+R3)
sUGT()

Ry

ESt ()

a) decreasing lgrp: {tgTp<tgTal

ta1r=(R1C)INVpp/(Vpp-Vrg

V
oD O———_L tora=(RpC o In(Vpp/Vrs)
C

' Re=(RiRz)/(Ry+Ry)
stGT()
R4

ESt O

b) decreasing tgra; (taTp>tGTA)

Figure 5 - Guard Time Adjustment
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Digit | TOE | INH ESt Q, Q, Q, Q
ANY L X H Z z Z Z
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 v 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
* H X H 1 0 1 1
# H X H 1 1 o 0
A H L H 1 1 o 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H L H 0 0 0 0
A H H L
B H H L undetected, the output code
will remain the same as the
c H H L |previous detected code
D H H L

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 {tgye) 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 aiso
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tgrgc
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 tgep with
a long tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.



1IS02-cM0s MT8870D/MT8870D-1

Power-down and Inhibit Mode

A iogic 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 (Vge) 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 Vies
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/MTB870D-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.

O~ F—~AAN— MT8870D/
o Ry IN+ MT8870D-1
__C, +
p—
— .
IN-
O —AAN
C, Ry
Rs GS

VRt

Differential EI:nput Amplifier

C1 —C2—1 On
R,=R4=R5=100 kQ All resistors are 1% tolerance.
Ry=60kQ R3=37.5kQ Al capacitors are +5% tolerance.
Ry= _2Rs
R2*Rs

R
VOLTAGE GAIN (A, diff)= ﬁi
:

INPUT IMPEDANCE

1 2
Zinoire) =2/ R, 2+ (_co'c_)

Figure 6 - Differential Input Configuration

11 o To OSC1 of next
c il MT8870D/MT8870D-1

LW X-tal \w 3
osc1 -1 0SC2
3
0SC2 L.T_I I__ OscCH
C
C=30 pF
X-tal=3.579545 MHz
Figure 7 - Oscillator Connection
Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4,984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2T1fR1C1.
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\pplications

ECEIVER SYSTEM FOR BRITISH TELECOM
3PEC POR 1151

“he circuit shown in Fig. 9 illustrates the use of
AT8870D-1 device in a typical receiver system. BT
3pec defines the input signals less than -34 dBm as
he non-operate level. This condition can be
attained by choosing a suitable values of R, and R,
.0 provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
ain GS of MT8870D-1. As shown in the diagram, the
component values of R 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 circuit in Fig. 8.

tsrp=(RpC )InfVpp/(Vpp-Visi

taTa=(RColin(Vpp/Vrsy)

Voo O———:L Re=(R1R)/(R1+R3)
C,
SYGT
Ry R Notes:
pl o
- R;=368K 0 £ 1%

Rp=2.2M Q + 1%
C=100nF + 5%

Figure 8 - Non-Symmetric Guard Time Circuit

C1,Cz =100 nF £ 5%
Xy =3.579545 MHz £ 0.1%
Vpp = 5.0V £ 5%

Voo
—- —’—
Cq
orme O—1 L,
Input R, MT8870D-1
— 1IN+ Voo L —4
—{| IN- SYGT{}
—1Gs ESt L — AN R
Re L~ Vges StD )
O————— ] INH 0
O———— ] Pwon [ —d4—-0
CSC1 o —+—-0 NOTES:
*1 L0 osc2 a1 —4———0 Ry = 102KQ £ 1%
= o
—-q Vsg TOE|[ }+— Ry =71.5KQ + 1%
,_J Ry = 300KQ +1 %
4

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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IS0%2-cMOS MT8870D/M BB /uL-1

Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 Vv
2 | Voltage on any pin Vi Vgg-0.3 Vpp+0.3 Vv
3 | Current at any pin (other than supply) )| 10 mA
4 | Storage temperature TsTg -65 +150 °C
5 | Package power dissipation Pp 500 mW

1 Exceeding these values may cause permanent damage. Functional aperation under these conditions is not implied.

Derate above 75 °C at 16 mW / °C,

All leads soidered to board.

Recommended Operating Conditions - Voltages are with respect to ground (Vgg) uniess otherwise stated.

Parameter Sym Min Typ? Max | Units Test Conditions
1 | DC Power Supply Voitage Voo 4.75 5.0 5.25 Y
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Ciock Frequency fc 3579545 MHz
4 1 CrystalfClock Freq.Tolerance Afc 10.1 %

T Typical figures are at 25°C and are for design aid only: not guaranteed and not subject {o production testing.

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

Characteristics Sym Min Typ? Max Units Test Conditions

1 | 8 |Standby supply current lbpa 10 25 wA |PWDN=Vg,
2 g Operating supply current oo 3.0 9.0 mA
3 t Power consumption Po 15 mW  [fc=3.579545 MHz

Y
4 High level input Vg 3.5 vV  [Vpp=5.0V
5 Low level input voltage Vi 1.5 vV {Vpp=5.0Vv
6 | , |Input leakage current i 0.1 HA  [ViNSVssor Vpop
7 '; Pull up {source) current Iso 7.5 20 A | TOE (pin 10)=0,

u Vpp=5.0V
8 g Pull down {sink) current I 15 45 HA - HINH=5.0V, PWDN=5.0V,

Vpp=5.0V

9 input impedance (IN+, IN-) Rin 10 MQ |@ 1kHz
10 Steering threshold voltage Vrsi 2.2 2.4 2.5 V. Vpp =5.0V
1" Low level output voltage VoL Vggt0.03 V  (Noload
12 8 High level output voltage Von |Vpp-0.03 V  [No load
13 { T |Output low (sink) current loL 1.0 2.5 mA  [Vayr=0.4V
14 S Output high (source) current | oy 0.4 0.8 mA  [Voyr=4.6V
15 ; VRger output voltage VRef 2.3 2.5 2.7 V  |Noload, Vpp = 5.0V
16 Vet OUtput resistance Ror 1 kQ

1 Typical figures are at 25°C and are for design aid anly: not guaranteed and not subject to production testing.
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Jperating Characteristics - v,,=5.0v£5%, Vg5=0V, -40°C < T, < +85°C ,unless otherwise stated.
3ain Setting Amplifier

Characteristics Sym Min | Typ? | Max | Units Test Conditions
1 | Input {eakage current N 100 nA | Vgs< VNS Vpp
2 | Input resistance Rin 10 MG
3 | Input offset voltage Vos 25 mv
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75 V<V ys4.25V biased
atVgei=2.5V
8 | DC open loop voltage gain Ayvor 32 dB
7 ( Unity gain bandwidth fe 0.30 MHz
8 ; Output voltage swing Vo 4.0 Vpp | Load 2 100 k2 to Vgs @ GS
9 | Maximum capacitive load (GS) C. 100 pF
10 | Resistive load (GS) R 50 kQ
11 | Common mode range Ve 25 Vpp | No Load

MT8870D AC Electrical Characteristics - Vpp=5.0V 15%, Vg5=0V, -40°C < Tg < +85°C , using Test Circuit shown in

Figure 10,

Characteristics Sym Min Typ* | Max | Units Notes*

; :ga;i;i ci)r;;é(;trs::?onjtl;esvicgel:a(f;ach -29 +1 dBm 1,2,3,6,6,9
275 869 | mVrms | 1.2,3,5.8,9

2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 d8 2,3,6,9,12
4 1 Frequency deviation accept +1.5% 2 Hz 2,359
5 | Frequency deviation reject +3.5% 2,359
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 2,3,4,57,910
8 | Dial tone tolerance +22 dB 2,34,5,8,9,11

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

*NOTES

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

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

4. Signal condition consists of nominal DTMF frequencies.

5. Both tones in composite signal have an equal ampiitude.

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

7. Bandwidtn timited (3 kHz ) Gaussian noise.

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

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

12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - v,,=5.0v£5%, Vgg=0V, -40°C < T £ +85°C

using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
1 | Valid input signal tevels (each -31 +1 dBm :egtggag XDD=5-OV
tone of composite signal) 218 869 | mVgug | T
) -37 dBm Tested at Vpp=5.0V
2 | input Signal Level Reject 1,2,3,5,6,9
10.9 MVieums B
3 | Negative twist accept 8 dB 2,36,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%t 2 Hz 2,359
6 | Frequency deviation reject +3.5% 2,359
7 | Third zone tolerance -18.5 dB 2,34,59,12
8 | Noise tolerance -12 dB 2,3,4,57910
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= decibels above or below a refarence 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 fones in compaosite signal have an equal amplitude.
6. Tone pair is deviated by 1.5 %zt 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dia! tone frequencies are (350 Hz and 440 Hz) t 2 %.
9. For an error rate of better than 1 in 10,000.

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

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

13. Guaranteed by design and characterization.
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AC Electrical Characteristics - vy=5.0v45%, Vgs=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 tpp 5 11 14 ms |Note 1
2 | 1 {Tone absent detect time tpa 0.5 4 8.5 ms |Note 1
3 nln Tone duration accept trec 40 ms |Note 2
4 ria Tone duration reject tREC 20 ms |Note 2
5 | G |Interdigit pause accept tio 40 ms |Note 2
6 Interdigit pause reject too 20 ms |Note 2
7 Propagation delay (St to Q) tpg 8 " s |TOE=Vpp
8 | o |Propagation delay (St to StD) tesiD 12 16 s |TOE=Vpp
9 kTJ Output data set up (Q to StD) tasto 34 s |TOE=Vpp
10 E Propagation delay (TOE to Q ENABLE) | tpre 50 ns |load of 10 k&,
T 50 pF
11 S Propagation delay {TOE to Q DISABLE)| tp1p 300 ns |load of 10 kQ,
50 pF
12 | P |Power-up time tpy 30 ms  Note 3
13 \JE/ Power-down time tep 20 ms
14 Crystal/clock frequency fe 3.5759 1 3.5795 { 3.5831 | MHz
15 f Clock input rise time tLHeL 110 ns |Ext. clock
16 | 0 |Clock input fall time thieL 110 ns |Ext. clock
17 ﬁ Clock input duty cycle DCqL 40 50 60 % |Ext. clock
18 Capacitive load (05C2) CLo 30 pF
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES:
; %?ggef,oagek':'a;giﬂg:bﬁgIg:lraatrir?gtglysr,p:rsee2:tncljsévice specifications. The adjustable settings of these minimums and maximums

are recommendations based upon network requirements.
3. With valid tone present at input, tp equals time from PDWN going low until ESt going high.

Voo

C1
oot O
npu R
’ MT8870D/MT8370D-1
e Vool —9
IN- SUGT{ R,
N GS ESt|—
2

—]
—{
—L]
— ] Virer st —t———O
O -] INH i —t—0
O————— (] PowN a3 40
0SC1 @[ F——0 NOTES:
X-tal Iu 0SC 2 Q1 :,___J______o R{.R,=100KQ2 £ 1%

Ry=300KQ + 1%
v ToE{}— 3
58 €,,C,=100 nF + 5%

X-tal=3.579545 MHz £ 0.1%

]

Figure 10 - Single-Ended Input Configuration
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| o |
EVENTS A | B | ¢ | E | F | ©
1
‘_REC'—-: |- -»: tRec |- - 1p —-—: —-—: tuo :-4-
] l TONE TONE
v, | | TONE #n Ay aNE
top —-—l -— ..,.;. ,4.- tpa
e 111 ' A N I L
el = 17
[ [ 3 ~— ] J S Vrst
SUGT A A Zl L~ 1
i
trq ——-I et
4| - laso
HIGH IMPEDANCE
Q-0 DECODED TONE # (n-1) | X #n #(n+1)
| i
tpsrp —-—E |- f |
I . |
S0 il
-l L— ; i tpre
TOE -

EXPLANATION OF EVENTS

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

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

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

D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

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

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

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

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt  EARLY STEERING OUTPUT, INDICATES DETECTION OF VALID TONE FREQUENCIES.

SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Q; 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, TOITS HIGH IMPEDANCE STATE.

tkee  MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

tkec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

o MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

tpo 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.

tgrp
5T

GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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A Winbond Company

ChipCorder”

TECHNOLOGY BY 150

ISD4003 Series

Single-Chip Voice Record/Playback Devices
4-, 5-, 6-, and 8-Minute Durations

GENERAL DESCRIPTION

The 1SD4003 ChipCordel® Products provide high-
quality, 3-volt, single-chip Record/Playback solu-
tions for 4- to 8-minute messaging applications
which are ideal for cellular phones and other por-
table products. The CMOS-based devices include
an on-chip oscillator, antialiasing filter, smoothing
fiter, AutoMute™ feature, audio amplifier, and
high density, muiltievel Flash storage amay. The
ISD4003 series is designed to be used in a micro-
processor- or microcontroller-based system. Ad-
dress and control are accomplished through a
Serial Peripheral Interface (SPl) or Microwire Serial
Interface to minimize pin count.

Recordings are stored in on-chip nonvolatile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through 1SD's patented muitileve! storage
technology. Voice and audio signals are stored
directly into memory in their natural form, providing
high-quality, solid-state voice reproduction.

Figure: I1SD4003 Series Block Diagram
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FEATURES

Single-chip voice Record/Playback solution
Single + 3 volt supply
Low-power consumption

- Operating current:
lcc Play = 15 mA (typical)
lcc Rec = 25 mA (typical)
- Standby cument: 1 YA (typical)
Single-chip durations of 4, 5, 6, and 8 minutes
High-quality, natural voice/audio reproduction

AutoMute feature provides background noise
attenuation during periods of silence

No aigorithm development required

Microcontroller SPI or Microwire™ Serial
Interface

Fully addressable to handle multiple
messages

Nonvolatile message storage

Power consurmption controlled by SPI
or Microwire control register

100-year message retention (typical)
100K record cycles (typical)
On-chip clock source

Available in die form, PDIP, SOIC, TSOP, and
chip scale packaging (CSP)

Extended temperature {(-20°C to + 70°C) and
industrial temperature (-40°C to +85°C)
versions avaitable

Table; 1ISD4003 Series Summary

ISD4003-04M 4.0 8.0 3.4
ISD4003-05M 5.0 6.4 2.7
1SD4003-06M 6.0 5.3 2.3
1SD4003-08M 8.0 40 1.7
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DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The 1SD4003 ChipCorder series includes devices
offered at 4.0, 5.3, 6.4, and 8.0 KHz sampling fre-
qguencies, allowing the user a choice of speech
guality options. Increasing the durction within a
product series decreases the sampling frequency
and bandwidth, which affects sound qudality.
Please refer to the 1I5SD4003 Series Product Summary
table on the front page to compare filtter pass
band and product durations.

The speech samples are stored directly into on-chip
nonvolatiie memory without the digitization and
compression associated with other solutions. Di-
rect andlog storage provides a natural sounding
reproduction of woice, music, tenes, and sound
effects not available with most solid-state solu-
tions.

DURATION

To meet end system requirements, the ISD4003 se-
ries products are single-chip solutions at 4, &, 6,
and 8 minutes.

FLASH STORAGE

One of the benefifs of ISD’'s ChipCorder technology
is the use of on-chip nonvolatile memory, which pro-
vides zero-power message storage. The message
is retained for up to 100 years {typically) without
power. In addition, the device can be re-recoid-
ed (typically] over 100,000 times.

MICROCONTROLLER INTERFACE

A four-wire (SCLK, MOSI, MISO, 55) SPI interface is
provided for [SD4003 control and addressing
functions. The ISD4003 is configured to operate as
a peripheral slave device, with a microcontroller-
based SPI bus interface. Read/Write access to all
the intemal registers occurs through this SP! inter-
face. An interrupt signal (INT} and internal read-
only Status Register are provided for handshake
pUIposes.

Figure 1: 1SD4003 Series TSOP and PDIP/SOIC Pinouts
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Figure 2: 1SD4003 CSP Pinout

Botiom View

Name Logaatli'on TP?r? : Name LoE:tI:on L?r? :
e a3 A2 Vsea A2 18 Vssa c4 1
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¢ o o o Vss B1 17 XCLK D3 6
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e o o o Veea B4 26 55 E2 9
5 5 T Vso1 ci 12 Veeo E3 7
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Vecps c3 N/A

PROGRAMMING

The 1SD4003 series Is also ideal for playback-only
applications, where single or multiple message
Playback is controlled through the SPI port. Once
the desired message configuration is created, du-
plicates can easily be generated via an 1SD pro-
grammer.,

PIN DESCRIPTIONS
VOLTAGE INPUTS (Veca, Veep)

To minimize noise, the analog and digital circuits
in the 15SD4003 devices use separate power busses.
These +3 V busses are brought out to separate
pins and should be tied together as close fo the
supply as possible. In addition, these supplies
should be decoupled as close to the package as
possible.

GROUND INPUTS (Vssy, Vssp)

The 1SD4003 series utilizes separate analog and
digital ground busses. The analog ground (Vsga)
pins should be tied together as close to the pack-
age as possible and connected through a low-
impedance path to power supply ground. The

digital ground (Vssp) pin should be connected
through a separate low-impedance path to pow-
er supply ground. These ground paths should be
large enough to ensure that the impedaonce be-
tween the Vgga pins and the Vggp pin is less than
3 Q. The backside of the die is connected to Vg
through the substrate resistance. In a chip-on-
board design, the die aftach area must be con-
nected 1o Vgs or left floating.

NON-INVERTING ANALOG INPUT (ANA IN+)

This pin is the non-inverting analeg input that trans-
fers the signal fo the device for recording. The an-
alog input amplifier can be driven single ended or
differentially. In the single-ended input mode, a
32 mvp-p (peak-to-peak) maximum signal should
be capacitively connected to this pin for optimal
signal quality. This capacitor value, together with
the 3 KQ input impedance of ANA IN+, is selected
to give cutoff at the low frequency end of the
voice passband. In the differential-inout mode,
the maximum input signal at ANA IN+ should be
16 mVp-p for optimal signal quality. The circuit
connections for the two modes are shown in Fig-
ure 3 on page 3.

Voice Solutions in Silicon™
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Figure 3: 1SD4003 Series ANA IN Modes
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INVERTING ANALOG INPUT (ANA IN-)

This pin is the inverting andlog input that transfers
the signal to the device for recording in the differ-
entigl-input mode. In this differential-input mode,
a 16 mvp-p maximum input signal at ANA IN-
should be capacitively coupled to this pin for op-
timal signal quality as shown in the ISD4003 Series
ANA IN Modes, Figure 3. This capacitor vaiue
should be equal to the coupling capacitor used
onthe ANA IN+ pin. The inputimpedance at ANA IN-
is nominally 56 K<, In the single-ended mode, ANA
IN- should be capacitively coupled to Vgsa
through a capacitor equal to that used on the
ANA IN+ input,

AUDIO OUTPUT (AUD OUT)

This pin provides the audio output to the user.
Itis capable of driving a 5§ K impedance. It is
recommended that this pin be AC coupled.

NOTE The AUDOUT pin is always at 1.2 volits when
the device is powered up. When in play-
back, the output buffer connected to this
pin can drive a load as small as 5 KSl.
When In record, a resistor cohnects AUD-
QUT to the internal 1.2 volt analog ground
supply. This reslstor is approximately
850 K, but will vary somewhat according
to the sample rate of the device. This rel-
atively high impedance allows this pin to
be connected to an audio bus without
foading it down.

SLAVE SELECT (55)

This input, when LOW, wil select the 1SD4003
device.

IsD
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MASTER OUT SLAVE IN (MOSI)

This is the serial input to the 1SD4003 device. The
master microcontroller places data on the MQOSI
line one half-cycle before the rising clock edge to
be clocked in by the 1SD4003 device.

MASTER IN SLAVE OUT (MISO)

This is the serial output of the ISD4003 device. This
output goes info a high-impedance state if the
device is not selected.

SERIAL CLOCK (SCLK)

This is the ciock input to the I1ISD4003. It is generat-
ed by the master device (microcontroller) and is
used to synchronize data transfers in and out of
the device through the MISO and MQ#S! lines. Data
is latched into the 1SD4003 on the rising edge of
SCLK and shifted out of the device on the falling
edge of SCLK.

INTERRUPT (INT)

The I1SD4003 interrupt pin goes LOW and stays LOW
when an Overflow (OVF) or End of Message (EOM)
marker is detected. This is an open drain output
pin. Each operation that ends in an EOM or Over-
flow will generate an interrupt including the mes-
sage cueing cycles. The interrupt will be cleared
the next time an SP] cycle is inftiated. The intermupt
status can be read by an RINT instruction,

Overflow Flag (OVF)—The Overflow flag indi-
cates that the end of the I1SD4003’s analog mem-
ory has been reached during a record or
playback operation.

End of Message (EOM)—The End-of-Message
flag is set only during playback operdation when an
EOM is found. There are eight EOM flag position
options per row.

ROW ADDRESS CLOCK (RAC)

This is an open drain output pin that provides a sig-
nal with a 200 ms period at the 8 KHz sampling fre-
quency. (This represents a single row of memory
and there are 1200 rows of memory in the 1504003
sefies devices.} This signal stays HIGH for 1756 ms
and stays LOW for 25 ms when it reaches the end
of a row,

ememmmem Trac |
ROW {200 rns)

rac ——!

TRAC{ (o]

The RAC pin stays HIGH for 218.75 psec and stays
LOW for 31.25 psec in Message Cueing mode
(see page 6 for a more detailed description of
Message Cueing), Refer to the AC Parameters ta-
ble for RAC timing information on other sample
rate products,

When a record command is first initiated, the RAC
pin remains HIGH for an extra TracLo period. This is
due fo the need to load sample and hold circuits
intemal to the device. This pin can be used for
message management techniques.

EXTERNAL CLOCK INPUT {XCLK)

The extemal clock input for the 1SD4003 products
has an internal pull-down device. These products
are configured at the factory with an infemal sam-
pling clock frequency centered to =1 percent of
specification. The frequency is then maintained to
a variation of +2,25 percent over the enfire com-
mercial temperature and  operating  voltage
ranges. The intemal clock has a —6/+4 percent fol-
erance, over the extended temperature, industrial
temperature and voltage ranges. A regulated
power supply is recommended for industrial tem-
perature range pars. if greater precision is re-
quired, the device can be clocked through the
XCLlKpinin Table 1.
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Table 1: External Clock Input Clocking
Table
Part Number Sample Rate | Required Clock
15S04003-04M 8.0 KHz 1024 KHz
ISD4003-05M 6.4 KHz 819.2 KHz
1SD4003-06M 5.3 KHz 682.7 KHz
1SD4003-08M 4,0 KHz 512 KHz

These recommended clock rates should not be
varied because the antidliasing and smoothing fitters
are fixed. Thus, dliasing 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 internally.
If the XCLK is nol used, this inpul should be
connected to ground.

AUTOMUTE™ FEATURE (AM CAP)

This pin is used in controlling the AutoMute feature.
The AutoMute feature aftenuates the signal when
it drops below an internally set threshoid. This helps
to eliminate noise (with 6 dB of attenuation) when
there is no signal {i.e., during periods of silence). A
1 uF capacitor to ground should be connected to
the AMCAP pin. This capacitor becomes a part of
an intemal peak detector which senses the signal
amplitude (peck). This peak level is compared to
an interndlly set threshold to determine the Auto-
Mute trip point. For large signals the AutoMute at-
tenuation is set fo 0 dB while 6 dB of aftenuation
occurs for silence, The 1 uF capacitor also affects
the rate at which the AutoMute feature changes
with the signal amplitude (or the aftack time). The
Automute feature can be disabled by connecting
the AMCAP pin fo VCCA'

SERIAL PERIPHERAL INTERFACE (SP1)
DESCRIPTION

The 15D4003 series operates from an SPI serial inter-
face. The SPI interface operates with the following
protocol.

The data transfer protocol assumes that the mi-
crocontroller's SPI shift registers are clocked on the
falling edge of the SCLK. With the [SD4003, dota is
clocked in on the MOSI pin on the rising clock
edge. Data is clocked cut on the MISO pin on the
faling clock edge.

1. Al serial data fransfers begin with the falling
edge of SS pin.

2. S55is held LOW duriing all sefial communica-
tions and held HIGH between instructions.

3. Datais clocked in on the tising clock edge
and datais clocked out on the falling clock
edge.

4. Play and Record operations are initiated by
enabling the device by asserting the 55 pin
LOW, shiffing in an opcode and an address
fleld to the ISD4003 device {refer to the Op-
code Summary on the following page}.

5. The opcodes and address fields are as fol-
lows: <5 confrol bits> and <11 address
bits>,

6. Each operation that ends in an EOM or
Qverflow will generate an interrupt, includ-
ing the Message Cueing cycles. The Inter-
rupt will be cleared the next time an SPI
cycle is initiated,

7. As Interrupt data is shiffed out of the
iISD4003 MISO pin, control and address
data is simultanecusly being shifted into
the MQOSI pin, Care should be taken such
that the data shiffed in Is compatible with
current system operation. It is possible to
read interrupt data and start a new opera-
tion within the same SPI cycle.

8. An operation begins with the RUN bit set
and ends with the RUN bit reset,

9. All operations begin with the rising edge
of 88,

ISD
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MESSAGE CUEING

Message cueing allows the user o skip through
messages, without knowing the actual physical lo-
cation of the message. This operation is used dut-
ing playback. In this mode, the messages are

skipped 1600 times faster than in normal play-
back mode. [t will stop when an EOM (end of mes-
sage) marker is reached. Then, the intemncl
address counter will point to the next message.

Table 2: Opcode Summary

Instruction A%’::_::: :15 1b:if:> Operational Summary
POWERUP 00100 <X000000XX> | Power-Up: Device will be ready for an operation after Tpy .
SETPLAY 11100 <AT0-AD> initiates Playback from addiess <A10-A0>,
PLAY 11110 <XO0CCO0OX> | Playback from the current address (until EOM or GVE),
SETREC 10100 <A10-A0> Initiates a Record operation from address <A10-AD0>,
REC 10110 <X0000000KX> | Records from current address until OVF is reached,
SETMC 11101 <A10-A0> Inftiates Message Cueing (MC) from address <A10-A0>.
MC! 11117 <XROCOCOKXK> | Performs a Message Cue. Proceeds to the end of the current message
(EOM) cr enters OVF condition if no more messages are present.
STOP OX110 <XOOOO00K> | Stops cutrent operation.
STOPPWRDN | OX01X <X2CO0000ON0K> | Stops current Operation and enters stand-by (power-down) mode.
RINTZ 0X110 <XXOCKKKXX> | Read interrupt status bits: Overflow and EOM.

1. Message Cueing can be selected only at the
beginning of a play operation.

2. As the Interrupt data is shifted out of the 1SD4003.
control and address datq is belng shifted in. Care
should be taken such that the data shifted in is
compatible with current system opergation. It is
possible to read interrupt data and start a new
operation at the same time. See Figure ¢ through
Figure 9 for Opcode format.

POWER-UP SEQUENCE

The 15D4003 will be ready for an operation after
Trup (25 ms approximately for 8 KHz sample rate).
The user needs to wait Tpyp before issuing an opera-
fional command. For example, to play from ad-
dress 00 the following programing cycle shouid
be used.

Playbdack Mode
1. Send POWERUP command.
2. Wait Tpyp (power-up delay).
3. Send SETPLAY command with address 00,
4. Send PLAY command.

The device will start playback at address 00 and it
will generate an inferrupt when an EOM s
reached. It will then stop playback.

Record Mode
1. Send POWERUP command.

2. Wait Tpyp (power-up delay).

3. Send POWERUP command.

4, Wait 2 x Tpyp (pPower-up delay).

5. Send SETREC command with address 00.
6. Send REC command.

The device will start recording at address 00 and it
will generate an intenupt when an overflow is
reached (end of memaory array). it will then stop re-
cording.

Voice Solutions in Silicon™
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SP1 PORT
The following diagram describes the SPl port and the control bits associated with it.

Figure 4: SPI Port

MISO |--4—— | OVF {EOM | PO P1 P2 P3 P4 P& Pb P7 P8 P9 | P10 0 0 0

MOSI |—m= | C4 | C3 cz (o Co | MO | A9 AB | A7 | Ab AS | A4 | A3 | A2 Al AD

L-—» Message Cueing (MC}

L— — — g Ignore Address Bit {IAB)
—p Power Up (PU)

p» Play/Record (P/R)

— RUN

SP) CONTROL REGISTER

The SPI contiol register provides control of individual device functions such as Play, Record, Message
Cueing, Power-Up and Power-Down, Start and Stop operations, and Ignore Address pointers.

Table 3: SPI Control Register

Control Bit Device Function Contral Bit Device Function
Register Register
RUN Enable or Disable an operation PU Master power control
=1 Start =11 Power-Up
=(0 Stop = |0 Power-Down
PR Selects Play or Record operation (At ignore address control bit
=11 Play = |1 Ignore input address register (A10-AQ)
=10 Record =10 Use the input address register contents
for an operation (A10-AQ)
MC Enable or Disable Message Cueing | P10-PO Output of the row pointer register
=11 Enable Message Cueing A10-AD Input address register
=10 Disable Message Cueing

1. When IAB (ignore Address Bit] is set to 0, @ playback or record operation starts from address (AP-A0). For
consecutive playback or record, IAB should be changed to q 1 before the end of that row (see RAC timing).
Otherwise the 15SD4003 will repeat the operation from the same row address. For memory management, the Row
Address Clock (RAC) pin and IAB can be used to move around the memory segments.
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Figure 5: SPI Interface Simplified Block Diagram

C4-C0O
MOSI —— Input Shift Register
(Loaded to Row Counter
sieieict im 0-A0 oy iAB = 0)
o9 Row Counter
OVF EOM fP] 0-P0
MISO ~-—— Output Shift Register
Table 4: Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)(") (Packaged Parts)
Condition Value Condition Value

Junction temperature 150°C Commercial operct]fr]wg 0°Cto +70°C

temperature rangel
Storage temperature range -65°C to +150°C P 9

Extended operatin -20°C to +70°C
Voltage applied fo any pin Vs = 0.3 V) o Tormper G ©

Vee + 0.3V)

industrial operatin -4G0°C to +85°
Voltage applied to any pin (Vg5 - 1.0V) to ;;m; ;;mf:?{) ng 0 +85°C
(Input current imited to £20 MA) | Vee + 1.0V)

ttage (Vee)l? +2,7V10 +3.3

Voltage applied o MOS|, SCLK, | (Vsg - 1.0 V) fo Supply voliage (Vec) o+33V
INT, RAC and 35 pins (Input current {5.5V Ground voltage {Veg)®) oV

limited to £20 mA)

Lead temperature 300°C 1. Case temperature.
{soldering - 10 seconds) 2. Vee = Veca = Veen.
Ve ~ Vs _0.3V1io +7.0V 3. Vs = Vssa = Vssp

1. Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliabliity.
Functional operdation is not implied at these
conditions.

8 Voice Solutions in Silicon™



15D4003 Series

Table 6: DC Parameters (Packaged Parts)

Symbol Parameters Min{? Typ™ Max® | units | Conditions
ViL Input Low Voitage Veex0.2 v

ViH Input High Voltage Veex0.8 v

Vou Output Low Voltage 0.4 V oilo, = TOHA
Vou RAC, INT Output Low Voltage 0.4 V [lg.=1TmA
Vou Qutput High Voltage Ve - 0.4 V oy =-10 A
e Vee Current (Operating)

— Playback 15 30 MA | Ry = o
— Record 25 40 mA | Reg = o &

- Ve Current (Standby) 1 10 pA | 1

I Input Leckage Current *1 LA

lyz MISO Tristate Cunrent 1 10 LA

Rext Cutput Load impedance 5 KQ

RaNA IN+ ANA IN+ Inpu1 Resistance 2.2 3.0 3.8 KQ

RaNA IN- ANA IN- Input Resistance 40 56 71 KQ

Annp ANA IN+ or ANA IN~to AUD OUT Gain 25 dg | B
1. Typical values: T, = 25°C and 3.0 V.
2, Al min/max imifs are guaranteed by ISD via electrical testing or characterization. Not all specifications are 100

bercent tested.

3. Veca and Voep connected together,
4. 55 = Veca = Veep XCIK = MOS! = Vssa= Vssp and all other pins floating.
5. Meagsured with AufoMute fediure disabled.

Table 7: AC Parameters (Packaged Parts)

Symbol Characteristic mMin@ | Typt" | Max® | Units Conditions
Fs Sompling 1SD4003-04M 8.0 KHz | ©
Frequency ISD4003-05M 6.4 KHz | ©)
ISD4Q03-06M 5.3 KHz |©
1SD4003-08M 4.0 KHz | ©
Fer Fitter Pass Band ISD4003-04M 3.4 KHz | 3-dB Roll-Off Point®) 7]
ISD4003-05M 2.7 KHz | 3-dB Roll-Off Point3 7]
1SD4003-06M 2.3 KHz | 3-dB Roll-Cff Pointl3 /)
ISD4003-08M 1.7 KHz | 3-dB Roll-Off Point() {7)
Thec Record Duration  1SD4003-04M 4 min | ©)
1SD4003-05M 5 min | ©
1SD4003-06M é min | ©
1SD4003-08M 8 min | ©
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ISD4003 Series

Table 7: AC Parameters (Packaged Parts)

Teiay Playback Duration  1SD4003-04M 4 min
1SD4003-05M 5 min | ©
ISD4003-06M 6 min | ©
1SD4003-08M 8 min | ©
Tpup Power-Up Delay SD4003-04M 25 msec
[5D4003-05M 31.25 msec
ISD4003-06M 37.5 msec
ISD4003-08M 50 msec
Tsopor | Stop or Pause in 1SD4003-04M 50 msec
Tpause Record or Play I1SD4003-05M 62.5 msec
ISD4003-06M 75 msec
1SD4003-08M 100 msec
Trac RAC Clock Period  1SD4003-04M 200 msec | (10
ISD4003-05M 250 msec | (10
1SD4003-06M 300 msec | 00
1SD4003-08M 400 msec | 00
TracLo RAC Clock Low 1SD4003-04M 25 msec
Time 1SD4003-05M 31.25 msec
ISD4003-06M 3715 msec
1SD4003-08M 50 msec
TRACM RAC Clock Pericd  1SD4003-04M 125 Hsec
in Message ISD4003-05M 156.3 Hsec
Cueing Mode {SD4003-06M 187.5 usec
ISD4003-08M 250 psec
TRacmu RAC Clock Low ISD4003-04M 15.63 psec
Time in Message ISD4003-05M 19.53 Hsec
Cueing Mode ISD4003-06M 23.44 Hsec
1SD4003-08M 31.25 Hsec
THD Total Harmonic Distortion 1 2 % | @1 KHz
Vin ANA IN Input Voltage 32 mV | Peak-to-Peak!® &9

1. lypical values: Ty = 25°C and 3.0 V.

2. Al min/max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are 100 percent
tested.

3. low-frequency cut off depends upon the value of external capacitors (see Pin Descriptions).
4. Single-ended input mode. In the differential input mode, Viy maximum for ANA IN+ and ANA IN- is 16 mVp-p.

5. Sampling Frequency can vary as much as x2.25 percent over the commercial temperature, and voftage ranges,
and -6/+4 percent over the extended temperature, industiial temperature and voltage ranges. For greater stability,
an external clock can be utilized (see Pin Descriptions).

6. Playback and Record Duration can vary as much as +2.25 percent over the commercial temperature and voltage
ranges, and -6/+4 percent over the extended temperature, industrial temperature and voltage ranges. For greater
stability, an external clock can be utilized (see Pin Descriptions).

7. Fiter specification applies to the antialiasing filter and the smoothing fiter. Therefore, from input to output, expect a
6dB drop by nature of passing through both filters.

8. The typical output voltage will be approximately 570mVp-p with Vyy at 32mVp-p.
9. for optimal signal quality, this maximum limit is recommended.
10. When a record command is sent, Tpac = Trac + Tracio on the first row addressed.
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{SD4003 Series

Table 8:  Absolute Maximum Ratings (Die)!")  Table 9: Operating Conditions (Die)
Condition Value Condition Value
Junction temperature 150°C Cormmercial aperating 0°C to +50°C
temperature range
Storage temperature range ~65°C 1o +150°C P 9 5
Supply voitage (V, +2.7Vio+33V
Voltage applied to any pad (Vss ~ 0.3V} o pply voltage (Ve
Vee + 0.3V Ground voltage (Vgg)? oV
Voltage applied to any pad (Vs ~1.0V)to
(Input cutrent imited 1o =20 mA) Voe + 1.0V) 1. Vee = Veca = Veop
o 2, Vg =V, = Veon.
Voltage applied to MOSI, SCLK, INT, |(Vss ~ 1.0 V) fo §§ 7 rssa = YD
RAC and S8 pins (input current 5.5V
limited to =20 mA)
Vee - Vs ~-0.3Vio +7.0V
1. Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device rellablity.
Functional operation Is not implied at these conditions.
Table 10: DC Parameters (Die)
Symbol Parameters Min(@ Typ™M Max(® Units | Conditions
Vi Input Low Vaoltage Voo x 0.2 v
Vin Input High Voltage Vee x0.8 v
Vo Output Low Voltage 0.4 V | lgL= 10 A
Vou RAC, INT Output Low Voltage 0.4 Vi [lgr=1mA
Vou Output High Voltage Vee -0.4 V oy =-10pA
lec Ve Cument (Operating)
— Playback 15 30 mA | Rpg = oo B
— Record 25 40 MA | Rpgy = o0 ¥
lsg Vee Current (Standby) 1 10 uA | GBI
N Input Leakage Cunent +] HA
Iz MISO Tristate Current 1 10 HA
Rexr Output Load Impedance 5 KQ2
RanaiN+ | ANAIN+ Input Resistance 2.2 3.0 3.8 KQ2
Ranain- | ANA IN- Input Resistance 40 56 7 KQ
Aarp ANA IN+ or ANA IN~ to AUDOUT Gain 25 ag | ©
1. Typical values: T4 = 25°C and 3.0 V.
2, Al min/max limits are guaranteed by IS0 via electtical testing or characterization. Not all specifications are 100
peicent tested.
3, Veca and Veep connected together.
4. 58 = Veca= Veep XCLK = MOSI = Vgsa = Visgp and all other pins floating.
5. Measured with AutoMute feature disabled.

ISD
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15D4003 Series

Table 11: AC Parameters (Die)

Symbol Characteristic Min® | Typ | Max® | Units Conditions
Fs Sampling 1SD4003-04M 8.0 Krz | ©
Frequency ISD4003-05M 6.4 KHz | 1)
1SD4003-06M 5.3 KHz | ©
1SD4003-08M 4.0 KHz | ®
For Fiter Pass Band  1SD4003-04M 3.4 KHz | 3dB Roll-Off Point {3){6)
[SD4003-05M 2.7 KHz | 3dB Roll-Off Point (3¢}
ISD4003-06M 2.3 KHz | 3dB Roll-Off Point 41(8)
iSD4003-08M 1.7 KHz | 3dB Roll-Off Point 131(6)
Trec Record Duration  1SD4003-04M 4 min | ©
ISD4003-05M 5 min | ©)
ISD4003-06M b min | ©
ISD4003-08M 8 min | ©
TeLay Playback Duration  1SD4003-04M 4 min | ©
1SD4003-05M 5 min | ®
(SD4003-06M b min | )
1SD4003-08M 8 min | ©
TruD Power-Up Delay 1SD4003-04M 25 msec
1SD4003-05M 31.25 msec
1SD4003-06M 375 msec
1SD4003-08M 50 msec
Tstop OF Stop or Pausein  1SD4003-04M 50 msec
Tpause Record or Play 1SD4003-05M 62.5 msec
1SD4003-06M 75 msec
{SD4003-08M 100 msec
Toac RAC Clock Period  1SD4003-04M 200 msec |7
{SD4003-05M 250 msec { )
1SDA003-06M 300 msec | 7
{SD4003-08M 400 msec |9
TraCLO RAC Clock Low ISD4003-04M 25 msec
Time 1SDA4003-05M 31.25 msec
ISD4003-06M 37.5 msec
1SD4003-08M 50 msec
TRACM RAC Clock Period  15D4003-04M 125 usec
in Message 15D4003-05M 156.3 usec
Cueing Mode {SD4003-06M 187.5 usec
1SD4003-08M 250 psec
TRACML RAC Clock Low 1SD4003-04M 15.63 psec
Time in Message  1SD4003-05M 19.53 usec
Cueing Mode {SD4003-06M 23.44 usec
1SD4003-08M 31.25 usec
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1SD4003 Series

Table 11: AC Parameters (Die)

Symbol Characteristic Min® | Typ" | Max® | Units Conditions
THD Total Harmonic Distortion 1 2 % | @1Khz
Vin ANA IN Input Voltage 32 mV | Peak-to-Peak®’-8

1. Typical valuss: T, = 25°C and 3.0 V.,

2. Al min/max limifs are guaranteed by ISD via electical testing or characterization. Not all specifications are 160
percent lested,

3. low-frequency cut off depends upon the value of external capacitors {see Pin Descriptions].
4. Single-ended input mode. In the differential input mode, Viy maximum for ANA IN+ and ANA IN~ is 16 mV peak-

to-peak.

5, Sampling Frequency and Duration can vary as much as +2.25 percent over the commercial temperature and
voltage ranges. For greater stabifity, an external clock can be utilized (see Fin Descriptions).

6, Fiter specification applies to the antlallasing fiter and to the smoothing fiter.
7. The typical output voltage will be approximately 570 mV peak-to-peak with Vi, at 32 mV peak-tfo-peak,
8. for optimal signal quality. this maximum limit Is recommended.
9. When a record command is sent, Tpac = Tpac + Tpacio ©n the first row addressed.
Table 12: SPI AC Parameters’
Symbol Characteristics Min Max Units Conditions

Tsss 55 Setup Time 500 nsec

TssH §S Hold Time 500 nsec

Tois Data in Setup Time 200 nsec

ToH Data in Hold Time 200 nsec

TrD Qutput Delay 500 nsec

Toel? Output Delay to hiZ 500 nsec

Tssmin SS HIGH ] psec

TsCKhi SCLK High Time 400 nsec

TsCiow SCLK Low Time 400 nsec

Fo CLK Frequency 1,000 KHz

1. Typical vaiues: Ty= 25°C and 3.0 V. Timing measured af 50 percent of the Vec level.
2. Trstate test condition.

Vee

10.21KQ

L
L

r—-o MISO

50pF (Includes scope ond fiture capacitance)

ISD
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TIMING DIAGRAMS

Figure 6: Timing Diagram

Tsen
s 4
TSSrnin
-—

Tscxnl

Tsss

SCLK
Tscriow

— Toxs
von T <X
{TRISTATE) — | Top | —— | Topy e —l Tpe |e—
MiSO —< MSB

Figure 7: 8-Bit Command Format

SCLK

Most I’ a8 X A X A0 >.< ¢t X oc2 X c3>< ca><
mso —< o > s > e < X X
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1SD4003 Series

Figure 8: 16-Bit Command Format

g\ yan
SUVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWA

most. J< w0 )X X a2 X a X e X 5 X e X a7 X o X 0 X a0 X o X e X ez )X es X et
mso —(ove X eon po X 11 X P2 X 73 X pa X po X pe X 27X 78 X 29 X 10X x X %X % X x)

Figure 9: Playback/Record and Stop Cycle
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