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ABSTRACT

This project is to study and experiment the warning and alarm system via telephone network
that will warning if someone invades your home or have fire in your home. It works by using infrared
sensor, magnetic switch, firc detector and smoke detector to send signals to microcontroller. The
microcontroller wiil dial the number that are listed in the program. While the calling is success it will

send voice message to the receiver, however if the calling is not success it will redial again.



LAEH LT

i 1 umh

4 = o
UNN 2 NUDLATHANMT

2.1

2.2

23

laTomulduers

2.1.1 dnvuzunz InsaadevealaToandaums

2.1.2 anvuz laTeasmanududsuse

2.1.3 msladadumuditanszuaiila loanldaeq

sguu InsAnn

2.2.1 madaiues Tnsdwn

222 ﬁ'tytym‘?':ujm

2.2.3 anAadeiusnunosdaazmiasiy Tns fn

224 sznuimﬁwﬁuwﬁammﬁqa {Dual Tone Multi Frequency Type)

2.2,5 Yoaveans 1¥Insdmiiunifuna (DTMF)

2.2.6 MIrhsHmIAzMIneAs AR RS IT LYY INTANY DTME

TulnsneuInsameos MCs-51

2.3.1 guayiiaueslulasaouInsaaes aszga MCS-51 aynsy
ATBICXX

232 mssanwed luTnsneuInsamas MCS-51

2.3.3 Tasaadrauaznmsviauvosnada

AT IUUBZAT T

31

3.2
33
34
35

S ECEIEATE LF S

3.1.1 2195A510VUDUNT U5

3.1.2 295 Iasuindn

3.1.3 M9IRTI99UA I

3.1.4 1esasndulaz v
21995A0RuM Iy Insing
NIIRTVAYYIUVINA W INTFANT (Tone Detector)
nurHnladyg 1w DTMF

e ELIATN I G O

3.5.1 AEumniAves 1SD 2590 uaz ledluaszga ISD 25XX

14

20
21
21
23
24
25
25
26
29
33
33



UNTi 4 AITNARBINAZHANINABDA
4.1 JVTHUFDT
4.1.1 M5 199U UsH
4.1.2 2 TEIRFLUNAN
4.13 21997R399UATU
4.14 1vsaT9dunladlv
4.2 193ANlaFY I DTMF
wnit s undnsaiiasunag
ANHUIN

ar 3 o
WINA00 1994

a1y (AD)

42
42
42
46
47
49
50
55



sty

3 1.1 vdenlapzunsunamimsiauvesssudousviums Insdwn

s 21 laTeaniaaannuaiag

1A 22 dgdovalinzdidevedlaToanldana

JA23 dnvazmsuldauasedialoanidauas

i 24 TaseadanazdnvazuoslaToaldaua

U 2.5 s ludansaldlaTeanldweaiiam

3107 26 nnmuamenuaniidveslaTomddaa

U 27 msdelaloandwassufuddmuifenssua

Ui 2.8 uaasudenlaozunsuves Tnsdny

gﬂﬁ 2.9 uﬁmﬁ'cgmmv{ugm

310 2.10 uemauiunamnuauuazin R s ez I U1

i 2.1 me'[ﬂNﬁ?nf':ummjm'ln'IﬂSﬂau'[mama{ MCS-51uiunay Ty
ATSICXX

317 2.12 wamaswazidva TasenundnvesluTnsneu Tnsames MCS-slumas
Y83 Atmel

314 2.13 nananesmeiuvesweialuluTnsaouTnsames MCS-51uuuLAAY

AR 31 Wafniauaaimshinuvesssumdousoiumalnssni

7732 wesmndadursIsa

133 wesamsuEudIIIR

71 3.4 2N9IMARILALBUAI HsA

U 3.5 Nesadadiuiman

511 3.6 waRIMINsANAIYITBRLAEMITINAIRIEYMIAATY

737 nesmswinatu

31 3.8 waswsualan

gﬂ'ﬁ}.Q 2993uRUATENY INsfm

;ﬂﬁ 3.10 HAAINVTAT VDAY Busy Tone 41AE Ring Back Tone

Ui 3.11 TawnfangnmsianwesTisunsyludiuvasmsions

317 3.12 vientrezunsuvssmsdiindyam DIME

31U 3.13 uameriiavessfunauuy DPST wasg oo

U 3.14 urunmuaasies moiu lediues TCMs087

31 3.15 Tlawnsauaasmsiauves Tusunsnludmvssmaduiiado e DTME

317 3.16 namenvsduilndyy i DTMF

20
21
22
22
23
24
24
25
26
27
28
29
30
31
32
33



vyl (o)

714 3.17 vdenimezunsumeluvesled 1SD25xX

11 3.18 2esiunnINeg

et

U7 3.19 uwugiinanisdouutuBoaddy

]

U7 3.20 tHUDIIMMTB THHDLIT B 1A

P o ] ra a o
U 321 nwugiinmmas o luGoadan

= A ' ] Ja o A
711 3.22 masowdeaz v luInsaou Insmesiuneyiiuindu

1l

3.23 Tladnsauanamaiausedldsunssluduninguuazdunuios

gant
=k.

Ui 4.1 uamwamsnaaoailesioWidealiines

gﬂ'ﬁ 42 usawWanInaaonasnne e I tszana 1 ui

gﬂ'ﬁ 43 wanwamynaaouielidhaurieszniunniy - di daygudursusa
i 4.4 usamamsneanmdannidsitavnadenarinlilszina 30 3nd
U7 4.5 wermwamsnaapudeiidtauitasznemady - de dyyadudsisa

(v Tudnsnanan

=}

N 4.6 nanadguildeinieeinindidudiuia

as = 1

147 CHI namdy Rt unanIesnIndduds e

L]

v
a Qs ¥

CH2 nanadya i donnermasududsusa nsainfudyo u1a
N 48 CHI naasdyauidunvinnssmadbudswia

L
]

CH2 wamsdganu i AN mniududs nss nadinsudyg w14

= -::a' =Y o 1 =1 ar 1
11 4.9 namamamineasdluannulndndlaguimanisznuiueg

dl d‘ d’l =y 4 [] [~ LTI ] ar =
31U 4.10 uanInansnaapAlB@o U InTLlHan T iulszaa 10 umuas
1119 4.11 naaawansnaaoaludn nzlndie lilindu

51/%1 4.12 vAAIHAN SNAAD ULB 1S A NToRs TR T 1A

]

]
= ar

517 4.13 diyey1 Output ¥1 10 voeloF MC14467P1 vz 1Ay
1

310 4.15 namsmamanaana luanazinddie ludnlaa v

€

4.14 )10 Output 11 10 V09 107 MC14467P1 Az iilaiu

2t
=0

- A o n
ﬂﬂ 4.16 llﬁﬂ@ﬂﬁﬂ‘lﬁﬂﬂﬁﬂ%iﬁ]?ﬁ]iﬁnﬂiﬂﬂ'ﬁl“ﬂ%ﬂlﬂﬂ?qﬂ lﬂ

et

11 4.17 naasdnume e DTME ionaninsiay |

gt

11 4.18 uamadnyniz dyy v DTME ilenanuigia 2

e

17 4.19 nasdnume daaw DTMFE ilananuisay 3

&ni

317 4.20 vamsdnuuzdy g DTMF ionaniiomy 4

L1}

310 4.21 nasdnums dyaw DTMF iionanuoad 5

51U 4.22 oaadnuuydygIw DTMF enanuoEmy 6

34
37
39
39
40
40
41
42
42
43
43

44

44

45

45

46

47
47
48
48
49
49
50
50
51
51
52



sy (Ae)

519 4.23 naasdnywz dy1u DTMF dsnanuiomy 7

u

ar )

JU% 4.24 narmsdnvuz dygiu DTMF diopavunmay 8
1% 4.25 uprmadnuu diyy1m DTMF ienanimay 9

7111 4.26 uarasdnyurdyana DTME diananmnuay 0

(it}

53
53
54

54



M5UYMNITN

AT 2.1 anaSeudinmumniaaguosia leanawmaaan e
AT190 2.2 HARIANINDTZUY DTMF

= wen v A ] o =
PMan 3.0 guauiamaiihiseduinendfuveslorluassga 1SD25XX

MI1n 32 FBargumaiiuved 1sp2590 Tu Tnumiuiinviasudommodenny

35
35



uni 1

UN

ar =i =1 s r = A -y 1 = J
InflepiuTanma Inlodinswau lledwsamda HnsAadudssefuninfaity

A V,ﬂ A A o =, o w ¥ o
winmwisIfiwaieadledneniuazaintudiadsz 190 uevausinnudesnisvesuyud

] & "\ =1 o4 ar J ' s =
m‘lmﬂNmanmﬁ’mmmﬂulﬂ BUNTTHAIUY nnmmmw'l's ﬂﬂ?‘ﬂﬂﬂﬂﬂﬂllﬂliﬁhléﬂulﬂi Uﬁ\ﬂﬂ

k4
as

A a ! = L4 yé = A =
Gayramnianal uazdudwadeanmialvvesnywilfidouasdndan e indanadle priuilil
& w a <2 =t o Y [ ¥q 3 o a o q':
AvduasofaruuInNie 1aasimsWeuuna Tulatado vt isimfadss lvad dalu
a.lw o ad r a o
Tassaniituitunsadgilasafsrhndeudonioluin Tasnsnanssadsgilnselifeudy
T Y T & oy A a a ¥
i Insfmnvy Nedadganadauminlidyninvsaifiamas Tul
Y] 4 oo
Taglszasnvasmsdariilassnu
A Qe Ql d..f ]
- el ldgUnidideusunnInsdmindwaenis 4o
- & o a o o
- ednuITRUT UM UYessyul Tnsdwsiia Tl
A = w F 1 ) ¥
- ieEnY LAz NLULITTUUASINTUARE TAun szuvasniudyngnlaelatursuae uaz
= t d a o Y
windainan, ssovnsnivnlan Muazszuuasieiuaiu
A o =2 A A o o
- iiefuwaresnuuLsastuindosiihumlszgnaldluTaseam
o r o d g 3/
- gunsaiademinsetFaus i Tnswitiula
YDLIYAYDIIATINY
- amnsedhimsasnsudyngn1d
- awsadmsasaeiudad ez Tuin 18
- awsewInIsSennensa Tuia 14
Tassaiifunsadwglnsaidousonwlufegerd lumsasrefudyngmivezeidy
o LR [~ o 4 1 P (- P
aiauesaiaduimanuas TaTeadus wsadanlaaasiaauues ity wazlegudsusa
@ @ oar ’q; as ar E Y =1
T TalaTeailudsvdygna wenanfidsdszuuasinivnlad Iuaze Jumeudalinswning

=y

o 2 N . ;2
e ndifadu gunsaildeusorziranTaons Tnseen Tl fuavnuslamniafiisda131ae
on uila
- 1 o - W v w s
MmaSeaud 1 insanefus P wazeeruub e luamveanasy - dewdursuia, 2983
Insoendaludd lWddiumelaumeidszneulildivresGondaludld, 29936004, 2993
Qs @ - as d s =
asdudygnainisua Insdwias e siindndn
Mmadeun 2 Kwnrsdnudus Puazeenuuu s ludmfinie fe 2wesasnionlal’ly,
@ [ ar ar o r -] o s u t
2958529 50ATY, 299585 2080dyng N Teveualaduhuan, 1Tdiwmislfudgesesmady - d

o - Yt o - ad o = -~ A <
’d’qjqpﬂli)uﬂ‘i1Liﬂ1‘}iuﬂixﬁﬂﬁm‘ﬂﬁvu Lasniniatyuy L‘lJiLLﬂiiJmE)ﬂ”J‘UﬂiJ 1‘“1"‘]5 ﬂ@ul“sﬂﬂﬁﬂi



-] ' »
ﬂ'lﬂ'liﬂilffﬁi‘ﬂ'ﬂﬂﬂ1ﬂﬂzuﬂ71|ﬂ'liﬁ N mum':=mJLﬁauﬁumum‘ﬂmﬁﬂnﬂlﬁﬁaﬁ

eIMURUN13ENY-219y Inadwd

{on-off book switch) Ve \
dunandudyeliing \ [Lelephone ling
™~ N,
(Busy lone)

Nosnswiudynge ; N A
?‘ui v _— fulisanknnEn Uy N Malrunedady g DTMF
weInynfunmifangalnd i

(Sensar} Microoomiroller) ]/ {Generate and sent DTMF signal)

3L

tfuiufnfusnsdidog i
(Record and playback sound signal)

- o ar 1 4
117 1.1 vdenlaezunsuumasmstiamvesszuud@oudoiumn Insdwn



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



2.1.1 snuzuaz Inseadaveslalonnldums
kl I b lx 4 o o 1 ar =3 A o o =y
aloanlasnaalsznouiusINaITNIA I ABIRDUABYUN Y ADATIAIA NI IYEA P uaz
2 o a = = t r ' = J
m5neAh1vta N Tvweleem 2 vunileulalaasssuar msulduasveslaloandauaanain
' a ™ f g ' @ w o ar ar '
sz vunsduludaasainidn It laleanldmers Fydnwaiuazadeveslaloanldaumnaad’ld

o E‘
Aegilin 22

A H}:{K
A (Jx

= & E4 @ o '
n 22 dydnvauasideveslaTeadeas

i ! ' a d A 1 o ' o
uaafnlasesnuianlalaanldauasparuiissnnnisswlusaas it laleanldwes i
¥ a 4 o r = d = a A = = L]
Tifanszua (0 Iwarudlaleatdwas Blinaseudasziianiaiauinneissia N Ay
] @ o aAmod = ; = 1 1 ar a

seure Mdsmsaida p mshdifnareudasziafoufiruseovde PN dlunaldszfundaniuves
- = - ~ a o = ar A
Bianaseudaszfamnasuntas Sidnaseudaszvzmendiiusanuluglvenduues

fnbazmafauaLRadegi 2.3

v e _
gt (T TREL U
1’/";/

d

717 23 dnwaznisalawaweslalealdauas

- ' ' T | | w & w o s w s
Lmﬁ‘ngﬂlﬂmﬂﬁ]ﬂﬂnﬂ1ﬂ'lﬂI@mﬂmuﬁﬁﬂuﬂmdﬂuuu 'Uu’ﬂgﬂ‘uﬂ’l‘iﬂm’Ju’l‘ﬂum’lﬁlﬂmaﬁ

A é o o L] [ o d‘ 1 L} Y 4 { =t i 1
waldemsnsdnihvesuih iuaaialdwanyuandrady Weasn lauaz 30 14l muana

- Wmsunadoue 153 1uA (Gallium  Arsenide) 1488 Gaas ‘laloauldanaansidaanms
aunsnsAdRNYI
A & P
- Fmsuna@vse 199 luarea i (Gallium Arsenide Phosphide) 148788 GaasP lalon

v 1 - A = [=)
nlasuaranznlaauaaduasrsedivaadnanin



- WasunadourealWd (Gallium Phosphide) 199atie Gap laleanlduasszldaasdive)
2NN

wasiiiaiuenlalemilamasiiiaaeiuianomsnialaoldesdesiatui s

quanianwqueslaleanlawadaz fuanauduannly cwisonSouwionifoiuldawae

2.1

A =l o | = =) ol - o | &1 e o ]
AR quaaues |Masliz@niam| fmdeuues | Hvuves | WU
4100/4101 | gaes 4160 4150 4190
Msgedunidianmu 100 120 120 120 fiadiTad
nszue ludansunde 50 20 20 30 fadueut
nszualudansegega 1000 60 60 60 Haduou]
B MR - 55 8aADa 100 - - 8961
nazezay B4 YNAN ERICTn
)
ATUETIRAULY 655 635 583 565 wiluwas
qaga |
T
usaduludeanss 16 22 22 24 Taad
[y [y [ o
wriau lusandu 10 5 5 5 Taaa
L4
s AR
AnwamInluns 55 147 570 665  |Quud/ i
ADIATN

a1 19 2.1 arreaSsudeuguanidanavedlaloanldsaaudas &

2.1.2 dnwee Taloanlasuasuunouds usa
yaeildseanyinngr e Teanlduaaiaiuas s nus sodevesmsyile P uazsia N
famanszianszawesnseuimiiidamutuvewnsanas nslflalomddsunasiniludoqld
auduva el ufianislaienenilaeniz seduiiulaloan denasiuldauas
Surlsusaeanuiteiinand i mredonh iy ussuunsaanguazes 1na Remote Controf)
Foaldumanieni i lufimiuder dofuludmdsesslaleanlduasedoaiidmasdouua

] o - ar R 1 ar ]
vaziimudswpaanudly TassadasdnvuzveslaTennlasmaaasdayli 2.4



euddnent

Az danune

fifnunosua

arafleRasi ey

1% 24 Tnssedauazdnuazueslaloanldauaa

1 o o~ A 1 ar (-3
lalemdamasiimsfiraumiionlaloasssuade oo W ludaassazimszuans ey
. ' F I ar a 't a = o a o ¥ ¥
laateaaieany Weswludandue: Wihnszua wiinseuasizu Ivandudnides 419w
o o oy ar o T o o =
Tudandulduintinldsudsgaus sduis laleaulaasnezsrgadonis 199 ldmacenns

AuveslaTeanlduraumasdagili 2.5

183 1]

51 25 e ludaase i laleanldaaaiiem

1zl 2.5 Wuaes ludaasslitaloanld i nssousaduludaasausnad
1 o 1 g e t q ar ar o’ q' J r
laToanlaanerada lushnszua lifinesalaseenu Wiedfouseduludmiududednlszuim 15
o ' o 4o 2 o a & 4 4 v w LY
Tiad lalemuldmasieimbinszumuazSudnidanasiun banunsduludansililalon
v £ ] o ' & Ay a & ' J ¥
nlasuasniu nsguaaz lvadud laTeanldsamniu uasfiswiaduuvzaiuniiu 81
1wlusaasaifia leanldwaanmiuniminseuaiilaloatlduemuldlaleanldmasszdya
domwiufl TaTaanldwaadazunlamunszurgegauanaadu
ms e vesds laleaawasnisidondwnszualdannndofilaloanldalmsdasns
Wil duasinldseanurlisimainwemie maszumiudanszum 20 Goduouilds so dad
wowt] daudnsziagegaveslalaanldwasiiAnlszue 60 Saduonilis 100 fadueud dauns

usasu ludaas snwamuz lunasnliaa la Teanlamasdalszana 1.6 Traane 3 Toaa



msvwlusandulidilaTeanldmasneimid lifinssualnaluda laloawlaanas udgn
Dous sdu ludanduinniiun g laTeanlamaanuld Aefiussduis laloanldaasazdiga
= @ e f Y 1 S v o
o erud awssdunaveslaloanlasnasiianlszuim 3 Taanns 10 Tran

A a 1 : 1 o 1 as a0 (-3 r

dasenzanareylaleanlasasisra ludaaswaztrd ludandu ludmuanias
Tuns W mansolisunNHuarguanidves laleanldsasesnuildadens uaasauayiia

vastaleasssuen mlurasmumnidyeslaloanlawrwansdegali 2.6

I

o
40 Tudmas:
20

-8 -4 -z
g =l T T T
1 2 " a2

Tudeniu

Ry

719 26 nymudasgueiniavelalaanldauers

2.1.3 sladd s itanszualilaToauldaners
laloanlnauasiaegdasmsus sduuaznszualunsiianud g smasuraiguauia
waznsurasguautidveslaleanldasenldiusduludanssdoabiifiu 20 fadusud o
Py Yoo 1 ' a U EA ] = o kd
50 finauond mdanarudlusmwemanzlumsvhaveslaleanlauers dentfuenihld
laloaulamashyadomeiud sdlumsihlaleanlaars i Ifoudndesuns sduuaznssua
= ! Y 1 o o & oo f ' i & 3 o =
mundmuadinan Anintdsaiudnunuaent laleanlduaersimyimiansznen
Tnadiu wemuizaudosmsuaz Fuussdudiunuldanasoudnin dnwaziaasuanids

31l 2.7

A 1 U 1 os ol o as
317 2.7 nuae TaTeanlatasiuiudidummsanssue



v 2.7 funsde laleanldsuass mfudadummiianszum s iuus s uiian
iU ua Fadmmm RIS anszuaas WissdudPuanasey i adus
wami iz lanatandd laloanldaanlszum 1.5 Tadie 2.5 Taaa d@enanlunatsiinemiz
sz 2 Taod drunseuafnemu: InerulaTosn deuasiinnlszana 20 fadusudds

50 afuandl Banawnaredwemnz1¥aualszana 25 dadusudl HiRenaudIun

¥
]

' ¥ = ) o ¥
AMuA NN Rz o lavlsngyesJoudouauniseanun1adsil
R=(V. -V,
Wo R = awaumusifianszue (mie Q)
V. = umasswldnszuanse oniseTiod)

¥, = useduanasoudalalamidaas v vy =2 Tag

D

7, = nszuelnarudslaToanldaas (nibao A) = 25 Gaduoud

2.2 szuuinsdnm
a 0 M é aa ] = = 9 Y 3t

szun N Ae szuudemsitlaswwyumous msauidnuazddovnuamndnle

ansassnrdugaununieg lasaannaumen s uiuasld
w o ' o A =

InsdmvnIFogluilagiudl 2 svuu Ao ssuuwiilanuumyu (Cross bad Fuiluszuy
wudilduausn duszuumbilauuunafu (Dial Tone Multi Frequency : DTMF) infiuszuInid
o P Py ] { w
dnnldunun Tuitszaiwawgszuy pTMF Fafluszuuilduntuilagiiu

ar o
TuszuuTnidwivzilsznoulidae

=

or o =t ] a L4 v N T
1) MISIFUNT N INTHNN (Telephone Call) ﬁﬁlﬂ"l'ilitlﬂi$11’}]1\3‘i$'l_l1lI‘ﬂ‘iﬂ"ﬂﬂiz‘ﬂTN’(’TN'I‘]IﬂﬂLSUﬂ

a

U

eBy¢

Ay
A ar o ar - t
2) 1n58aInIfmN (Teiephone Set)y AogalnsaldmSymundnldyanazfelunmsaunuinim
1 o & A W ~ d = wao < 3
TassveInsfun easinmsiFunnnyunienamenuogsuhvile
3) Ai3en (Calling Subscriber) w3 amn¥ngsen AsfizudunsSanszdomsudshimingusiy
Y ar ar o A A o o e v A
aafudsy wyunsenaniuavyesdiuenias Insduiiiuilugavenaiasgumy
dae Tuaia
3as ! - A 8 A g o = o o A IIﬁh o
4)  #3U (Called Subscriber) N3 @ IENARNITUN ABRRALITUMIIToNMIY Insdmyiile Tadudoyn
341300 (Ringing Signal)
3 = N R = 1 as @ d' A - L
5) fAWAYIFN (Subscriber Line) Anganinszua WA M dvuinindveaya usnswesnuinin
:Id'n 3 é IQ' ot 1 -y 1 1 =3
aoiindeduaiasquaoiestnlufabhuvedismismninuaoz svadedasz
& ) ar e . . . A { o ot o
6) nineguTin Tnsfnoa Tuld (Automatic Telephone Switching) Avtafesfivimihfdaaduy

1 t = YA o Yo s [
103 HINTINTNES onAUATL Tauda Tula



22.1 mMsRamved Insdun
ar o =g a ar o E t [ a o
InsAnnrzlivdenTasgunsunisiraudigud 2.8 Fauansdrudrgnsniulu
3 G o A ] . . o A4 . [l

windlnsiwyl lavezi¥audadivatu T (Tip) KAz a1y R (Ring) 99THTNTIFOUABIS NI 199989

4 o da o oA o A w a i £ v g
meluaied Insfmndugunssivesguaonie evsduiindygnuion (Ringen) Serdsdymnm
= . _ . A o =) T 3 4 as :}5} a U d’
580 (Ringing Signal) lladinrsAadaunngou maraldszmsdidgideainesdauilin
A v oar =1 A as ol War o - = o .
weaudsiuyuemylavasafa Wanay Insdwn 13funaeaunlnd gneiad (Hook Switch) 3zpniila
wiseoni i lns susnguaonmlinsesduneguianaiad 16 dgniudnasduie

ar =4 LI Y- | ] & a = ol Ba T i1
Aygrasonagrisnngnadagnig lawsaadudgyopaien 1dlunahilidiedenwn

WIfimA G

werAndvsi N Fgumnnm —

| saenduaiun gnaind
19 IHAITLN TR
NATIUEIWDIMET
il 239715
1097133 fITaIAn
e L3
T Tas Tl BUNULAUY

el o4 o
317 2.8 uamsuden lnozunsuvas InsAnn

4 m g a  dod o 8§ e '
distimsuny Insdwidu gnadadsnez@araesiiiinssuerangumeIvansuieesiiu

- ar F'd - w (=) o ad ' =1 o i o & -4
wiasInsdnnld Tuvadvafunizuasnifersuiin Inaruvealanadiiquandas Aozl

Y o a  da 4 o Y o 4 ¢ ° a0 w
wihdudizyassiasfiqumegnilaaukens Idguns ad 199 luguawwiounezinisdede iy
A o g o wd o a4 ¥
winaTnsdwil 18 s ndusueonoz dedggnamiyu (Dial Tone) Tilfadhuny Tnsswinie 1idiiu

[
=y ]

danaoay Insfnsive slfidesnsfndedodiguas ndsvnfigumaldSmavmnehigne

o - b e o P - [l o
El'ﬂﬂll'lll.al?%ﬂﬁ'IUﬂ1]3l.ﬁﬂﬁQﬁiufg'lﬂlﬂ‘l!u‘U\iﬂﬁzﬂ']uﬂ"ﬁL‘Hﬂ"ﬁﬂglﬂﬂﬂuaﬂ']ﬂi?ﬁﬁ"J



1)

2)

3

4)

“

2 R unug
Al ar = 4 a o ¥ ! ' o 1 < »
fe Foyg ruiniosqumnInsfnazuisanzanghalshed lsdalszneuTidn
Fayanau iy (Dial Tone) Wudgyguavenlins wiwmeigumo Insdwinfounezsu
¥ » ¥ 3 =t ' ¥ o = =
wuinwnngunudy dSundaavnaeld dgygnaiianudylsyuu 400 - 450 Hz wegion
el 9 = 4 o Y4
Aws i 50 Hz disunee 18witennmauny Tnsdm
5 T ar = 9 1 o vy o
Faynaulaii1e (Busy Tone) ludyapaiiventimiuitginsdyuesliig iludyw
ANDU 30 400 — 450 Hz #3 0.5 Fu1 Wy 0.5 3u0 aduiu
ar g-‘l =i s i 1 A ar a L] L
Fyanuniuion (Ringing Tone) udaguiusnlinsmiuadesquasInsndivinisdaiy
= = ﬂ't = d 1 s w
nisdudgniFond i s donidoney 1aBu@nnszAsdianud 25 Hz Az sdu 70 - 100 Thad d
1 TUW Mya 4 T
o = ar . . ﬂ Qs P 33/ = W t o o ﬂ o
dggu3enndy (Ring Back Tonc) iudygnaiuenIdgizvngiimsaadude udyaw

ANz 400 -450 Hz &3 1 Fu1d nya 4 Tuh

LA AR AR
Eﬁw”[‘,ﬂm i‘”(lfljgr(
Bl o I:
hVULUULE JUuUHLUHthLJL
Dial Tune
A qﬂﬁh
*t‘fiié‘_. M’:ir[j
ILF \j .J I‘J U \j k{' i'}
Busy Tone
it i
‘I’f‘f’u ""ii;\']_ e e ﬂ F“}‘l‘iil} ‘,, —_——
f“ i j\ il.f Qj ) Ulg.i L”" ) E,l i
Ring Buck Tone
A
M;H!fm
] L
fminl
filnin
Ve
Ringing Tone

T1 2.9 naaedy uAug v

= T ar r & 1 = o ar o
2.2.3 MIAAAaNUIEUITIATOINILDEIAG 235U InsAwn

kg A r
MEIANATIND

t . o o
mmww“ln'lﬂnmmﬂﬂTm T weiiAnawmnaseuasIns i iudynnmnssiaass 48v

10



=

- dlefidiSuneny Insdnvidnazanaande 8 v wieurel dygatinyuiduiludyg o
NIEUAELULIA 250 mV ANITETR 400 - 450 Hz uaqiaadioawid 50 Hz Juifenasa
f‘?q;t'.mcummfﬁ"uﬁqﬁmmmiﬁﬂuuﬁ'ﬂzmuiﬂ

- AAIHA (Code) (13 Tnsfw 9 win sﬁ'ﬁmmﬁﬁthﬁ'luﬁ'qgfmmmmﬂmmm?;tﬂuﬂama"z;m

uazdwauiu usazmuoal DTMF agnile

- wnzdiseiuesiidygansundureuuy ieszuenmoiuniel Sedgygnaiunady
niodgny 1w luiteawdidy

- flefimsiuenonds &'ﬁgmmzﬁuﬁm'nmﬁwauﬁm‘r_mmnmu

- idlenay Insdmaidnns@ade 1uadnatazndu i 48 Tad fudy

g Asessy

- amsfnyeguidnmanaseumvedh 48 Trad

- diefidynmniuSonasfvwiailszina 70 - 100 Taad &9 1 Tu1% wya 4 Tundl Feezaseiy
FoanaGonndufinieads

- mmfmﬁaﬁ?uumi Tnsimd vwadnanszuaassesmie 8 Tad uasfimsnsziRoua g
uazATdvuFoayA

a4 4 o o o 4 # -
- dle@ugamsounut Nay Ins v vunadnaszndyllh 48 Traamandy

2.2.4 szuu Insfmvinuy 'cv'ammﬁm (Dual Tone Multi Frequency Type)
'iwnf:ﬁﬁmsrfwummwmé’ﬁﬁmmsmxﬁmiaﬁ’m Taomsdedagrunaind 2 anud

vaquaanu i Sevzdudumunuaiing fﬁaﬂﬂuﬁﬁgndaE)Em"lﬂi)zﬂ;j‘luthuﬂ'nuﬁxﬁmuﬂ (04

KHz) Fasaud i ininedus i finansTuu ueu nasdndmissziun i luuuads 3

i P Y 4 1 A o - e
18N ﬂﬁLLﬁﬂﬂiﬁuEﬂﬂ 2 10 9D LIBUNTNANLBLAY S NIZUAUD 770 Hz WAL 1336 Hz

uagianni
1269 1336 1477 1633
.
T 'l 1
697 1 ) 3 C A (R1)
[
| ]
i R
0 a 5 6 B ——®2)
T
3
{ ! Pt
s 7 | 8 | 9 ¢ R
Lo
E |
_E 1
. r rd
941 - { g # T D p {R1)
L L. ooy - 1
- fem ae.d
«n 2 (8] {Cay

1 2.10 nammdunanyioaunaz A 1a LA TUILIEAZIUIUBUY BB YR 1



12

225 doAveents I Insdwsiuarunaiy (DTME)

1

2)

3)
4)

@ icd P ar o v :: A
awseaanallunmsiyumoaval 18 fililinadenanadon 14 insdmindazaiianas ¥
i o Insdwiemasosumseies 1dunau

3 = a, < o 4 U 2 et
mnnldnaesmalendamandiaansedn unuginsemeduamidia Ve ¥l
2 [ ' 4 4
saod wazndud lumsdamnuaviaiuy
P £ " - Fy v oo = -
awrsnmutjunayulden 4 Ju (Column 7t 4) ka1 lun s desdygmnsvinsdssianaue

i Yo
N N aniee 19MguAIeTEUD Stored Program Control

226 AISTEUAaEMseAIHaA 1D veeszuL Insdnn DTMF

- madhsWeanuiszuU DTMF (Dual Tone Multi Frequency Encoder)

a o qy 9 1 s r ar o o
szun Insfwiuuy DTMF Haz lsmsdeadygna lluuaodsvesssun Insdwy lavezl

¥ A @ ' 1 ar ol o ' = Y oy
VaAIHHBDIEU VWA HRHDYT 1 TU ﬂi{‘l—ilﬂﬁﬁ'ﬂﬂiﬁ‘i?ﬂli?ﬂ'ﬂ UDSATT NS WITUYILTUS

o d i o A a4 V@ ¥ y 1
‘izﬂﬂiﬁﬂﬂiiﬂﬂuumum 3ﬁul‘ﬂuﬂ1ﬁﬁﬂﬂﬁyfﬂ1mlln‘1]ﬁ TIUTENRNUANR TOU 16 A7 IﬂULLﬂﬂgﬁ'mg

s { o ] * a4 1 = = ar o
L'ﬂuﬂﬁgﬁg‘lmﬂﬁuiﬂ’ﬂ’mu 2101 LL‘U‘Hﬂu PGUAIIUHRT MASNRUANUN T LAZITHANHULLTAIAY

areiaddl
xR (H2) nguYeeA WA e (Ho)
t 1209 1336 1477 1633
667 | 1 2 3 A
770 4 5 6 B
852 7 8 9 C
941 * 0 # D

-

9

4 .
AN 22 HAAIA M RIEUU DTMF

- NNPAIHARIWDIZUY DTMF (DTMF Decoder)

ar = ar o = ar da a 1
nIaeAsTHEA NN InT MM rutods ﬂT‘iLfsﬂﬂQﬁﬂ]ﬂJTﬂlﬂ'ﬂﬂ ﬂ‘ﬁﬂlﬂﬂ\ﬂﬂﬂ'ﬁﬂﬂ‘dﬂ

wun Insdwnaiianaillis (il Tone w30 DTME) IWilludygpudiaea el 19 ussuy

v a " a=lI a A d' t o a = =) J J(
ANnan ﬁﬂﬂ"l'ﬂuﬁﬂN"]“ﬂ‘l]'lk‘ﬂu!,‘ﬂil‘nﬁlz1Mﬂ11ﬁﬂ1§ﬂﬂﬂ‘i‘ﬁﬂ DTMF 1NARTIUHANDIRYU ¥4
3

»”
WA

Y & A = = =
HBBALIINTIABDIA THNDNLTLS LI TUDZIBUARIY

b= ¥

D nesidinsmutsonsasial@esegnde fastdggpaniuswsiswddoeuullen

A mua idumsguuades it 2% vaz ex luven IWdgeailaulivsuuninnd 3%
1 1 : ar as o ¢ A a
MINAIMIATFIUAINIITNTBIAIND 1A 2Ineani oz soneasHalandeuis 145y

Ayl wiszsznaieoiion 40 danawd



2}

K}

4)

wesneasfrrhinsneasialdgndes Asadadanna DTMF Asuduntusssedeadhy
Fram i aiudge DTME Afudundsumhiliduimetinlen 3s fadhnf
wesneaTinszAesausnooasiadyg i DIMF 71 landnisudgend 27.5 a8 18Tau
RansAanaia nazdiannsaviam 1 luns @ndyg e 2 i adsznoufuiuiiv
dganu DTMF luawddgeataiuuinndi 6 4B

JesnarsiadineTheldrasanal 'hJ'jwmmfuf-azﬂlﬁmggﬁﬂmﬁﬁ?aﬁﬁ'ﬂmmiumuinn

9 e o 1 o o=
muuandndninesive n i N oeasiaRana e

2.3 Tulnsnoulnsamed MCS-51

2.3.1 guantavesluTasneulnsames aszna MCS-51 814nTH ATRICXX

ot 4 oo Y
WhuluTasssulnsamednlddHguue g da
= 1 I3 = g o c:
awludimbeanuidsunsuiummas sunsoousazndouing1f 1000 a3
miwausWeyaRugmudhonihoe i wuussy Tunawe feelivioa i wuudwsey
AR
o = q’: < 4
ymada iduvuy 2 femns mwselfin 1 duyaazieniya
= A d o
HesMeemeynsuuuuaginand
=5 o & o = ] 5/ ar
ilnwes /imuiass vuia 16 Testhaisn 2 é2
ar LN ) o o r
awsosesfuunasiuiadumaisna 14 16 unas
1 o s o o o
AWNTOVTIHUIBANL I U MRLEY AT age 64 i Ta Tud
TP ND T RV GIGTR G TR I QN GRS N S

o £
Tugdd 210 TassadeiugmveslyTasaenInsamad MCS-51luaynsu AT8ICXX

= 1 ) o 3
Farzmu 1 lasaadiaves ATICXX sumilaudululasaouInsamns MCS-51 aszgaRugm

4 ] s S ] a o o = o o'
FazaanuRvansa 1w ldsensuuuuuday s ﬂWﬂlﬂuthIﬂiﬂ'ﬂNTﬂﬁ maad i

' 9 = o o)
A3zaa 87XX miwanuimwlueihuuuadwson warlwnauveiwzamise lsunsuidifivs

A3 AR



- o F
Ay dumniia
TNAGUDA
s 44
l Fhmiand fiu
WA } .
IR € I wi T Townf 1 *  Founrzdy
o ey ] ik N
fumpifila —| el 79 le——  BInmeun
! Jigrat Tnuos 2
A
. » L
Hy
4
¥ h
Jevafudia ‘ . 4 wois umm .
- thunTLINTY p NATROYNTY
Arygnenaifn KA
: .
1
i
¥
P0OP1 P2 B3 T RaD
uoRsRer ; Fyn

U 2.1 nameTaseaaRuguves luTasnauInsmaed MCS-s muunrasTu ATBICXX

232 mstavmsslulasasulnsaans Mcs-s1
o g A g g = w
luTasneulnsaass MCS-s1 ynwesszdanrilasns suuaz SR ugumiouiu
' I
Ay 2,12 Tasks waziBuavedv e Al
nvee gdmiuanlWides +5 Tad
VI GND 1ifuninsd dmiudeduns ndvesszn
= [ o ; = o
VNI 0 (PO.0-PO.7) 1 8 91 Lmaxmﬁmnnmﬂuﬁ"lﬁaﬂu"{é’mauwﬂ HazIR YA
o e ﬂ"' o A - a =
dwiuldouialal Hdesmsdwmualiviwesa 0 vlavmiisduduyaannsodiidlaonsiion
5! ar ' = ¢ @ Y T ] ] o r: = ]
Yoya 17 lilfwnanziinvaanesafidesnis azAanded o dana iy mesmindaoizldesase
2 A o e o @ = o o ¢ e 1
(Float) TaliBunmduuaudgaausoldoumiurmesasuna’ld usnaniivmeiadidgnldam
TumsAanafuyiueaasadivesninenuiiniousn (A0-A7) uazyideya (D0-D7) Taely
przurumItaAmAndid e sadumsiaihi hirunsoaane 1danuemasauazvidoya
o = 1 a : = o
viwada 1 (PLO-PL7) T 8 1 uaazviawisodmualfiduldvsduna uaziawina
a o M o o - = o 3
dmividouiall ddeansdmualivivesn 1 nlavmiiadudune awneirlélaomsdou
& iy w t = Foa g o 1§
Jaya «1" Tilfdariiavemesafidesmsizaanad e
a4 = 3 o o - o
vneia 2 (P2.0-p2.7) 1§ 8 v1udazvimwzosmualfiduldduna uazioiya
o Y o o o & = @ =
#miuldemdild Sdsansdmuativmesa 2 vilavmilailuduna awrsnd1dTaonsitoy

5 " ar 1 = o A = r W ' o o u’a’ = ’
daya 1" Mlfmasziinvesnasandoimsszasnadis aawalivneimiuiidanusilaovase

14



(Floan) SeilBumaduiiuaudqeamnsoldonduvmesnduynld venvinivimesaiitagnidem
unsArdeiuywaAATAZIUBIMIBATIUEIMEWEN (AB-ALS)

vnesa 3 (P3.0-P3.7) T 8 v1 sz @ adualiiuldiiduns uazienine
dmsutanio T ddeandmualdimesa 3 vilavmitufiuduya aunsoi g TasmsnTou

3 . 5 3 A o = 3 { (Y o ;: = 1
doya 17 lldsuaazdavasnesafdeeanisaziadedis deanaliumesaiuilaniuztdesaey

]
=

N A a A o 9 g o 1% b o o = 3
(Floar) 3l 8umaduuaudgeawiso oy masadunald uvenviniuvmesa 3 daindin

13 4 TR andana 1l

¥ ~ 4 W oar v
v1P30 1‘ﬂﬂu1ﬂﬂu1}ﬁﬁ1ﬂ‘iﬂ‘mﬁ~i%®ﬂai]'lﬂﬂ”l‘iéﬂﬂ’”l‘iLL‘]_I“UE]'Ljﬂ‘ilJ %38 41 RxD

o

1

o r g

4 o
- vrea Wfuve wiyedmiviudsdeyannnsdemsuuueynsy wie 11 TxD

L'l

o '

= W ooas = o o
- WI1P32 “l%lﬂumauﬂmuaq;rmmamﬂ BITHATINMOUBNYDL O "rT?ﬁ] N7 INTO

a,
aQ

a 1

£ = oo =
- w1 P33 M unesudygnaduned Swdninatouenyes 1 138 ¥1INTI
& = 4 s = oo o & -
- w134 i unweSudgnnuunesiwaninnmes o wie 11 To
= o =y oo o
- wre3s Wduvisuyasudygradweessudein Tnwes 1 wSa 11T
¥ as P A f o t ]
- n1p36 Mfundggre wr lunsainlfiveudafunuisrusiniouen
- v1p37 Wdundgyee RD lunsdildisenastiumiuauiiniouen
= d o o o
¥151%a (Reser) 19 lunsTiranisvisuveslulasaeulnsawmes Taslunisileu
ar A o o d ~ r_-!‘ii' 1 s a cf ] ¥ =4 = =
dggimneiimsTigaaniuz Avidaeseyluseduidasdndes 2 nuydulmaa Taviiaes
TG o o o v A =
Audiadgg mudmdiasinudaiissawilnase hl
¥1 ALE/PROG (Address Latch Enable/Program Pulse Input) tiuuifildlunisaiugunis
A =t r -3 cn‘: c!ym o @ as
naadvasrIwada 0 iiaiinn Waounisanuimouen uenamiuaiddfidundmiuNad
o 1 ] ' )
yoslalsunsuvayaadlulyInsaeuinsamed MCs-s1lufuilniearm i idsunsuiiunuy
ansou
d.v 1 @t é A 1 gt L]
41 PSEN (Program Store Enable) ¥ 14 lumsdeadgygranindasvedarofunia
6 A r ' o
aawd1inwusn We'tulasseulnsaaeideanivemdeyasinuuraadrtuirniouenlulas
aouInsamaswwdadynaesnyiieil 2 adiluurazunydulada uad minAadsdumiionny
o luviteg lulinsdadygnalageanun
11 EA/VPP (External Access Enable/Programmable Voltage Input) ¥dmiunisaane
[} a & ' [ L P 1 ¢ Jﬂ @y .ﬂ
nirwauiimeuen viendwanuiineludaluiasesulnsawes Smmnnindu <omenilu
A gda 1 1 o 19/ = A
nindenid luTarnouInsanefdadonuivanuiimouen vadminnidu <1 zfuninden
1w InsroulnsaaefAadenizeanuinioluy uenvinfifividid g dudunadgmious sdu'iv
o ar < v o - a ar o
gedmunis Tlsunsumidwarwimelulyiasreulnsamed dmsululasneulnsames
'3 Y} ar o
MCS-5 lhunndasaaan ussdud miunts Tdsunsu +12 Traa
O o 1 ~ o A O ~1
41 XTAL1 uag XTAL? WhundmiunenSaaoaneadaioines eas wduauuiinilu

msfmuatimz luntsiwvaslulasasuinsames



A A

irtd

o o
11¥ 2.12 naasswazidualazsadananveslulnsaeuInsnaed MCS-51 uuuuHAYYO A mel

233 IﬁNﬂ?’Nlm&ﬂ"ﬁ ﬁ'lwﬂu'llﬂ\ﬁ!ﬂ;ﬂ

TulasreuTniamed MCS-stuvuurnyimeda i ldamaiedn 4 edn Ao wedn 0, wodn 1,
nein 2, weda 3 uAnznedaiiviig 8 Oa Wumeiauuy 2 Femedeanmodhdisdunadmsy
fudygudeynd uaziewiyadmivdadygrudoyasen’y yoweiaveslylasaeulniaaed
MCS-51uuuLnYeii 1y IuaRs uaznsiunceasuimiMeiuns Rurasluguil 213

fiweda 0 unzweda 2 sxlduiluneinduna uaziewiyadmivlFomialy uozldly
maAarefumiasawiineuen dmfuness 1 uazweda 3 uyenvine: 1diiuvdunauns
onigaaminAuda Sarnnaalfoulunifdm 1880 fuegfuiudulylasseulnsaned

MCS-sTuuuudamiies la

16



L 1]
dninneeryana1t Nizeeniimanieth

Foponauommn oyn
qummrm Vio

Foyggnegivy
A ansuned

winedn ox
Ao ltfainmely
WinmnouInmmaef © D 0 ‘
JnTUnAY e
dyguudoudoyms  o—— 4
Turavsunnd A tindndend
Meyey1em s iomnin
(1)
Moy reud1u Voo
fnnavunny
Jevmgndmoly
se faivmoly —C  winoinix
Winsmoulnmenl O
Aoy antioudoyrns O
Tuaensunme
-~
|
fygyia ud mimmeia C‘g
2
feyoyraunnmnloyn
T r«_fgqmmwu Voo
Agry ey
AInnI90TAnY =
wmnin 2.x
)
s hldadirnmly
ulnsmoulnsmmed  © b Q '
2unnd e O
fgrneatoutoyems  © - 4
Tuaensiowd 1 Sinfundnd
Ay insiusminmein OQ\J
3
Aoy Veo
Mt dogpraun1byn .
Jmgnsmoly
-
#nludidrmaly -~ p—C
lilasnerTnsmnef  © D Q vmmofa3x
2avTummy
dyoponfioudayans  © Clk
Turapumny
_/
Ay uimimeta O_j
degyiadugm
@

o
UM 2.13 waaenvsmeluveanedaluluInsaou Tnsawed MCs-s1 i

62606



d

= L4 ' = ¥
Tanlugalfi 2.13(1) Wluasesveannia 0 2ssuaadvasugazdaluurazwesninelses
= A o v ] a o o ¥
Andudasutivies N1sa IMAIAN N YEIKD IA LA AN UL YD IS ARSI T RN T 1RRd 1
= 3 ] 1 a @ 1 ar 1
aaszwdggruiuenvindu fedgyg e mwdeyasmumeds uardyginsmudoyaninias
LA = » a 4@ Lo o A s o 2
waad TIunsdsuteyauivneiadeedadyamuiin CLK vasdnduvasy Tuvasfideyay
dun ey dadayanisludhgus D vesdndudasy AnedadilisesTadmanddmindmua
a o L o o o a
dnymznsiieuveIneiaidesnts Wauiuvmedaduyaemyaawing niedsnis 1§l
msasrafunusaminouentulasneuInsmans
) P~ s e o =4 a o a
iesnnfivmeda o hiilaasyedimelu winlinuihweda o Tl lFudunesasuya
9 [T ar 1 o [] P2
szdasAndIdunuadnmeuenfivmesa 0 Rnvidie daulugld 2132 1ihinsvsvesnedn |
= o A o 3 14 ) od & A4 o ry g a1 ar
veildnwazna lihwiiounesa o uas ifiagvsdadmand 1lesnnmesa 11uldunsdsasdiy
WuwaTinouen uasriesswasmeluiuaos danny
t { 4 ar 3 a ] a =
dautugud 2.30) duaassveansda 2 vzmiloufunesa 0 110 dfuRT e sRa Sl
= i o ar o ' o { s ar
e vazTugh 2.03@) dluasesveaweda 3 szmilaufunesa 0 un msfunlinasimives
= o A g du oA E] 4 L}
nagrevsguyamaIyarie M uisdFumawdm Wesnnneda 3 awrsari ll1Fauly
wihafen ay o
o o =
- nslouilunesaduna
Tuprsdmusnedalmiiudunanesndessududiontsiloudeya “17 milunazinves
s oy = . ° q o o ¢ - o
wadah ¥ nuilusuyanesa iNenganishauve adai 1 lunsfudgygnae winave sdaiug
a o s d A v ¥ o o 1 W I3 n‘: =Y =
Midvidye avemmesaveudatiussnadilnwlulavase dwmalfvmesmingiiaeini
arar a L " o o
‘1" wwmedudggwasin “0” vingUnssinouenldin Fygpudeyannglasalawusnazgn
¥ g w o ¥ t § VoA ar
dadnudanu 3 wsestides molunefandse gy et Wodlumuiinddga o
Teyavmginsdimoueniaasetu luTasrouInsmeed MCS-s1asizhamiuanizanin <o
=5 = d
MizAnazazAINNYA
3 o o
- Menuiumesamwina
= W .4 o kY o o Py v ¥
Tawlndudy vmesarzgafmualhidue winawesnaguda Ssamsodeloyasenhlld
a4 ' o ) o <% o v e ar P
\ae e Wiadeamsdedayn <0~ Alisudoya “0~ldvrsesuaad Fevzvinisdede luivases fuima
¥ a = 4 Ao P = ¥ ¥ : 9 d a
e dviwesadfiimuanazismeimiu “0” naztdesnmisdetsya “1° oan lintivu

a t 1

i
. ar s o w o N o i ¢ o
Joya <17 eanlUfrrsesuand Faszsiinisdeae hldssardudadmividasinuivinesad
a =] =+ = e | o o L o = [} =] 3 9/ —
Amuadzimasindy 1" Fundeudunisdmua i Duneiaduna iWowaliiimssmdeyed
w s ¥ ool g 3 o ¢ o 4
iies ndunsdifidesnsasinaendeyafidseannausminansia
A gt o o ' - ' - ' ]
dielFanuihueminaneia udazyl (WSeudasia) vesudaznedalianuamiinlums
r { ot 1 o = A a
$1NIZUANTONTONTT NIZHATOS T (Source Current) TAgaga 10 Tadusiud) naznnvisuiulu
¥ o ) a o o oA o a o
uAnzHesagega 26 Nadueudldmsunesn o uaz1s Tafusuldmsunesa 1 fanedn 3 wavlu

adg o o < r 3 @ ) o e
nsdin gnwesmituie wiwanesa symuisoswnszual@swdugaga 71 doduend] Aaiulums



4 ] r r ar
Tmufhuevinanesadesdrilstenruamsolunis henszuada Tavareezedadsesivivasls

o o A o = -
mam‘qmmamuiums YUNTUXDOAN TIH UG

19



P
U3

Asaewaznsaia

o 1 ar 1 A -
mahauvesssunfendviiun e Insdmiozlinmde s 2 dou fe Wislifyngonde
4 o - ﬂ-‘ 9 i o [ - & o 1 g
drefamas Indtu nsasiefudyninez 199933y - dedygnadudsusa nazseesaladuaimdn
[
ol o L o o W d o
fmivnareivmds Inhinez1freesassdunfuuaz2essasrnduinlor I e esareivih
o -] o o as 1
nas 298 14feshinis Tnseenifamumaufismuald vinfidfumofvednisdedygeufvs

A I r 1 or o- J - ar
weud lddFuawnsiy udd LiiffveedsvbinmFongr liFevq Feamnroetuin1id

U 3.1

- )
figynynue
Aiamagonds Ind

:

299580 InTfiny
of [HIAYNY

S

Minmsfundr

UgFumedaiong

+ o o
guventunnlaw
qerieTnadmit

WNMIN NI

o a ¢
U9 3.1 adudauraimsdhamesszuuideudvimnw Insdws

20



d
3.1 1903¥MIves
J r: o A o
ulpssnufidszneuldrmesivuwe favua 4 2983 Ao 1esasresudurdsusa s dng

1 d o P ar
HUVMAN HNITATITIUAIU UDZIITATIY ﬁﬂlﬂﬂ?iﬂ

3.1.1 2493852988 udI A
1 >
HskirIianua 3 nn de mads, naduuazMaugua T — aon
- Anae
] ﬂ g A -l 3 -l e -v 9 -~ -l
TR1, TR2 detiluressfintianamddr armddies Tuaauqu TR3, TR4 Wdudasub

¢

& d ¢ 4 | A4 L
Uszut 38kHz, Fadlundumd adunniARugudenuddrfiidud RS vownszuald

funswanumsean

g
|—t——<
=1

TRT - TR2
coni2 _ ) w2 ey
RS VR R? <

C10E.0'Ip R
E Z& 2K N e 5?&?&
1y fo o "

Cz2 001, o8l SZ‘F
e =
swoomosE oM | me o 2m
(D
oS T@J—@
Cods

T

o + a
UM 3.2 2eesmAdedud A

- MAsu
o @ - g [ P
18 aTeaveSunmaudrtinisAinaie1aund19ann1991 OUT aad1 TR tHeiin1s

g A
yowuazdndarmad uiie ludhnraiugy

21



Rl 8200

c tJ_ lmm l

Tubr SIM +
16V
RX
+
e Q
G
R3
ouT <
MODULE 800 >
c2 *—L__
4. 7uF/16V '
%4 TR1
—AAA
945
Dl N
IN4148

-l w &
U9 3.3 1esnmfudunsusa

- MARIUARY
o o | J 4 A - d

AvATRdassgnvei Tas TR7, TR 7141 C ¥84e TRS szdpRadad dudsuaiadul

‘ - 1 - -l [
nav 1 iefiauiisesezinimininaud las ic1 duanlszuia 30 3uh LED3 szda

4 a a vy A
iife IC1 wyav e LED3 #u IC2 Avevhatu LED4 szdailuat 1 wift uadudouaindumi
A L -4 -y & 1 J o v a

w2 diaflauinils IC2 sxvine LED4 se@adiunat 1 unfl Tudwmidail 1ct szdslivieninas

P el : 1t J L] r J r o
LED3 vxlifa Auiudumisiltelifimamiasnant: fleninaves 1c2 sedad TR edu

a o e

2 d a
Siad AnTunnessi 1c3 e Siadfeeinudae

2] 555
b oW e h
02 R E
Tondi 88K izi 3 3
g =] x| "8 el bt
it 3 5 g
552 b2 x 8[| g

- -
W 3.4 WeImAAIUAUBUNIUTA



3.12 Wesmiadaivan
-~ d 2 1 - ) o P 1 - ar 4
tiaduudndiuniamnnaimannds uazdnadunnathhdudaaiadnina Tee
3 LY T o - o t
fmvaamhdudmeenlildin nllalavesdrumhduiradadvii1dlaonsAsgaveuinin
723
P 1 L] d = w 1 o - o  m
dionumanimdndatudiumihdudasiad szdfiduusasimdndigaldtudada
ffuiFun311A2997 nT0 Nomally Closed (NC) uat ninmimnldisnindmmhdudoadas usq
Ll o J 1] 1] - 1
vnadI oz A imhdudorusduiasgdasensinfuFoniniaiaes vTe Normally Open (NO)
- 4 d o o - - : ¥t - ¥ P - o
ainduivandnyasilloudsd wnumnmiwunTedizgihuneduniadaugunsiues

A L [
oty TuendeszuuiAeusio (Alam System)

» ' + T o N
RN R12, R13 R
1K 10K 16K 1K
o2
C5 0.01 10K
PZC ; 4
L % o PT
TRz | C8 0018
E 3*‘ :5
Coab
TR
f 3
- 2 0\ 3 @

-l o & v g
U7 3.5 1vIniagaivan

e sl €2 szl laokiume R3 Beluneuiiasendeusvezse
Aunudinzdaniedaninduimdniidreiuiumesuditaw e c2 vife I 1&ilsenn 2
T 3 vesundeneldszhlfe 13 ves 1c12 e 180 Wesullaedndusiminessd i
12 iMge Aafuio 10 TelIgetlounsunudinn 12 el 1c1/t was 1012 Framudre man
@euaiadumisdumia 2 ezl TR1, TR2 tox TR ey sher T sdufvudoussnut ua
Sdndeyludumis 1 aewilsdehififvadon 3 seimadmed I ks nudhIndSeld
nankszna 10 Tuf Aeweilifoadewssnmaioals windaadadusimandaudulceiiee
dufvadoulhdesn Tas c4 veshimamde Idminie R7 e c4 mid e I 187y 2 Tu 3 veq
undss e i 4 1 Sem Inideundusing R6 asnsnd dnfuflun 12 el Té Seilt
791 10 11941 TR1, TR2 ung TR3 wyavhenuBuafanys uddudanindinimingr Widvaftes

L o ‘
SansdafnltliFonn

23



313 WeIATNIIATY

Tonization Smoke Detector Sensor (ulnyainsasfuaiu) iWugnsaimsassdusunuy
Tonization ﬁmmzﬁwfuﬁnne'a'miu‘luwuzﬁ'uﬁuﬁﬁaqmwmni’mﬁnmﬂﬁ:ﬁﬂmmﬂm‘lﬂ
nelfifnegyua@nalszuia 0.01 84 0.3 Micron  Tonization Detector 1197w Tau1§m&nms
Ao asgumaian i Wi laslgms duuanmisduiutemnnndsegluChamber Faagih
U§Aofuemeiegszniadvanuazay Ml¥aauniriih (Conductiviy) Rududnaly
nszuaramnse ek 18 lavazaanidoiioyninveen iy Sensing Chamber i symAves

[ o L4 a J o o
ez Ll audafudesusziingi ms navesnszumanasd s i Waasea Suudsaniuz

Yiun

J ar -y W L
‘E'IJ'I"I 3.6 UFAINTTUANAIVBIBRBULIDEMTIINATINLDYMARIY

TuaesarTvusiusiey 11e® MC14467-1 Tavoy 19 MC14467-1 # Tonization Chamber
o of = ™ ™ 4 -l a t
unzqUnIsinwuendn luindfwamaasieiuaiulf Tandleassomunauseilifvafourim
ol
Ay Tar
a1 - . a o d = g
1utmn=n'lunmu MC14467-1 93 UAT1UYBINTT oscillate 1.67 IUM wmnnni’u'umwa

[ . J o T o« o =
A7297U929119714 AuveIN1T oscillate ﬂztﬂnum‘ﬂu 40 fin@3uH uaz NI TR Teszvha

SMORE DETECTOR
N4
v : ]
-——‘\N\.—]
N
1] 16
2 L
| L]
4 . i LM M
. § " W LED
3 0l 0.1p LSk
[ 11
4
17 55 , "
—8 J_l

1.4
APA
VWA

150K
Hyy

_,_....___!}.__...._____._._____

G001

J o o
U7 3.7 9vInsniuaiv

24



25

3.1.4 nesaredudedld

msfvesnesezdunn lusarite linsmsaedunladty e iins s lidn
2493 TRS une TR6 szaaitu s esmaintodlaunaes o nsndanudniwinilesnn
Taefiftonsh vR100K fludalfusruddinds Mwin1gifezqndiesnnien £ ves TRs U
1$191 B w99 TR4 (e vUwd g IR FUBBANI9YA Primary Y04 T1 udrvegninilenirliidwe
Secondary 484 T1 ﬁmmmﬁqnﬁquwﬂﬂmﬁ R10

letlivtes It TaufvSaents Probe ameedu Foygafiseegi R10 segnderunln o
Tahd91 B vos TR3 Fw R 110 TR3 e illumals TR2 dhemumn ul&ae ife TR2 fems use
IMv1n91 E 199 TR2 92 Tnasenlunie ¢ ves TR2 e W luda s TR1 fem sudhuma1dsing
demluiiga dmivct swhmidfidudtlesiu it nin luse TRuAemsnszdeusuily

Sndianea 1w

10K

l R10 BSs > 09012

RELAY 12V

RL
Co013

—
R

g2
#

:
E
)
32
&=

0.01pF2%0V
g
AN
€2 0,053
|
11
=l
L1
D2 1N4148

Ay
SSR

{17 3.8 2e9saranduilad v

32 svmmuguasanyinadnn

unsfestilfssuuansoduved InsdniniedygaptMroen Tudsing Tau
saluddBynoandedamgfeiuliiuiwe s nkneondednlns sz egnielifn
inina InsdwnfvedeemwisodadygmpTMFoen T Sequmu Insdni Tavlidesiinisen
1 Insdhant

eimsuny Insdwd wmuﬁuzwuﬁuinn?mTn7hﬁ€uﬁn11nﬁ1un1uad 600
Tovu nmfuq;nmuﬁiwnszuﬂ'lﬁﬁmﬂ's‘edmﬁ‘wﬁ Al wrsedulladyn wDTMFuAz o
winuayInsfniassedemsfuld viandnnniiealulassemilte 18 1ulemlasvun 600
Teviu uwhinsasluaees TasdndAleszuuds bhildidrg Inuansienudeudunguazidouss
Tausa luiidifu ssvuszaeges InsfwiidfugumeFarunsoldInsdnid idamind udidle

seuy1&Sudygnaldinndomnomy Insfwiidedouss wloulasszgndorunudiluszuy



Taviindea InsAmilildhimaeny whyumossueaiuInsdmiiadous 14onydu Ao

i o ‘ 4
yumaszienszue ludundes Insfwiunzsefudgg DM ninToa Tnadn

WNF [
it I Tous Om
AAA J L] ot i‘
W e n
- a Lo Tom In
‘T m = ] ms M
[ o we Sm O

;ﬂﬂ 3.9 JaIMmuUgUNTIUNY Insfnsd

33 19vnnefogaeinenaTnsdvnd (Tome Detector)

99389z 19 l0Fiued LMse7 Al leshlszimterdengyl (Phase Locked Loop) %18 #
FuvueninnezWnetndu o ilensmdvesdunnilifwmikudugnion s assfumand
mulugalodRenrmd “fom Aad fo BN Runzdh ¢ Adpsznien s fun sunsirc
Aheszninem 2 nanamflasmud fo Hl%vmmadnsaningas 1.1RC i R i Wogrewing
3K - 20K 1oBiued LMs67 sursoldlunsmaetunnudidiadudviin 0.01 Hz suia 500 Hz
1R

2nnsndudggnadunndusy ¥ lumsasvmeudygradennfuded dyg aden
nfuurmahansends usmakadnenieda i &ony Insdmd dedgg aftesnmanioninn
Funotn 1 sunszfadimaeny Insfwd ioviynsziduneing tﬂaﬂuimnwnNunu"u!m?eﬁlzrh
Foga TuFames-s1 ufaadadygo Tiarunuduves Sound controt Weiafeynludamen
§a¥oynidaihfuszaeanfesiumamaciilifndu

23 loFues LMss7 Fuilu Phase Locked Loop (PLL) ledtuedlzinesnith 1
lumozinAunzsznlAnunufunen o (Fedveuving iedinud 400 Hz ¥ Andun
uazewimnileensnledued LMs67 seea T Auaaes TuTummdin (Monostable) yafl 1 voa
Te#tues 74L5123 (Retriggable Monostable) daitaava Ty Tuenadin (Monostable) o 2 yn Tawdm
(set) W trig Aveuvinueniymazidiunein 1 asen sundinsFonndusznualyl dedygroden
nunualazifadivouvinatlnszdu ylaaes TuTummio (Monosisble) wouyad 2 &
i niuadeusinasin 1 fluneino

(164910 Ring Back Tone (huigygnaiiinaiud 400 Hz K1 1 3unil ugn 4 T nfekos
i$man1vedled 7408123 mwges Tw = 028RC(I+0.7/R) Tnofl R TwasesTuTumndin

26



(Monostable) yAft 1 T Tw fountinsesyaft 2 Hilddganaueriynasimdy 1 derdeeiuly

nnamhqﬁﬁﬂfgfgmwﬂi]ﬁq&ywﬁunﬂﬁ'mlzmu‘ldﬁtyty1mfixa1ﬁnn%'an]§umi‘]uasﬁn 0
fnnsdinilaozshims Check Busy Tone sﬁﬂﬁqtymﬁ;ﬁmﬂfmﬂuﬁmqm Busy Tone #4i)

fiiszaev sz HieRndlszane 3 Suid Sailitoond Tw vevaes T Tumaiiia (Monostable) s

YA 1 uasyah 2 Nlidggafieniyaliasintu o aneavrsntidaygw

ol |
T
-
[

azgqelig
i ]
0
1

e

ﬁ P
»p 3 8

Hlld

e

31 3.10 299395293 udyny 10t Busy Tore #ax Ring Back Tone

mshauesTlsunsulutuesmsdond uiEueInnsfus sound entry FIMUAY
msfudmduiveaduefiosdy 9nTuesdwuald hang up ffuiu o erdunisony Insdnd
iHav0MT delay(300) D DRy 100 dial tone Usvanar 1 5u1H MMs5Ai dimf tone AMMINGIAY
moma i 012345678 TufiiiAe 3345 Tno3en 19Hero call num 9101HTY tone detect = 1 i
WIN15AD2995A5293 U8y 101 ring back tone (1T uro Insdndt ud29hn 5 delay(500) iese
feyayas ring back tone Uszane 2 Sufl nAsm ez hIN1IATI2AOT1 ring back tone S uTIIAY
on3ohi Hifinuridu o Aohidi ring back tone AoMNISHIMUART hang up = 1 1AL tone detect
= 0 Famneiamsneme InsdmiemmiGond usdh ring back tone Tinuv1AY 1 9z hilims
RIMUART tone detect = 0 tRBENANNITdetect Agyayies ufIT N7 delay(3000) Yszaies 10 Tudl
uB1 19 tone detect - 1 8A¥e (M8 detoot g 11T Fyy 0l ring back w30t drflszanamenazihins
Aemnoinnlaiemadnads & hifidaiana ring back s in s umiduvesdoeiiudng

A ) a & 0 i i : - L4
dlammfossurehmsameInsdndt  Tasnisshaudduiisdnuniuanyisoeiusldas

;ﬂﬁ' 311

27



START

delay (800}

A

hang up = 1
tone datect = 0

4

TumAt sound_entry

'

hangup = G
delay{300}

'

A4 dinf tone
3345

!

fone detect = 1
Delay(600)

YES

Ringbacktone = 0

!

sound{sound_entry);

hangup =1
tone detect = O

tone detect = 0
Delay(3000)

l

fone datect = 1

Delay({600)

YES

Ringbacktone = 1

o ¢ @ o ; o g
17 3.11 admsanaasmsiauvas llsunsuludruveamsGondn




29

34 1399 ulindags DTMF
1 o = o d
msdessdanmaylaslflodd 1531
= d o & a o o
Tugti 31200 dwudenlaezunsuresnisduiiadgygin DTMF Tasldgunseisman
o & = o ' 4 -y
i@ (passive element) Tunisinunadiaravsenadmanssdus znudyvrigunyaweiil
- A A Y EEET] Y] < 1 v o
wilanuamandouiosnnaamusdesinfou luuazegnisidou Sasdwnlinuin

= = A [] ey k) = J a
Nﬂﬂﬂ@ﬂH1Mﬂ?1ﬂﬂﬂ1ﬂlﬂﬂﬂuﬂ11‘ﬁ‘uﬂ';l"li.lNﬂﬂﬁ?ﬂkﬂﬂﬂuqmuﬂﬁﬂﬁ1u

51
s
LOW OLCH LATOR —
1]12]3
NI — SPEECH NE PWORK
7 .} 9
I
HIGH DSCALLATOR —
52

(1))

o

fh
\
h

1 s
2 a s
1 J 3 o i I SUIM M IR,
v ) S | I
415]6 Z ;':i ARG HIE TR,
ey
O e
/ g 9 (O Rl Y] /"’:_
1C

(2)

11 3.12 vdenlrezunsuvesnissuindoe 1 DTMF

o o a ] ot P e W =
duiunmsadialedduT vyt lFenmmusilnssimadvdeunazdilamil 18Tuse dunils
P of ad o o @ o 4
Tugl# 3122 Whiudenlaszunsuvesledmimni¥fniadygyiw DTMF  Fe2easmeluaz
a o ar = a d !
‘ﬂi:ﬁﬂ?Jll%]UNi)‘iu‘lJmeﬂﬁ)ﬂi'Hﬁﬁtgtu’lm (counter and decoder) BIIVTOTATHANILLBNLBS TINTT
r : L o r o A a LY
navsmeanzas sezasatudwmislathe o mezuuisedind Wevnioeasiannms
do_t @ ] A a as P ar
na taudanim luuoaueziuanedini lwisenanudndn dyanaefieensinieenivuay
seasHraziludygiudiaonneedygrufdniwduandistu 1nfwi ldosudag

a e ;] o or o 1 o
Fygwdsaea ldluewdenvaziiwtsiusulasnisi lddmasss ez veefygio



(summing amp) udTegadernlalfersesaIunuITuanA (specch network) uazruae llfs

guawInsdwiiluiiga ledervezgresnuuinIilss wduudusjunuwovsiia DPST (dual -
<4 o w Y

pole single throw) F99zinTdudaasntih wiev199x1Tu¥1Ia SPST (single - pole single throw)

AlkaagUi 3.3

DPST ‘ VDD ROW
VSS l__l

s VoD
VaS ........._j l—(IOLUI\dN

DPST

51 3.13 uarmsriavan]unauyy DPST wazjUdeygm

-d' L% A - L o L ar

71 3.13 Lﬂmmummms;ﬂatymmmﬂnminﬂﬂumﬂﬂq rdunaIUMIneATHa

o A = v ar a | a
YU WNIERIOUNABIN 0 ua lunuRedn Iz IuAasen |
- = o =] ]

319 3.14 Wunmunmurassesnieluledusd TOM5087 sziudnsesatoluve
152nDUAII9INBATHA ABTALNALDZIITTHITAIWA (29951111) HT8 CTRDIV K 13RI TM9E
A & A w d ® - o o ar a 2 ar
Builefint panaimas Insdmnve i Idl Fygaun ues dyaunsduiifary vazndygw
singlc tone enable 3xAv3gni¥ueniin (ACTIVE) Fygnamnwazandinlvzgnirlidena K Tu

A o ot ar = o ar 4 1 -
2495 CTRDIV K mam‘lﬂﬁlummmmmmmmwmamammawaﬂ ¥eezidanidainu

v

NMAINITEDATAIABT IVTAT 3.579545 MHz TAg9z¥13A20A1 K 9102395 CTRDIV K 713 2 2995
o o -y ; o A ' T L] L] ;
m'ﬂsuaﬂfuﬂmﬂuugnmuﬂ%"lumﬁersaﬂﬂaumﬂiﬁ:.n.uhmmiﬂm,]wuwmmma:ﬂ‘saﬁ'ﬂumﬁﬂﬂ
= 1 =1 = A W e, 1 - s 1 [ = r ar =y
e uReI9599) Waase lantulimsna]ulunawdvaduuinndl 11judsAsuerdyg uanin

> >
vinduil idudygruduuia (enable) WA 1993 CTRDIV K %4 2 2993

30



31

[ 1}

o8 -2 ——085C OUT

*©

B

T
El
=

ven

HHGLE
Tome ~LEL
FRABLE

38! rome out

n

MMITTEA S

coLumm 148
COLUWN ?"'L"l
COLUMN 3
COLUMN 4

L-Mm" OUT

Vi
e

311# 3.14 ununTuaAsassanelulediues TCMS087

udnvesassnfnnuden >t nueri delatamiimanatumnuaniag e
Sumadedoia i 10 (mue o Fozmuguhiidygunmnouazvodygyia
gy e tussfufiaunz oy drudyguiiv 2 (xmiter sw) szgmirlllgnuguliliiaes
'\Jaqmiﬁaﬁ'ﬂmmtﬁumﬂﬁumsﬁaﬁminﬂﬂuﬂmumﬂaﬁ Wetlesfiunnufinnaraluvazds
Wammavegiiuies 5aunﬁuu1aﬁqw1mﬁaanu1mﬂww CTRDIVK Wi 2 szgriinlildhaees
/A Wemlaafudggrugindumniianinweganiulasiiaermnuaswsdygyuie
uuMIBRRignnAtiues

mniﬂﬁ 3.13 nsoeATHaTEMNINDITIIUTaDSA 0 uazluuuInedutieztionuf
aosn 1 feiuddesndadygupTME eenlilislu TnsnewTns masiszdoeh i dyyrany
oz sdlromnaaviua it o taz 1 audiy frdpanisdadyy
DTMF v8sMLI0taY 0 11037 2.10 munwiay 0 agluuoaiia nofunifiz deuunaits weiidudi o

& 4 1 A 4
unznoduid 2 sediiudiu 1 dmiumunoavduqezihuldawgdh 3.5



COLZ=1
ROW4=0

CoLi=1
ROW1=0

COolLZ2 =1
ROW1 =0

COLI=1t
ROW1 =0

COLl =1
ROW2 =0

CoL3I=1
ROW2=0

DELAY = 100
(300ms}

CcoL1 =1
ROWZ2 =0

DELAY = 30
{80ms)

COL2=1
ROWZ = 0

COLI=1
ROW2 =0

i [ o ) 1 A W
117 315 Tdawsauaasnisiiouvesldsunsyludwsessnisdudadygnu DTMF




1 4 o 4 1 o o w
ﬁlulﬂﬂﬁ‘?‘l&ﬂ‘lﬁﬁﬁuS‘I‘SmL’JS‘\JBﬂﬂ‘IiL%ﬂnG\EﬂMTﬂiﬂ'ﬂ‘u Insamesny TCM5087 L‘ﬂu

Fagiii 3.16

-
P P - 5
“Eiizaan i
=3
J-F 1l d=+3F+3 Ll W] i tal
: Vbl A ] 1 B
HANG (7 © i 1o rzo = = ROWA =
BUSY & =4 P11 781 =1 pows
GET O Lz raz b2 L1 B .
o : a3 22 1: ': ROW? B
N1 © ~q Pld 114 = —JcoLa E
™2 O 2l prs pos P22 cous B
N3 O 4 ra oy kil LI
M4 O L T R ot
vis
o 802

ATRHCS2

22pF U
vl 359z
}—ilj_—mu.i
I—SLM'»\'TALI

22pl

0

i VS

-d & = ar
719 3.16 umAsIsANilATyY I DTMF

or & A
3.5 29I HNMTEN

-3 o = A o A &4 - ar = -
Todiufnidva 1sD2590 WileFiusindualuaszga 1sp25xX Fa teFfuimdveiidy

& o = oA ¥ ¥ d aw w = <
’J'NJIN’IﬂTj‘UENﬂ"li‘UN“ﬂﬂLﬁU\‘l!.l,'U'U‘i.ﬂﬂumﬂ ‘]NHﬁﬂﬂﬂ1W1Nﬂ1‘iUuﬂﬂﬂWﬂL&ﬁ:‘,NﬂﬂﬂﬂiﬁﬂﬂU

e ’ ' C- ) ¥
ﬂ'lU'uﬂﬂ‘l"lL'iU“U\‘l1UﬂTIﬂ'I‘i'lJuTIﬂlﬁU\‘lLL‘IJ‘UL'ﬁNL‘I"lﬂ

3.5.1 quantiived 1ISD2590 naz ted lumszga ISD25XX

W lemAvad ndurdeuisntiuninuaziaunduld
hidesfigunsafilszanleFoun Usznauswnwuen
Lidosiannszuuiutasuie %14
HlszanEamlumstudnuozundu Tavlhdos 1dmdeudud wiadeq
FWINABATNAR (Cascade) M Lﬁmﬁmﬁqummﬁ“)ﬂ;uﬂmﬁm?’aya'lﬁ’mn{fu
awnonsugumstuinuazaundudniuiasnouInsanes 1@

silalavdn luiddle W SastudinnSodunduumedu )
arunsosfiuaud 1318 um 1007 Tavlidesiinummaidses
awsnufing 1188 100,000 33
st uuadygumuelud

1 ar = Ll -1 A o
awnsnldsunsuaruqumsaundudsestindey imewangduuunis 19w 'la

33



34

o 1 a ; 1 1 o
- szozna1lunsiunn /I undudeud 45, 60, 75 Uaz 90 W1N A muAILes Tuasz)e ISD25XX
ae b = ' a a v A Jh QP % . IO
nquaiaaieisueglutedifivedadioail Seiliwdenis 1o lediudinges
A o r o = v e d @ g o -4 o
osvindaua 1993vutodygiasin lulas Ilusutamizsdanudeyadsiimstinfinuazduaen
d1Ina 185 1 I ledikvsd1Ruinuands
¥ ar s = as = o o q
Tdmveanstiufinuaz sadudeyadus 13 u ledtusinFuaiu Yoyaszgninu1ily
wiheamsdidurasuulideansussdudsestoynluligymie (Nonvolatile Memory Cells)
o o - 4 aa o o Y [T ' [V |
Tavnidoe sndusdedguauidiudygmezurfon (Analog) sxgniiudinlilumiseiafu
ar o = a o -
Tavass Tavorwuna TuTat DAST (Direct Analog Storage Technology) LDz m‘swmu%gmﬁuwx
w o w = ar o 1 o & o YV o = Py 1 |
gnianuludnuasAdiudygpaszufsnagrudnioh ddygisndoen lannmsaundudl
aa g a o 1 { Y o o =,
gurutamdaudusuiadue i lilnszuunnldoudygaesundenidudyg ndines

(Digital) 141 uHu TR

Mernal Clock Tunmng

XCLK o

Sampling Clock }———I
5-Pole Active
AMNA N o— Antiatianing Filter Annlog Transceivers

480K Cell
AHA OUT o— § Honvolatile 5-Pole Active
{5} Muhitevel Storape Shioothing Filter
MiC Pres & Areay
MIC REF o Amj 2 $P-
Aumomallc m
AGC o & Gain Control —= SP.
{AGCY
Power Conditioning | | Addrews Buffers | [ _pevicecontrot |
o ] -} 3 .} > 0 @ b & o a » 4 d -

¥ea Yasu Yap Yoo A0 A1 A2 A1 A4 AG AS AT AR AS PD OV PR CE EOM AUX W

= -
93#7 3.17 vdenleezunsuniwinvesled 1SD25XX

i A4 o

11ngU% 3.17 urasufenlaezunsnnivluves 1ISD25XX iR anguien lassunsy

g g Y ar =] 1 ar [ [
udrnidnunzadroadaiuasyge ISDI2XX / 14XX 110 winuaiiauanasiuegludiuves

q w o 4 S wa d& owoa d fa a

vdanuamasmiviMes wazudendiunisadugy wenviniudsiudendadndnddygmduya

¢ o A e o B w P v 4 d 3 - B
vounwwesuenilnululed Wevnmdenfivvuudygangriuinful wfevuodygu

v w [

vinnwueniivt AUX IN Fenuaiifudeunndisves 1SD25xxX fsmarasdoyanisdmnisiuiin

dggiuvesledluaszga i lumswh 3.1



a w @ v A ! d o
maﬂam ITHSIATUUND ﬂﬁqﬂﬁiyﬁ‘j’]m AITHONHTIINITT ; ﬂ’é"lﬂJﬂﬁﬂAﬂlu'lm
i

N19DOUNE ns09  wminielu
1SD2545 453U 106 Aladsay | 45Aloadsad | 13653 Aladsnd
o =1 = =y o @ a o = = o
ISD2560 60 UM 8.0 ﬂI'ﬂl.E'iFl‘]f 314 ﬂT'ﬂLH‘iﬂ‘h’ 1024 ﬂIﬂLg‘iﬂ'ﬂ
ISD2575 75 530 64 Nladsas | 270loidsms | 819.2 Aladsad
1SD2590 90 Juh 533 Almdses | 237Tadsad | 6827 fAladsad

o ares o4 ' ar 1
@15797 3.1 auaviiani e taiuananiuvesledluaszga 1SD25XX

& " by o wa -
insduvesmsinutiudasiianudhlanienswiwazidvave sguaniidnmanaila
b r
voqloFaszpaiidvneudawansluatsauaasguautanidIddluais e 3.1 swazidualy
= o o ' Y v W A ¥ o 4w o
asedilinamddgundents luamdusalunseenuuuldnuuaznisioudesdu Tund
= EU ¥ ' o = @ o o ¥
1xNA1IDINUINNIG IFIUYBINAAL Y THINUA LN IEHINNATIDINITAIUSIINAINAD 1S
Tufindus sanisiieueedazviazwifvewaazyniulauddguinndl iz ez
a ¥ ¥ o
A lod 49 Idedegndesuazilasasiy
- s sa aAd 19 w
11 1- 10 viuaatasauas TnuadunaszdogaoalenFunIuegiusz dUTaIa ey MSB 184
P = o g =
ywemnsa duoansalauonasavilsresass MSB iHu 0" Suyafezilsngiuiueaasaila
Aanuanaz Miuueaas enSududmivaessunstiufinuazidundy  uazvueaasTaziinns
o o o = -~ = Py 1ol
uanglavyeuuraaveswasiin CE Tan gy 1" vimemara / Tnuadune wwwduegh Tnua
- & o o <
Tafanuauaziiamsuaadiifoveusiastlingfivi CE
ooy ] ar & d oo 1 4
v1 11 wdlurfudunaninmeuen FuilumsiodminddygiurmeonTunisemya
[ 1 o o : ° e;‘a J § =
voaNssvn Iuuaz fuasngio myas Ine Tastuasuntavieibiatiudio CE daniug
1 oo - i A o ' a 2
i “17 eseuvesmsiaunduivzfugans wiadledygruituiintigndundusunuaduuda
UnsAeATAAA ISD25XX fuMaladl v1 AUX IN wzqnldaadiiudygraaunduiisanyion
L4 a @t - Y
Vi MRAd Inavasrneuniiniesndnsn
Qe = =t s ' o
11 12 uaz 13 Tasguaniavesls 3. luaszna SD25XX sxlintsuuniusznilans 1DAYD
& d ar an 7 o o 1 w o -
dygrueudenuasdygnaamoa vinsansaesiizgnasuasdalinwlumdivedled. nn
¥ ¢ o iy =) o o o o ' Ao A A do A v
Ty s nafsaestissidendefuns aavauneisanawluaunindufivausdnie 1y
a W o b e ) -
desn IifrswssduRuandeiuIE I 1IN 1NATaTres
o r = o =4 [T
114 uaz 15 uviemyadoenndi Tns lunszna ISD2sXX 6 1eiieesfudye o
' ' g P ] [ oot 7] - @ @
aanaeangd Iwarelszneveyiudile 3. 5vufesndy TavilnawawnsolunisvudiIng

o vlaf & Ao o o e o 1 'S o : qw L] ™
MR 1A 50 HadTnd flvaadring 16 Teviu vided Inaemyadieassiio Tude vuuiu

1 Ay t g ar 1 ' e as ar
TavaswAnviadiedesgnldrenmaaiunaiwads uaz lumunz lunsaed Inenatodvuiudy




o o o 1 v oo A A w ] O ]
NI INNHA 'IJ11611’]‘7!?1?!11’}‘1Qﬁ']iJ”I‘jﬂ'ﬂE)ﬂ'Iﬁlﬂﬂﬂﬂﬂ]vl@.’]f.ﬂﬂﬂ’ﬂﬂ lapasy 1'W‘§1$1J¢I’JLﬂ1J‘ﬂ‘i$g

»
sutldssgninluGouden

-:1' ¥ Iy U

a Y 1 s as o
1 16 uag 28 WU ULs IR AD N AUA N INTE NIV VLT IAUTP T BUTADN
ey 4 1 as o ar a d’ 4 o
uazeasasaenmlsznovegluda’le F. 13uns sfudesns Irhidos +5 TaduasAsadunsedu
TW@ssRlidgygusunauamm
v o @ e Y o [ L a ¥ v =t ~
117 9xudganmduyand wide lu Tas Tvundadeinudygeadigaas i uend 7
dsznevegniwiudale & nwluilsznoudirevsaiugusnsinisuesdaludd (AGC) Tavasesdl
wimihiimuquaasimsveeesasestFueni Iiisasnsveweylugie -15 §1 24 wha
»
uTas unisuenezgnimnldsiudnfussynisuenudnrunzoynsufiue 17 A1rTuywesdd
ar q" a v o 1 a ¢ oo * =~
Mgz yAulasssimuadilas s smaudunu 10 flalevfunreegninluy 17 veele &,
A o g @ e o - - o
e lsitnansAnaanfiamom

]
=

Vs 'd d Ao d ' v A a 9
1 18 szAatinfunsndewiden (4 ) Tasldunvlizyaneynsuegnawmeniviim
fdadyanusuniuianii 10 wdua
= A @ =
11 19 uvdunaieasuguasdiusasinisvoisvesdSueud luTas Thunisdu
o, A ar % - o LY = = d’ 4 1 1 o
Tawdnie s dudgygpaidinstuindanuiafivulosige v1AGC szdesassufiy
< A o 1 = = Y = g LR v e O
qUnsel R, C tiefimuasIaIasi lastsmawdwmunioly 5 A lalevunaz szdes duaun
= & [ 1 1 A l:: o d' 1
Uszymuuendnnilsdruanindeuden amfimzauinasaimua 1 3namnudun 470
- o LN G
Alalovumazdnfiulszy 4.7 lulaswrsa
& ar i = v a d ar &
v1 20 15U dygrafidiuisssyTuendesnumisu 21 Tasmud uduilsegdudas
as 2 o { 4 Y o ar a a
mvuendulFedyanandifiv 20 tkerudygnad ldinsiudan iawluaale & Anduilssy
o a’ d’ 9 at a o o o M g 1 = - 4 2 =
Fuddsnmeusnilvzdesduduiduduainnudiuniunwlun 3 ilaledy Fududuna
| o A — o yﬂ deg ot o
suiiaudiiesziliidursesnsosnmudd wunouinesd
d o =y Vo o
1 21 duvneniyavesasFuendvedyeuein lulas Iun 185un1sauquéa
AITVEWIIN T AGC Muluuds
Y a o o I 4 voa 4
¥1 22 dggpaiad <07 veilnngesnnmaviemnadiiedunisuaasiduganisay
ndunseniwnnudnwludile 5 1dgnewesnumuaud e szumaailuaniznyanisiau
W a o o W = 1 @ o & A o d
ndu Wadia 1MNA1Ine) OVE HezvwIiiuvt CE Sumpauniiu pD sg Idsuiadiiariin1ssidn
- 1 ar 1 q‘: o od g a o
uaziTyRIeUMsaUNAYINIBnATY Wadne OVE Hannsnldfisudunisshauaes 1SD25xX u
dada U 1 dilegnaemimnadusgnaiuda
o G o o A g ) o 1 ' o
Y123 31 CE 9zdns Wiudygnaniad 07 e lfifansndnuniasszyismaaundy
o = = o o a o ar o
uaznEiUANYWBAMI T8uNALaz Y1 PR SunpuandaRadyeuvIasuasRadn CE
iy ta W A At @ oo = ad a
v1 24 Tuvazit hiimsiiudnndadundy fiva pD exlannsduy <1 faadunisshun

& g ﬂd - as c' ] =t _d' == + @
JEAUNITE UL ﬂ'@ﬂﬂ'lﬁ\?\i'luiuizﬂﬂﬂﬂl'lﬂ“"] iU OVF Hﬂﬂ"l’wl,‘ﬁ‘l-l 07 NLTANDINIIAUNAY

36



Py oy a - s d - d 4 @
Auganstlangiu vi pp Undendin <17 of TuvunindvzgnTidanozsziSunszniumsiiuin

Ed
o

nioaunduInudnady
; w o s <
v1 25 (fudruveagUns el non - volatite AW ludle 3 Aoz ldimuanieszynisduge
d ¥ o o o & W ¢ A = ' W
vaepAufeyaiiinisdudin 1 Eom Hwldeviyaeenuuilu <07 e doyaignisundy

4 4
GERGE

o - A o ' a '
1126 WunfudyeuuiRninsuemAef muasianud Fygrauiinluns g
L3 ] = oar =y U s o 9 é uz Y
dygne ualavdnddygauidn lunsgudggiagndmualineluuds Feelbvuiuy
=, - 1 ar d.y - ] A 9 o ’ q’ [T o
gaingimouennieduus s iidsad Tunei nslFamdnaudszse 26 Hulhdunimdves
Widus
C o

1127 dioviBunaaruguanaundunaztuiin1dfuwad <1 wwilurssevvesnisay

= w o=

ar a2 ar ar
ndu wazdniluwad 0" seiflunisidonissaunistiuin 1145 uRasHveuvinevesy CE auilu

oo P
NsHaRTIUNanY P/R

A o ' é a ] 1 o o =] =1 1 = ~ 1 o
mamsmﬂunﬂauwwaﬂmﬂuagsmmuﬂlum’wm 31@.“]1’.1,710\'1@{11%(3{13 SJﬂTiﬂﬂQ‘IJﬂ‘iﬂl

muwensudasuiniiiuniswizlssyndele § luasggaii U 1F

AAA
41y l Yy I
4: 4: F T
:-uk q.wk ~ Qo Ria | bis 16 q. 18v
lik o
LE bid -
START| 1
RENET 2 = “
MK
2 1 i
a1 wF
‘: " g il N ey
ES ik Blik 3 i
F3 H Z E - 2
] E [ in k] %
5 28 &0 ?-f\ 5 1 o
I | ‘ - £
4 p
]
12 " 6, uF
13 ""‘lm
g 5y b -2 28 il I

+ = "k £ F
[ Y (LY

7U% 318 eestiunnidos

A ' o o P =
3ngU 3.18 iunsae lod 1sD2590 Tu TnumiuiinnTowdvamarudeniuds Tavnd
3 ¥ N o =S
w13 Ieuvesleddaiivefiogdroiu 3 wunfe
1. matiusindanwidveidy Aemstiuiinfiazdenmeindeniwd 1 Tuvdsdonaw
4 =y = ¥ @ d’
gefs TBnsideudonrmniludsil
ar a o =, A o ]
- Houdgygraiaduaniivi RES e Siman1svita

-, 5 - r o
- flonTran (ae3n “0) I PR et g siuiindaniy

37



"ﬂ & w_d P 4 ﬂ w A ¢ e & ™
- Peudygranfasaviiv ST merihudyg asuduiuiinden 1w 1
- yatonnd 1 el
{‘ o - | A ﬂ o Y w & g o
- floudygmiataunu ST edludygraduganmiuindonaui 1

"ﬁ LY v d i . A ﬂ ar - ) ]
- UaUTIIUNATAUNYI ST (DL HAHPANULTHAULUNNUIRINNN 2

watoauh 2 agldamaw

o o & o P o e - o
Houdggraiadavin ST iRedudygauaugamstuiindoniwd 2
A4 @ o £ 5§ E do o - - t 1 oA 49 - =
Woespsmstiunndanuh 3, 4, 5, . Adduuuay TS esquasdiduiveanusianuan
LY q‘: 9 t =y A o Iy ¥ o 9 9 - | ) & 9
Tunn Tl duezdes liernfunaii ledsmua Biimszdniufindonnuuiuiud ez ldtan
de o .
nsnftiunn Tl laudea i lndtufinduas luviues
2. M158IUYO AR A ApMTauYen 1IN LA IRUF AR T | sudIToR I

ganelaviEnse mtea i mudaudedl

r

@ ar o - A a
HoudygusiaduIni RES mediamnisvia

Ll A H L
Houlnuan @adn “17 a1 PR odhgnise wdena

@ o o o d |
ﬁﬂuﬁmm?m‘ﬂﬂ’b’ﬂﬂﬂﬂ‘l ST ﬁﬂﬂ?’m'ﬂ 1 nIzgNaUaanuIINTY

]

ar we o = o d '
ﬁﬂuamtym‘wmaum] ST 'ﬁ’ammw 2 ﬂﬂxgﬂmuﬂaﬂmww

A g Py o dq S o o a 4 ¥ o
Wadsaninaudenwd 3, 4, 5, .. n I unay lilidesqsuvuayndaaudrwuz i

¥
ar 1 1

ar ' "o ' = o a 4 { o a3 o A
Yonrmnuauegis iy SilmsteudgyguWadauiion ST Yepruiimdsanegioygaiud
ar q ar a o - o o o & ' r P
wilsufiun1sPAUSE nazflefloudygruwadauiiat sT onafsdearuiunszgnanseningu
Tanau
1 o t o M v 3 - 18 ] dy 9
3. Mstaudsauy Bisesdwu Aemzantennudn 1 nFarautennulruneunla
] e [ =] ) &4 ar .::' a . 3, '
laglidaususdiduawnldiuin1y Tusldwdnni1siilunisiiness Voice PR 33015011
3 15 o as Y o o‘: o ;
Yoanuun hifvsddu e iuasudsi
a o d - i ~ 3
- Houdgygpasiatuanfiv: RES meSammsvineuy
= ] ] [
- Houlvun @esn <17 Tl PR iedhgnseteRIw
- Ey ] $_ 1 A 2
- floulWuan (@adn “17) Ty SHIFT it gmisdeudanii

o . E S o4 L4 .
- floudyopuwadauie ST | afuneFudsutannuly 1 vos

Hou'lwa @adn 0" w1 SHIFT rod saunsaaudon
- toudgygaiadauiiv st fonanui 2 fazqmdusenuiouey
snfingudlumssmtonud 2 e adesmsnszlaalleudonwd s galdve
Foandeii

= o 9.9 4w F] 9
‘ﬂ’ﬂ‘uulﬂllﬂ]ﬂ (@anapn *1™) 1}1'1]"! SHIFT !,']‘lﬂLilTﬁIﬂ’l'ilﬂ@Uﬂﬂﬂ?ﬁJ

o o - o A4 4 4 '
HoudmyaaRagaviiv ST 2 afaReduiouteninll 2 vos

- 4 d & 4
YaulWau @ain “0™ 191 SHIFT tHarSadun1sdoutan

o w ] = o 1
Houdyanaiadanfivg ST $aa11H 5 Arzgriaussniouy

38



M3Sasdey MBI HIE 1Y nrssuliliSead iy
VBURA e 11BUNA anng TBUNA anne
& Qi ar
41 RES WaduIn 11 RES Wadruan U1 RES Wasruan
VPR 0 U1 P/R 1 11 PR 1
e o w
ST Waday VST Waday v SHIFT |
K" -
ladanun 1 W1 ST Ay
¥1ST Woxat Havorui 1
¥ SHIFT 0
— — ¥1ST Yadal
V1 ST Wasau A1 ST Waday

Tddon1ud 2

o o
NIST Hawau

) .
HAatanud 2

Y1 ST | Yaday
Tavan1un 3

v1ST Ya¥au

w o
18T Waway

Hadaa11u9 3

Hadoaad 2
17 SHIFT
U1 ST
18T
41 SHIFT

Havoanui 5

o o
wWasyay

@ d
Hasvail

AJ At a - 1
A1519% 3.2 TEAuAuMsTauYe ISD2590 Tu Tnuaiudinuiamwfvsvandoniw

RES I I

PR |

ST |_|

[ I |
REC

L

¥ r
e TLT A

FUT 3.19 uRUQIIITIMSIEUBLLE 098164

RES I

P/R I

SHIFT

ST L_|

L

PLAY

-

7UN 3.20 umugiinaIMs B mLULG 3d 1

39



RES 1

PR |
SHIFT I I I I
ST | L L
PLAY ! 'l;nﬂi mﬁ K : @——

11 3.21 umsgiinanise S vsddu

™
ar

* 4 o o at A ' a ar
Iﬂi\?ﬁﬁ'ﬁ‘ﬂ1\‘1815@“?5ﬁ'lﬂ'jﬂﬂ’l‘ji.‘h’@ilﬂﬂ']dﬂﬁﬂuﬁﬂ[ﬁﬂﬁl%’]ﬂﬂlluIﬂ'jﬂ’ﬂuIﬂﬁﬁlﬁﬂguu

iudeagii 3.22

ANA
Wy
AMA
Wy
AMA
Wy
AAA
Wy
AAA
Wy
AAA
Wy
AAA
vy
3
=3
3

] .
i & [ W
H & < L ot
sl b4 wlp ot Lolol ol duls >

I
i W

+ -

EE o

. . = LE, 2 b

Farc R v
. F
v - .

O = I

Wi Hi
G =t
120 =
O =

vk o iy

Lo SHTI

H AnL

Fi

t
£ raa el
732 fo -

CLawe

=] A 2 J - o o @ &£
3UM 322 nr¥eunasznin luTasaeu Insamesiursesiiunmaos

dwmsumsitouTlsunsuludumuguearduawdvoiueeidaunls N JdudulsHitdsu
1 o_w W e o ' A o g =4 | =2 A o o= o W
arasiidudanmfissiimsiean Weduamfzes “0” Tfivy MUTE tiodadsssuniu lild
b ar a w o a P A A o
son lawgawTasimd udrhmsadieiaduanfiv RES nilsgriweadirans Hameaei99s
w = o <& § ) ) o o =
Sadios snuszdalfan suFr iy <1 iedhgmadeudeniw uazdnsadioiadaufinn st
o 4 4 < o § e = 4 3/ ¥ a
119U N g wedeudeniu niduszdeliur SHIFT W «0” Heundnnisideutsanuudii
Y ow f ¥ = 4 4 @ o 8 o A
nadudadaufinr ST 1 gn udrds “17 ldher MUTE iadegeiu Insdmdidifuias dadus

- | ad [ =
MWITDALTINNIZIAUVBA LN N 11U

40



fiddudonnu

o
Wt N

y

MUTE -0
afuwadiniin

»

RES 1 Af4

Y

SHIFT -1

adrindnuiivg
»
ST 1A74
N =N-I

SHIFT - 0

Y

ar =
A raWadauTiv

ST 1 adt
MUTFE =1

v

InUnIeImY
o o
donnumeds
FI5-0)

DITGR S RERLTY

~ J o« o ¥ o 1
717323 Tedadmdmuaaamsitamves Wsunsylummmnquuesduawios

5 ar ™ 4 a W & ¢ o M s ar o v AW -
ﬁ'\ﬁiuslu Lﬂ5‘3~31uuﬁ3uﬂ1§nuﬂﬂlﬁﬂ\iﬂg 201810 A% 19UN O WTUHNNNUDAITULTD
o - o w o v &y = o a a o 9
* ‘Uﬂ.lxullr;g‘l,]ﬂ‘gﬂ LAZIALUN] 1ZUNNNVUDAITULEEI ﬂﬂlzuﬁﬂﬂl“ﬂql‘lﬂu * Iﬂf}ﬁ—]u1‘§ﬂ1‘ﬁlﬂ]u

TanTasunsurufandi emergency() 1994 Foen1siamTosdiduf 0 sxdoalondds emergency(0)



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



50

4.2 195 uHadRe U DTMF

WinsAsdsvsaugli 3,16 Sadgygiaemivafi 18vinet 16 vas TCM5087 sx 1ddygnu
DTMF in1da1edu Ivesusaz oyl

Tok ST t00kS/s 32 Acgs

+

H Ch1 freq

i 1 1.709kHZ
i Low signat
| amplitude

Cht Period
585{!5
Low signal
amplitude

PR I S o WA

17 Jui 2005
13:23:33

{ o ar A
717 4.17 uorasdny wy dgygm DTMF ienanuiemy 1

Tek BIITE ! 00kS/s 17 Acqs

Ch1 Freq
1.987kHe
Low signal
| amplitude

Cht Period
503.3us8
Low signal
amplitude

BT r— 1F B4 TV o ) v 11712
um " jul 2005
{38:04

d =4

< o o A
'E“IJ‘H 4. 18 uaAaganyaz M DTMF tonaitiieiay 2



Tok BIITR 100kS/s 17 Acgs
- e S i R ———
Chi Freq
T 2.17d4kH2
tow signai
; amphitude

i | | 7 L ".‘ Ch1 Perlod
AT A N\ g [ o
\g/,\ ;/:\V o s‘f\v/\r amplltgude

RV ‘ T3 m
17 jul 2005
15:33:18
c; a o A
U 4.19 uarmadnymz ¥y o DTMF dananiuay 3
Tek EIIEH 100kS/s 8 Acgs
b T}
; Cht Freg
o 1.835kHz
: Low signal
W o . 1 amplifude
: : Ch? Perfod
545rs
Low signal
ampiitude
j -
i
|, ........
[ : 1
- e M S i i
5e0mvay M 500 Chi 7 Eimv
L s ™ g Tul 2005
13:d4d:05

71U 420 saRsdnuaz dyaa DTMF ianavuioiay 4

51



Tek BIDTR 100ks/s 4 Acgs
o - T}_ —end
T I T !
B : : T chit Freg
4 ‘ 2.094kHz
4 Low signal
; amplitude
Cht Perlod
477.5p8
Low slgnal
amplitude
1 R\ B B1,7.7VT I o ) M iy 117502
17 Jul 2005
13:46:14

< @ o 4
zﬂ“ﬂ 421 uARIDNBUT YW DTMFE hanavuneay 5

Tok I t00kS/s 7 Acs
l, [ J _T_ } ‘_. ' o I._ — E, .
Ch1 Freq
] 2.222kH2
) Low signak
H amplitude
1 ‘ ‘ 1 chi period
450]}15
Low slgnal
amplitude
WS SRS R T TRy

d' L G A
zﬂ?‘l 422 uaadnnsus Y DTMF BJananimay 6



Tek DI 100ks/s 205 Acgs
f- [_ st e e

i H T
i

LI e

. . Ch1 Freq
f : : 1 2.043kHz2
- . . . 1 low signal
ampiltude

Ch1 Perlod
489.8uS
Low slanal
ampiitude

I

[ 1 | LT W3gts ChT 7 5omv

Jul 2005

17
14:46:486

A o Y A
11% 4.23 naAsdnune Fyg s DTME ianavuismy 7

Tok SEIE 100ks/s 4 Acgs
PO e

L Cht Freq
> 2.198kH2Z
i Low sigral
amplitude

Ch1 Perlod
455{5
Low signal
amplitude

ki 12 (] I 11717 0 7,702
i 17 Jul 2005
14:51:26

‘!‘ or o A
U 424 usrasdnuus Fyanm DTMF onanu sy 8

53



Tok B 100kS/s 23 Acgs

T T T

Th1 Freq
2.29kHz
Low signal
amplitude

Cht Period
436.74s
Low sigmnal
amplifude

¢ £ | L TV — B T IV ol 11 RO S 11T |

= w w 4
E’lj‘ﬂ 4.25 neadnnuMs e Iw DTME lWananuiiau 9

Tok 100KS/s

Ch1i Freg
! 2.276kHz

Low signak
] amplitude

Ch1 Period
439.3us
Low sighal
amplituda

i T L T
- | ST WME00Hs ChT J KOV

17 jul 2005
15:17:38

717 4.26 vamsdnuudoyeo DTME danavuioay 0

54



UNA 5
= d
unIosamazunayl
QY o o =t ar 1 A A a =
TuszumdeududiunaInsdmziinufoude 2 diu fe ilsilfynynuierlaifamas
B’J o o 1o - a2 a2 o Y

Tt nsasasiudyngnezlfiaessy - didggnadudsuse vasrsesainduiivndn §msu

o a N; ¥ a ar o
miasaedumds Inlduez 1dsas e duaiuiaz1sesasieiunlan Iy

TawinmisAaderssmures nwhasnaduamgedien dadl
- 29955 - dedggnaduds usa Busnuminn

3

= A =] 2 -
- dncamaimanliusnulseeu
- esasTiuaSuuezgeses e sul o I A luuSnafiFeme mnfamas Tral
1 4 ar arsa = J = pu

TuaIuyesTAUgUITae s Az 4995 Na Inseenda luddlddad s i lunSnff
o o

a0 InsFun
A ayw ] = o TR L4 Y = P J ¥ o
wiadigynyavsafamgwis vy e nvsmumesasaivauialnaffiaiu 14 vei

oo

~ a 4 a ] L 1 -4
Tnihdufavasdndie Faedibilylssaoulnsamedinig Inseen ludmuoauilédn
o ¥ ) " Adae oA ' w o ] w ] g !
mstiufin BuarduoefituiinPBeen ldmudaolnsdwd Tuvaiziduafuszunfaziinisds
as =] o J 9/
Fyyaawdoufvinnwiudhudi
Taglumaoud 1 18nsnaaeiaseyansiy - dedygadudsusa, 1995 Inseen
o oo a o ar a o ar o
§nTwiTA, 293 aunseny Insdwd, 2a3a70Fyg o Insdwi uaziseniufindos
MINATIUNIIR NI IIIVTHYI NIV T AT IS UBUNT uTAawTadD - dadayga 18R es 60
= 1 ; a s £y s 1 ré o 1 w v
wuAasmiY 2913 Inseendaluddmusnadedygin DTMF 18 uadletdwisadug
w o da 1 a [] aw e o
i Insemnds hiannsasiins nseen1d ludmwesisesasndyanmanmsInsdnwiannso
= u A - Pt @ 4 - o PV ' TR
Amadgyguaiiaad 400 Hz 188 nazasestiuiindosausodmsiniouazaulny1a
= a w e 2 o 1 o &
maFeud 2 TAhmsdilyaesareiududsusaliliszos fu - dedaaaldlnaiu
Urznin 150 wudmas nazd$udiees Inseenda Tuldldawiso Inseen T duavnuiei 14
o o a 7 7 d o s
Amuald1d vazlddinsadnessarsfuaiunazivsaristulaili Faraesasaeduaiu
o YA A g a = 8 o =
anninieldiledia fulSannde e (mnn1snaanaldmsgagliuon 9 aen Tuszesd
1 [T [ = A - =1 1 = L
W10 INAINS I U ST 15 rudmas) Faldanlszanm 10 TuiTeesdafoadou daues

asvular Thzdramuiidetar I dudadus probe



MAAUIN



I /
/Y Program : Automatic warning system via telephone network /7
// Description : Demo version V1,00 /7
/f /7
/ / T T S N S T T T T N N N S T T T T T S T T e s S e == / /

#inciude <REG51.H>
skit SHIFT = P3"2;

sbit RES = pP3~4;
sbit ST = P3I™3;
shit GO = P3™5;
sbit mute = P376;
shit resetled = P3°7;

shit coll = P2°7;
sbit col2 = P276;
sbhit col3 = P275;
sbhit cold = P2"4;
sbhit rowl = E2°3;
shit rowZ = P2"2;
sbit row3 = P2°1;
sbit rowd = PB2°0;

sbit hangup = P1°0C;

sbit tonedetect = P171;
shit ringbacktone = P1"2;
sbit clearstat = P1"3;
sbit inl = P1"4;

sbit in2 P1°5;

sbit in3 = Pl"é6;

sbit ind = P1°7;

i

void dtmf_sound{unsigned char BT);

void Callnum{unsigned char num([]) :

void Emergency(unsigned char sound entry);
void iong dlay(unsigned char countt);

void sound{unsigned char N );

//**********i—*****1\-***********i*Delay**ir*****i**'i‘*t**************l—*/’/

void diay(unsigned int count)// diay(10)=34 msec
f
unsigned char 3;
unsigned int i;
for{(i=Q0;i<count; i++}
{
for (3=0;3<255;3++)
for{(j=0;3<255;j++)
)
)

.
I
r

r

for (j=0;3<255;3++
for (3=0;3<255;3++

s

}
Y/ /veid dlay



//**************************Sound control*************************//’

vold sound(unsigned char N )// for contrcl VOICE B/R

{

dlay (10} ;
while{ N »= 1;
{
ST = 0;
dlay (10) ;
ST = 1;
dlay{10);
N--;
}

SHIFT = 0;
dlay (10} ;
ST = 0y
dlay(10C);
ST = 1;
dlay(10);
mute = 1;
while{ GO ];
mute = 0;

r

b/ /sound

//’*************************Send DTMF torle***i—******************t*ir\l‘//

void dtmf sound{unsigned char BT)

{

switch (BT)
{
case '0'/*bt0*/
break;
case '1'/*btl*/
break;
case '2'/*pr2+/
break;
case '3'/*bt3*/

break;

.

{ col?

rowd = 0;
}

{ coll =

rowl = G;
}

{ col?

rowl = (0;
}

{ colsd

rowi = 0;



case "4'/*btdr/ 1 | coll = 1;
row? = (J;
}
break;
case '5' /¥bth*/: | col? = 1;
row? = 0;
}
break;
case 'GB'/*bter/ 1 | colld = 1;
row?2 = (;
i
break;
case 7Y JrbtUr/: | coll = 1;
row3 = 0;
1
break;
case '8' /*bht8*/: | col?2 = 1;
rowd = 03
}
break;
case "9'/*btar/ i | cold = 1;
row3 = 0;
}
break;
case '*' jf¥*htrr/ o | coll = 1;
rowd = 0;
}
break;
case "#'/*bt#r/ | colld = 1;
rowd = 0;
}
break;
case 'A' /*btA*/: | cold = 1;
rowl = 0
}
break;
case "B' /*bLtBr/: | cold = 1;
rowz = 0;
1
hreak;
case 'C' /*btCx/: { cold = 1;
rowld = [;
}
break:
case 'D' /*btD*/: | cold = 1;
rowd = 0;
}
break;

V//switch (TEXTIL])
dlay {100} ;//sound length
P2 = 0Ox0f;



lay{30);//mute length
}//dtmf sound

//*-iri*******************SEIld telelphone number*******************i:-dr//

vold Callnum{unsigned char num(])// example: Callnum{"(94793990")
{ unsigned char 1i;

for{i=0;1<=3;i++)

{ dtmf scund(num[i]);

}
}//voia Calinumf{unsigned char numnl[]}

//**i**********i:*t**i*****Emergency Calling*********t*****i‘*i*i‘****//

void Emergency(unsigned char scund entry)
{

hangup = 0;

dlay (300} ;

Callnum (™3345");

tonedetect = 1;

dlay(1z200);

//if (ringbacktone == 0)
{
hangup = 1;
tonedetect = 0;
dlay (300) ;
Emergency(sound entry);

}

u;

il

tecnedetect
dlay (3000) ;
tonedetect = 1;
dlay{1200; ;
if{ringbacktone == 1)
{
hangup = 1;
tonedetect = 07
dlay {900} ;
Emergency (sound entryj;

}

scund (sound_entry);
scund (scund entry);
hangup = 1;
tonedetect = 0y
diay (900} ;
}//void Emergency{unsigned char soundpl,numbertel)



//*********************i*ti*Main function**************************//

vold main{)

{
bit nl,nZ,n3,n4;
unsigned int count;
P2=0x0f;
Pl=0xff;
P3=0xff;
PO=0x00;
ringbacktone=1;
hangup = 1;
tonedetect =
resetled = 1;
count=0;
ni=1;
nz=1;
n3=1;
nd=1;

0:

while {1}
{

1if({inl==0) && (nl == 1})
{
dlay {300} ;

if({inl==0) && {nl == 1))
{

ni=0;

resetled=0;

Emergency (0) ;

t

1f({in2==0) && (N2 == 1))
{
dlay {300} ;
1f{(in2==0) && (n2 == 1})
{
nz=0;
resetled=0;

Emergency (0) ;

if((in3==0) && (n3 == 1})

{
dlay(300);
1f{{in3==0) && {(n3 == 1}
{ n3=0;

resetled=0;
Fmergency (1) :



}

if({ind==0) && (n4d == 1))
{

dlay (300} ;
1f{(ind==0) && (nd == 1}
{

n4=0;

resetled=0;
Emergency(l};

if ({count »= 15000) && (nl ==1)&& {n2 ==1)&& (n3 ==1)s&
(nd ==1}))
{
resetled = ~resetled;
count=0;
}
count++;
1/ /while (1)

V//void main ()

&



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA Rl by

n

Low—-Power CMOS
lonization Smoke Detector IC

The MC14467—-1, when used with an ionization chamber and a small number of
external components, will detect smoke. When smoke is sensed, an alarm is sounded
via an external piezoelectric transducer and internal drivers. This circuit is designed to

MC14467-1

operate in smoke detector systems that comply with UL217 and UL2EB specifications. P SUFFIX
. ) . PLASTIC DIP
= lanization Type with On—-Chip FET Input Comparator CASE 648-08

+ Piezostectric Horn Driver

» Guard Qutputs on Both Sides of Detect Input

« |nput-Production Diodes on the Detect Input

» Low-Battery Trip Point, Intemally Set, can be Altered Via External Resistor
s Detect Threshold, Internally Set, can be Altered Via External Resistor

ORDERING INFORMATION
MC13467P1 PLASTIC DIP

» Pulse Testing for Low Battery Jses LED for Battery Loading PIN ASSIGNMENT
» Comparator Outputs for Detect and Low Battery {16 PIN DIP)
» [nternal Reverse Battery Protection Comg_‘”gﬂ 1@ 8] curi-z
WiC E 2 15 ] Detect input
Low V Sel E 3 1 ] Guard Lo-Z
Com'p'f"&'{ 4 13 [] Sensiivily Set
Leo {} 5 12 |} 0sc Capacitor
Voo [| 8 1 [] siver
ros 7 10 [] Bress
Feadback [{ 8 9 f] vss
MAXIMUM RATINGS* (Voltages referenced to Vsg)
Rating Symbol Valus Unit
DC Supply Voltage Voo -D5to+ 18 vV
Input Voltage, All inputs Except Pin B Vin -0.25t0 Vpp + 0.25 vV
DC Current Drain per Input Pin, Except Pin 15 = 1 mA | 10 mA
DC Current Drain per Qutput Pin | a0 mA
Operating Temperature Range Ta — 10 to +60 °C
Storage Temperature Range Tatg —55t0 +125 «C
Reverse Battery Time trB 5.0 5

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

This device contains circultry to protect the inputs against damage due to high static voltages or efectric fields; howaver, itis advised that normat
precautions be taken to avoid apptication of any voltage higher than maximurm rated voltages to this high impedance circuit. For proper operation
it is recommended that excapt for pin 8, Vi, and Vo, be constrained to the range Vss < (Viq of Vo) < Vpp. For pin 8, refer to the Electrical
Characteristics.

REV 3

@ MOTOROLA

® Molorola, inc. 2000



MC14467-1
RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg)

Parameter Symbaol Value Unit
Supply Valtage Voo g.0 \4
Timing Capacitor — 0.1 puF
Timing Resistar — 8.2 MC
Battery Load {Resistor or LED) — 10 mA

ELECTRICAL CHARACTERISTICS (voltages referenced to Vgs, Ta = 25°C}

Voo
Characteristic Symbol Ve Min Typ# Max Unit
Operating Voltage Voo -— 6.0 —_ 12 \
Output Voltage Vou \
Piezoaiectric Horn Drivers {lgy = — 16 mA) 7.2 6.3 - —
Comparators {lgq = — 30 pA) 8.0 85 8.8 —
Piezoelectric Hom Drivers (lg = +16 mA) VoL 7.2 -— —_ 0.9 v
Comparators {lg = +30 uA) 5.0 — 0.1 0.5
Output Voltage — LED Driver, ig_ = 10 mA VoL 7.2 - — 3.0 v
Output Impedance, Active Guard k2
Pin 14 Lo-Z 9.0 — —_ 10
Pin 16 Hi-Z 9.0 — — 1000
Operating Current (Ry;;s = 8.2 ML) lop 9.0 — 5.0 9.0 uA
12.0 — — 12.0
Input Current — Detect (40% R.H.} tin 9.0 —_ — +1.0 pA
Internal Set Voltage
Low Battery Viow 8.0 7.2 — 7.8 v
Sensitivity Vet - 47 50 53 %Vop
Hysteresis Vhys 5.0 75 100 150 myv
Offset Voltage (measured at Vin = VDD/2) Vos mv
Active Guard 8.0 — - +100
Detect Comparator 8.0 — — +50
Input Voltage Range, Pin 8 Vin — VSS -10 — vDD + 10 v
Input Capacitance Cin — — 5.0 — pF
Common Mode Voltage Range, Pin 15 Vem — 0.6 - VDD -2 \

# Date labellec “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.
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MC14487-1
TIMING PARAMETERS (C = 0.1 uF, Ryyqe = 8.2 M2, Vpp = 8.0 V, T = 25°C, See Figure 6)

Charactaristics Symbol Min Typ# Max Units
Osciliator Period No Smoke ta 1.34 1.87 2.0 ]
Smoke 32 40 48 ms
Oscillator Rise Time tr 8.0 10 12 ms
Horn Cutput On Time PW,, 120 160 208 ms
{During Smoke) Off Time PWgr 6D BO 104 ms
LED Qutput Between Pulsas e 32 40 48 ]
On Time PW,, B.D 10 12 ms
Horn Qutput On Time ton 8.0 10 12 ms
(During Low Battery) Between Pulses tof 32 40 48 ]

# Data labelled "Typ” is not to be used for design purposes buit is intended as an indication of the IC’s potential performanca,

Voo

i_@ PIEZOELECTRIC
g HORN DRIVER

Voo
1 - n
LOW BATTERY COMP.
BOK ~
3 LATCH D D
o p 10
1
> Yoo —WA—=~1 osoiator
1045 K g I TIMER
12 Yoo
5 l—o [
= s
13 | | =
o +
| LATCH I LED DRIVER
N25K > -

15 1

A

+———0 DETECT INPUT
Voo

Ne; o 10-Z btz] 16 T HI-2

+

/ ACTIVE 'T
GUARD

Figure 1. Block Diagram
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MC14467-1

1000 10,0
== = AT
Viop =\9.0 Vi Ty =25°C Ta = 25"C
_ h)
< 4
£ 100 s et 3 E 10 Vpp = 9.0 Vde or 7.2 Vde
sl Vpp =72 Vde = a ‘Lb-ii"'z*
& &
e [
4

3 4 2
z =
2 10 2 01

] =Y 7 P-CH SOURCE ==
o =} +- ANDN-CH ——

SINK CURRENT____]
0.1 0.01
0 1 2 3 4 5 & 7 B 8 1 ¢ 1 2 314 5 6 T8 9 10
Vs, DRAIN TO SOURCE VOLTAGE {Vdc) Vps. DRAIN TO SOURCE VYOLTAGE {Vdc)
Figure 2. Typical LED Output Figura 3. Typical Comparator Output
-V Characteristic |-V Characteristic
1000.0 . 1000.0 3 T
Tp < 250G o 25°C
< o Vua = 9.0 Vdc
E 1000 Vop = 90 Vde ] E 1000 1Yy |
= X = t ==
o) —— w —
z g !
3 Y 3 :?L— Vpp = 7.2 Vile
= Vs Vop = 7.2 Vdc z
2 wol gl 3 naf
= ; a :
& i a H
|l| P-CH SOURCE CURRENT v N-CH SINK CURRENT
10 1.0
i T2 1 4 5 B 7 a 9 10 0 1 z 31 4 5 6 7 8 85 10

Vps, DRAIN TO SOURCE VOLTAGE {Vdc)

Figure 4. Typlcal P Horn Driver Qutput
I-V Characteristic

Vps, DRAIN TO SOURCE VOLTAGE (Vdc)
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DEVICE OPERATION

Timing

The internal oscillator of the MC14467-1 operates with a
period of 1.67 seconds during no-smoke conditions. Each
1.67 seconds, infernal power is applied to the entire ICand a
check is made for smoke, except during LED pulse, Low
Battery Alarm Chirp, or Hom Modulation (in smoke). Every 24
clock cycles a check is made for low battery by comparing
Vpp to anintemal zener voltage. Since very small cuments
are used in the oscillator, the oscillator capacitor should be of
a low leakage type.

Detect Circultry

If smoke is detected, the oscillator period becomes 40 ms
and the piezoelediric horn oscillator circuif is enabled. The
hom output is medulated 160 ms on, BO ms off. During the off
tima, smoke is again checked and will inhibit further hom
output if no smoke is sensed. During smoke conditions the
low battery atarm is inhibited, but the LED pulses ata1.0Hz
rate.

An active guard is provided on beth pins adjacent to the
detect input. The voltage at these pins will be within 100 mV/
of the input signal. This will keep surface leakage currents to
a minimum and provide a method of measuring the input
voltage without loading the ionization chamber. The active
guard op amp is not power strobed and thus gives constant
protection from surface feakage currents. Pin 15 (the Detect
input) has intemal diode protection against static damage.

Sensitlvity/Low Battery Threshoids
Both the sensitivity threshold and the low battery voltage
levels are sat internaily by a common valtage divider (please

see Figure 2) connected between Vpp and Vgg. These
voliages can be afterad by external resistors connected from
pins 3 or 13 to either Vpp, or Vgg. There will be a slight
interaction here due to the common vohage divider network.
The sensitivity threshold can also be set by adjusting the
smoke chamber ionization source.

Test Mode

Since the internal op amps and comparators are power
strobed, adjustments for sensitivity or low battery level could
be difficuit and/or time-consuming. By forcing Pin 12 to Vgg,
the power strobing is bypassed and the outputs, Pins 1 and
4, constantly show smoke/no smoke and good battery/iow
battery, respectively. Pin 1 = \Vpp for smoke and Pin 4 = Vpp
for iow battery. In this mode and during the 10 ms power
strobe, chip curent rises 1o approximately 50 uA.

LED Pulse

The 9-volt battery level is checksd every 40 seconds
during the LED pulse. The battery is loaded via a 10 mA
pulse for 10 ms. Ifthe LED is not used, it shouid be replaced
with an equivalent resistor such that the battery ioading
remains at 10 mA.

Hysteresis

When smoke is detected, the resistor/divider network that
sets sensitivily is altered to increase serisitivity. This yields
approximatety 100 mV of hysteresis and reduces faise
triggerning.

AAS ANA
M ™ L
}—Test
) goase7 18 —. —-L
—13 L
/y —1a T —
5 12
3061 _|_ =
6 1 0ILF
‘ —— 10 I
8.2 MY ] -
—1 8 K T
.
01 F f[ L gov

15 Mg % 0.004* 5 F 220 kT

*NOTE: Component values may change depending on type of plezoelectric hom used

Figure 6. Typical Application as lonization Smoke Detoctor

MC14487-1
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MC14467-1

Standby

No Smokea/

No Low Battery Smoke/l.ow Battery

o et Smoke/No Low Battery o e T No Smoke/l.ow Battery———»i

A0ms —pe| p— o l— ] |ju— 1675

%t NNV RAMAWAAVAAAAAAN RANANAANAN

Dot 0 R NI RN
S U U *
M ] L

Sample (inernal ol il M1l I D {1 A | O
{Pin 10 an'; ?gn) —e}——-—J L L L] L L"S (e %

I
}
uppressed Chirp |
f
{

N Battery Test\
P 1 )—|_| |JiNata 3) ] [ )
24 Clock Cycles
pt—-wmpm——-— 24 Ciock Cycles (0.96 s} 24 Clock Cycles—))—=s— & Clock ——-l
(408, Cydles {10.0s)

Figure 6. Timing Diagram
NOTES:
1. Horn modulation is self-completing. When geing from smoke to no smoke, the alarm condition will tarminate only when horn is off,
2. Comparators are strobed on once per clock cycle {1.67 s for no smoke, 40 ms for smoke).
3. Low battery comparator information is latched only during LEC pulse.
4, ~ 100 mV p-p swing.
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PACKAGE DIMENSIONS

MCi14487-1

oA —>
plaNalalalulsli

p

[ [0 — =

O

1 a

Whd W B R R B
‘.I"‘L—F

—C L

L } i

i °

H

] SERTNG
: PLANE

v’

l— D 18 PL

—K J—wle—

(@] 025 000@]1]2 @]

CASE 648-08
ISSUER

HOTES:

1. DMENSICNING AND TOLERANCING PER ANSI
¥14.5M, 1982

2. CONTRCLLING DIMENSION: (NCH.

3. DMENSIONL TO CENTER OF LEADS WHEN
FORMED PARALLEL

4. DMENSION B DOES NOT NCLUDE MOLD FLASH

5. ROUNDED CORNERS OPTIONAL

WNCHES ! WLLIMETERS

| ot [ oA T WAX | W | WAX
A | 0740 ] 0770 | J6B0 | 1955
By 0250 0270 ] 635 | r_uﬁ_
C {0145 | 0475 | 368 | 444
B | oots (oot | 38 [ on3
Floool ol 10 [ 177
[1] 0.300 BSC 2.54 BSC

B | 0050B5C 1.2785C

) ) aooe [ 0015 | 621 | 038 |
K [ 0110 [ 0130 | 280 | 330
L [ 0295 | 0305 | 250 | 704
M o°l 1w | e°| 10°
S | 0020 | 0040 | 041 | 101

STYLE 1. STYLE 2:

FIN1. CATHODE PH1. COMMONDRAIN
2. CATHODE 2. COMMON DRAIN
3 CATHODE 3 COMMON DRAIN
4 CATHODE 4 COMMON DRAIN
5. CATHODE 5. COMMON DRAIN
6. CATHODE A COMMON DRAIN
7. CATHODE 1. COMMON DRAIN
8. CATHODE B COMMON DRAIN
8, ANODE S GATE
0. ANODE 16 SOURCE
1. ANODE 1. GATE
12, ANODE 12. SOURCE
13 ANODE 11 GATE
14 ANDOE 1. SOURCE
15. ANODE 15. GATE
16. AMODE 16. SOURCE
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TCM5087
TONE ENCODER

D850, NOVEMBER 1882 —REVISED DECEMBER 1980

® Low-Cost TV Color-Burst Crystal Sine-Wave N PACKAGE
Input Produces Highly Accurate and Stable {TOF VIEW)
Tones VoD ] TONE OUT
® Davice Powaered Dirsctly by Telephona or XMITTER SW SINGLE-TONE ENABLE
Small Batterias coL1 ROW 1
COL 2 ROW 2
& Kayboard or Electronic Input Capshbility coL 3 %EW a
® Dus)-Tone snd Bingle-Tone Capability Vsg Bl
a IN T T
® Minimat Standby Power Requirement oscsgur gggl_ i o
® Total Harmonic Distortion Meats EIA
Standard RS-470
® PEP3 Processing Available
& Wide Supply-Voltege Range
® Minima} Pants Required
NOT RECOMMENDED FOR NEW DESIGN
¢ Single-Tone Production Can be Inhibitad
¢ Auxiliary Switching Outputs: One Bipolar

Transistor and One CMOE Gate

® Designed 10 be Interchangeabls with Mostek
MKB087

‘E Caution. These devices have limited buiit-in gate protection. Tha ieads should ba shorted together or the devica
placad in conductive foam during storags or handling to prevent alactrostatic damage to the MOS pates.

description

Tha TCM5087 tone encoder is @8 CMOS integrated circuit designed specifically to genarate the dial tones
used in dusli-tona telephons dialing systems. [t requires & sine-weve input normaily supphed by a low-cost
TV color-burst crystel a1 3.579645 MHz to generata sight differant audio sinusoidal frequencies. With
this input the ancoder generates dia) tones thet are very low in total harmonic distortion and comply with
standard Dual-Tone Muiti-Frequency (DTMF) spacifications without any need for frequancy adjustment.

When generating e duai-tone signal, the encaoder ganerates one column tone and one row tone and adds
them for its output. The table below presents the frequencies produced by the tone encoder with the
3.579546-MHz TV-crystal signal input. Any daviation in this frequancy will be refiacted in the frequancy
output. The tolerance of the crystel ia normally 0.02%.

DTMF ENCODER ERROR
TONE BTANDARD | OUTPUT® | FROM STAMDARD*
{Hz) {Hz) %)

Row 1 €97 701.3 +0.62
Row 2 770 I71.4 +0.19
Row 3 852 8s7.2 +0.81
Row 4 a4 935.1 -0.63
Calumn 1 1209 1116.9 +0.57
Column 2 1336 1331.7 -0.32
Column 3 1477 1471.8 -0.36
Column 4 1633 1645 +0.73

*Using an input signal from a 3.579545-MHz crystal.

PRODULTION DATA ducuments contaln i

—
mfermation Copyright © 1980, Taxas instrumants incarporsted
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TCM5087
TONE ENCODER

operatlon
keyboard and slectronic inputs

The specific tone or tones generated are determined by inputs designated ROW 1 through AOW 4 and
COLUMN 1 through COLUMN 4. The inputs are naormally received from a 2-of-8 DTMF [DPST) keyboard,
a Class A (SPST) keyboard, or an electronic circuit. Unlike dynamic or scannad inputs, the static inputs
of the TCMBOB7 do not ganarate noisa. See function tabla for input and output description.

CLASS A KEYBOARD {SPET) 2018 DTMF KEYBOAAD (DPST}
—L‘ & | & CcOLUMN
COLUMN —=& A ___p pow e R
L& - ROW

single-tons snable input

This input inhibita the gensration of singls tones when taken low. All other chip functions remain unchanged.
tf the input is high or left open, single-tone operation ia enabled.

transmitter switch output

This output is at high impedance whan one or more of the column inputs are active and is high whan alt
column inputs are inactive. The output is the emitter of a bipolar transistor whose collectar is at VDD

mute output
The mute output is high whan ena or more column inputs are active and is low when all column inputs
are inactive.

functional block diagram

{7 | 9
0S¢ N o ) osc oyt
1 »
Voo n 't Yoo
" $3e2
1
[ PELL]
o 3 22
-] {11}
At
VDo
i — VoD
LE-
Towe L1814
ENASLE
1) ome puT
o D Voo
uy
N v ——— [
a1 CTRDHY K
EN 2} oiTTER SW
b+
cotumn 131 (K204 "
coLumn 3] (k=208
cotumn 1851 (ke2432] .
coLun 4 -2 [K=2176) *—{D—mure out
eel e
$53%
v 2 — vy

™
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TCM5087
TOME ENCODER

TONE ENCOOER FUNCTION TABLE

WNPUT TONE OUTPUT TRANSMITTER SWITCH
MUTE CUTP
COMBINATIONBY | PIN 15 OPEN | PIN 16% ATV v T QUTPUY
0 raws
o] v} L H
0 columns
1 row
Row and column Row and column H -2
1 column
2 or mora rows
Column o] H Hi-Z
1 column
1 row
Aow [} H Hi-Z2
2 or mare colurmna
2 ar more rows
0 1] H Hi-2
2 or more calumna
O rows .
Calumn 1] H Hi-Z
1 column
O rows
D Q H Hi-Z
2 or more columns
1 or more rows
0 1] L H
Q columms

TRaw inputs will be active (an} when the input voltage is at a low lavel {V) # V), and column inputs are sctive
at a high input lavel. Under keyboard control, conmecting a row Input fo m column input activetes both.
Pin 16 is tha single-tone disable input.

sbsolute maximum ratings over operating free-air temperature renge [unless otherwise noted)

Supply voltage Vpp (588 Note 1) . . .. . . . L e e 13.56V
Input voltage range . .. . ... . .. e -0.3VtoVpp + 0.3V
Output vORBGE FANGE . . . .. . . . e e e -0.3Vtovpp + 0.3V
Continuous power dissipation at 25°C free-air temperature (see Note 2} ... ... ....... 1150 mW
Operating free-air tamperature range, TA ... . ... ... .. ... ... ... .. ... —30°C to 70°C
Storage tamperature rANGEE . . . . ... . ... -65°C to 1509C
Lead tempsrature 1,6 mm (1/16 inch) from case for 10eeconds. . . ... ................ 260°C

NOTES: 1. AN voitage values are with respect to the Vgs terminal.
2. For aperstion above 25°C free-nir tempuersture, darate linearly w 736 mW at 70°C at the rate of 8.2 mW/"C.

TeExAs
INSTRUMENTS
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TCM5087
TONE ENCODER

racommended operating conditlons

MIN NOM MAX | UNIT
Supply veltage, Vpp 3.5 10 \4
High-level input voltage, Vi Row inputs lolf) 0.9 Vpp Vpo v
All other inputs 0.7 Vpp vpp
Low-lave! input voltage, Vi Column Ir?puls toHf) —vﬁ— 0.1 Voo v
All ather inputs V55 0.3 Vpp
Contact resistance hetween row and column inputs 100 Q
Tong-oulput load resistence, Ry 120 330 620 Q
Operating {res-air temperature, Ta - 30 70 °C
slactrical characteristics over operating free-air temperature range {unless otharwise noted)
PARAMETER TEST CONDITIONB MIN TYP MAX | UNIT
Column or row input 10 [3+]
Single-tone-enable input resistance to Vpp Ta = 25°C 20 100 ki
v - \ | =0, R
Muta output pp -3V On = 0.2 mA 2
v High-laval output valtage Vpp - 10V. oy =06EmA 8 v
Ou Transmitter switch | Vpp - 3.6 V. Igy = - 15 mA 1525
output Voo = 10V, lgH = - 40 mA B
Vpp = 3 V. oL = -~0.2mA D.5
v - [ v
oL Low-lavel output voltage, cute output Voo ~ oV oL - 06 mA 06
loL Off-state currant transmitter awitch output Vpp =10V, Vg =0V 10 A
i Vpp = 36V 0.25 100
{DDsthy Standby supply current with autputs unloadad VoD = 10 V 05 300 7.
. Vph = 3.5V, SeeMNoie3 1 2
[ 0 mA
DDop prrating cuerent vpp =10V, Sea Note 3 5 10

operating characteristics over recommended rangas of operating frea-sir temperaturs and supply voltage

{unlsss otherwise noted)

PARAMETER TEST CONDITIONS ! MIN  TYP MAX | LN
Output rma voltage How tone R = 3304, 317 400 500 v
Column tane Tp = 26°C 398 600 &30
Preemphasis (column tone 10 row tonel 1 2 k] dBé
Dual-tone output distortion {see Note 4} vpp 2 4 ¥ -0 d8
Quisscont tone-output power -80 dBm
Tane-putput rige time (ses Note 5) 3 5 ms

tUnless otharwiss noted, taat conditions are: Ry = 620 @ for Ypp = 6 ¥ or R = 330 0 for vpp > 5 V. Crystal parameters are tha
following: 4 = 3.578645 MHz £0.02%, Ag < 1000, £ = 18 pF, Cpy = 0.02 pF, Cy = & pF, Ly = BB mH.
NQTES: 3. Qpersting current is measured with ali outputs unloaded, one row Input connactad 1o gne cokumn input, and Rommal oscilletor

input (T4 st 0°C 10 70°C).

4. Distortion is axpreased ag tha ratio of total out-of-band power relative to the total fundamental power for the dual tone.
5. This is the tima raquirad for output to change from its quiescent valye to 90% of its final rme vaiue.

2-160
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TCM5087
TONE EMCODER

output waveforma

05 V/div

Typical row and column stairstep approximations of sinugoidal outputs are shown in Figures 1 and 2. The
row and cofumn outputs are added together resulting in a typical dual-tone waveform as shown in Figure 3.
Spectral analysis of this dual-tone waveform shows that all harmonic and intermodulation distortions ara
typically 30 dB below the strongest column-tone fundamental.

0.5 Vidiv
05 V/idiv

02 makhe
FIQURE 2 FIGURE 3

02 meldiv 0.2 mafd
FIGURE 1

distortion considerations

The following formaula is used to calculate the total harmonic distortion of & single row or a single column;

VY212 + V32 + Vaid + VB2 + ... + Vatd
x 100%

THD =
Vit

where V24 is the second harmonic of the fundamental frequency Vi waveaform and so on. The dual-tone
total harmonic distortion is:

2 2 2 2 2 2
THD - Wzn + Var? + ... + VpRe + V24 + - - VnC< £ VIMD® | 1904
WeRZ + Ve2

where VER and VEC are the row and column fundamentai frequency waveforms, and V2Rpand V27, ot
are the corresponding harmonics,

The total intermodulation distortion is:

ViMDZ = (VIR + V102 + (VIR = Vg2 + ... + (Vo + VnCi + (VAR =~ VinCH?

A relatively simpie method ot distortion maasurement uses 8 spectrum analyzer to relate tha harmonics
to the fundamental frequency waveform. The tone sncoder spectrum indicates the harmonics and
intermodulation distortion at {east 30 dB down relative 1o the column tone,

Another methed for distortion measurement of the dual-tone waveform is to compare the total power in
the fundamenial ireguencies with the total powert in the various hemonics plus intermodulation on a signal
analyzer. The encoders provide an output distortion of — 20 dB8 maximum when operated between 35V
and 10 V. If operated between 3 V and 3.5 V, some clipping occurs at the output causing the distortion

to exceed the — 20 dB level.
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TCM5087
TONE ENCODER

APPLICATION INFORMATION

1

| COLLMN o A A » ROW
HK 5W1 CLASS A KEYRBOARD (EPEY)
R T o o 0 T CLASS A KEYBOARD
. I L1 F b vsg {18} 1
: . : p 13003 AON 1 1322 A-‘:
t o + os rowz2l3 4 [ s (6] 0 _i
] 12 ==
¢ 2 ! —aLFa D4T D2 - rowap 2 3 {a[wfc}
R — HK g TONE .ed
! - i ~T~0.07 pF OUTPUT oW 4 (1) . al<lo:
! o l ) 13) I-J
1
1 [a m coLY i
INGE i o_ : & & (1) Voo ) |
] ) S 2NI08 coL 2 |
1K HILE [ H
' 0 (151| TGLE- cot3 i9) !
TONE
& i _: 2.4 k) —DisABLE ca|_4.‘._"_ _______ -
! o i (10) w..'!‘ INPUT
! | 21l TRANSMITTER [J xtaL
1 SWITCH 8) j'
: OUTPUT,
H XTAL PARAMETERS:

DB = INA?43 (13 V) | = 3570545 MH2

i

|

!

{ —-

H 1 Cat = 0.02 pF
MIC. TYPICAL VALUES

: B : Ly = 98 mH

;  D1.DZ.03, 04 = 1N4004 Cyy = B pF
1 [}
] ]

|y p—— |
SIDETONE-BALANCE
NETWORK

FIGURE 4. TYPICAL APPLICATION USING HYBRID COIL SIDETONE-BALANGE NETWORK,
ELECTRONIC SWITCHING, AND LOW-COST [CLASS A} KEYBOARD
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1ISD2560/75/90/120

SINGLE-CHIP, MULTIPLE-MESSAGES,
VOICE RECORD/PLAYBACK DEVICE
60-, 75-, 90-, AND 120-SECOND DURATION

Publication Release Date: May 2003
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ISD2560/75/90/120

¢

Ol
(_Winbond

1. GENERAL DESCRIPTION

Winbond's ISD2500 ChipCorder® Series provide high-quality, single-chip, Record/Playback solutions
for 80- to 120-second messaging applications. The CMOS devices include an on-chip oscillator,
microphone preamplifier, autormatic gain control, antialiasing filter, smoothing filter, speaker amplifier,
and high density multi-level storage array. In addition, the ISD2500 is microcontroller compatible,
allowing complex messaging and addressing to be achieved. Recordings are stored into on-chip
nonvelatile memory celis, providing zero-power message storage. This unique, single-chip solution is
made possible through Winbond's patented multilevel storage technology. Voice and audio signals
are stored directly into memory in their natural form, providing high-quality, solid-state voice
reproduction.

2. FEATURES

« Easy-to-use single-chip, voice record/playback solution
«» High-guality, natural veice/audio reproduction

= Single-chip with duration of 60, 75, 90, or 120 seconds.
= Manuai switch or microcontroiler compatible

Playback can be edge- or levet-activated

s Directly cascadable for longer durations
» Autormatic power-down {push-button mode)
- Standby current 1 pA (typical)
« Zero-power message storage
- Eliminates battery backup circuits
» Fully addressable tc handle muitiple messages
« 100-year message retantion (typical)
« 100,000 record cycles (typical)
« On-chip clock source
» Programmer support for play-only applications
= Single +5 volt powsr supply
« Available in die form, PDIP, SOIC and TSOP packaging
« Temperature = die (0°C to +50°C) and package (0°C to +70°C)

.
to
.



ISD2560/75/90/120

@Tinbond

Fimtranies Comp

3. BLOCK DIAGRAM

XCLK o

ampiing Glock | S ERTC R

""".“F T

hHP"* e Active |’ Analog Transcelvers | .}

ANA IR

ABOK Cell B I §
Nonvolatile Jjr| S+ole Active
Multlievel Starage
ArTay

ANAOUT o fie

Mic .
MIC REF | _Tf'."' :

Decoders

R ] Autematie
AGC . m—— Galn Control

: ":..i‘f.:.'f:f::::-:j:f EHERRTES e

l I‘ 3 ’ oA \L PP T & b S B o

Vo Vs Yeca AO A1 AZ A3 A4 A6 A6 AT AB AP  PD ONF PR TE EOM  AUXIN

Address Buffers { ST Devicegomrol |y
|

Yeca

Publication Release Date: May 2003
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i ISD2560/75/90/120
(. Winbond
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5. PIN CONFIGURATION

s 71 @ FE v oW e

Ami[ 2 - H|PR e 2
Avmz Y L POl i3
P T % |coM goml_" 4
A 5 "] PO XCLKL ) s
asws[ 8 | B _ICE pml | e
Lo I . O R

w 1SD2580" i maout ) 6 ISD2560*
|20 |AMAIN  AtAM1 s
Ap[ 10 fj@”i AGC Axne ] 1w
AW TR aawal |
Vaol 12 T (wc AL 12
Ysa II 7Tﬁ‘ ]VL‘(a AsMS . 1
®+ W] 15 8P Aame [ | 4

| F— -
SOIC/PDIP TSOP

* Same pinouts for 1SD2575 / 2590/ 25120 products

Publication Release Dare: Meay 20003

Revision 1.0




- I1SD2560/75/90/120
(. Winbond

firctromrs Carp

7. FUNCTIONAL DESCRIPTION

7.1. DETAILED DESCRIPTION

Speech/Sound Quality

The Winbond's [SD2500 series includes devices offered at 4.0, 5.3, 6.4, and 8.0 kHz sampling
frequencies, aliowing the user a choice of speech quality options. Increasing the duration within a
product series decreases the samgpling frequency and bandwidth, which affects the sound quality.
Please refer to the 18SD2560/75/90/120 Product Summary table below to compare the duration,
sampling frequency and filter pass band.

The speech samples are stored directly into the on-chip nonvolatile memory without any digitization
and comprassion associated like other solutions. Direct analog storage provides a very true, natural
sounding reproduction of voice, music, fones, and sound effects not available with most soiid state
digital solutions.

Duration

To meet various system requirements, the ISD2560/75/80/120 products offer single-chip sofutions at
60, 75, 90, and 120 seconds. Parts may also be cascaded together for longer durations.

TABLE 1: 1SD2560/76/90/120 PRODUCT SUMMARY

Part Number Duration Input Sample Typical Filter Pass
(Seconds) Rate (kHz) Band * (kHz)
ISD2560 60 80 3.4
SD2575 75 5.4 27
1SD2530 90 53 2.3
{SD25120 120 4.0 1.7

*  3db roli-off peint

EEPROM Storage

One of the benefits of Winbond’s ChipCorder™ technology is the use of on-chip nonvolatile memory,
providing zero-power message storage. The message is retained for up to 100 years typically without
power. in addition, the device can be re-recorded typically over 100,000 times.

Microcontroller Interface

In addition to its simplicity and ease of use, the 1SD2500 series includes all the interfaces necessary
for microcontroller-driven applications. The address and control lines can be interfaced to a
microcontroller and manipulated to perform a variety of tasks, including message assembly, message
concatenation, predefined fixed message segmentation, and message management.

- 10-
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8. TIMING DIAGRAMS

ISD2560/75/90/120

T T
cE RN A N
_ PP, (T ‘ —_
PR ). SET K Don't Care
"_TH(.II.(‘- o TF‘U1 - ‘ TPL\: Tt
[=0»] Don't Care "\ ‘ d
‘ ‘ —_
AD-A9 Don't Car *
}K ‘ Don't Care _
PR N S
e A
"y —_
ANA IN R ' o] TonE
FIGURE 1: RECORD
1 - T o
CE \\ / 4 \__/_
.- Ty ——*
P/R { I DontCare
T . T Tem e i Tepe
PD Don't Care ‘\ :
AD-AQ Don't Care X Don't Care
1 T ———=
SP- AV Al gt gy
P
OVF :—-;
EOM | v
[ >~ Tpu M Teom

FIGURE 2: PLAYBACK
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ISD2560/75/90/120

Start Pause Start Stop
& N o Tee Tep b |
(Start/Pause) : r
‘»TEET - ! _Tiiu._ Tsﬂ
PIR P_‘ ';-_-—
PD T — Teo e Topy o
{Stop/Reset) \ /]
Teer -m ; .
A0-2 - 3 5
AN —————— ot i
ovE - : : :
THL'H a-v/p -I-I rq TF‘AL-SE 1 \_/
o R — 1 * \ : /_ “
(Run) 4] : e Tiw —» | e
".‘TP.IL:I" : ™ > T [ Tex '
Noies ¢} @ (3 ", 5) 6.7 8)
FIGURE 3: PUSH-BUTTON MODE RECORD
Start Pause Start
U S e T e >
CE E o > ’| C
{Start/Pause; |
- T:;ET » i r',,,T:E.E{ "
PR X : \#
i I
—»| T e :
FD _—ﬂk‘ﬂ
(Stop/Reset)
'T'yl'_l =)
AD-AD :
Spet- s
OWF , :
Teum "i — - 4;w;l—!*‘.ﬂ\l;‘;‘! \—/
EOM e _ N /_ N
{Run) ' T F T - Tpe L 5
- e . - Toy, M= e
Notes 4] @ {4, 5) 67 {8}

FIGURE 4: PUSH-BUTTON MODE PLAYBACK
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Motes for Push-Button modes:

1.

2
3
4

AS, A8 and A8 = 1 for push-button operation.

The first C__E LOW puise performs a start functton,
The part will begin to play or record after a power-up delay Tpup

The part must have & HIGH for a debounce periad Tog befare it will recognize ancther falling edge of
C_E and pause.

The second C_E LOW pulse, and every even puise thereafter, performs a Pause function,

Again, the part must have (E HIGH for a debounce period Tpag before it will recognize another falling
edge of EE which would restart an operation in addition, the part will not do an internal power down
untl CE is HIGH for the Tog time

The third CE LOW puise, and every odd pulse thereafter performs a Resume function.

At any time. a HIGH level on PD will stop the current function, reset the address counter, and power
down the device.

SR
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9. ABSOLUTE MAXIMUM RATINGS

ISD2560/75/90/120

TABLE 4. ABSOLUTE MAXIMUM RATINGS (DIE)

CONDITION VALUE

Junction temperature 150°C

Storage temperature range -65C to +150°C

Voltage applied to any pad (Vss —0.3V) to
(Ve +0.3V)

Voitage applied to any pad (Input current limited to =20mA} (Vss —1.0\) to
(Vec +1.0V)

Vee — Vss 0.3V to +7.0V

TABLE 5: ABSOLUTE MAXIMUM RATINGS (PACKAGED PARTS)

CONDITION VALUE

Junction temperature 150°C

Storage temperature range -65°C to +150°C

Voltage applied to any pin (Ve —0.3V) to
(Ve +0.3V)

Voltage applied to any pin (Input current limited to +20 mA) (Vss —-1.0V) to
(Vee +1.0V)

Lead temperature (Soldering — 10sac) 300°C

Vee — Vss 0.3V to +7.0V

Note: Stresses above those listed may cause permanent damage to the device. Exposure to the
absolute maximum ratings may affect device reliabilty and performance. Funciional
cperation (s not implied af these conditions.

Publication Release Date: May 2003
- {9 Revision 1.0
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9.1 OPERATING CONDITIONS

TABLE 6: OPERATING CONDITIONS (DIE)

CONDITION VALUE
Commercial operating temperature range 0°C to +50°C
Supply voltage (Wce) t +4 5\ 10 +6 .5V
Ground voltage {Vss) = ov

TABLE 7: OPERATING CONDITIONS {(PACKAGED PARTS)

CONDITION VALUE
Commercial operating temperature range & 0°C to +70°C
Supply voltage (Vec) +4.5V to +5.5V
Ground voltage (Vss) ov

1
Mye = Veen = Veeo
Blygs = Vega ™ Vssp

Mease Temperature
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11. TYPICAL APPLICATION CIRCUIT
1502580750420 Vg
Ve Vns_g_
lr————-«—J =
CHIF ENABLE ?é 1':! KQ
«JA.
r——o
POWER DOWH
*-—0 ;
PLAYBACK/RECORD i !
—2
e 7
470K _,i 4.7 uF ? as
FIGURE 6: DESIGN SCHEMATIC
Note: If desired, pin 18 (PDIP package) may be teft unconnected (microphone preamplifier noise will be higher). In
this case, pin 18 must not be tied to any other signal of voltage. Additional design example schematics are
provided below.,

- 30-
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FIGURE 7: 1SD2560/76/90/120 APPLICATION EXAMPLE — PUSH-BUTTON

Note; Please refer to page 13 for more details.

Publication Release Date: May 2003
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13. ORDERING INFORMATION

Product Number Descriptor Key

ISD25

Sy

1SD2500 Series __I

Duration: ‘——{

60 = 60seconds
75 = 75 seconds
80 = 90seconds
120 = 120 seconds

Special Temperature Fieid:
Blank = Commercial Packaged {0°C to +70°C)

or Commercial Die (0°C to +50°C)

Package Type:

P

28-Lead 60Dmil Plastic Dual infine

Package (PDIP)

w
¥

28-Lead 300mil Small Outline

integrated Circuit (SOIC)

m
]

28-Lead 8x13.4 mm Thin Smail

Outline Package (TSOP) Type 1

X = Die

When ordering 1SD2560/75/90/120 products refer to the following part numbers which are supported
in volume for this product series. Consult the local Winbond Sales Representative or Distributor for

availability information.

- Part Number | Part Number | Part Number | ‘Part Number
1SD2560P ISD2575P 1SD2590P ISD25120P
(SD2560S ISD2575S ISD2590S ISD25120S
ISD2560E ISD2575E ISD2590E o
ISD2560X ISD2575X ISD2590X ISD25120X

For the latest product information, access Winbond’s worldwide website at
hitp:/iwww.winbond-usa.com

40 -



Features

« Compatible with MCS-51™ Products

+ BK Bytes of In-System Reprogrammable Flash Mamory
— Endurance: 1,000 Write/Erase Cycles

 Fully Static Operation: 0 Hz to 24 MHz

» Thres-Leve! Program Memory Lock

+ 256 x 8-8it Internal RAM

« 32 Programmable /O Lines

« Three 16-Bit Timer/Counters

* Elght Intarrupt Sources

« Programmable Serlal Channel

« Low Powaer Idle and Power Down Modes

Description

The ATBOCS2 is a low-power, high-performance CMOS 8-bit microcomputer with BK
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high density nonvolatile memory technology and is
compatible with the industry standard 80C51 and 80C52 instruction set and pinout.
The an-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvalatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a manolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly flaxible and cost effective solution to many embedded cantrot

applications. {continued)
» - -
Pin Configurations PDIP
{(Tz) P10 (] ~" 40 vcc
{Tz EX) P1.4 2 a9 [F PO.O {ADD)
P12 33 38 b P01 (ADY)
P13 4 37 D POz (AD2)
P14 0]s 36 [0 P02 (ADDY)
Pi.5]s 351 P04 (AD4)
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G T G UTTL
Wl T e T NM
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The ATBICS2 provides the following standard features: 8K
bytas of Flash, 256 byles of RAM, 32 IO lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT83C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving maodes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling ali other chip functions until
the next hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidiractional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins ¢an be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed iow-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PQ has internal pul-
lups.

Port O also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional /0 port with internal pullups,
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the intarnal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled fow will source
current {1, ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input {P1.0/T2) and the
timerfcounter 2 trigger input (P1.1/T2EX), respactively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin Alternate Functions

P1.0 T2 texternal count input to Timer/Counter 2),
clock-out

P11 T2EX (Timer/Counter 2 capture/reload trigger
and diraction controi)

AIMEL

Port 2

Port 2 is an 8-bit bidirectional HQ port with intemai pullups.
The Port 2 output buffers can sink/source four TTL inputs.
Whan 1s are written to Port 2 ping, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current {}; ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). in this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use B-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification,

Port 3

Port 3 is an 8-bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current {1, ) because of the pullups,

Part 3 also serves the functions of various special features
of the ATBIC51, as shown in the following table.

Port 3 also raceives some controt signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions
P3.0 RXD (gerial input port)
P3A TXD (serial output port}
Pa.2 TNTO {external interrupt 0} T
P3.3 INTT (external interrupt 1)
P3.4 TO (timer O external input)
P3.5 T1 (timer 1 externat input)
P3.6 WR (external data memory write strobe)
P37 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
iow byte of the address during accesses to exiernal mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
grarm memory.

When the ATBIC52 is executing code from external pro-
gram memory, PSEN is activated twice sach machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. ATB9CS52 SFR Map and Reset Values

EANpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 000CH up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset,

EA should be strapped to Ve for internal program execu-
tions.

This pin also receives the 12-volt programming enable volit-
age (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTALA1

Input to the inverting oscillator amplifier and input to the
interna! clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH | B OF7H
00000000
OEBH OEFH
ACC
DEOH | 0000000 OET7H
ODE&H ODFH
PSW
ODOH © (0000000 0D7H
0CBH T2CON T2MOD RCAP2L RCAP2H TL2 TH2 GCFH
00000000 XXXXXX00 00000000 | 00000000 | 0000000C | O0DOOOOOO
0COH OCT7H
P
H
OBBH | xx000000 s oBF
P3
0BTH
0BOH | 44111411
E
DABH | . 000000 OAFH
P2
AR 41491111 OA7H
SCON SBUF
98H i 00000000 XXXXAXXX 9FH
P1
TH
OH T 11111111 °
B8H TCON TMOD TLO L1 THO TH1 SFH
00000000 00000000 00000000 | 00000000 | O000DOO00 | 0OOODDOO
80H PO sP DPL DPH PCON B7H
11111111 00000111 00000000 | 00000000 0XXX0000
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Naote that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status bits are contained
in registers T2CON {shown in Table 2) and T2MOD (shown
in Table 4) for Timer 2. The register pair (RCAP2H,
RCAP2L} are the Capture/Reload registers for Timer 2 in
16-bit capture mode or 16-bit auto-refoad mode.

Interrupt Registers: The individual interrupt enable bits
are in the |E register. Two priorities can be set for each of
the six interrupt sources in the IP register.

Table 2. T2CON—Timer/Counter 2 Control Register

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bt | TF2 EXF2 RCLK TCLK EXEN2 TR2 cft2 CPRL2
7 6 5 4 3 2 1 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when sither
RCLK =1 or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 =
1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2
must be cieared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used far the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, aliows a capture or reload to occur as a resuit of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = () causes Timer 2 o ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

Cit2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter {falling edge
triggered).

CPIRLZ Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions oceur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow. |

Data Memory For example, the following direct addressing instruction

The ATB9C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location ahove
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

accesses the SFR at location 0AOH (which is P2).

MOV DACH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where R0 contains QAQH, accesses
the data byte at address QAOH, rather than P2 (whose
address is 0AOH).

MOV @RA, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 18-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2),
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2ZCON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TLZ. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator fre-
quency.

Table 3. Timer 2 Operating Modes

RCLK+TCLK | CP/RLZ | TR2 | MODE
0 0 1 16-Bit Auto-Reload
&) 1 1 16-Bit Capture
1 X 1 Baud Rate Generator
X X ] (Off)

in the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during 85P2 of every machine cycle. When the samples

Figure 1. Timer in Capture Mode

show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXENZ2 in T2ZCON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, buta 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-Reload {Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

0sC —»  *12 _
CT2 = 0
ST sl THE T T2 | TR
f |
: RF|
| conTROL ! OVERFLOW
T o= TR2 e
R Y oY !
T2 PIN CAPTURE | : D i
! ,-RCAPZH RCAP2ZL v
TRANSITION P
! . TIMER 2
! .
DETECTOR ! . INTERRUPT
TZEX PN [ J—— o R - - oM EXF2 o e
CONTROL
EXEN2
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 =0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow, The over-
flow also causes the timer registers to be reloaded with the
18-hit value in RCAP2H and RCAP2L, The values in Timer
in Capture ModeRCAP2H and RCAPZL are preset by sofl-
ware. If EXEN2 = 1, a 16-bit reload can be triggered either
by an overflow or by a 1-to-0 transition at external input
T2EX. This transition also sets the EXF2 bit. Both the TF2
and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the TZEX pin contrals

Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

l 0OSC H +12J*
CJ‘T2

[}
(=]

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 tit. This overflow also causes the 16-bit valus in
RCAP2H and RCAPZL to be relvaded into the timer regis-
ters, TH2 and TLZ, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as & 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

oo TH2
TCoNTROL OVERFLOW
| »A
} gree

A E— RELOAD
i TIMER 2
T2 PIN : INTERRUPT
RCAP2H | RCAP2L
— W TF2 b
TRANSITION |
DETECTOR FD_J
T2EX PIN T a L ﬁ AW EBXF2 |
| CONTROL
EXEN2
Table 4. T2MOD—Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XOOO( XX008
Not Bit Addressable
| — — — — — — T20E DCEN
Bt | 7 6 5 4 3 2 1 0
Symbol Function

— Not implemented, reserved for future

T20E Timer 2 Qutput Enabie bit.

DCEN

When set. this bit allows Timer 2 to be configured as an up/down courter.

AlMEL
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figura 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generater

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the baud
rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for
the other function. Setting RCLK and/or TCLK puts Timer 2
into its baud rate generator mode, as shown in Figure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2’s overflow rate according to the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates = 16

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle {at 1/12 the
oscillator frequency). As a baud rate generator, however, it

it

T S

7 1
T%£ \\Lj:>mm_” P <§i]

.. TRANSITION
«__ DETECTOR

Figure 5. Timer 2 in Clock-Out Mode

asc +2

P11
(T2EX})

a

EXEN2
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increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Qscillator Frequency
Baud Rate 32 x [B65536 - (RCAP2H,RCAP2L)}

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAPZ2L) to (THZ, TLZ2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra extemal interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TLZ should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2} before accessing the
Timer 2 or RCAP2 registers.

[T Ti2  TH2
S =¥ (8-BITS) | (B-BITS) \
| T
TRZ \ B
RCAPZL | RCAPZH |
- CT2 BIT i
- +2 I R ;\.5"1“,_____‘
i
T20E (T2MOD.1)
o, TIMER 2
. . —
EXF2 ™ INTERRUPT

4-69



AIMEL

Programmable Clock Out

A 50% duty cycle clock can be programmed to come out an
P1.0, as shown in Figure 5. This pin, besides being a regu-
tar 11O pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
CfT2 {T2COM.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) siaris and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAPZ2L), as shown in the following equation,
Oscillator Fequenc
Clock-Out Frequency= z—reres— (RCAP%H,RgAHL)}

in the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The ATB9CS2 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts (Tim-
ers 0, 1, and 2), and the serial port interrupt. These inter-
rupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 5 shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also unimple-
mented. User software should not write 1s to these bit posi-
tions, since they may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2ZCON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycte. However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

AT89C52
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Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)

|EA [-— !ETZ IES |ET1 |EX1 WETU ]E)(ﬂ_l

Enable Bit = 1 enables the nterrupt.

Enable Bit = { disables the interrupt.

Symbol Positlon Function

EA IE.7 Disables all interrupts. If EA = 0,
no interrupt is acknowledged. If
EA = 1, each interrupt source is
individually enabled or disabled
by selting or clearing Its enable
bit.

— IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IE.1 Timer O interrupt enabie bit.

EX0 lE.0 External interrupt O enable bit.

User software shouid never write 1s to unimplementad bits,
because they may be used in future AT89 products.

Figura 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock source, XTALZ2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the extemal
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program exscution
from where it |eft off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power Down Mode

in the power down mode, the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is

restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Figura 7. Oscillator Connections

c2
N | R I XTAL2
c1 -

o ) e | XTALT

—T_ GND

Note: C1, C2 =30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC ——— XTALZ
EXTERNAL

OSCILLATOR —— XTAl4
SIGNAL

J_ ] GND

Status of External Pins During Idle and Power Down Modes

AINEL

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3

ldie Internal t 1 Data Data Data Data

Idle External 1 1 Flaat Data Address Data

Power Down Internal 0] 0 Data Data Data Data

Power Doﬁn External 0 0 Float Data Data i Data ]
4-T1
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Program Memory Lock Bits

The ATB3CS52 has three lock bits that can be left unpro-
grammed (U) or can be programmed {P} to obtain the addi-
tional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 L83 | Protection Type

1 U U uJ No program lock features.

2 P U u MOVC instructions executed
from external program
memory are disabled from
fatching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash mermory is disabled.

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
exacution is also disabled.

When lock bit 1 is pragrammed, the logic levet at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
{Vcc) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB9C52 inside the user’s system, white the high-voitage
programming mode is compatible with conventional third-
party Fiash or EPROM programmers.

The AT83C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

4-T2

Vep =12V Vpp =5V
Top-Side Mark ATBSACS52 ATBSC52
XRHK X0x-5
Yyww yyww
Signature (030H)=1EH (030H)=1EH
{031H)=52H (031H)=52H
(032H)=FFH (032H)=05H

The AT83C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C52, the address, data and contro! signals shouid be
set up according to the Flash programming mode table and
Figures 9 and 10. To program the AT89C52, take the fol-
lowing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4, Raise EA/NVpp to 12V for the high-voltage programming
mode,

5. Pulse ALE/PROG once to program a hyte in the Fiash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT83C52 features Data Poliing to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been compieted, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is puiled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for venfication. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

AT89CH2 mu——————— S ——
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Chip Erase: The entire Fiash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can he reprogrammed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
{ocations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{030H) = 1EH indicates manufactured by Atmel

{031H) = 52H indicates B9C52

{032H) = FFH indicates 12V programming

{032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vandors offer worldwide support for
the Atmel microcontroller series. Please contact your tocal
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EA/NVpp P2.6 P27 P36 P3.7
Write Code Data H L W12V L H H H
~__
Read Code Data H L H H L
Write Lock Bit- 1 H L W12V H H
—~_
Bit-2 H L H/12v H H L L
T
Bit-3 H L H12V H L H L
=~
Chip Erase H L (1) H12v H L L L
—~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase raquires a 10-ms PROG pulse.
ATMEL 472
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Figure 9. Programming the Flash Memary Figure 10. Verifying the Flash Memory
+5V +5V
ATR9C52 T ATB9CS2 T
ADDR. A0 ATt b, LR — ADDR. 29 ATl by Voo |-
OOOOHMFFFH PGM OOOOHNFFFH PGM DATA
P20 - P24 PO pM-—- DATA P2.0 - P24 FO | (USE 10K
AB - A12 A - At2 PULLUPS)
: » P26 e
SEE FLASH  ——»| P27 ALE |¢—-— PROG SEE FLASH —— P27 ALE l¢&—!
PROGRAMMING — PROGRAMMING
MODES TABLE — ¥ P36 MODES TABLE | — ™ P36 oV
—— P37 —» P37 "
- mee o] XTAL2 EA (4 - V Nep e o | XTAL2 EA j&——
324 MHz L= 3-24 MHz_ L=
i L R 727
T = =
& - xTALt RST j&—— v, @ = | XTALY RST [¢—— Vi,
i GND PSEN _L _t GND PSEN ﬁl

Flash Programming and Verification Characteristics
Ta = 0°C 10 70°C, Vg = 5.0 £ 10%

Symbol Paramater Min Max Units
Vet Programming Enable Voltage 11.5 125 Y
Ipp(!) Programming Enable Current 1.0 mA
Moo Oscillator Frequency 3 24 MHz
tavar Address Setup to PROG Low 48tey o
taHAX Address Hold After PRGG 48te oL
toveL Data Setup to PROG Low 48t oL
taHDX ‘ Data Hold After PROG 48t o o
tensH P2.7 (ENABLE) High to Vep 4Bte o
tsHaL Vpp Setup to PROG Low 10 Hs
tems ! Vpp Hold After PROG 10 s
teicH PROG Width 1 110 Hs
tavav Address to Data Valid 48tc1 oL
teLav ENABLE Low to Data Valid 48tc oL

ez Data Float After ENABLE 0 | s ]
toHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycie Time 20 ms o

Note: 1. Only used in 12-volt programming mode.

474 AT 80C 52 e —



AT89C52

Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

P10 - P1.7
P20 - P24

PORT 0

ALE/PROG

EAN o

P27
(ENABLE)

P34

PROGRAMMING VERIFICATION
ADDRESS ﬂ ADDRESS
= tavay
DATA IN DATA OQUT |-
> toar  loHox

* teHax
tansL
\LOGIC 1

e XOGIC O

*+— tenaz

(ROY/BSY)

READY

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp=3V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P24 ADDRESS j ADDRESS e
I tavay
PORT 0 DATA IN DATA OUT p— -
L L i
tavaL > tonax
ALE/PROG ¥
tSHGL A " ¢ tGLGH >
. LOGIC 1
EANpe [ weeicel . E—
1 i t
P27 EHSH tELQV - }"- EHOZ
(ENABLE)
taHEL —*
P34
(RDY/BSY) BUSY READY
tWC

AINEL
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Absolute Maximum Ratings*

Operating Temperature .............coccooovees N -55°C to +125°C *NOTICE:  Stresses beyond those listed under "Absoiute
Maximum Ratings™ may cause permanent dam-

Storage Temperature ... -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respectto Ground ... -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Maximum Operating Voltage.........................o 6.6V conditions for extended periods may affect
device reliability.

DC Output CUIment........cccooiiir e 15.0 mA

DC Characteristics
The values shown in this table are valid for T4 = -40°C to 85°C and V¢ = 5.0V + 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi input Low Veltage {Except EA} -05 0.2 Vg1 ! v
Vi tnput Low Voltage (EA} -0.5 | 0.2vgc03 ' v
Vi Input High Voltage {Except XTALY, RST) 0.2 Veet0.9 Veet0.s vV
Vin1 " input High Valtage (XTAL1, R8T) 0.7 Voo Veet0.5 v
VoL ' Output Low Voitage!!) (Parts 1,2,3) oL =1.6mA 045 v
VL ' Output Low Voitage!") oL =3.2mA 0.45 v
{Part 0, ALE, PSEN)
VoH Qutput High Voltage lon = -60 pA, Vo = 5V £ 10% 24 \
{Ports 1,2,3, ALE, PSEN) IoH = -25 LA 075 Vee v
| g =-10 pA 0.9 Veg v
VoH1 " . Oulput High Voitage oy = -800 pA, Ve = 5V £ 10% 24 v
; {Part 0in Extarnai Bus Mode) lop = -300 pA 0.75 Vee v
loy = -80 pA 0.9 Ve v
i togical 0 input Current {Ports 1,2,3) | Viy =045V -50 p;_A_
I Lagical 1 to 0 Transition Current Vin =2V, Vo =5V £ 10% -650 HA
{Forts 1,2,3)
I Input Leakage Current (Port 0, EA) 0.45 <V|y< Vg 10 WA
RRET Resst Pulldawn Resistor 50 300 l-EEl ]
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power Down Mode!") Ve = 6V 100 HA
Voo =3V 40 1A

Notes: 1. Under steady state (non-transient) conditions, 5, must be externaily limited as follows:
Maximum I, per port pin: 10 mA
Maximum g, per B-bit port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total Iy for alf output pins: 71 mA
If In_ exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum Ve for Power Down is 2V.

476 AT89C 52 e —
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units
Min Max Min Max

et ol Oscillator Fraquency 0 24 MHz

t L ALE Puise Width 127 ey 40 s |
faviL Address Valid to ALE Low 43 toLel-13 ns |
tLiax Address Hold After ALE Low 48 toLey-20 ns

Ly 7 ALE Low to Vaiid Instruction In 233 4tc) o -65 ns -
bupL | ALE Low to PSEN Low 43 tere-13 ns |
tpy | PSEN Pulse Width 205 3o el -20 ns
teL1y PSEN Low to Valid Instruction In 145 St e 45 ns
towix Input Instruction Hold After PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 tepeL-10 ns
texay PSEN to Address Valid 75 to o8 s |
taviv Address to Valid Instruction In 312 Sty o1 -55 ns ]
toLaz PSEN Low to Address Float 10 10 ns
toRH RD Pulse Width 400 Btey o -100 ns
b WR Pulse Width 400 Bty cr-100 ns
tRLoy RD Low to Valid Data In 252 Stepe -90 ns
tanox Data Hold After RD 0 0 ns
trHDZ | Data Fioat After RD 97 2tc o128 ns
tipy ALE Low to Valid Data In 517 Btoy o -150 ns
tavoy -- Address to Valid Data in 585 Otey ¢y -165 ns

t L ALE Low to RD or WR Low 200 300 3tcy o -50 3tey o +50 s |
tavwiL Address to RD or WR Low 203 Aoy o 75 s |
tavwx Data Valid to WR Transition 23 to =20 ns
tavwH Data Valid to WR High 433 Tty o -120 ns
bwHax Data Hold After WR a3 te o 20 ns

tRe Az | RD Low to Address Float ! 0 0 ns
bWHLH RD or WR High to ALE High 43 | 123 toy 20 toLoL+25 ns

.~ ‘ mEl 477
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External Program Memory Read Cycle

t
tLHLL »

ALE J"—

* * terpn
Lol i b b ’
) —* YlpL v
PSEN N *» thLv
e [PLAZ tPXAV
tLLAX L tF')(IZ
tPXIX‘J M-
PORT 0 > AO - A7 INSTRIN }> AD-A7T >
tAVlV \
PORT 2 D AB - A15 > AB-A15
External Data Memory Read Cycle
b
ALE
—* trHLH

o tAVLL—*

[ — tLLAX ——

tRLAZ ™

/

tRLD‘V [ tRHDZ

— tRHD."‘(

FQ___
PORT 0 > A0 - A7 FROM RI OR DPL O()L—

DATA IN 1>x(AD - A7 FROM PCL>-—<INSTR IN

e taawe
-~ tapy

PORT 2 * P2.0 - P2.7 OR A8 - A15 FROM DPH > AB - A15 FROM PCH
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External Data Memory Write Cycle

F o —»

AT89C52

ALE /
™ b H
PSEN
ot —rle—tuwn —>
WR i ax
e— tayi —» tavwx - %+ bypox
— tavwn —
PORT 0 > AQ - A7 FROM Rl OR DPL DATA OUT X (A0 - A7 FROM PCL>—(INSTR IN
[ tAVW'L ——
PORT 2 3 P2.0 - P2.7 OR A8 - A15 FRGM DPH prd AB - A15 FROM PCH
External Clock Drive Waveforms
i . Lomex o+ L
- CHox tolew ™ - - - o
Ve - 0.5V At——— —- ‘ . ‘ L
"{" 0.7 Vee i ,7*:? —4— l
, . Lo
0.2 Veo- 0.1V ‘[
0.45V e ;
— loox - 4
lorc >
External Clock Drive
Symbol Parameter Min Max Units
Mool Oscillator Frequency 0 24 MHz
toLoL Ciock Period 416 ns
tenex High Time 15 ns
teLex Low Time 15 ns
teLcH Rise Time 20 ns
toHoL Fall Time 20 ns

AImET
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Ve = 5.0V £ 20% and Load Capacitance = B0 pF.

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

b XL Serial Port Clock Cycle Time 1.0 12tcLcL JIE:S

tauxn | Output Data Setup to Clock Rising Edge 700 10tgy o 133 ns

temax Cutput Data Hold After Clock Rising Edge 50 2t o -117 ns

teHDx Input Data Hold After Clock Rising Edge 0 0 ns T

txHov Clock Rising Edge to input Data Valid I 700 10te o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION 0 ot o | 2 3 4 8 8 T | B
ALE LI L e e
tXLXL
CLOCK t S D R O L]
QVXH
| — tXHi]X
WRITE TO SBUF 0 [} 1 X 2 X 3 ¥ a4 X 5 X 8 X 1
v 1 1 txox seTTi
OUTPUT DATA bxrov [ :
L.CLEfR RI,
INPUT DATA seTril

AC Testing Input/Output waveforms(! Float Waveforms(")

Vee- 0.8 0.2 Vop + 0.0V - — Vioap® 0 T e Vg 0V
TEST POINTS , Viewo ———— Timing Reference J—
) W : 0 “‘,- Points -

.45V we: 0.2 Ve - 0. - o Vieap ™™ > v row
Note: 1. AC Inputs during testing are driven at Vg - 0.5V Note: 1. Fortiming purposes, a port pin is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing mea- when a 100 mV change from load voltage occurs. A
surements are made at V,y min. for a logic 1 and V)_ port pin begins to float when a 1060 mV change from

max. for a logic 0. the loaded Vgu/Vg level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V + 20% AT89C52-12AC 44A Commercial
AT89C52-12.C 44) (0°C to 70°C)
ATBOC52-12PC 40P6
AT89C52-12QC 4402
ATBICE2-12Al 444 industrial T
ATBIC52-12.i 44) {(<40°C to B5°C)
ATBIC52-12PI 40P6
ATBIC52-12Q) 44Q
ATB9C52-12AA 447 Automotive I
AT89C52-12JA 44) (-40°C to 105°C)
i ATBICH2-12PA 40P6
ATB9C52-12QA 44Q
16 5V + 20% ATBYC52-16AC 44A Commercial o
ATB9C52-16.C 44 (0°C 1o 70°C)
ATB9C52-16PC 40P6
ATB9C52-16QC 44Q
! AT89C52-16Al 44A Industrial
AT89C52-16.| 44) {-40°C to 85°C)
AT89C52-16P| 40P6
AT89C52-16Q1 44Q
ATBOCHE2-16AA 444 Automaotive
ATBIC52-16JA 44 (-40°C to 105°C)
ATBIC52-16PA 40P6
ATBOC52-16QA 4402
20 5V + 20% ATBIC52-20AC 444 Commercial T
ATB9C52-20JC 44) (0°C to 70°C)
ATB9C52-20PC 40P6
ATBOC52-20QC 44Q
ATBICSH2-20Al 44A Industriat
ATBOC52-20J1 44 (-40°C to B5°C)
ATBIC52-20P 40P6
ATB9C52-20Q 44Q

AIMEL
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Ordering Information

Speed Power
(MHz} Supply Ordering Code Package Operation Range
24 g 5V £ 20% AT89C52-24AC 44A Commercial
AT89C52-24)C 44) (0°C to 70°C)
AT88C52-24PC 40P6
AT89C52-24QC 44Q
ATB9C52-24Al AAN industrial
AT89C52-24J| 44.) (40°C to 85°C)
AT89C52-24P 40P8
AT89C52-24Q1 44Q)
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP}
44J 44 Lead, Plastic J-Leaded Chip Carriar (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDiP}
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFF)

4-82 AT S C 52 s s
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