]
L]

msm‘uqmzaz'lna‘imﬂ'l‘ﬁ”mqﬁfaﬁaLmz'[mﬁ'wwj
LONG DISTANCE REMOTE CONTROL }
USING PORTABLE RADIO TRANSMITTER AND TELE'}PHONE

e p——

Tne ,

UNLTIASH  LNEUNAIe SUA 37013011 ‘f
wadaAy  uwiluvas WA 37013024 {
1

i

&

219NN '

wA. A5, Usalungd sy

1t 3-6.35%0

Judou T

Lﬁﬂﬂxtﬁﬂﬂ.,@%?ﬂ&.?% ....................

.............................

W s e

. . i
ﬂ?‘zym_nﬁwuéﬁtﬂumunuwmmsﬁnmmuuangmsﬂ?‘tyry%ﬁqnssumamsumfnm

f12713113AINsTNINsANLIAN ’
AMZAAINTTNANAAS
Ann1fumn ﬂTuTaﬁwszq'amné'wi"]Qmﬂmsmmns]:ﬂ'q
n1sdAnwn 2539 !

037322



- o g tow e

Fyoyrinustinisdnm 2539
NAENAAINTININTANUIAN
- - a <f Y b2 o i
puzAmanssuAani anhunalulatinssaaninddgnummsaianssi
781 msaruauszezinaldingflatauasinsdnsd f
LONG DISTARCE REMOTE CONTROL USING PORTABLE RADIO; AND TELEPHONE
i
Edmin ‘
1. WeeNATR  Waunae  WaLSYRda 37013011
2. Wt wihwlen salUseansia - 37013024
1
E
i

Lmu'ﬂ{ naidon mm?ﬁiﬁ;ﬁ‘nm

( WA @g. Uslunegd  anediew )



-

msaaNstasinalagldinglatauasingdnsd

LONG DISTANCE REMOTE CONTROL :
USING PORTABLE RADIO TRANSMITTER AND TELEPHONE

1< o e

he  wemAt  Waunane 37013011

—

wetliodl  utlutlan 37013024

fl & 1
21N wA. ps. Usluned  anadap

o e w

.

UNARta
Tﬂmfmﬁtﬂum?ﬂ?zqnm"l%muﬁwqﬁﬂﬁmmz‘[mﬁwﬁ Tmﬂﬁqm'lﬂ’ﬁmm{;'lunqs‘mmyn&nmmurau

gunallwith  maasugugnsaliwihaspuguiumdngilefla  viaadanuanlntraunaries

.

sl nasmauaugunsalinilvinliienn Rowsinaduuumiintinfes  edwiidanaus

vumiriimiingiiate  fazawnsaruangunsallinldausiainis Kcym?mw'lﬂﬁ'lum?mmqun

avriungaeinsdwi mﬂdqmumqmqu m?vn\ﬂwumoqfaa‘muaum’lﬁuimﬂﬂu‘mmmm

8031 anlfiflugiinsniraununan mmﬂﬂuiﬂmﬂuiwmtam’mmuaunw’ﬁfmufa:ﬁﬂﬁmmwn

i

AuaNgUnsaliniinldvaneneas .

Abstract i

This project is applied for using portable radio and telephone signal to control appliances.
It can control easily by pressirig telephone or portable radio * s buttons on their dials. The signal
will transmit by radie wave or telephone line . This system consists of CPU 8031, ring detector ,

DTMF code and decoder and on - off power circuit.



naanssudsenia }

v v
o = v

Wyniwusiauitlddrdaqaadlalidons Willfarareunseans e, ;09 Usalumel a1aidey
vu‘lén‘lumwﬂummvumumﬂqa wAnANFnm uamuuauuquaqumuqm uazieNTaraUAn.

nesingdanig  asdnnstnsdwivialszmalng 'w”lmLfaaMammuwLLa~1uﬂu@1Jn?mqwaﬁamﬂmmuﬂ

WA famidaiearanaureunszaos
1
i

l'

m:“m'l'nﬂu'] uazpaniamed auinlilszauanudFanudngiseas

' ] 14 é:u
yvinaluatingdld o filgae
1

1
wneitiadd  wilutias

v
UNEITATH Lﬁﬂ}mﬂ’]\‘l

e,

e T N VR



ot

e

=

=

N

AUty ,
;

‘ Wi

T R 1
N T S 2
21 TTAARUINIAIADT 8031 oo e 2
211 auaniRAveslulasreulnsaiand 8031, | S 2
212 Tanafwradhilasreulnsained 8031i ................. 2

22 PIA 8266 ....oooooeeveressiaeensesssnseeesssoeeseesesseeese oo PR 7
2.2.1 uﬁﬁﬁmﬁryryﬁmmm PIA 8255...c...voeeeeoeeeeeeeeeesssesern, LI 8
222 Register NRTUIDcemmeererereo eeeeessssssseseeeeseeeeaseesee s 9
223  madeusa 8255 fu L0 U peresneneneenes 11

23 leFnenswWadtuyrnunasdine AW PR— 13
231 TANATNIBY MTBBT0T...ooeoeeeees Lovvieeeensn 13

24 loBUANAYQUIOMBREN oo ‘ ................ 18
241 ADANURUY 1D 2500......r.rrreeeeeeescerserseresssn — 18
242  UAZIBUASIMMINTNLB 1SD 2500 20
243 UANIIRINUYBY ISD 2500, 22

25 NABONTEI N, o oo 26
251 nITAAT AUSDT oo R 28

252  affumsndamesihlans. e 28

253 oW lnANLUA IFaANTARNN. e 28
254 madsegnlHaulunsAUANIIAR. .o 29

26 ol utneAnt...oo i ............... 31
261 MIRNTONATRINSANT S 32

262 SPUUINIAWTIULLMM. .o s 33

26.3 ?zuuT'wTﬁwvﬁmumz@mﬁmmwﬁ'q‘ ........................... Leeeeemns 35

264 dauFaufeusswinsdwiwuuiadiuszuupaadg........ 38

26.5 z&yn&nmﬁuﬁﬁumqm?ﬁwv{ ........................................... Lo, 39

266 d’ngrmmﬁ'l"ﬂumiﬁmsiﬂﬁuizud'mQ’ﬁﬂnua:é?ﬂmﬁwﬁ. ......... 40



i
i
1
i
{ Y
i
dl [J £ 73 i
AL TR f g W AT LTS E g 1. i K R 42
31 MINRBYBITEUL oo oo, 42
32 MIMINIUIBINAIARARLATY N e SR 45
33  MIMINIUBBINATNATHAMIANS o — 46
34 MINUIBINATARUTUNTA N oo Lo, 47
35 MR NUIBINATABUINTAWAN. oo e 48
36 NS NAUIBITUTUNTN oo 49
4 H
UM 4 HANITNARDY
4.1 NIVARBNNIIAARBTINGN CPU Auwmdismiuan......... e 52
42 MINAAINTAARAIENIN CPU AU PORT oo N 54
. i
4.3 m:“nmmqq'wmfau?uma‘v‘hmuﬁLﬂuﬁmmﬁmtﬁmmm ................................ 56
44 NINARBINATAINABUATY U TN, e j .................. 59
45 NMINARRINATORATHARTUYNU DTME oo 60
H
UNT 5 LRI Meveerseresssnnenn R 61
MANIN N aeRsuazldsunsunisina t
AANUAN 9 Data Sheet i
* |
{
|
[
1
i
¥
t
H
{
¥
i



-

o
unn 1

uni i

H
H

-

4
fmqﬁﬁ"ama‘ua:‘l‘mﬁwﬁﬁudﬁu‘juqﬂni*m"ﬁ;ﬂm?ﬁﬁﬂ73Tﬂ’nﬂmnﬂﬁh\mﬁq fauenan
viegunsmnuazaanlumsiiasedefuansud infeanansmlszgniliningdaasuas
TnsdvTlildlseTmiasneanlfan @thL'ﬁum?'l'ﬁ‘f'mzl%;ﬂm?Lm"'fmﬁ'wvﬂﬂﬁaﬂnmimuﬂm"ﬂ"
Ina mﬂ"ﬁmﬂwwLﬂuﬂﬂn?mmmm:ﬂ“"lnauumm'lwmmnmn Lwa"\.,q"mmmmmqum
AauANANLATRstsdianNT g ﬂﬂw"luummmeﬁwwmnm'\u'rz‘nm&’mrmmmumu‘lm

tnFBLAEu m'auﬁf.,mmLmuWﬁqiﬂmqqqquomummu‘[maw’luulmaqwuyu ifausnld

F
L

tedwitnadunitu e Ta - da Wit Sadudheadul dlnesasliamnedng
e u?‘m:mmuqﬂnsm”lwﬁﬁ'u’] mehufwldmuanudesns  azfudilidusazerila
ﬁmumﬁmmmi‘;q:mﬁn&lryﬁmmuquqﬂn?m“lwﬁﬂoﬁ’ Wewiddasiidaiainsdwitluiads
dyqrnumauax i

munq?'l%wﬂﬁlﬂmﬂfluﬂﬂmrﬁmnﬂuﬁuﬁﬁumjﬁud%‘:ﬂzm;m? TR T
vadingRamniudnag u - de Muldlnaudlug mmi?umﬂau‘lﬂ"la’ﬂnan@"m'lua‘”ﬁvmwmm?
avdtyryrumrunugnsaiansnsarunliluszaznelnadan

Boyaiinusarid 1mmmwmmnﬂLm-'TmTﬁTwwm'l‘nuT"Tﬂmu"lunwmumJ
aqunsalietasl¥ninnehu mﬂ'L‘nﬂfmﬂuﬂﬂnim“lwﬁfmmmu‘lmmmmﬂa‘mm Tntimungn
naupuginsallviitisine Iiluszuznadlng Taeanansnmugueiningilae WIRATLIANHNUN
Aananedifld  msasuguazannzorugunis e - e qﬂn?m"lwﬁﬁ!lﬁi‘mﬂ\iw Tneieaus
nmﬂumuquﬁuﬁﬁﬁwﬁmmLﬂ?:ﬂqawqﬁéﬁﬂ iewthimfieasiasmsdmivindy  nnsvinaums
mur’]mzﬁﬂﬂﬂa‘ﬂfauTm‘mﬂ':‘mLﬂuqﬂn?m'ﬁ'lﬂi‘lum?muau %wzﬁﬂﬁmhwmmuguqﬂnmﬂw

H
A lAuansingas



uni 2
N !

2.1 lulaspaulnsaiaad 8031

Srttion, s

Tulasneutnsanad 8031 ululasranfamefuuuisiaunmgn Tneursq 1 luung
79U {Integrated  Circuit ) nnzdmiuauangUnsaizun uuudnhulia fiagmazmantunislda
v B
uavannsodgulilsunsumupuicanmwdnifensueamndnly  Gldanansndeutsun
paupNMIIRlimuAiams  wazamsawAsuulasiaidunisinnuresasidazan
] v ] 1
TaeneausivRauudasludouradiilsunsuying Tnelifaanlasuwladludquasasasafauaslag
i &
we  lidazaaulnsamed 8031 eglumszga MCS - 51 lugunsafesnuuumnauninudenis
1 liRafianeBunmiawinanelusaie wm’w%uwgwua::wm'wLmvagwﬁﬂwqm"'ﬁmmm‘m uarans
o P 9 o - L/ -~ o at ° . - : -k o o 3
muanau  Alddwiuuandeyaiuuenase uasdeilgnirdafintudufigmitedanstoya uas
-’:v = :’/ v v - 'y o h I ] < al
UANANUENNNATFRNAWATNATILAE  MCS - 51 Hagseanumanawef  wisviueffifiaou

ansofAruanswiuly fldasnsagldangiiares MCS - 51 uﬂ:tﬁﬂnﬁ‘lé’mm:mn
' i

2.1.1 aruantFvialluasdlalasaaulnsaiaad MCs - 51 ‘

1 1
o o

ausniAlndAyradlalasaeuinsaines aszna MCS - 5} figial
- Whululasreulnsaiaasaunn 8 iin i
- [ -y ar ‘
- fnsaseaadaivinafuazaasdandtyonnnfnanislus
-f - -« [ -
- HndryoaBuynieniyn dwau 32 dn f
J 1] 1 Ld
- mmmL'n'aumwuqﬂm'mmq’faqﬂmﬂuan(external data memory ) Taadng
sumduesiasaldte 64 nialusl I

4, o p v
- ATl eNAevtlsAaNaldsunsunneuan ( external program memory ) Tneiena
4
]

Auwsuasasalane 64 Alalus
< [ P LY . i - «
- AmdraanuanTdsunsuniglusa | on - chip program memory ) 1A 4 Alalus
Tntanaziues 8052 arfimicgmoindnludouiine 8 Alaluf dwiuwes 803t
uaz M8032 achifiminsasiusnludoudl !
- AmdazAnuandiayanieluga (on - chip data memory ) gum 128 lus Tnenaniz
\wa¥ 8032 uay 8052 arlwianannanludauiita 256 ol
L3 é Y o
- wiganuddeyanaluuwgau annsadnddayaszduiinlidag v l¥nasao

AnvianeamAasuanuzininliie duwaline@ouilsunsmnldieamnnig

i
1



EUS

]
H
=} e « « . o o ; o/ «
- N‘lﬂﬁlu’ﬂ?ﬂﬂqulm'ﬂ? ( timer/counters ) 2U1A 16 1n Auu 2 ¥ Tnsanziuas 8032

1
5

vi3e 8052 arillmiinafianinaianuou 3 6

n1rdumefildaunsanalédann 5 unsanudia Tnsaniziues 8032 uay 8052

° - 44 } 4 1 o - - :’v o o o o
aznnsawmesFlldann 6 UMaINUm Tmﬂm?ﬂumaq?ﬂmmmmmqmzmu
1

Aud Ay Ty 2 s2du

<

i
¢ o { o I <
- finafndearseynannialusies Seinemuiuuiruagmand ( full duplex )
i

- Amdlunisannumuadadanfuasnanssnmans |
o y ] o - x - H
- adalasdoulugildinainasineuiias 1 lulasiunil deldeSanaanaud 12

¥

wWneEsmed

[P

} 73 ) 1 e el

- piaansunaadnetv 5 Taav Rengaian

]

2.1.2 Taseastenedlulasaauivnsaians 8031 !
1 %4 I'd & =t o N 3 ‘J
Tassafnrealulasnaulnsaiaed mszna MCS - 51 NnafaiAumiieiug i

v 1]

wiauiu  dmiulasuiiazldiues 8031 Feillaseafrimeantinanssumevanuasznialy ae

7R 21 uaygUdi 22 ‘

T ———

pio O 1 7 403 vce
P11 [ 2 391 Po.0
pi2 1 3 38 Po.1
P13 [ 4 3713 P02
P14 ] 5 36[ Po3 '
p15 ] 6 35 P04
P1.6 E 7 — 34 POs5
P1.7 8 337 Pos
RST L 9 8 32 Po7
¢ P3o0RxD 10 © 3 EA ;
t P3.1TxD ] 11 3001 ALE ;
P3.2/INTO [] 12 29[ PSEN N
P3.3/NT1 (] 13 28] P27 :
p3.4mo0 ] 14 271 P26
P3.sm1 .15 26 P25
P3.6MD, L] 16 25 P24
i P3.7/RD O 17 2417 P23
XTAL2 [ 18 23] P22
XTALY [ 19 22 P21
§ VSS [] 20 21 P20
-

3 )
I
i
7 21 wassanilnsnssuniauenuazMIdasLLIA 189

lulasmauinsalaas 8031 .

*



g P0.0-P0.7 P2.0-P27
] s 4HLTA
1
y VCC  rommmmmmommmmee e EE R R ettt .
] L . |
| ! PROTO | [ PROT2 ’ :
tVss ) DRIVERS DRIVERS |
1 L 7 I
| Qu . E JL I
l . | 3 2] j L« < |
- | z 3 || RAM PORTO | [ PORTZ || EPROM |
! i x LATCH LATCH ROM :
i | JL b I I I |
§ | PROGRAM !
j | ADOR |
i | ] REGISTER |" :
; ! 40 g L Lt 93 | &
¥ ! B [
i : LREG'STER ] ™P2 ' I ™R I I
i
. AL P ot | orehenres 9 | |
| " |
{ PSEN I = ea s [ B ® PROGRAM ]
] T Se | [Psw _ [NTERRUFT SmAL COUNTER }—| | |
ALE ! TIMING = "-j_-' FROT AND TIMIR BLOCKS |
1 ‘—‘T— ap |88 ] I IT ; [
y A+ ] conTROL | EG | DPTR :
® RST I g : =
!
|
|
|
I
|
|
!

XTALA1 }—-: XTAL2 3
’Tj__j P1.0-P1.7 P3.0-P3.7

B D - e ) e i

s . -

) ¥
i 22 wsssantdmunssunneluges lulnsneulnsaines 8031

i
¥

gt 22 umsuanslassaFrameanntinenssunelurelulnsneulnsaied 8031
avdiudriidaulsznauntsluinnanaussqagmuidliuasitianiely ( interdal bus ) Aasteafudau
] ~ | t v <l !/ -311 ° £ o =
enelugaled  nssaugnsalludousing  ussqlinnelunsassanideniutiazinlinnsinaud

4 ' v -
Use@nsnm imszazhiifianssumusnnssuuiu ilesanndaulszneusine gnussq l3nialudeld

-~

- L 4 o [l 3 ﬂll 74 ) g <l 3
anm?mmu‘lmw [”l’lLlMLNWLl"W]ﬂ’li‘ll‘]N']u‘ﬂ’ﬂ\'lllﬁlﬂ:‘lﬂ‘ﬂ'i)Q‘lNTﬂTﬂﬂutﬂi‘ﬂL@ﬂ‘i‘ 8031 Wmau

WIN5N O (Port 0)
11 8 1ldurian Po.0 - P0.7 lummamBuwnianinnuuy 2 Akmedmiuldaialyl
Taednldonududumnedndevionadioudr 1 lufusasiniaameim iaivualfitwefmman
:’/ Ll U g 4 H o ¢ = a .‘
egluanuzldogasy Toluanusihadiamnsodanldidunemdunmdsiiuaudgeld uenan
e .:" L 24 L A [ Y o e 24 - ' [ li o v
wainiiazldoudunaimdunnianiynudatudagnldenlunsiasaiumissaudnniauandan

[l ] 1 ]
Tagninmhilunnsimuasiumbiuannsa luyimng Ao-A7 ) dawsnuwmisuaniasaliyigeazagiinesn 2

PYINan 1 {Port 1) }

11 8 1 urian P1.0 - P17 ilusmaimdunmaniynuuy 2 idnne dudldeuialy

b 4 v - T v ° < 1 o~ ] - e d; o ! 2 -
Tagthldnududuymainfasinniadeued 1 llfwusasinrememieimn fiduwaimaum



AINASN 2 ( Prot 2)

18 21 ldunian P2.0 - P27 duswemsunnain mewmmu 2 fienadmiuld
iyl Tngdleududuwnnaisasinmadeudn 1 Tdusas livremeiv Wasaua iy
WaMAUWY uﬂnmnwm‘wm.,'l‘mw.fluwmmuwwL'a'mwwLLmuumqn'lmmu'lumimmmﬂnwmﬂ

ANNAINEIURNGRE Tmﬂw'mu'm'lumin'mumm'umu\m'ammm”lungq {AB-A15)

%

1 MWaén 3 (Port 3 ) \
-l L4 ' o« o « < ° [ 173
il 8 91 luran P30 - P37 ihirmeimBupewiynuuy 2 faniedmitildann
e linuduiuymeinfianinnisdoudn 1 Wfusiasinvemed warmusliiunem
[ i
Aunm uﬂn@'mwafwﬂq:’lﬁmutﬂuwmw%uwwmevg*nLLfc’\’Qﬁuequn'l‘ﬁmu'luuﬁaﬁﬁmwi'w] AALARS

Tum9d 2.1

YINETN iR
P3.0 RXD ( serial input port ) ’
P3.1 TXD ( serial output port ) i
P3.2 INTO {(external interrupt 0 )
P3.3 INT1 (external interrupt 1 ) 2
P3.4 TO { Timer 0 external input ) :
P3.56 ‘T1 ({ Timer 1 external input ) !
P3.6 WR ( external data memory wrtie stroE)e )
P3.7 RD { external data memory read strot}e )

d' ll.aila ] Lo 3
AT 2.1 UAAIMUNYINIABTENUAAZ TN TAINeTY] 3

Py

UV5IN  (RST)
Mdwiumsaanminnuzedlalrsrauinianef  Tnansuadersaniussly 1

p

ateaen 2 wmiulnds lusnsfiessdawmaidviniuey !
]

%1 ALE/PROG
4 o 4 . I .3
dhundyygouieiwihfiasusunisuand ( latch ) APLMLanaTa lUYIRN
d: 224 a 1 - ] o g -!l’v o 73 e: -
( address latch enable ) NasBINIRARBALMIIEAINSINIEUEN uananimidnimiindugu
wnFuiadlunslusunss ( program pulse input ) ugausasmitannusn EPROM dwiululasaeu

' H
nsainaflumsega MCS - 51 fithniraanudatlsunsungbudly EPROM



21 PSEN ( Program Store Enable )
i fdudyguslasuiegwmdsnmictanusilushnsumeuan 1l
Tulasrenlnsamafilszananadidsanumisaanudnniauan milazdednyeyinalasusiuon 2 A%
] ) - 11 dla [ [ 1 e v 1&
Tuusazwamiulnaa Lm'lu'umzwrﬂmm'anuuwmmwmwmﬂamﬂuﬂmz‘luym?mz&ynvnmaimu

usinginale }

21 EA ( External Access enable )

Lﬂumﬁma*umTt‘a'ﬂn'l'ﬁ'mifmmwﬁﬁ‘fﬂmmmﬁnmﬂ'luu"'?fzzmnn'mu@n Taednd
anuzitu 0 f-\:umﬂﬁq'lmu‘[ﬂmﬂu‘imamm’%’uﬁﬁf&mnm‘ifmm'\uﬁwmquﬂnﬁrf‘ifumﬂummLm‘m
0000H - OFFFH  wianiffannunily 1 wunganwd Wsunsailusnumia 0P00H - OFFFH gnifiuly

nnelu 8031 .

11 XTAL 1 uaze1 XTAL 2 l

b 4
umduymuazienviwnaasasiuneffesadaminafuaniieas (inverting oscillater
amplifier) M?u'l'i'siﬂéouﬁm?‘amamﬂuﬂnLﬁﬂLﬂuﬁqr'i'\tﬁmd’:yry']mmﬂnm“nﬂ'lumuﬂum?ﬁﬁmu
289 8031 wsidsiasmsiendygrannfniinanmenien sudygionnfiniacugy 8031 Al

siadtyymunnifinnannieuenidfion XTAL 1 dauan XTAL 2 Useuasd¥fagii 2.3

1 2/
1 Vee  dlumnnl¥dwivsetlauussduliides +5 Taar
H

21 Vss 1w ddmiusaansas .

8031 §031

EXTERNAL
. OSCILLATER

a L

3 XTAL 1 “ SIGNAL —— | x7aL1

L
= l
—3 XTAL 2 XTAL 2

= i+

= [

= =

A
e b

o TS i i

Y A4 o
mmiertasaniieiuiiadyguunininielu m?'l-lid’ruruqm\:qﬂmaqnmuuan

B S = . - 1 i

1

U7 23 wasenssialfudtyoyinmnfniees 8031



2.2 PIA 8255 |
PIA 8255 ( PIA ¢i841a7N Programmable Interface Adapter ) tilu 1’0% 40 21 gnasnuuy
dll -ll e o [ [ 1 ' T ar < =t
wuiefazflunamdwiunsudedeyauuunnusswingnsalmeveniululasaeuinaines &
' ' i
aruazaniumsines 8256 1Uldemuilasan imanunsalaauulasdnuiiznisinnussanai
Wilh@uymidaeninmemlfatvazaon  Wensdedeyansuquanlifasaeuinsana sl
' Py P &/ 2 4 ] :’/ P ' d" = o4 <4
8256 riaunazFusuliuneiiniy Tasfianuansnsomaniiazgnidands  Programmable Aa
awnsaldsunsunisineuld dinlildiuanafiauiuatraunsvane |
anluglil 24 duvdenlaszunsulanairaniminauses 8285 dausussBanae
[ 4
Aumiensine uandlilugli 25 azsiuldddszneudaaudearesnicanisinmunanadau nne
v [ 1 N
Tuudeannniians 4 uReadludafidensenugunsainauaninenselaetiunadudygod
szfiadn PAO - PA7, PB.O - PB.7 uaz PCO - PC.7 nquaasdtynnumaniisuuniilu 3 nguia
& ° [ o [ 1 U i
Waim A, B uaz C dwmiuudeadadmniFnnidaunanii@iadn Group A Control Waz Group B Control
vimihfitmuamainiuseseimivan Tanufaaiaesiidenseiuudesdu fumaiadeya
° - ° : y % .
ey 8255 18 dwiuseanisvinunedudiefildadn Data bus buffer uaz readwrite control
. ° 2 d' d’ ] ' (%3 o o’ d‘ oy b 24 ! o~
logic Yinwidanseszuinszuntaradlnlnsneulnsaiaadiiu 8255 aitidedayasendnaiuniu

TTALYBNABANTBUNATY YN RD\ UAE WR\ ANNATAL

i [ —— GroOuUPA 5
—) PORTA [~ PAO-PA7

4 .

GROUPA | H
CONTROL N— GROUP A

AN\
) PORTC (——)PC.4-PC.7

[ | (upper)

| 4 u i
DATA BUS < :>
DO - D7 €4— ourrer ’

A A GROUPB

_ PORTC p }
1 ) o s — PCO-PC3
RD — GROUP B
R > C?géTgL CONTROL [ o é
A0 — ) SROUPB (T pgo-pa7
Al—
RESET —»| — A

B o s e mel e vt T - S - - ~ ® » e

7UR 24 uam Biock Diagram nreluzes 8355

]
3



r

.
PA3 [ 1 / 40[] PA4
PA2 [] 2 39[] PAS5
PA1 [] 3 38[] PA6
; : pPA0 [ 4 37 PA7
i RD [] 5 36 [ WR s
¢s ] s 35[] RESET
GND [ 7 34 Do !
A1 L] 8 33[] D.1 :
Ao Lo 32[7] D2 .
pc7 1o PIA 31] D3 ‘
pce []11 8255 30[] D4 ’
f pcs []12 29[ D5
pca []13 28] D6
; pco [ 14 271 b7 '
pca1 []15 26 [ vce y
pc2 16 25 pPB7 *
; pca (117 24] PB6
pe.o L[] 18 23] PBS
pe.1 [ 19 221 PB4
P2 [ 20 21 PB3 .

B e e % N 1

N 25 uanewumiansineg 1ee 8255

2.2.1 WAy ey 8255 ’
e ldlaiansseldorussuindalasaeafamesiy PIA 255 A usiaadale
AMIELATA LR @ieusiiae i
DO - D7 haladieya v‘i’mﬁ'}ﬁd'\uu‘%ﬂLﬁﬂu'}fmﬂamnwm‘w '{ausia DO - D7 siauin
AU Data Bus ta9lulAsneniiomef '
CS luaduwnay ( select shift ) v‘huﬁ'\ﬁi”uﬁcynvnmmm‘{qﬂuﬂﬂLﬁ'aLﬁanﬁﬂ 8255

Taenfiaaniiduy “Low” asvialif 8255 sadniuszuuiiaseclulnsnanfiamefife lbeuita @y

<y

b4 © oo A’
12YR/IINNBTNINAUY

=3

RD dlumndygudwudeys  viwdihiiudygrasugmiidanain cPU idlan
v v i
dyqroild “low” wazan €S Wi Low”  aslinseudeyaiatuuuiadeya
WR iiuindygaudeudieya Wa Cs uaz WR iflu Logic 0" azifanisidinudioys
-i' o
Muwiadeya ,
A0 - A1 Hlunndtyguuaniasaidanwesh A, B, C  uazAuANWAm ( control port )
RESET  lundnyranndefanuzsing nalu 8255 imm:ﬂhwm’lﬁnnwm‘w

\uguwnwain



a
PAO - PA7 lunndtyeyrasBunmaenivm wai A 1unn 8 iin
PBO - PB7 lumndrysyraidunnianivym waim B auan 8 i
PCO - PC7 lumndynyniBuwnianiyn waim C 1w 8 ﬁ§|
{
luussnmafnieaniaes 8255 Tedundmei A B uay C Tmﬂwuﬁmuumutﬂuwmm
uuu'umumhvnfaumfmmd’mrqu 8 \fu (8 in) mumazté’uﬂzztmuummﬂmmwmw (waindaya
a1 8 fin ) mmmmmmmqumzuwumLﬁuﬁrqumwmwu‘lé‘l‘mﬂ'am, atinlafimny 8255 I
ymsuiinguueanemmvaniidy 2 NANAS NN A UAZNGN B Lmﬂ?"‘ia'nu"lum?muumgﬂuuu

L]

MINNUTBINGN AIFANTN Gl'xﬂﬂi&

1
Y

Tangu ANBUL ,

GROUP A waim A druou 8 fin (vmﬁmmw?{w)

o - - 1
naim C w4 iin (LANT 4 INUYIDBINa N
GROUP B wafm B Ay 8 v mniinuaanain)

WA C A 4 On (lane 4 ﬁwdi\wmwm’w)

Y

|

1 L4 ar "’I I
Anmswinsussiduldinduudygramiamesewai ¢ (PCO - PC7 ) Isignuanaan
{ .
ilusaangu Aenguuad 4 finaw an PCO - PC3 WazngxTes 4 Tuu An PC4 - PC7 Aaiunaim

AN 22 wamsguuunImMintauTeInem

«l o = 13 ' o - 4
ngX A uazngal B 1a9 8255 eildmaninluwsasnquiuiuanta 12 fin

1
22.2 Register meluuas PIA 8255
\Wavimsdensia 8255 iy CPU -umszuu‘luTmﬂﬂuﬁfzLé@ﬂﬁu.z’q'qaqﬁg’ﬂ‘ﬁ’qw’fm
o o L 74 ° 173 v d‘ ° L 4 & 1
maa Melusunsul 8256 vineldimuseanis anfidiuun Decoder Address Port 4 e wsl
- IS e ra: = ' } 4 [ o
asnaimazialiauihiFdawmaMamnsndeunazenls Tmaanwmzmmoupu azinisaauaning
AO-AT,WR uaz RD Mnamllumnsian 2.3
. ]
nanivun Wiwaivisaumas 8255 viewludnuouzsine Maefigandlumnisinuay
- 2 " v o Yo ada - o [y A o
Fuanmimazsiasdeidayamnnavilliilifidamesaougunisinnungly 8255 daxyadazdon
41 luvidlayanaunu ( Control word ) TmﬂLmavumﬂwwam"um’mnmﬂm FLTNANMNABINT
sina Ml muamgﬂw 2.6 m?zmm;]a‘luwuq.,mmLsumutﬂumrm_lm‘nnﬂumvum?mLuum?'lm-]

¥

iy 8265 mmu }



4

RD| WR [ A1 | A0 ATNMNNE ¢

1 0 0 0 deumai A Faflufaya

0 1 0 0 FUNEIM A %qtﬂuﬂ)ﬂqa

1 0 0 1 Feuwai B Failufeya

0 1 0 1 f1unai 8 %uﬂuﬁmﬂa

1 0 1 0 Beuwai C %QLﬂl}‘ﬁﬂHﬁ

0 1 1 0 GIRYRELY Céqtﬂm’?ﬂ:ﬂa

1 0 1 1 Lﬁﬂuﬁmﬂﬂfﬁuﬂmﬁz‘muau
0 1 1 1 dudnandelifianamanele

{

t L]
ANTNA 23 AYQYIAILANNIIRNIUTEY 8255

T
}“p urifinzeslusimrusm 1= ACTIVE o =1NACnVEI

a

D6 uunmematuLed Group A
I BEEY P
j_ 00=Tuun0 01=Tuum 1 10 = Tugn 2
i

1
D4 Port A T=3unm 0= 21nn

a

3_*" Port C (Amuy) 1« Funm 0= .
Group A

s, - LI
Port C (MUARTN) 1= 2UNR 0 = (B1ANA
I b

D1 - } *
Port 8 1=2unA 0= (pIAnn I
a“.

Tuuaniriauees Group B?
0=Tuuno 1=Tuum1

, i
i 26 wanspruumnrsainmeluluvidayseunudiy 8255



11

~ g

223 nsi@aN 8255 fu 8031 '

Waftansonununiwaes 8255 aswiulddnfindynnouedinsadiunusenduie

° ° f i ' 2 e o ) - ' ° '
A0 - A1 Mnldisumbiasuaniasanasdnteldidaniu 27 viawindu 4 AUMNTUR AL UL

aviirnuvangflunisesy FRamefFanaimnnnali 8255 il 1}
!
A1 AO Fa3adinad
0 1 wasm A i
0 1 wain B ’
1 0 ’ wain C '
1 1 FAamasAIAN

i
1
3
R

4 o : - VI !
mﬂwmmﬁmmmuﬂmmmmmumunu':‘:muaﬂfanmmz?{cyzyﬁfu RD waz WR A
' & = 174 Y o wla r:: o a [ P o~ :’/
Wlunsdizadiaudeyanwandygnns Do - D7 WiiLFaamefiunud sy famsedi 2.3 Fafu
1 v T i 1

Taevinluinazimunliueniasares 8255 Yadswnisaglunanasadasladowmiimearsusdy 104
i i 1 ° o o L4
1A, 12H uaz 130 Tnefinndygrauesnsafivenuilelain A0 uaz A1 viudiandasnensa

i ' i L ~ ' i
wamnsaiasiwdtygnondengninl ( ¢S ) lutauenmsaiideenis jlﬁqmﬂmdugﬂﬁ 2.7
dygnne €S Wazluannazasinanfiviedieluweanss  A2-A7  TAqviiu 0000100xx ( xx
MierzyiFiamednnely 8255 evnnsenwitadendiaya ) paduainasilueninsarediaa

-

wainielu 8255 azliAMRINANT NN 2.4

AUMLNLAALATR ANUNNY
i
10H nan A
1MH wain B
12H waiv C i
13H FRLIGLECLITY
H

: . , 1
ANTNN 2.4 uanamunaianiasanialuley 8255
H



12

d = o i v w4 -
Ay mALUANEY] Aa RD war WR  sinazi@ewsiadiiumdygnodedian
Muzes 8031 dlaumsvinliueninsanaivass 8255 ag;‘luwuw'umumﬂmﬁuaqmwamm 8031
dwiumdtygnfamues 8255 Seasiinalfiianisian mﬂwmmovmmimu'lvmmmzmmjm

Ay ranilusedngs muummm'l'nﬁrytyqtummsnmmmﬁuﬁu 8031 | Wefladam 8256
1

snafidnunsasalilaeni

1
1

74HC183

fryryaniaan
1faTaq 8031 A0

t

1 1 l
N 27 wansshetieninden 8255 iy 8031.



2.3 laZoansviadunios AudAlnsAny ( DTMF DECODER ) ,
{

6

MT 8870 Lflu‘l'aw'l'nmmun@mwammn‘fmﬂww mmmqnm?nmﬂummmm
Insdwieiiauuunay ( 278n Tone vida DTMF ) 'lmﬂu?vuummmmqmma’a Tne 103 MT8870
azimihfiulasnaadisiatnsdwi DTMF 'lmﬂuﬁrym'\mmmaa RUFIUABIIUA 4 i ‘mﬂm

[

AN Ieuiidase Ul

- fludiu uazneaswanIuiinsdw ( DTMF receiver )
- Mnszualviiies uazl¥lWidaessdudoaty TTL

- awnsnaEAsnsaenane lusa ey : !
- ansnUiunafalned ( Gurad time ) 14

- ihuladfignunings

23.1 TAseas1erae MT8870

TassaFrumaluaes MT8870 tsznaulidanniasnsesmnud uaznersnensiaaiay
vedanen  (uledfasalanldmalulad IS0 - CMOS Tugauresnsasmsasnnud imanazes
mwmmﬂwmﬂrwmmm mmummm'mm_gmﬂvm mmqqmﬂmma'l‘nmﬂuﬂmmumqmmaa
\emsaadLuaLnansiane 16 AN aanidunrguasun 4 iin uavm}ﬂ'mmmwﬁ'mmmm
W daunaguwaduasued ‘mmmmﬂmﬂmmmmﬂ’lﬁ‘[mﬂmaﬂﬂn?mmﬂuﬂnmmwmﬂmqqs
wand 3 anuz  Taseaiieues MT8870 umm’lugﬂw 2.8 megﬂ'w 2.9 :

!

Wartdunisinaunialuzes MT8870

Tasea¥anielures MT8870 wstnaudnadoudndty s dnie

1. mﬂmmmmﬁ ( filter section ) ’

2. NMANAAIVA ( decoder section )

3. MARTIRABUATYEYU ( steering circuit )

4. matdiaANE ([ oscillater )

5. NMATENBFYIYIUAMNWANGN ( differential input )



- e

RS —— b

vbDD V8§ VREF

[1_ M 1
BIAS
CIRCUIT
* *cr—np HIGH N Q1
BIAS GROUP S
FILTER ]
IN+ Q2
E DIAL DIGITAL CODE !

w-[] FILTER DETECTER ALGORITHM | | ANDLATCH
i oW
GROUP — ¢
6s [] FILTER !
i > © >0 ALl
CHIP CLOCKS

ZER N E_
TONE O CROSSING DETECTION | | convERTER @__
L]

| NN—
L J :
\ 7 ’ OS(‘:: o zs:::i ) ) - B . T TOE~
!
ga.l-‘?; 28 uandlaseafremeluzes MT8S70
{
P o R
‘ /
N+ [ 1 18 | vDD J
! IN- | 2 SYGT ;

EST

StD

17
16
=
ic+[ 5 MT8870 14 ] Q4 i
;caé ‘ 13] Q3 £y
12
T
10

oy

L A BB M s e

osc1!| 7 Q2

osc2 [ 8 a1 X
¢ vss | o TOE i
}

i

v e 1

: * manuy VSS

a . ﬂ i
| MT8870BE 18 PIN PIASTIC ;e

'MT8870BC 18 PIN CERDIP i

L- R AT - S s b e

—

M 29 uamesazi@unInIes MT8870

e S WRES 0

T R O dwdem

'3

B E



15

PRECISE

0 / - X : DIAL TONES

X350 Hz
¥ Y=440Hz

A=697 Hz
Ba770 Hz
Ca=852 Hz
D=941 Hz
E=1209 Hz
F=1336 Hz
Gm1477 Hz
H=1633 Hz

T
3
1 ' DTMF TONES

20
ATTENUATION I g
(@8) l

30

e A ] v

40 f \ '\\
!

AT

FREQUENCY (Hz)

-

-——— g

i 210 wamsmrndilFarnniansesaaad

i

»

1. nMANTERR Ty YA
v 1 ] ]
Tudauilazuandtyr DTMF idsneanidly 2 nauadded  Aedaeranuings
o b ]
uazpndin  Tagldieamnsesnansfidusy 6 slaaindanthdmef  ( SIX - ORDER

SWITCHED CAPACITOR BANDPASS FILTER ) Temanadifiuenlé®l 2 doq ATNANNDGIUAL TN

-
ANUNAN

e m e ey

2. NMANBATHA
4 o “ oy _ . o .
AN DTMF  MignnsesiFauiasudn q::muvmqwmfamrﬂmmnaamﬂumm

beldmallanniumnddnes uasfinsnmassuaaiidandnilumnsfivonsgm DTMF vile

) [} ] [ 7] t
T4 ivatlasiuputaudunan Wiensaaaudianniiiugnsies dyqyrnhian Est ( Early Steering |

! +
i

flazuaaivl  dwiudrfinansaldananadisne Muuansiimsai 25

- -

3. mMAnTRAaudnyyiou
' aj = 0% all [ - * ] el'dl } 4
neunarinisnanmiganunaaniiniaaning ATUNIATYRAAUTNAMUDALINA

o~ oy oo I I o
Mrzaznatfinvuerell Ieefidunaainszaznanisnauaindaont Weliiidaaanuiiasen
1 - 1’/ d” 18 ) ' :’4 ] 14 ]
wiludasnaneannns mzumwsmum:"lumeﬂnmqﬁtytgﬁmuu‘Lu?nmfm dautaananeng
wilagnunsoaeldlaeld RC dennauen  dyonouiin Est amfly HIGH" wulndideeiy

1 H 2
zuzafinnd DTMF e fused v geliuaufiednsalaad (TRESHOLD ) 29asnansvia
]

Aznaamfaeanuiuiasunn 4 n
°



i
|
i '
r | F,, = NO |TOE | Q | Q | Q | @
: .
v | 697 | 1209 | 1 H oo o | ¢,
11 697 [1336] 2 | H [0 [0 1 0
697 | 1477 3 | H |0 |0 1 1
U770 (1209 4 | H [0 [1 | 0 | o
i 770 11336 - 5 | H [0 | 1 0 1
1| 770 | 1477 | .6 H |0 [ 1 1 b |
{852 [1200] 7 | H |0 [ 1 | 1 | 1
: ] 852 (1336 8 | H [ 1 [0 0 0
|| 852 [1477] 9 | H [1 [0 0 1
941 J1336] o | H |1 |0 1 ]
j [ 94111209 * [ H [1 [0 | 1 [ 1
Pl o941 | 1477 ] # H |1 1 0 0.
11697 [1633] A | H [1 |1 0 1,
§ 770 11633 B | H [ 1 [ 1 1 0
| 852 | 1633 Cc | H |1 1 1 1
941 1633 B | H |0 [0 0 0:
- - IaNnv [ L JZTZ ] Z ] 2
U - — !
A3 25 u,amqﬁﬁﬁnﬂmﬁ’m‘lﬁmnmwﬁm"m']‘
H
!
4. NAPENERTYTYIUANNUANGN N

dudunmaay MT8870  luniarengeatueiianansodiudnsannalalaase

wasneandiuBuyy !

:
5. MANUIAAND

Tu  MT8870 arfineasesadawmedfagmely  RevusserSananauin 3579

wnnuErad Aaunsnldeulaviun '

° o |8 f:” <2 -ﬂ"" k2 4‘ 224 ] ar ol
mmumm‘lwuuuumﬂm mumm'ummﬁurmL'mmm%hmmumﬁnum@mn

' Cil :’/ ¥ Ve [ A ) dlz’/ v < 1 < ’:/
n'wmwm'mmm‘lo ’NQﬂ-ﬂi‘Uﬂ'ﬁ‘ﬂﬂNi‘U’ﬂ z&ytyﬁrum'mnuuqnmm M?ﬂl’lﬂ’]ﬂt?ﬁ[”l\i‘lﬂﬂﬂ RC

ox el o

Aranfmlnfiues  WadygyinenuifdhumuayinduFeunndioafiseld  feaunsoulas
1

[N v RS
dwsaarls Sdygrusmadidwndundnaisnly fachifinnnessiaiflusasteanly nas

H o i 1
FaaaTAUInIaIg ldangURA 2.1 |

L



i
1
i
H
v
VoD .
@,
VoD c SIGt
\/
ESt
A R2
) Est
MT8870 est .
— 1GTP=(R1C1)in[VDDAVDD-VTSY)] 1GTP=(R1C1)In[VDB/VDD-VTS)]
:g}ﬁf;g::gggx;‘gwsm 1GTA=(RpC1)in(VDDMist) {GTA=(RpC1)in(VDOMtst)
Rp=(R1R2)/(R1+R2) Rp=(RIR2)/(R1+R2}
m myeaminlnl GTPAGTPaGTA) (m mvaaminlmd PIPGTPGTA)

H

M 211 wamasasasaaseudtyuetinirauazuaninsimuaainafa vl grad time )

A8n1sATUIY

tGTA = (RC)in (Vdd/Vist)

tGTP = (RC)in (vdd/(vdd - VTSt))

nrann1faingd tGTP; (tGTP<tGTA)

tGTP = (R1C1)in (Vdd/ (Vdd - VTSt ) )
tGTA = (R1C1)in (Vdd / VTSY) '
l
Rp = (R1R2)/(R1+ R2) '
. i
naRNnTaIng tGTA; (GTP>TGTA) ¢
i
tGTP = (RpC1jin { Vdd / (Vdd - VTSt) ) .
i
tGTA = (R1C1)in (Vdd / VTS l

Rp = (R1R2) / (R1+R2)

17



18

2.4 lafiuvindygnondes

1 13

luginsafdaanvFegunsalneafiamefilaquiuasiiuinisntauaiounnauaging
1 - L 3 ° i [ d ‘/ i

wugnsalinedw  luaderaudasliawinmihindulawlesines nosRaLTLnsAnyilliadlgngudh

] v v =l [} (v :l’ 10 v ¥ <\ ) 1 3
WuazsalammngsAnNiemsresifan  wilulaqiuillisufugedfandnselluda Ao
MadareansvmungUnIniEiaansafiad ‘lo’w’vh’qmﬁuwmwuaztﬁqmﬁwqflutmuﬁﬂu Tnenan
¥ - - o 4 3 dl o [ rd'- ‘:i‘ ar s
annnlfasiwansefiaduimiifinessulnsdmimuay gunsafdtlanansnnauiutnedn
Iisaedawa  lugunsalreuRamesfduieni iannsabirenfinmefyauustindunausieg
Lol L = L i { |° LA lll ar
unslireufiamesWiiudlinenfamesld  lugunsafisfedldinih Afnsfnaududewriatufiv

14
- .« o ° i’ - 1

nilenlfgUnsaiiuindygondesyaiifuunnmesazaan liglnsldduaumwened

- o ’:’ o = si‘ Lv :’/ MY e 2
dynrudsaanesuusiiuneuniviinunseana  Ayginidsasyaildiuilaimdiniaie

' [P “ 2 & = 4' <l -3 o o 74 1 =l ()

waauusimndnfugniuiniilusaled  deflmnadnnssindn  Mawataanasunaiaudse
gunsaflsznaunsanieadntianlimauanaassialadiaunsn auls i‘[ﬂﬂTﬂNmuﬁ@:'l'i‘lﬁ

lwaf I1SD 2500

z
241 AmgadFELae ISD 2500 !

- mm?nuuwnﬁmmﬁmmmmu‘lf:”lmi'mﬂummmmmmf-}’m‘lﬂﬁfuamf)W? ( non -

volatile memory )

- @NTTUANGA ( re - record ) lENANNTIRMIL 100,000 AT

p e

-~

o a2 3 dln ’ v < - =
-mmmuuwn'ﬂ'ﬂmwwmmmfanu‘lmmum 90 WU

[ —

- MILUAN ( record ) UATIGUNAL ( playback ) Minl&dne
- aunsLTaNsie ( interface ) fiugunsnilulasreuinsanafly

- Wdeneuauesidlusssugni

AMNATUANTRF momquﬂqmﬂ'lum‘lﬂmwmmmmm’lnmmmnw’lmmu plausiagas
wenadtyyrnanniulasinu qumuwmmLnu'nm;;awuuwnLm::'uumna’ﬁmnqhmumu‘l’)‘lum‘lm
weiadien Wwhanniufinazdnfiudeyasae 1f3'luuuoﬂm’mm*nLﬂummmu"lummn'mu‘mu

drraaieimndeyalilfgomne nuazdaanisuaafenlaszunsunisiafuazinwnieises
ISD 2500 uamalimagii 212 uay 2.13



19

- - -

Ao/MO [ 1 7 28 [ Viep
AtM1 [ 2 27 1 PR
A2M2 (] 3 26 [ XCLK
A3M3 [] 4 25 ] EOM  »
AdiM4 (] 5 o 24 1 PID
A5/M5 (] 6 © 23] CcE
A6IMB [ 7 (LQ 22 [ ovF
A7 L] 8 A 21 [ ANAOUT;
A8 (]9 O 20 [J ANAIN
A9 []10 — 19 [ AGC
AUXIN []11 18 [ MIC REF 4
Ylsso E g 17 [ MIC !
16 \Y
SPr [ 14 15 % o

dl L4 1
s 212 uamsscumieTIYed ISD 2500
1
i
]
I Internal Clock l——-{ Timing =
XCLK O- Sampling Clock 1 E ..
. ‘ =
l\ 5-Pole Active | ; 1 i 3
ANAIN O Amp Antialiasing Filler Analog Transceivers —L EELEEE!QEI:
@ 480K Cell ' ~— -
ANAOUTO gl Nonvolatile 5-Pple Active
MIC O— P 18| Analog Storage Smoqthing Filter
: 2 Arra T —0O
MIC REF O Amp : e Y . m SP+
Automatic
AGC O ® Gain Control 1 —O SP-
(AGC) ‘
H
l Power Condilioning ] [ Address Bulflers ] [ Devi?:e Control l

O 0 0 0 0000V O0OVO0O0O O 00 O 0 O
Voca Vesa Vesp VocD  AQ A1 A2 A3 A4 A5 A6 A7 A8 A9 PD OVF P/R CE EOM AUXIN -

2 213 uameudealaazunsunisinauees ISD 2500



20

242 §IERLLBHAAIULUUIIIUDY ISD 2500

P

Microphone Input (MIC) f

m 17 fqzs*uﬁtycyﬁmﬁuvmﬁldqurh’qmﬂ’q‘lu"lm‘[wuuﬁqmchuﬁryzywmtﬁqzjwwﬁuauﬂ*?'i
Usznauagineludaled neludssneudaensasaunudnanisenedntud (AGC) Tatnsasiiagin
m’hﬁmuQué’m?'\mi‘ummm'mnﬁ‘uﬂuﬂ'lﬁﬁms'umﬂaﬂ'lwﬁm -15 T4 24 1dwa TulasTuaan
mﬂuﬂnfazqnﬁuﬂg\zmuﬁoLﬁuﬂiza'luﬁ’nwmzwmuﬁ’um 17 Annuqrasanihresazianun
TneAihilarnausmmunieturedlad (10 Alalevi e liAannsdndaniannuiisn

Microphone Reference Input ( MIC REF)

11 18 Hazsadfunsnsezngan Ves)  Toesimaynsuiusiafiunezq darwiiiindn

- -!' 9 a v b 2] J Ly
ﬁ’tyzyﬂmmmummuwwm 17 LLﬂZLWﬂ‘]MI.ﬂﬂﬂ']i“ﬁﬂL‘Hﬂ‘l’l’Nﬂquﬂ’ﬂ‘JﬂJ’mﬁUﬂqulﬂﬂﬂ'ﬂ 10 WTiua

Analog Output ( ANA OUT)
< ver .
1 21 Lﬂu'u']mwwmmamsﬁnmuﬂw'\mﬁyry'lmmn”lu‘fm‘[ﬂuwlmum?mu@u@m’lm?

181889N9AT AGC N luudn

Analog Input ( ANA IN)
. . L . X
1 20 azfudygrauinanfuanieanumum 21 Taadusafulssqdulaainiauen
14 1 v o v
Aufdsdtygondniian 20 Wierdwdygrndilibinnmidinineluiled safulszasuda
muveniingdesfiniusiumanaimimeludn 30 Kohm fuiuduwnanuaudinafiazyinli

-9
Wuasasnsag AMNDALLLANaEN

1
{

1 19 uauyiieapusnansrenarenFuenTlulasumiedulaunindielian

Automatic Gain Control { AGC)

ANNINNNY aunm.,mud’mry'\mwumummnmwmnmmﬁmmﬁmwwmpﬂuwmwn'luimﬁvluuav
Lw'a'lm“'muﬁmrquwmm?nuwnum'mmmwzluuﬂﬂwamm AGC uf-:vmmounu'aﬂm‘m RC iila
ﬂ'ﬁ'ﬂuﬂﬂ'lL’Jﬂ'\ﬂiV]Tﬂﬂﬂ’]ﬂQ’]Nﬁ’]uﬂ’luﬂﬁﬂ.lu 5 Kohm ua“q"mnu C ﬂqﬁluﬂﬂ’ﬂﬂﬁlQﬂudLW’E}N'}u@\i

w o i
ni"l'm'a:u’m'an ﬂ']VILﬂN']zﬂNU'NﬂTQﬂ'THUﬂUL',]’W R= 470K, C=4.7 uF !

Speaker Outputs ( SP+ / SP-)
1 14, 15 dlureniynsasendiin lulefaziicwssensarpuansnseangantineded

] 3
Anuawa lunsfua e nivmld 50 mw 7 uandTma 16 ohm e winithisunsosa

uiuanafa e lunsainfaaamatunanesa )



21

Power Down Input (PD) .
91 24 Turnsildiinnniuiniawsundy M PD asflanioadlu =17 faslunisinea

v : i [ o o ﬂl |d; - “nan d =S U s
stfiunsdulAasiidanulussiusinnng  wiiliasn ovF flanandu “07 Auasstanisidundy
X X a am , YL os - P v a2
Augaalsingdu a1 PO Unfazidly “17 ag 'lumm:uunf-::qnmwua:qzwynszmummuwnm@

) [ 1t :’/
wunauludanai

Chip Enable Input (CE)
v 1 i
11 23 11 CE HUazsialifudynuiad “0” evnafiamadeuwdassswinanisiau

[ o < d' - - Ly .~ * [ d‘ 4=‘i’
ﬂ’m_lLLﬂZﬂ’]i"LILWlﬂVl‘lI']I.L’ﬂﬂlﬂ?ﬁﬂuwﬂllﬂﬁ‘ﬂ’] P/R ﬂu‘l’!ﬂﬂ:gﬂLl.ﬂﬂ‘ﬁ@ﬁﬂWﬂdﬁlﬂPﬂ'\ﬂ\iﬂ‘ﬂdWﬂdﬂ1]']14

i
‘Playback/Record Input (P/R) i

11 27 Handumatuaunasunduuasiuinldfuwad “17 anflusseusesnisiaundy
ua.,mtﬂuwaﬁ “0” auiilunnsidanaeseuniiufin mmn‘lmuwadwmﬂumm-nmm CE mtﬂums

uam‘nﬂuwwwm P/R .

Address/Mode Input (A0 - A9 / MO - M6 )

2 1-10 mu:ammeLLa:Tuumﬁuwwq:ﬁaﬂﬂmﬁﬁ*ﬁ’uﬁmﬁu?zﬁumﬂimm MSB 183uanLnsa
fuammsalauaniasanibeesass MSBS 1 “0” ﬁumﬁwzmﬂﬂngﬁL:L@mmmﬁwv?\mumLLﬂ:’l‘ﬁ'
HhunannsaGuiudrfussaumaiufinuassundiuasruesnsaasfinnisuanflagreymades
Wadiian CE uazdh MsBS Hamnusdu “1” 1UAIATA / Tuum%uvgm::'J’]"zﬁuﬂfﬁ‘l‘umﬁwﬁ’wnm

waziiansuandilawadrevunaslsngiien CE

External Clock Input (XCLK)
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End-Of-Message / RUN output (EOM) .
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Overflow Output (OVF)
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Voltage Inputs ( Ve, , Vegp)
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Ground Inputs ( Vg, , V) . .
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283 CE \{u low fuanunsalaqaii mode level gneusnatinauazyinliinam -

n1sa8unalunANI$YI9U ( Operational Mode Description )
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MO massage cueing famuadauiitihanietrnt , M4,M5,M6
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M3-Message Looping i
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3.2 29_9ASIRWAUAUQUIGENAN ( Ringing tone detector circuit )

v o

rm R e v wewmr o = - - —_— e
Rt |
® /\/\/\/ H !
TO INT1
560 3
27k —— *
]
! FROM TEL.. LINE D1-D4 U NNV
3
C1 B
c2
—l - 3
. N 2 = R Vo[ | !
71 15v
22uF N
0,1uF
g
2
== = . e e = - 4w E— T e = 3

N 32 uamnessmsadaudtyquiGunida

NNSINNMUTDINRTATIARAUA YYIUFantdn

mn;ﬂ‘i‘i 3.2 {lunaspsaaaaudyryruGanidn ( Ringing tone detector circuit ) %aﬁtytqu
Fund ( Ringing tone ) vieRGunataiRindrynsEA FyqauGanidhiiasiinunanes
dryoyne dszwnns 90 - 110 Vpop flaad 25 Hz 'Nfa?1":@:ﬁ']mimm@ﬁuﬁm:yﬁmm:ﬁlqdq
Fyrunszisiduniufidnnuafirinfus e e et maiuresneasiy
andtyndendniavinnenind [ Bridge rectifir ) Fwlsvnevlidaelaten D1 - D4
tytyand Ringing tone iatinuneanitadid f«::Lﬂ%‘ﬂul.ﬂuﬁn;:qu‘[w-ﬂmmmrfm Usznnn 20
Tl uazazinenszsuusadiulineiifaediueflalen ( Zener diode ) Widausssutlizanns 15
Tl uazazgnasussiulinga 2 -3 Tam Sausadiunmu R3 ietleuld eeviln nsndames
( Opto Transistor ) ¥ewll¥ dadwmiu R uazdufinlszy 1 Wiseegaudlufndinde |
Coupling ) fyayinuFend uazdripnszuauasusiurasdygudundh  fdiwmu R2 uaz
Fufiunlszq C2 viwihit neesdrpainiilwinnssuanseiBoutedn  useddlnanadan R 2
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LED lusawin Lﬁaﬁﬁcytquﬁ'ﬂnL-Ihmﬁrjmﬂ‘fmﬁfwﬁ azmnnealanmes ( Collector ) 2988N
s Gawmes fasanse Lﬂmmn‘lco’]’?”u"luﬁamqﬁ'flﬁtmﬁummﬂuquﬂ'- IpeanAReFIATl
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3.4 2995AALSUNISHINU
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35 23asAaulnsanan ( MAIN CONTROL )

nmiuressasluglil 35 Welandnransasey lulasnealnsaines 8031 dagnldlu
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Set port a,b,c = o/p
Set counter 0 for
ringing =3

Set bit EA,ETO, TRO
Clear port AB,C
Set password = 1254 |
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Check port 1
bit 4
%, | KEY press”

>——No—p,

>—No—p

Receive Key

Set Port Abit 0 =1
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Set Port A bit 1=1

Set Port A bit 2 =1

Set Port A bit 3;—'1

Set Port A bit 4=1

{
!

Set Port A bit 5=1

Set Port A bit &= 1
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4.1 NISYARBINISARARTEMINY CPU NU MU98IAINAN
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R10kX 8 4
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—K— P14 P0.8 D8 as \ADS_18] ng
P16 P20
8 8031 pyq ) Eprom
-KLED XI—NV‘-a P17 P22 10 Emulater
P23 N0 8] o
- P24 N_a1 7] o
P25 N2 6] 40
P26 NI
100 N_A¢_4
19 P27 res o
v G
9 Reset \\ A8 2 A6
2 ALE P L
AL il A 23
5 RD a0 22] A8
WR 4\ 5| A9
20 == N A0 A10
PSEN
EA/P
10 Ve —
0.1uF 20 OE
X1 X2 CE_GND
0 18 18 ul
e —
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47 pF 2 12MHz 32 47 pF Voo Vo — 0000 QFFF 4
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=
1
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7 41 uamamssienssnareInsAnazEnd CPU Auiiaaduan

& 1
AUNTNAREY

- fiavaraNglR 4.1
<t o~ [] !
- @aullsunsumusontng

DELAY: EQU  0020H ,
ORG  0000H !
STT: LCALL DELAY

MOV A #FFH



MOV PIA

LCALL DELAY
MOV A#O00H
MOV P1A
SIMP  STT
ORG  0020H ;DELAY
MOV R3#0FH
DL3: MOV RO#FFH
DL2: MOV R1#FFH
DL1: DINZ R1,DL1
DINZ RO,DL2
DINZ R3,DL3
RET

*manTusunsuas Eprom emulator

HANITNAAD

4 1} e - A
Led Wislaagiu Port 1 nszwiumnTusunsuiidewly

a5l

CPU 1iu EPROM anunsadasanuls
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FUNITNAADY :

- AENATANIUR 4.2
-t o '
- @eauldsunsumiusaating

DELAY: EQU 0020H 1
ORG  0000H
STT: LCALL DELAY
MOV  DPTR#2003H i
MOV A #80H
MOVX @DPTR,A
MOV  DPTR/#2000H !
MOV  A#FFH
MOVX @DPTR,A
LCALL DELAY
MOV  DPTR#2000H
MOV  A#00H
MOVX @DPTR,A
SIMP STT
ORG  0020H ;DELAY °*
MOV  R3#02H
DL3: MOV  RO#FFH .
DL2: + MOV  RI#FFH
DLI: DINZ RIDLI
DINZ RO,DL2
"DINZ R3,DL3
RET

- uaalusunsuae Eprom emulator :

HAanNIsNA|aag

d - o
LED #wiaagiu Port A neswiuaaTusunsudidauly

|

L]

CPU 11U port 8255 gunsndinsiafiuls
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o o o
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SP. [~ ¥
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44 NMSNARBINATATIAAAURYQIUEENIIT  ( Ringing detecter )

N ®
560 R3 @ Vee
(:) 2% (7Y VY

FROM TEL. LNE D1-D4 ’\/\/\,—l

ct c2
- V| 20 -~ X i:’. an2e

/1 18 220F

0.1uF @

M 45 waminissatesmases nsamadaLdtyynFand

unmasesnasamadeudygiutandr  waeldinimsienafasinnimaasada
MU Telephone line UAIMNAABIIATZAL Volteage MNAmGina  Tususlidtyaunty Ringing dara

o’ ¥ [ A’
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AANARDL * =
Taavt 47 16 1.2 0.3
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45 NISNARDINASTNAATUARTYYIL DTMF

DTMF
GENERATOR

U 46 uAmINTAaNAaeNas DTMF  detector
Tunmaaauasnansiadtynaanuinednsi  ( DTMF decoder circuit ) 1979z 14
wirna AW Radngs input 7899987 ufaviannenalu DTMF Wieniindtytydos DTMF GENERATOR

wdimednniaaay Voltage FNNAARNT Al

Volt

NANNIELAY Q4 Q3 Q2 Q1 S1D
0 48 0 48 0 48
1 0 0 0 48 | 48
2 0 0 48 0 " 48
3 0 0 48 48 48
4 0 4.8 0 0 4.8
5 0 48 0 4.8 l 4.8
6 0 4.8 48 0 48
7 0 4.8 4.8 48 4.8
8 4.8 0 0 0 4.8
9 4.8 0 0 4.8 4.8
* 4.8 0 4.8 4.8 4.8
# 4.8 4.8 0 0 4.8

laifinenm * * * * 0

i

' d' o~ } 4 v . -5 o al‘
Han1snAaas  wanimaaaandald lddeanuawmiaudulunised

uanganasialignsias



61

unil 5
unag

witaspauguszainaiiazlsznauden CPU 8051 , PORT b255 , Decode DTMF
MT8870 , ISD 2500, Ring detector ﬁqunﬂ?znﬂuﬁuéqLﬂumﬁ‘ﬂ?zqnﬁﬁﬁLmqﬂm‘nim'l'i'\nu?'auﬁu
Tuns@eultsunsuitefdMy  Herdware  Reonuun3iitfogunann lumsiaausaaiy sswdng
Soft ware MU Hard ware #avinmsasasaullsunsufiazussingn Hardware M19udNwusiy
Wsunadidmmnidell  Folywdnngidietuieennisunsidondy  usiifiaan
Hardware ~ ¥naufianaIn é’uLﬁmmf-nnqﬂnmiﬁwﬁu‘hﬂé’muﬁﬁwumvlﬁ i AraFareans
. Midasiiidsunsunismisanan ldidullsunsumaninegn

n17 Decode DTMF Singnal iitloyunifiaifunns Interface L,%’]ﬁ'm;]'mﬂi'mﬁfwﬁﬂm
Andtyeuos DTMF Msnann LINE Tnsdmitinausssdayyratiatsnivinlvines Decoder i
@13190 Decode Afyqyrtd DTMF 1i Asdiasfinvasaemedtyyrninaunisnianng Decode

ar

yeln ¥ o 4 o ¥ doda e
AaFRlAaINNin project aunsafiastiiihlszgaaiieasasauiniinnsinauidu

v 3 .3:' 2
Faundiila



7Un 52 uamamstlsznauldeuaia



= v v <
g'l_h’l 53  HAAINIWATUNUITDILATENAILIAN

o b
JUN 5.4 LAMNINATUNAUATEIAILAN



NARUIN N



connector

1 10
z]88(g
31901
Vee okl
J - D n -
0.1uF 4o 1uF ﬂo...am ﬂo.?m.
” ” ” n
88 I._l
[a} N =]
| <« = = =
20
40 24 26
@ L] vee DO vee QO S A0 E Do vee Vi ADO 34 vee
1.0 D1 Q1|42 a1 N\ant 1d |, AD1 a3]D0 PA%S |
@ 2 lp1q D2 Q2|6 a2 N\Ap2 1 oo AD2_32|D1 vzt
® 3l 03 Q3|15 A3 \AD3 13 oo AD3 31|D2 PA2=
. . L A N .- - - . -
— P12 Da 74373 qal 5 A N\CAD4 14 AD4 30|03 PAI
e 4 as|16_as \_AD5_15 ADS_29{D4 PA4
P1.3 D5 D5 7
" ( 12_A6 \_ADS 18 D6_28|D5 PAS
(D) 5 06 Qs 06 ADS 28 pasl40
INTO 19 A7 N N\ AD7_17 AD7 27|D6 PAB
s > MK \ o7 D7 PATISD
: 38
| 8031 22 A9 2716
P2.1 = o 8255 37
p22| 23 >_A N\ |_r L 20
. P23 xIRN// 1 N\ sl £ 9] no pu7
P24 25 ALz 21 a1 25 (16)
p2ss |28 A13 NI PO [
p2.6 | 27 A14 N A3 S} 3 PC1
P27 E// NZIEE 5
AS 3 AHM
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WoOoOJaud WK

0000

0000 -

0001
0002
0003
0004
0005
0006
0007
0008
0009
000B
000B
00O0E
0020
0020
0023
0024
0026
0029
oo2¢C
002E
002F
0030
0032
0035
0036
0039
003B
003C
003E
0041
0044

2500 A.D. 8051 Macro Assembler

002Aa
0024
002B
0029
0049
0G3F
0034
0029
001F
0016
000B
0004

00
00
00
00
00
00
00
00
00
80

02
00

12
E4
F5
12
90
74
FO
E4
F5
90
FO
90
74
FO
D2
75
75
75

15

01

01

24
01
10
80

247
10

10
00

AF
89
8A
8C

7C

A9

FO
03

00

01

06

’

Input Filename
Output Filename

BUFFER:
STA:

~ BUFSD:
BUFNO:
ONE:
TWO:
THREE :
FOUR:
FIVE:
SIX:
SEVEN:
EIGHT:

START:

FC.

FC

Version 4.014

DD5.TXT

DD5 . obj

EQU
EQU:
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

ORG,
NOP
NOP
NOP.
NOP
NOP'
NOP
NOP
NOP
NOP
SJIMP
ORG
LJIMP
NOP
ORG,
LCALL
CLR'
MOV,
LCALL
MOV,
MOV,
MOVK
CLR’
MOV
MOV:
MOVX
MoV’
MOV
MOVXK

.SEThB

MOV
MOV
MOV

+

2AH
24H
2BH
29H
49H
3FH
34H
2%H
1FH
16H
0BH
04H

0000H

START
000BH
STT

0020H
DELAY1

A

24H,A
LODPW

DPTR, #1003H
A, #80H
@DPTR,A

A

BUFFER, A
DPTR, #1000H
@DPTR, A
DPTR, #1001H
A, #00H
@DPTR, A

EA

TMOD, #06H
TLO, #FCH
THO, #FCH
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

78

79
80
81
82
83
84
85

86,

87
88
89
90
91
92
93
94
95
96
97

99
100
101
102
103
104

0047
00459

004B
004E
0051
0054
0057
0osAa
005D
0060
0062
0064
0067
0069
006B
006D
0070
0073
0076
0076
0079
007¢C
007F
0082
0085
0088
008B
008E

0091
0094
0097
009a
009D
00AO0
00A3
00A6

00Aas8
00AA
00AC
00AF
00B1
00B4
00B6
00B8
00BA
00BD

00cCo
0ocC3
0ocCs
0ocCs
ooca
oocc

D2
D2

20
30
12
30
20
12
20
E5
64
B4
D2
c2
c2
30
12

12

12
30
12
12
30
12
12
30
12

A9
8C

20
94
01
94
94
01
94
90
20
0C
21
AS
8C
21
02
02

02
21
02
02
21
02
02
21
02

94
01
94
00
94
01
94
ES

90
30
01
50
50
22
02
22
29
01

02
51
51
22
02
22

:27

28
FA
8cC
F4
FD
8C
F7

E4

03
DA
6A

4A
03
E2
00
03
DA
52
03
E2

FD
8C
F7
A8
FD
8C
F7

11

04

49
4C

11

04

LOOPC:

LOOPE:

CROS3:

LOOPS :

LOOPF:

CROS4 :

LOOP:

LOOP1 :

SET1:

w

SET2:

; ####Check Key#
B

LCALL
JNB
LJMP
JB
LCALL
JB
SJMp

MOV
XRL
CINE
CPL
JNB
SETB
SJIMP
CLR
MOV
LJMP

CJINE
CPL
TN
SETB
SJIMP
CLR

ETO
TRO

24H.0,LOOP8
P1.4,LOOPC
DELAY
P1.4,LOOPC
P1.4,LOOPE .
DELAY
P1.4,LOOPE
A,P1

A, #20H

A, #0CH, LOOPC
24H.1

ETO

TRO
24H.1,CROS3
TX_ON

FF3

FF1
24H.1, LOOPF
TX_OFF
CHKPW
24H.1, CROS4
TX_ON

FF2
24H.1,LOOP
TX_OFF

#HHHH
P1l.4,LOOP
DELAY
P1l.4,LOOP
SET1
P1l.4,LOOP1
DELAY
P1l.4,LOOP1
LOOP

A,P1

A, #30H

A, #01H, SET2
BUFFER. 0
BUFFER.OQ,A
STA.2

B

STA.2
BUFNO, #ONE
BUFO

A, #02H, SET3
BUFFER.1
BUFFER.1,C
STA.2

- D
© STA.2
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

00CE
00D1

00D4
00D7
00D9
0oDcC
00DE
00EO
00E2
00ES5

00ES8
OOEB
00ED
00F0
00F2
00F4
00F6
00F9

00FC
OOFF
0101
0104
0106
0108
010A
010D

0110
0113
0115
0118
011A
011cC
0l11E
0121

0124
0127
0129
012cC
012E
0130
0132

0135-

0138
013B
013D
0140
0142
0144
0146
0149

75
02

B4
B2
30
D2
80
c2
75
02

B4
B2
30
D2
80
c2
75
02

B4
B2
30
D2
80
c2
75
02

B4
B2
30
D2
80
c2
75
02

B4
B2
30
D2
80
c2
75
02

B4

30
D2
80
c2

75

02

13

29
01

03
52
52
22
02
22
29
01

04
53
53
22
02
22
29
01

05
54
54
22
02
22
29
01

06
55
55
22
02
22
29
01

07
56
56
22
02
22
29
01

08
57
57
22
02
22
29
01

:27

3F
4C

11

04

34
4C

11

04

29
4C

11

04

1F
4C

11

04

16
4C

11

04

OB
4C

29

04

04
4C

SET3:

SET4 :

SET7:

Z2 =

SETS:

BUFNO, #TWO
BUFO
A,#03H,SET4
BUFFER. 2
BUFFER.2,E
STA.2

F

STA.2

BUFNO, #THREE
BUFO

A, #04H, SETS5
BUFFER. 3
BUFFER.3,G
STA.2

H

STA.2
BUFNO, #FOUR
BUFO

A,#05H, SET6
BUFFER. 4
BUFFER.4, I
STA.2

J

STA.2
BUFNO, #FIVE
BUFO

A,#06H, SET7
BUFFER. S
BUFFER.5,K
STA.2

L

STA.2
BUFNO, #SIX
BUFO

A,#07H, SETS8
BUFFER. 6
BUFFER.6,M
STA.2

N

STA.2

BUFNO, #SEVEN
BUFO

A, #08H, RESET
BUFFER. 7
BUFFER. 7,0
STA.2

P

STA.?2

BUFNO', #EIGHT
BUFO



Tue Mar 25 1997

162 014C Es
163  014E 90
164 0151  FO
165 0152 30
166 0155 12
167 0158 12
168 015B 30
169 015E 12
170 0161 02
171

172 0164 90
173 0167 74
174 0169 FO
175 016A  FS
176 016C D2
177 016E D2
178 0170 20
179 0173 12
180 0176 20
181 0179 02
182

183  017C

184 017C 12
185 017F E4
186 0180 D2
187 0182 90
188 0185 FO
189 0186 - D2
190 0188 12
191 018B 32
192  018C

193  018C 7F
194 018E 7D
195 0190 7E
196 0192 DE
197 0194 DD
198 0196 DF
199 0198 22
200 0199 90
201  019C 74
202  019E  FO
203  019F 12
204 01A2 90
205 01A5 74
206 01A7 FO
207 01A8 22
208 01A9 7F
209 01AB 7D
210 01AD 7E
211 01AF DE
212  01B1 DD
213 01B3 DF
214 01B5 22
215

216 01B6  7C
217 01B8 78
218 01BA ES

13:

22
10

21
02
02
21
02
00

10
00

24
AS
8C
94
01
94
00

01

EO
10

20
02

01
01
FF
FE
FA
F6

10
FF

01
10
00

FF
10
FF
FE
FA
Fé6

04
20
90

27

00

03
DA
7A
03
E2
9D

01

FD
8C
F7
4B

8C

01

6A

00

AS
0o

BUFO: MOV
MoV
MOVX
JNB
LCALL
teary
JNB
L.CALL
LJMP

CROS1:

CROS2:

RESET: MoV
MOV
Movx
Mov
SETB
BETB

LOOP9 : JB
TCALL
JB
LJMP

STT: ‘LCALL
CLR
SETB
MoV
MOVX
SETB
LCALL
RETI

DELAY: MOV
DL3: MOV
DL2: MOV
DL1: * DINZ
, DINZ
DJINZ
RET
i MOV
MOV
MOVX
LCALL
MOV
MOV
MOVX
RET
DELAY1: MOV
DLC: MOV
DLB: MOV
DLA: DJINZ
' DINZ
DJINZ
RET

FLASH:

ENTPW: MOV
MOV
' MOV

A, BUFFER
DPTR, #1000H
@DPTR, A
24H.1, CROS1
TX_ON

SND

24H.1, CROS2
TX_OFF
LOOP1

DPTR, #1001H
A, #00H
@DPTR, A
24H,A

ETO

TRO
P1.4,LOOPS
DELAY
P1.4,LOOP9
LOOPC

DELAY

A

A.0

DPTR, #1001H
@DPTR, A
24H.0

FF3

R7,#01H
RS, #01H
R6, #FFH
R6,DL1
RS, DL2
R7,DL3

DPTR, #1000H
A, #FFH
@DPTR, A
DELAY1
DPTR, #1000H
A, #00H
@DPTR, A

R7, #FFH
RS, #10H
R6 , #FFH
R6,DLA
R5,DLB
R7,DLC

R4, #04H
RO, #20H
A,P1

;i Prog
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219 01BC 30 94 FD REPW: JNB Pl.4,REPW
220 01BF 12 01 8C ILCALL  DELAY

221  01C2 30 94 F7 JNB Pl.4,REPW
222 01C5 E5 90 Mov A,P1

223 01C7 64 30 XRL A, #30H

224 01C9 B4 0C 23 CINE A, #0CH,RET1
225 01CC 20 94 FD LOOPB : JB P1.4,LOOPB
226 01CF 12 01 8C LCALL  DELAY

227 01D2 20 94 F7 JB P1.4,LOOPB
228 01D5 30 94 FD REPA: JNB P1.4,REPA
229 01D8 12 01 8C LCALL  DELAY

230 01DB 30 94 F7 JNB Pl.4,REPA
231 01DE E5 90 Mov A,P1

232 01E0 64 30 XRIL A, #30H

233 01E2 F6 MOV @RO,A

234 01E3 08 INC RO

235 01E4 20 94 FD LOOP2: JB P1.4,LOOP2
236 01E7 12 01 8C LCALL  DELAY

237 O0lEA 20 94 F7 JB P1.4,LOOP2
238 O01ED DC Eé 5INZ R4, REPA
239  01EF 22 RET1: RET

240 i

241 01F0 7C 00 LODPW : MOV R4, #00H
242 01F2 78 20 MOV RO, #20H
243 01F4 EC LDPW: fov A,R4

244 01F5 90 02 E8 Mov DPTR, #ADPW
245 01F8 93 Movce A, @A+DPTR
246 01F9 Fe6 MOV @RO, A

247 01FA 0OC INC R4

248 01FB 08 fINC RO

249 01FC BC 04 F5 CJINE R4, #04H, LDPW
250 01FF 22 RET

251 . ,

252 0200 79 25 CHKPW : Mov R1, #25H
253 0202 78 04 MOV RO, #04H
254 0204 30 94 FD LOOP4 : ITNB P1.4,LOOP4
255 0207 12 01 8C T.CALL DELAY

256  020A 30 94 F7 JNB Pl.4,LOOP4
257 020D E5 90 Mov A, P1

258 020F 64 30 XRL A, #30H

259 0211 F7 MOV @R1,A

260 0212 09 ‘ *INC R1

261 0213 20 94 FD LOOPS : «JB P1.4,LOOP5S
262 0216 12 01 8C iLCALL, DEIAY

263 0219 20 94 F7 ‘JB P1.4,LOOPS
264 021C D8 E6 DJINZ RO, LOOP4
265 021E 79 25 MOV R1, #25H
266 0220 E7 iMOV A,@R1

267 0221 B5 20 10 CJINE A, 20H,LOOP6
268 0224 09 INC R1

269 0225 E7 MOV A, @R1

270 0226 B5 21 OB CJINE A, 21H, LOOP
271 0229 09 INC R1 ~
272  022A E7 MOV A,@R1

273  022B B5 22 06 CJINE A, 22H, LOOP6
274 022E 09 INC R1

275 022F E7 - MOV A,@R1
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276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

0230
0233

0234
0237

023A
023A
023C
023E
0241
0242
0243
0246
0247
0249

024A
024C
024E
0251
0252
0253
0256
0257
0259

025A
025¢C
025E
0261
0262
0263
0266
0267
0269

026A
026C
026E
0271
0272
0273
0276
0277
0279

027A
027C
027E
027F

. 0281

0282
0284

0285

B5
22

12
02

78
79
90
E9
93
12
09
D8
22

78
79
90
E9
93
12
09
D8
22

78
79
90
E9
93
12
09
D8
22

78
79
90
E9
93
12
09
D8
22

78
76
08
76
08
A6
08
20

13:

23

02
02

07
00
02
02
F5
03
00
02
02
F5
07

00
02

02

F5

01
00
02
02
F5
2B
D3
c7
29

22

27

01

3A
00

EC

BB

F3

BB

Fé6

BB

FD

BB

03

LOOPé6 :

FF:

CLL2:

FF1

LL3:

FF2:

LL4:

FF3:

LL6:

SND:

CJNE
RET

i
LCALL
LJMP

A, 23H,LOOP6

FF
CHKPW

;WORD TO SAY

MOV
MOV
MOV
MOV
MOVC
LCALL
INC
DJNZ
RET

Mov
MOV
MOV
Mov
MOVC
LCALL
INC
DJINZ
RET

MoV
MoV
MoV
MoV
MovC
LCALL
INC
DJINZ
RET

i

MoV
Mov
MoV
Mmov
Movce
{LCALL
INC
DJINZ
RET

MOV
MOV
INC
MOV
INC
MOV
e
JB

RO, #07H
R1,#00H
DPTR, #TABLEO
A,R1
A,@A+DPTR
SOU

R1

RO, LL2

RO, #03H
R1,#00H
DPTR, # TABLEL
A,R1

A, @A+DPTR
sSou

R1

RO, LL3

RO, #07H
R1,#00H
DPTR, #TABLE2
A,R1
A,@A+DPTR
SOU

Rl

RO, LL4

RO, #01H
R1,#00H
DPTR, #TABLE3
A,R1
A,@A+DPTR
SoU

R1

RO, LL6

RO, #BUFSD
@RO, #D3H
RO
@RO, #C7H
RO
@RO, BUFNO
RO
STA.2,AA
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333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389

0288
028a
028B
028D
028E
0290
0291
0292
0294
0295
0298
0299
029B

029C
029D
029E
02A1
02A2
0224
02A7
02A8
02AA
02AB
02AC
02AE
02AF
02B0
02B3

‘02B4

02B7
02B8
02BA

02BB
02BE
02BF
02C1
02C4
02Ce
02C9
o2cc
02CD
02CD
02CF
02D1
02D3
02D5
02D7
02D9

02DA
02DB
02DD
02E0
02E1

76
08
76
E8
94
F8
08
79
E7
12
09
D8
22

E9
F8
90
EO
Co
90
93
Do
FO
A3
D8
ES
F8
90
EO
12
A3
D8
22

90
FO
c2
12
D2
20
12
22

7F
7D
7E
DE
DD
DF
22

E4
D2
90
FO
22

13:

76
53

2B

2B
02

F9

08

82
02

82

F3

08
02

F9

10

BO
01
BO
95
02

0A
10
FF
FE
FA
Fé

E7
10

27

BB

50

EC

50

BB

02

8C

FD
CD

01

SOUND:

LL1:

L2:

SQU:

Ll:

DELAY2:
DLF:
DLE:
DLD:

TX ON:

LL5:

MOV
INC
MOV
MoV
SUBB
MOV
INC
MOV
MOV
LCALL
INC
DJINZ
RET

MOV
MOV
MOV
MOVX
PUSH
MOV
MovC
POP
MOVX
INC
DJINZ
MOV
MOV
MOV
MOVX
LCALL
INC
DJINZ
RET'

MoV
MOVX
CLR
LCALL
SETB
JB
LCALL
RET

MOV
MOV
MOV
DJNZ
DJNZ
DJNZ
RET

CLR
SETB
MOV
MOVX
RET

@RO, #76H
RO

@RO, #53H
A,RO

A, #BUFSD
RO,A

RO

R1, #BUFSD
A,@R1
SOU

R1
RO,LL5

A,R1

RO,A

DPTR, #0850H
A,@DPTR
DPTR

DPTR, #TABLEO
A, @A+DPTR
DPTR
@DPTR, A
DPTR

RO,LL1

A,R1

RO,A

DPTR, #0850H
A,@DPTR

Sou

DPTR

RO, L2

DPTR, #1002H
@DPTR,A
P3.0

DELAY

P3.0
P1.5,L1
DELAY2

R7,#0AH
RS, #10H
R6,#FFH
R6,DLD
R5,DLE
R7,DLF

A

ACC.7

DPTR, #1001H
@DPTR, A
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390
391
392
393
394
395
396
397
398
399
400
401
402

02E2
02E3
02E6
02E7

02E8
02EC
02F0
02F3
02F6
02FA
02FD

E4
20
FO
22

01
AC
97
A0
E3
c7
E3

13

10

02
76
AC
97
B8
D3

:27

01

05 04
8B A0
7F
AC
A0 6B
5C

TX OFF:

ADPW:

TABLEO:

TABLEL:
TABLE2:

TABLE3 :

CLR
MOV
MOVX
RET

DB
DB
DB
DB
DB

DB

A
DPTR, #1001H
@DPTR, A

01H, 02H, 05H, 04K
ACH, 76H, 8BH, AOH
97H,ACH, 7FH
AQH, 97H,ACH
E3H,B8H,A0H, 6BH
C7H,D3H,5CH

E3H
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Defined

95
335
385

96
Pre

2

5
162
4
104
252
Pre
167
170
66
74
105
Pre
193

208
376
196
195
194
211
210
209
379
378
377
113

13
216
114
285
295
305
315

10
200

122
123
131
132
140
141
372
361
243
350
287
297
307
341

A

AA
ADPW

B
BSECT
BUFFER

BUFNO
BUFO
BUFSD
c
CHKPW
CODE
CROS1
CROS2
CROS3
CROS4
D
DATA
DELAY

DELAY1
DELAY2
DL1
DL2
DL3
DLA
DLB
DLC
DLD
DLE
DLF

E
EIGHT
ENTPW
F

FF
FF1
FF2
FF3
FIVE
FLASH

Symbol Name Value

00BS8
028B
02E8
00BA
0000
= 002A

= 0029
014cC
= 002B
oocc
0200
0000
0158
0161
0073
0088
00CE
0000
018C

01A9
02CD
0192
0190
018E
01AF
01AD
01AB
02D3
02D1
02CF

: 00EO
= 0004
01B6
00E2
023A
024A
025A
026A

= 001F
0199

= 0029
00F4
00Fe6
0108
010Aa
011c
011E

02C6 1+

02B3
01F4
02a1
023E
024E
025E
0294

92
332
244

94

38
136
96
97
325
io01
71

165
168
64
72
103

53
262

30
373
196
197
198
211
212
213
379
380
381
110
159

112
279
68
74
66
132

123
119
121
128
130
137
139
372
364
249
357
292
302
312
344

References
91 9
137 14
105 11
106 11
337 34
280
56 8(
370
203
190
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Defined

317
241
79
83
235
254
261
279
68
178
225
51
55
71
149
150
158
6
159
228
219
172
239
Pre
88
99
108
117
126
135
144
153
12
11
325
367
347
3

30
184
396
398
399
401

390
384

LLé6 026E
LODPW 01FO0
LOOoP 0091
LOOP1 009D
LOOP2 01E4
LOOP4 0204
LOOPS 0213
LOOP6 0234
LOOPS8 0076
LOOP9 0170
LOOPB o1cCcC
LOOPC 004B
LOOPE 0057
LOOPF 007F
M 0130
N 0132
0] 0144
ONE = 0049
P 0l4e
REPA 01D5
REPW 01BC
RESET 0le4
RET1 O1lEF
RSECT 0000
SET1 00AS8
SET2 00CO .
SET3 00D4
SET4 O0ES8
SETS 00FC
SETs6 0110
SET7 0124
SETS8 0138
SEVEN » = 000B
SIX ~ = 0016
SND 0274
SOU 02BB
SOUND 029C
STA = (0024
START 0020
STT 017¢C
TABLEO 02EC
TABLE1l 02F3
TABLE2 02F6
TABLE3 02FD
THREE = 0034
TWO = Q003F
TX_OFF 02E2
TX_ON 02DA
Lines Assembled : 402

Symbol Name Value

322
33
75
83

235

254

261

267
51

178

225
52
55
69

146

148

155
96

157

228

219

153

224

82

90

99
108
117
126
135
144
150
141
167
290

93
140
25
27
287
297
307
317
114
105
70
65

Assembly Errors

References
79 81
85 17¢

237
256 264
263
270 273
180
227 ‘
54 6C
57
230 238
221
300 310
95 102
147 149
352
76 169
73 166
0
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1ISo?-cMos MT8870D/MT8870D-1
Ml""'El_® Integrated DTMF Receiver
Features ' ISSUE 3 May1995
+ Complete DTMF Receiver Ordering Information
+ Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP
» Internal gain setting amplifier MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC

* Adjustable guard time MT8870DN/DN-1 20 Pin SSOP

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

+ Inhibit mode

- Backward compatible with ’ Description

MT8870C/MT8870C-1 «

The MT8870D/MT8870D-1 is a complete DTMF

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

group filters; the decoder uses digital counting

+ Pagin t
aging systems techniques to detect and decode all 16 DTMF tone-

*® Repeater systems/mobile radio pairs into a 4-bit code. External component count is
+ Credit card systems minimized by on chip provision of a differential input
. Remote control amplifier, clock osgillator and latched three-state bus
+ Personal computers interface.
« Telephone answering machine
VDD VSS VRef INH
> Bias -
PWDN o Circuit ; VRel
Butfer
— $—-ﬁ> Q1
Chip  Chip -
Power Bias High Group _D" Digital Code
Filter Detection Converter
Algorithm and Latch > Q2
IN + . Dial :
Tone Zero Crossing
IN - Filter Detectors Lo Q3
GS Low Grou —
Fitter P b’ ' &—» Q4
> >~ gh?g =1 St " Steering Zx
Clocks - GT Logic T
. VA T
' /
0sCt 0sc2 SUGT ESt STD TOE

Figure 1 - Functional Block Diagram

e
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MT8870D/MT8870D-1 ISO’-CMOS

IN+ [ 1 H 18%voo N+ ] 1 u 2011 vDD
IN-[ 2 171] SVGT IN-[ 2 19) ] SVGT
Ggs[] 3 16[] ESt Gs[] 3 18] ] ESt
vRef (] 4 15[] st VRef ] 4 17[ ] stD
INH[] 5 14% Q4 INH[] 5 181 NC
PWON[] 6 136 a3 PWDN (] 6 1510 Q4
oscid 7 12[0 @2 NC(] 7 1411q3
oscz2(] 8 1o osci[] 8 130 Q2
vss[ o 10[] TOE oscaf] o 120 o1
vss[}10 11 7oE
18 PIN CERDIP/PLASTIC DIP/SOIC 20 PIN SSOP/TSSOP
’ i
Figure 2 - Pin Connectlons
Pin Description
Pin # \
18| 20 Name Description
1 IN+ |Non-Inverting Op-Amp (Input).
iN-  |inverting Op-Amp (input). )
GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

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

51|65 INH Inhibit (Input). Logic high inhibits the detection of tones represianting characters A, B, C
and D. This pin input is internally pulled down.

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

OSC1 |Clock (Input). .
g9 | 0sc2 |Clock (Output). A 3579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 {10 Vgg |Ground (Input). OV typical.

10| 11 TOE |Three State Output Enable (input). Logic high enables the o&tputs Q1-Q4. This pin is
pulled up internally. .

11-112-] Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

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

. impedance.

15 | 17 StD Delayed Steering (Output).Presents a logic high when a recéived tone-pair has been
registered gnd the output latch updated; returns to logic low when the voltage on SYGT falls
below VTS(‘

16118 ESt Early Steering (Output). Presents a logic high once the digitdl algorithm has detected a
valid torie pair (signal condition). Any momentary loss of signdl condition will cause ESt to
return to a logic low.

171 19| svGT |steeringInput/Guard time (Output) Bldlrectioﬁal. A voltage: greater than Vg detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18120 Vpp |Positive power supply (Input). +5V typical. ,

7, NC No Connection.
16
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S0%-CMOS  MT8870D/MT8870D-1

Functional Description

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

Filter Section

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

Decoder Section

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

Voo 1 ¢
- C
Voo T
SYGT - Vg
ESt L— A A—
R
StD —
MT8870D/

taTa=(AC)IN(Vpp/V1s)

- . S
MT8S7OD-1 | % TR CinlV o/ (Voo Vrs))

Figure 4 - Basic Steering Circuit

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

Steering Circuit

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

0 RIS PRECISE
/ * DIAL TONES
10 / { X=350 Hz
Y=440 Hz
DTMF TONES
20 ,
AEgTon [ \ o
(8 30 ‘ C=852 Hz
D=941 Hz
\ E=1209 Hz
F=1336 Hz
0 G=1477 Hz
AN — H=1633 Hz
50 4 i r
1 t 1 1kHz 1 t
X Y AB C D EF G H
FREQUENCY (Hz)

Figure 3 - Filter Response
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MT8870D/MT8870D-1 1SO%-CMOS

condition is malintained (ESt remains high) for the
validation period (tgyp), V¢ reaches the threshold
(V1sy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available' on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

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

trec=torttaTP
tip=tpa+iGra
The value of tpp is a device parameter (see Figure
11) and trec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 yF is

tare=(RpCi)In{Vpp/(Vpo-Vrsdl

Voo O—‘—_[ taram(RiColin(VopVrs)
o

Rp=(R;R /(R +Rz)
staTO)

Ry

ESt O

a) decreasing tgyp; (taTp<tgra)
L

»

tgrp=(RC1)In[Vpp/(Vpp-Vrsd]

Voo O—Cﬁ— tora=(RpCy)in(Vpp/Vrsy)
1

Ap=(R;R)/(R+Ry)
SUGTO)
Ry

Est O b) decreasing tara; (tatp>tara)

Figure 5 - Guard Time Adjustment
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Digit | TOE

Z
X
m
O
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(9]
o

O
»

Ry

>
Z
<

-

TYIZpITIT} L] T ) X| | X| X

slOjO || ~N|O || ]|WIN] -

X

O|l=w]lala|lalataw]lalalo|lolololo]lololN

Ol=|=w|s|=w]lO|lO|O|O|—=]|=]=]=|O]JO|O]|N
Ol=]=|Oo|0|=]|—=|O|O]|=|=+|OlO]|={=|O|N
O]~ |O|=|lO|l=slO|=s|O|wjOo=jO|=j0O|2|N

undetected, the output code
will remain the same as the
previous detected code

TIXT| XX i XXX x> x> >]>] x| x| Xx
[l Kl i B g e = = ol e ol = S

IT|IT|Z|X|E|TF|ITjT|T|jX{rTjx|xx|jx|x|xzjx>x]x|XT| x|~

OlO|o|>»|O|0jo] >

-

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgrp) and tone absent (tgta). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the degigner to tailor system parameters
such as talk off and noise immunity. Increasing tggc
improves talk-off performance since it reduces the
probability that tones simulated by speech wiil
maintain signal condition long enough to be
registered. Alternatively, a relatively short tggc with
a long tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for quard time adjustment is showr. in
Figure 5.



IS0%-cMOS MT8870D/MT8870D-1

Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 6 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vggy) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vge
biasing the input at '/,Vpp. Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Osclilator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are’connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e.,, precision balancing
capacitors are not required.

MT8870D/
IN+ MT8870D-1

+

Ditferentlal Input Ampllﬂer
1=C5=10 nF

Ry=R,=R5=100 kQ

Rp=60kQ Ry=37.5 kQ2

Rg= —2f5_
R2+R5

VOLTAGE GAIN (A, diff)= %5.
1

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

INPUT IMPEDANCE

. —2
Zinoire) =2/ R% (Fc')

Figure 6 - Differential Input Configuration

___| l-.» To OSC1 of next
C MT8870D/MT88700-1
A\ 4

0sc2

l— 0sct

OSC1

0sc2

i

C=30 pF
X-tal=3.579545 MHz

Figure 7 - Osclllator Connection

Parameter " Unit Resonator
R1 ' Ohms 10.762
L1 . mH 432
C1 ) pF 4.984
Co ‘ pF 37915
Qm - 896.37
Af % 10.2%

| S——
Table 2. Recommended Resonator Specifications
Note: Qmaquality factor of RLC model, i.e., 1/2TIfR1C1.
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MT8870D/MT8870D-1 1SO”-CMOS

Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 tarp=(RpC1)In{Vpp/(Voo-Vrsd]

The circuit shown in Fig. 9 illustrates the use of tara=(RsColIn(Vo/Vrs)
MT8870D-1 device in a typical receiver system. BT S
Spec defines the input signals less than -34 dBm as

the non-operate level. This condition can be Voo O————'—l Rpe(R1R)/(R1+R;)

attained by choosing a suitable values of Ry and R, c,

to provide 3 dB attenuation, such that -34 dBm input

signal will correspond to -37 dBm at the gain setting SvaT

pin GS of MT8870D-1. As shown in the diagram, the

component values of R3 and C, are the guard time R

requirements when the total component tolerance is ! Re tﬁm%se:ak Qs 1%
6%. .For better performance, it is recommended to ESt Rye22M Q£ 1%
use the non-symmetric guard time circuit in Fig. 8. Cy=100nF + 5%

Figure 8 - Non-Symmetric Guard Time Circuit

L 2 i
orme O—1 c,
Input Ry MT8870D-1
—L] IN+ = Voo [ —4 {
—{] IN- SUGT [1—
—{] Gs ESt[ Ry
Rz {7 Vet so3—+4—0
O——— ] InH u3——0
PWDN - Q3{}—+——0O
x —{]0sC1 @3—F0O NOTES:
tHEFosc2 I— R, = 102KQ £ 1%
V. TOE Ry = 71.5KQ + 1%
SS
R3 = 390KQ +1 %
C|,C2 = 100 nF £ 5%

Xy = 3.579545 MHz  0.1%
Vpp = 5.0V +5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec



1IS02-CcMOS  MT8870D/MT8870D-1

Absolute Maximum Ratings?

Parameter Si/mbol Min Max Units
1 | DC Power Supply Voltage Vop 7 \
2 | Voltage on any pin V| Vgg0.3 Vpp+0-3 v
3 | Current at any pin (other than supply) I ! 10 mA
4 | Storage temperature Tsra -65 +150 °C
5 | Package power dissipation Pp 500 mw

xceeding these values may cause permanent damage. Functional operation under these condition's is not implied.
ate above 75 °C at 16 mW / °C. All leads soldered to board. 4

m

1
De

=

Recommended Operating Condlitions - Voltages are with respect to ground (Vss) unless otherwise stated.

Parameter Sym Min Typt Max Ulnlts Test Conditions
1 | DC Power Supply Voltage Vpp | 4.75 5.0 5.25 Y
2 | Operating Temperature To -40 +85 *C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc 0.1 %
t Typical figures are at 26°C and are for design aid only: not guaranteed and not subject to productign testing.

DC Electrical CharacteristiCs - vpp=5.0vt 5%, Vsg=0V, -40°C < To < +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions

1 3 Standby supply current looa 10 25 pA |PWDN=Vpp

p |Operating supply current lop 3.0 9.0 mA
3 E Power consumption Po 15 mW |fc=3.579545 MHz

Y
4 High level input ViH 3.5 V  [Vpp=5.0V
5 Low level! input voltage Vi 1.5 V  [Vpp=5.0V
61, Input leakage current s/l 0.1 rA [Vin=Vssor Vpp
7 '; Pull up (source) current Iso 7.5 20 uA | TOE (pin 10)=0,

U 1Vpp=5.0V
8 ; Pull down (sink) current Ig| 15 45 #A | INH=5.0V, PWDN=5.0V,

Vpp=5.0V
9 input impedance (IN+, IN-) Rin 10 MQ |@ 1kHz
10 Steering threshold voltage Vrist 22 24 2.5 V  |Vpp=5.0V
1 Low level output voltage VoL Vgg+0.03} V {Noload
12 8 High level output voltage Von |Vpp-0.03 V  |Noload
13 ; Output low (sink) current lop 1.0 2.5 | mA |Vour=04V
14 | u |Output high (source) current | loy 0.4 0.8 1 mA Vour=4.6 V
15| & [Vpgroutput voltage Veor | 23 | 25 | 27 V - |No load, Vpp = 5.0V
16, VRet Output resistance Ronr 1 kQ
$ Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.




MT8870D/MT8870D-1 1S0O2-CMOS

Opbratlng Characteristics - vyp=5.0v15%, Vgg=0V, -40°C < T < +85°C ,unless otherwise stated. A
Gain Setting Amplifier
Characteristics Sym Min | Typ¥ | Max l!Jnlts Test Conditions -

1 | Input leakage current ' N 100 nA | Vgs<sViNsSVpo

2 | Input resistance RN 10 MQ

3 | Input offset voltage Vos 25 mV

4 | Power supply rejection PSRR | 50 'dB 1 kHz

5 | Common mode rejection CMRR | 40 dB 0.75 V<V y<4.25V biased

. at Vper=2.5V

L 6 | DC open loop voltage gain AvoL 32 dB
"7 | Unity gain bandwidth fc | 030 MHz
8 | Output voltage swing Vo 4.0 Vpp | Load 2100 kQ to Vg5 @ GS
. 9 | Maximum capacitive load (GS) CL 100 pF

10 | Resistive load (GS) R 50 kQ

11 | Common mode range Vem | 25 Vpp | No Load

MT8870D AC Electrical Characteristics - vyp=5.0V £5%, Vgm0V, -40°C < T < +85°C , using Test Circult shown in

Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
] Valid input signal levels (each -29 +1 dBm 1,2,3,5,6,9
tone of composite signal) 275 869 | mVrws | 1,2.3,5.6.9
2 | Negative twist accept '8 dB 2,3,6,9,12
3 | Positive twist accept .8 dB 2,3,6,9,12
4 | Frequency deviation accept +1.5% 2 Hz 2,3,5,9 )
5 | Frequency deviation reject ’ +3.5% 2,359
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Nolse tolerance -12 _ dB 2%8,4,5,7,9,10
8 | Dial tone tolerance +22 . dB 2,3,4,5,8,9,11
$ Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject lo’ production testing.
*NOTES
1. dBm= decibeis above or below a referance power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pauses 40 ms. .
4, Signal condition conslsts of nominal DTMF frequencies.
5. Both tones in composite sI?nal have an equal amplitude.
6. Tone pair Is deviated by £1.5 %t 2 Hz.
g. Bandwidth limited (3 kHz ) Gaussian noise.

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

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

12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpp=5.0V15%, Vgg=0V, 40°C S T < +85°C, using Test Circuit shown in

Figure 10.
Characteristics Sym Min Wp* Max Units Notes*
; | Validinput signal levels (each -31 + dBm | Testedat gDDgs'OV
tone of composite signal) ) 21.8 869 | mVpms 123,56,
s | Sianal Level R T -37 dBm | TestedatVpp=5.0V
nput Signal Level Reject
p g ) 10.9 MVams 1,2,3,5,6,9
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz o 2,3,5,9
6 | Frequency deviation reject 13.5% 2,359
7 | Third zone tolerance . -18.5 " dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 ]l aB 2,3,4,5,89,11
t Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to praduction testing.
*NOTES
1. dBme decibels above or below a reference power of 1 mW Into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms. .
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair Is deviated by 21.5 %zt 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) + 2 %.
9. For an error rate of better than 1 in 10,000.

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

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.
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AC Electrical Characteristics v;,-5.0v+5%, Vgg-0V, 40°C < To < +85°C , using Test Gircuit shown in Figure 10,

- Bl

- ey

Characteristics Sym | Min | Typ* |* Max | Units | Conditions
1 Tone present detect time lpp 5 1 14 ms [Note 1
2 | 1 |Tone absent detect time toa 0.5 4 8.5 ms |[Note 1
! -
3 { 4 |Tone duration accept trRec 40 ms |Note 2
4 ,{l Tone duration reject tREC 20 ms |Note.2
5 | G |Interdigit pause accept Yo Y40 ms |Note 2
6 Interdigit pause reject too 20 ms |Note 2
7 Propagation delay (St to Q) tray 8 1 rs  |TOE=Vpp
8 | o |Propagalion delay (St to SID) tpsio 12 16 #s |TOE=Vpp
U
9 | 1 |Output data set up (Q to StD) tasio 3.4 s |TOE=Vpp
P - Q
10 | | |Propagation delay (TOE to Q ENABLE) | lp1e 50 ns {load of 10 ke,
7 50 pF
S .
11 Propagation delay (TOE to Q DISABLE)| tprp 300 ns |{load of 10 kQ,
50 pF
12 | P {Power-up time try 30 ms  [Note 3
D ————— - - - . .= | s —— o« . el o —— e - - v o e ——— e
13 | w |Power-down time tep 20 ms
N
14 Crystal/clock frequency fc |3.5759|3.5795 | 3.5831 | MHz
15 E Clock input rise time tuHeL 110 ns |Ext. clock
16 | 0 |Clock input fall time thcL 110 ns |Ext. clock
C
17 | k [Clock input duty cycle DCeL 40 50 60 %  |Ext. clock
18 Capacitive load (OSC2) CLo 30 pF
t Typical figures are at 25°C and are for design aid only not guaranteed and not subject to production testing.
*NOTES:
1. Used for guard-time calculation purpeses only.
2. Thesae, usar adjustable parameters, are not device specifications  The adjustable settinas of these minimums and maximums
are recommendations based upon network requirements.
3. With valid tone present at input. tp equals time from PDWN going low until ESt going high.
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Figure 10 - Single-Ended Input Configuration
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EXPLANATION OF EVENTS

A)
B)
C)

D)
E)
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G)

EXPLANATION OF SYMBOLS

Vin
ESt
SVGT
Q,-Q,
StD

TOE
REC
trec
tio
tpo
top
“tpa
tarp
tara

TONE BURSTS DETECTED, TONE DURATION INVALID, QOUTPUTS NOT UPDATED.,

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

END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN L ATCHED UNTIL NEXT VALID
TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

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

ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION IMVALID, QUTPUTS REMAIN LATCHED.

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

DTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCULT.
4-8IT DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BiEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q, TOITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS. i

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL. x

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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ISD2500 Series

Single-Chip Voice Record/Playback Devices

60-, 75-, and 90- Second Durations

GENERAL DESCRIPTION

Information Storage Devices' ISD2500 ChipCorder™ Series
provides high-quality, single-chip record/playback
solutions for 60- to 90-second messaging applications. The
CMOS devices include an on-chip oscillator, microphone
preamplifier, automalic gain control, anlialiasing filter,

smoothing filter, and speaker amplifier. In addition, the,

1SD2500 is fully microprocessor-compatible, allowing
complex messaging and addressing to be achieved.

Recordings are stored in on-board non-volatile
memory cells, providing zero-power message slorage.
This unique solution is made possible through I1S1)'s
patented multilevel storage technology, whereby voice
and audio signals are stored directly, in (heir natural
analog form, into memory. I1SD's mullilevel storage
technology allows natural voice reproduction in a
single-chip, solid-state solution.

=
L[]

I1ISD2500 SERIES SUMMARY
- Bart i ;| Duration | Input Sample { Upper Pass
Numbef {Seconds) ate (KHz) |Band (KHz)
ISD2560 60 8.0 3.4 -
1SD2575 75 6.4 2.7
1SD2590 90 5.33 23

FEATURES

* Easy-to-usesingle-chip voice record/playback solution
* lligh-quality, nattiral voice/audio reproduction
* Manual switch or microprocessor controllable
~ Playback can be edge- or level-actiated
Single-chip durahons of 60, 75, and 90 seconds
Directly caecadal?le for longer durations
Automatic Power-Down (Push-Button Mode)

. — Standby current 1 pA (typical)

¢ Zero-power message storage

- Eliminales baltery backup circuits ™ -

Fully addressable to handle multiple messages
* 100-year message relention (typical)

100K record cycles (typical)

On-chip clock source

Programmer support for play-only appllcahons

Single 5V power supply

Available in die form, DIT, SOIC, and TSOP
packaging

Industrial-temperature (-40°C te 85°C) versions.

available ..
_....‘,._'_n Gy .:.'\, -t
[ : <
weoed  DLECTRSHICR 0oundt o o

5 DARN
CH RO, Wartarun, ATAPINOLY, PrAr IAKORN, pangKe
KO 102
TEL. 226- -4145-G, 2‘0-43111-" ZiGacy -
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30 AGC
29 MIC REF
28 MiC
27 Vcea
=5y
25

ISD2500 23 Ne
2 SP+
22 Vssa
21 Vsso
20 AUX IN
19 A9
18 A8
17 A7

ISD2500 SERIES PINOUTS
AOMO L1 ® 281 Vcp
AUMT ]2 271 PR OVF e
CE =2
AzM2 T3 26[71 XCLK =
A3M3 |4 25 EOM xEé)JiﬂK g;
A4 s 247 PD Pt s
A5/MS {6 231 CE Vcﬁg =
A6M6 []7 22[77 OVF NC =9
ar e 1902500 15 Anaour A =y
As ]9 20[J ANAIN M2 =12
Ag ] 10 193 AGC AdMA =1
AUX IN 11 18] MIC REF Prv== b
Vssp ] 12 171 MIC
Vssa []13 16{1 Vcea
SP+ []14 15 SP-
DIP/SOIC

150P

DETAILED DESCRIPTIONS
Speech/Sound Quality ;

The 1SD2500 Series includes devices offered at 5.3,
6.4, and 8.0 sampling frequencies, allowing the user
a choice of speech quality optlions. The speech samples
are stored directly inlo on-board non-volatile memory
withoul the digitization and compression associated
with other solutions. Direct-analog slorage provides a
very true, natural sounding reproduction of voice,
music, tones, and sound effects not available wilh most
solid-state digital solutions.

Duration

To meet end system requirements, the 1SD2500 Serics
offers single-chip solutions at 60, 75, and 90 seconds.
Parts may alsobe cascaded together forlongerdurations.

EEPROM Storage

One of the benefits of 1SD’s ChipCorder technology is
the use of on-board non-volatile memory, providing
zero-power message storage. The message is retaincd
for up to 100 years without power. In addition, the
device can be re-recorded over 100,000 times.

Microcontroller Interface

In addition to its simplicity and ease of use, the ISD2500
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.

Programming

The ISD2500 Series is also ideal for playback-only
applications, where single or multiple messages are
referenced through buttons, switches, or a micro-
controller. Once the desired message configuration is

created, duplicates can easily be generated via an ISD
programmer.

PIN DESCRIPTIONS
Microphone Input (MIC)

The microphone inpul transfers its signal Lo the on-chip
preamplifier. An pn-board Automatic Gain Control
(AGC) circuil controls the gain of this preamplifier
y from -15 to 24 dB. An external microphone should be
AC coupled to lllﬁs pin via a series capacitor. The
capacitor value, together with the internal 10 KOhm
resistance on this pin, determines the low-frequency
cutoff for the 1SD2500 Series passband. See ISD's

32 ANA QUT
ANAIN .

Application Notes and Design Manual for additional O

information on low-frequency cutoff calculation.

Microphone Reference Input (MIC REF)

The MIC REF input is the inverting input to the
microphone preamplifier. This provides a noise-
canceling or common-mode rejection input to the
device when connecied to a differential microphone.

Analog Output (ANA OUT)

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

Analog Input (ANA IN)

éThe analog input pin transfers its signal to the chip for

recording. For n icrophone inputs, the ANA OUT pin
should be connected via an external capacitor to the
ANAI1N pin. This capacitor value, together with the 3.0
KQ input impedance of ANA IN, is selected to give
additional cutoff at the low-frequency end of the voice
passband. If the Hesired input is derived from a source
other than a microphone, the signal can be fed,
capacitively coupled, into the ANA IN pin directly.

2 Single-Chip Solutions That Speak For Themscloes ™
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*Automatic Gain Control Input (AGC)

The AGC dynamically adjusts the gain of the preamplifier
to compensate for the wide range of microphone input
levels. The AGC allows the full range of whispers to loud
sounds to be recorded with minimal distortion. The
“attack” time is determined by the time constant of a 5 KQ
. internal resistance and an external capacitor (C2 on the
schematic on page 7) connected from the AGC pin to
Vssa analog ground. The “release” lime is determined by
the time constant of an external resistor (R2) and an
external capacitor (C2) connected in parallel between the
AGC Pin and Vgga analog ground. Nominal values o
470 KQ and 4.7 puF give satisfactory results in most cases.

Speaker Outputs (SP+/SP-)

All devices in the ISD2500 Series include an on-chip
differential speaker driver, capable of driving
50 milliwatts into 16 Q.

The speaker outputs are held at Vgga levels during
record and power down. It is therefore not possible to
parallel speaker outputs of multiple ISD2500 devices
or the outputs of other speaker drivers.

CONNECTION OF SPEAKER OUTPUTS IN PARAL-
LEL MAY CAUSE DAMAGE TO THE DEVICE.

While a single oulput may be used alone (including a
couplirig capacitor between the SP pin and the speaker),
these outputs may be used individually with the output
signal taken from either pin. Using the differential
outputs results in a 4:1 improvement in output power.

NEVER GROUND OR DRIVE AN UNUSED SPEAKER
OUTPUT.

Power Down Input (PD)

When not recording or playing back, the PD pin should
be pulled HIGH to place the part in a very low power
mode (see Igg specification). When OVF pulses LOW
foranoverflow condition, PD should be brought HIGH
to reset the address pointer back to the beginning of the
Record/Playback space. The PD pin has additional
functionality in the M6 (Push-Button) Operational Mode
described later in the Operational Mode section.

Chip Enable Input (CE)

The CE pin is taken LOW to enable all Playback and
Record operations. The address inputs and Playback/
Record input (P/R) are latched by the falling edge of CE.
CE has additional functionality in the M6 (Push-Button)
Operational Mode debcnbecl later in the Operational
Mode section.

Playback/Record Input (P/R)

The P/R input is latched by the falling edge of the CE
pin. AHIGH level selects a Playback cycle whilea LOW
level selects a Record cycle. For a Record cycle, the
address inputs provide the starting address and

PRELIMINARY DATA SHEET

1SD2500 SERIES

i

recording continues until PD or CE is ptilled HIGH oran
overflow is detected (i.e.'the chip is full). When a Record
cycleis terminated by pulling PD or CE HIGH, an End-
Of-Message (EOM) marker is stored at the current
address in memory. For a Playback cycle, the address
inputs provide the starting address and the device will
play until an EOM marker is encountered. The device
can conlinue past an EOM marker in an operational
mode, or if CEis held LOW in address mode. (See Table
1, Page 4 for more Operational Modes).

Address/Mode Inputs (Ax/Mx)

The Address/Mode Inputs have two functions
depending on the level of the two Most ngmflcant Bits ~
(MSB) of the address (/\8 & A9). ;

If cither or both of the two MSBs is (are) LOW, the inputs
are ALL interpreted asaddress bits and are used as the
startaddress for the current Record or Playback cycle. The )
address pins are inputg only and do not output internal
address information as the operation progresses.
Address inputs are latched by the falling edge of CE.

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

External Clock Input (XCLK)

The external clock input for the 1SD2500 devices have
an internal pull-down device. These devices are
configured at the factory with an internal sampling
clock frequency centered to +1 % of specification. The
frequency is maintairded to a total variation of +2.25 %
over the entire commercial temperature and
operating voltage ranges. The internal clock has a
5% tolerance over the industrial temperature range
and voltage range. A regulated power supply is

* recommended for industrial temperature range

parts. If greater precision is required, the device can

.be clocked through the XCLK pin as follows:

Part Number | Sample Rate Required Clock
1SD2590 5.33 KHz 682.7 KHz
15D2575 6.4 KHz ~ 819.2 KHz
1SD2560 8.0 KHz 1024 KHz

These recommended clock rales should not be varied
because theanti-aliasing and smoothing filters are fixed,
and aliasing problems can occur if the sample rate
differs from the one recommended. The duty cycle on
theinput clockis notcritical, as theclockisimmediately

QOctober, 1994
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ISD2500 SERIES

1SD2500 SERIES — PIN DESCRIPTIONS, CONT.

divided by two. IF THE XCLK IS NOT USED, THIS
INPUT MUST BE CONNECTED TO GROUND.

End-Of-Message / RUN Output (EOM)

Anon-volatile marker is automatically inserted at theend
of each recorded message. It remains there until the
message is recorded over. The EOM output pulses LOW
for a period of Tgopm at the end of each nessage.

In addition, the 1ISD2500 Seties has an internal V¢
detect circuit to maintain message integrity should Vec
fall below 3.5V. In this case, EOM goes LOW and the
device is fixed in Playback-only mode. .

When the device is configured in Operational Mode
M6 (Push-Button Mode), this pin provides an active-
HIGH RUN signal, indicating the device is currently
recording or playing. Thissignal can conveniently drive
an LED for a visual indicator of a Record or Playback
operation in process. '

Overflow Output (OVF)

This signal pulses LOW al the end of memory space,
indicating the device has been filled and the message
has overflowed. The OVF output then follows the CE
input until a PD pulse has resct the device. This pin can
be used to cascade several ISD2500 devices together to
increase Record /Playback durations.

PRELIMINARY DATA SHEET

Auxiliary Input (AUX IN)

The Auxiliary Input is multiplexed through to the
output amplifier apd speaker output pins when CEis
HIGH, P/R is HIGH, and Playback is currently not
active (including the overflow conditions) or if the
device is in overflow. When cascadirig multiple
ISD2500 devices, the AUX IN pin is used to connect
a Playback signal from a following device to the
previous output speaker drivers. For noise
considerations, it is suggested that the auxiliary input
not be driven when the storage array is active.

Voltage Inputs (Veea, Veen)

To minimize noise, the analog and digital circuits in the
1SD2500 Series devices use separate power busses. These
vollage busses are brought out to separate pins and
should be tied together as close to the supply as possible.
In addition, these supplies should be decoupled as close
to the package as possible.

Ground Inputs (Vgsa, Vssp)

The 18I )250().9-011:05 of devices utilizes separate analog
and digital ground busses. These pins should be tied

together asclose to the packageas possibleand connected
through a low-intpedance path to power supply ground.

L]

OPERATIONAL MODES

The 1SD2500 Series is designed with several built-in
operational modes provided to allow maximum
functionality with a minimum of additional
components. These are described in detail below. The
operational modes use the address pins on the ISD2500
devices, but are mapped outside the valid address
range. When the two Most Significant Bits (MSBs) are
HIGH (A8 & A9), the remaining address signals are
interpreted as mode bits and NOT as address bits.
Therefore, aperational modes and direct addressing
are not compatible and cannot be used simultaneously.

TABLE 1. OPERATIONAL MODES

. . 1t

There are two important considerations for psipg -
operational modes. First, all operations begin initially
at address 0, which is the beginning of the 1SD2500
address space. 'Later operations can begin at other
address location$, depending on the operational mode(s)
chosen. In addition, the address pointer is reset to 0
when the device is changed from Record to Playback,
Playback to Record (except M6 mode), or whena Power-
Down cycle is executed.

Second, Operational Modes are executed when CE,goes
LOW and the two MSDs are HIGH. This Operational

gf‘f?.‘,ﬁiﬁ?{) f":lgl'f.‘ﬁﬁgﬁon - Typical Use ! Do | ':%gg-.% 3};3!,%@{};,,);,3?

MO Message cueing Fast-forward through messages M4, M5, M6

M1 Delete EOM markers Position EOM marker at the end of the last message | M3, M4, M5, M6’

M2 Not applicable Reserved N/A

M3 Looping Continuous playback from address M1, M5, M6

M4 Consecutive addressing| Record/Play mulliple consecutive messages MO, M1, M5

M5 CE level-activated Allows message pausing MO, M1, M3, M4

Meé Push-button control Simplified device interface MO, M1, M3

* Indicales additional operalional modes which can be used simultaneously with the given mode.

4. Single-Chip Solutions That Speak For Themselves ™
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Mode remains in effect until the next LOW-going CE
signal, at which point the current address/mode levels
are sampled and executed.

OPERATIONAL MODE DESCRIPTIONS

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

MO0 — Message Cueing

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

M1 — Delete EOM Markers

TheM1 Operational Modeallows sequentially recorded
messages to be combined into a single message with
only one EOM marker set at the end of the final
message. When this operational mode is configured,
messages recorded sequentially are played back as
one continuous message.

"“1(/12 — Unused . .

When operational modes are selected, the M2 pin should
be LOW.

M3 — Message Looping

The M3 Operational Mode allows for the automatic,
continuously repeated playback of the message located
at the beginning of the address space. A message CAN
completely fill the 1SD2500 device and will loop from
beginning to end without OVF going LOW.

* M4 — Consecutive Addressing

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

M5 — CE-Level Activated

The default mode for ISD2500 devices is for CE to be
edge-activated on Playback and level-activated on
Record. The M5 Operational Mode causes the CE pin to
be interpreted as level-activated as opposed to edge-
activated during Playback. This is specifica)ly useful
forterminating Playback operations using the CE signal.

In this mode, CE LOW begins a Playback cycle, at the
beginning of the device memory. The Playback cycle

continues as long as CE is held LOW. When CE goes

11IGH, Playback willimmediately end. Anew CELOW
will restart the message frbim the beginning unless M4
is also HIGH.

PRELIMINARY DATA SHEET

ISD2500 SERIES

1
M6 — Push-ButtonMode

The I1SD2500 Series of devices contain a push-button
operational mode. The push-button mode is used
primarily in very low-cost applications and is designed
to minimize external circuitry and components, thereby
reducing system cost. In order to configure the device
in push-button operational mode, the two most
significant address bits (pins 9 and 10) must be HIGH,
and the M6 mode pin (pin 7) must also be HIGH. A
device in this modealways powers down at the end of
each Playback or Record cycle after CE goes HIGH.

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

Pin Alternate Functionality:.::. ..
Name . in Push-Button Mode Sk i BAR
Pin 23, CE Start/Pause Push-Button
’ (LOW Pulse-Activated)
Pin 24, PD Stop/Reset Push-Button
' . (HIGH Pulse-Activated)
Pin 25, EOM Active-HIGH Run’
Indicator '

Pin 23: CE (START/PAUSE)

In push-button Operational Mode, CE acts as a LOW-
going pulse-activated START/PAUSE signal. If no
operation is currently in progress, a LOW-going pulse
on this signal will initiate a Playback or a Record cycle
according to the level on the P/R pin. A subsequent
pulse on the CE pin, before an-End-Of-Message is
reached in Playback or an overflow condition occurs,
will cause the device to pause. The address counter is not
reset, and another CE pulse will cause the device to

.continue the operation from the place where it was paused.

Pin 24: PD (STOP/RESET)

In push-button Operational Mode, PD acts as a HIGH-
going pulse-activatéd STOP/RESET signal. When a
Playback or Record gycle is in progress and a HIGH-
going pulse is observed on PD, the current cycle is
terminated and the address pointer is reset to address
0, the beginning of the message space.

Pin 25: EOM (RUN)

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

Recording in Push-Button Mode
1) The PD pin should be LOW, usually using a pulldown

resistor.

2) The P'/R pin is taken LOW.

Qctlober, 1994
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ISD2500 SERIES

OPERATIONAL MODE DESCRIPTIONS, CONT.

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

4) The CE pin is pulsed LOW. Recording pauses, TOM
goesback LOW. Theinternal address pointersare not
cleared, but an EOM marker is stored in memory to
point to the message end. The I’/R pin may be taken
HIGH at this time. Any subsequent CE would slart
a playback at address 0.

5) The CE pin is pulsed LOW. Recording starts at the
next address after the previous st EOM marker.
EOM goes back HIGIHL. (Note: if the M1 operational
mode pin is also TIGII, the just per10u<l) writlen
EOM bit is erased, and recording slarts at that
address.)

6) When the recording sequences are (inished, the final
CE pulse LOW will end the last Record cycle, leavi ing
a set EOM marker at the message end. Recordm;,
may also be terminated by a HIGH level on D,

which will leave a sct TOM marker.
Playback in Push-Button Mode
1) The PD pin should be LOW.
2) The P/R pinis taken HIGI i

3) The CE pin is pulsed LOW. Playback starts, FON
goes HIGH to indicale an operation in progress.

4) 1f the CE pin is pulsed LOW or an EOM marker is
encountered during anoperation, the part will pause.
The internal address pointers are not cleared, and
EOM goes back LOW. The /R pin may be changed

« at this time. A subsequent Record operation would
not reset the address poinlers and the recording
would begin where Playback ended.

5)CE isagain pulsed LOW. Playback starts where it left
off, with EOM going HIGLI to indicate an operation
in progress.

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

7) Ifin overﬂov.v, pulling'(—ZE LOW will reset the address
pointer and start Playback from the beginning. After
a PD pulse, the part is reset to address 0.

Note: Push-button mode can be used in conjunction
with modes M0, M1, and M3.

Good Audio Design Practices

The ISD products are very high-quality single-chip voice
recording and playback systems. To insure the highest
quality voice reproduction, it is important that good
audio design practices on layout and power supply

PRELIMINARY DATA SHEET

decoupling Le followed. See the ISD Application Notes
and Design Manual for details.

I1ISD1000A COMPATIBILITY

The 15172500 Scries of devices is designed to provide,
upwmd compatibility with the ISDIQ00A family.
When designing with the 1ISD2500 Series, the following
differences <huuld be noted:

Addressing

The 1SD2500 Series devices have 480 K slorage cells
designed to provide 60 seconds of storage al asampling
rate of 8.0 Kl iz, This is approximately four times the
storage of the ISDIOOOA family. To enable the same
addressing resolution, twoadditional address pinshave
beenadded. 1headdnecqqpa(enfeachdevnce:sdlvmble
into 600 mcremen(q with valid addressing from 00 to
257 tlex. Some Iughm addresses are mapped into the
Operational Modes. All other addresses are invalid. .

Overflow

The ISDIOOOA Series combined two functions on the
EOM pin: end-of-message indication and overflow.
The 1SD2500 _separates these two functions. Pin 25
remains as LOM, but outpuls only the EOM signal
‘indication. Pin 22 bhecomes OVE and pulses LOW only
when the device reaches its end of memory, or is “full.”
This change allows casy message cueing and
addressability across device boundaries. Thiwknmennq
thal the M2 operational mode foand in the ISDI()OOA
family is not implemented in the ISD2500 Series. B

Push-Button Mode

The 1SD2500 Series includes an additional Operational
Maode called Push-Butlon mode. This provides an
alternative interface to the Record and Playback
functions of the part. The CF and I'D pins become
redefined as edge-activated “push-buftons.” A pulse
onCEinitiatesa cycle, and if triggered again, pausesthe
currentcycle without resetting the address pointer (ie.,
a Slart or Pause function). I'D stops any current cycle
and resets the address pointer to the beginning of the
message space (i.e.,, a Stop and Reset function).
Additionally, the EOM pin functions as anactive-HIGI]

#runindicator, and canbe used todrivean LED indicating
a Record or Playback operation is in progress. Devices
in the Push-Button pode cannot be cascaded.

Looping Mode
The 1SD2500 Series can loop with a message that

completely fills the memory space.

Nole:  Additional descriptions of ISD2500) device functionality and
application examples are provided in the 181 Application Notes
and Design Manual.
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APPLICATION EXAMPLE - PUSH-BUTTON

PRELIMINARY DATA SHEET

1SD2500

ISD2500 SERIES

Voo
1 28
' A0 Veeo
Vece -L 2 16
Al Veea »-
Vss 3] po ce L1 —L Cs
= 0.1 pF C1 22 uF
T , 12 H
A3 Voo I_ 0.1 uF
Ag R7 v 51 a4 Vasa 13 'l <
100 KQ 100k <€ [ 6 ? L
Vee AS ~ LSt
o 8] a7 sp— |15 |
START/PAUSE 5! a8 AUXIN | 60
s2 101 A9 ANAIN |22 SPEAKER
5-_ ___l_ Csa
STOP/RESET ’ 2| G ANA OUT f‘}\N\(—_j— ViF
24
PD . 5 P4 51K
O o— 271 PR MIC REF - .
—©° 25| EOM mic HZ
PLAYBACK/RECORD 22} oVF
=+ 26§ xCLK . AGC 2
= R
470?«1 C2 NON-BIASED :
47uF  MICROPHONE

Dy
Wy

For ingre details, please refer to the ISD Application Notes and Design Manual.

APPLICATION EXAMPLE - APPLICATION EXAMPLE -
PUSH-BUTTON CONTROL PASSIVE COMPONENT FUNCTIONS
Control . o ‘\'.H
Step Function Action Part Function Comments
-1 Select record /play- | P /R = As desired R?2 |Release time Sets release time
back mode : constant for AGC
2A  |Begin playback P/R = HIGH R4 Ser.ies limiting Rfeduce:s level to prevent
CF = Pulsed LOW resistor distortion at higher
, -~ use supply voltages
2B | Begin record ?LR =LOW R6, [Pull-up and pull- | Defines static state
_C_E = Pulsed LOW R7 |down resistors of inputs
3 Pause record or CE = Pulsed LOW C1, C4 |Power supply - Filters and bypass of
playback C5 |capacitors : power supply
4A  |End playback Automatic at EOM marker C2 |Attack/Release Sets attack/release
or PD Pulsed HIGH time constant time for AGC
4B . 1End record PD = Pulsed HIGH C3 |Low-frequency Provides additional

cutoff capacitor

pole for low-frequency
cutoff

October, 1994
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ISD2500 SERIES

PRELIMINARY DATA SHEET 3

APPLICATION EXAMPLE - MICROCONTROLLER/ISD2500 INTERFACE

Vee
l st s2 l s3 + o
RECORD 1 PLAY 4 msG# Y- RN
i ) o o}
Microcontroller N
™ 1SD2500
—1 0OSC1 PBO
— 0sc2 PB1 4‘,; A0 Voco f:—
— Ry M Veea
—d RESET PAO Teo§ 3 A2 1,
—q IRQ PA1 ; 1 A3 Vsso 13
U1 PA2 . 5 A4 VSSA e
PA3 j— 61 as
— Voo PA4 71 A6 SPs |4
PA5 81 A7 up  SP- 15
— vgs PAG _ +—21 A8 AUXIN 1
PA7 ' 10 A9 ANA!N 20
2| cE ANAOUT |2
! 241 PD
J 27] pjR MIC REF |18
251 EOM mic |7
. | 2] ovF
'r—zs XCLK AGC |12
For more details, please refer 1o the 1SD Application Notes and Design Manual. =
a nu.'.'\,

EXPLANATION

In this simplified block diagram of a microcontroller
application, the Push-Button mode and message
cueing are used. The microcontroller is a 16-pin
version with enough port pins for buttons, an LED,
and the ISD2500 Series device. The software can be
wrilten to use three buttons: one each for play and
record, and one for message selection. Because the
microcontroller is interpreting the buttons and
commanding the ISD2500- device, software can be
written for any functions desired in a particular
application. P

.
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ISD2500 SERIES

PRELIMINARY DATA SHEET

APPLICATION EXAMPLE - DESIGN SCHEMATIC

ISD2500 Vee
1 28 T
A0 Veeo
2 16
Vee Vss J_ . :; Veea e T ._l_ Cs
= 0.1 pF :
i1 A3 Veso Ll ¢ T CEO 1pF l 22 pF
R4 51 A4 Vesa [ ni
100 KQ 51 As =
—— 7 sp+ |14
—— 3 A A I I
CHIP ENABLE 2] s AUXIN | o
10 20
—Ow, A9 ANAIN ] SPEAKER
$——o | C3
— 21 .
POWER DOWN B)CE ANA OUT 0.1 pF
241 PD Rg 5.1KQ ;
o\P 27} p/R MIC REF |18 ; !
$——o0 25| EoM mic 1
PLAYBACK/RECORD 2| ayF Vee Cy |
= _Li XCLK AGC |'® 0.1 uFT
= —1~ Cs
. R1 R 3 0.1 }IF
) 1KQ 10 KQ
Note: If desired, pin 18 may be left unconnected (microphone Ra Co p
ey -preamplifier noise will be higher). In this case, pin 18 must 470 KQ 4.7 yF ELECTRET R
not be tied to any.other signal or voltage. For more details, Cq MICROPHONE 10K
- v+ please refer to the ISD Application Notes and Design 220 uF
. Manual. = = =
APPLICATION EXAMPLE - BASIC DEVICE CONTROL
Control Step Function Action o .
1 Power up chip and select record/play-back mode 1.PD = LOW, 2. P/R = As desired
2 Set message address for record /playback Set addresses A0-A9
3A Begin playback . P/R = HIGH, CE = Pulsed LOW
3B Begin record : P/R =LOW,CE = LOW
4A End playback Automatic
P —
4B End record PD or CE = HIGH

APPLICATION EXAMPLE - PASSIVE COMPONENT FUNCTIONS

" Part Function Comments ' PR T
Ri Microphone power supply decoupling Reduces power supply noise
R2 Release time constant Sets release time for AGC,
R3,R5 | Microphone biasing resistors Provides biasing for microphone operation
R6 Series limiting Reduces level to high supply voltages
C1,C5 | Microphone DC-blocking capacitor Decouples microphone bias from chip. Provides single-
Low-frequency cutoff pole low-frequency cutoff and common mode noise rej.
2 Attack/Release time constant Sets attack/release time for AGC
C3 w-frequency cutoff capacitor Provides additional polefor low-frequency cutoff
.4 Microphone power supply decoupling network | Reduces power supply noise
C6,C7,C8| Power supply capacitors Filler and bypass of power supply

October, 1994
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7 1ISD2500 SERIES

DIE BONDING PHYSICAL LAYOUT

PRELIMINARY DATA SHEET

1. Die Dimenslons
X: 187 +1 mlls
Y: 399 +1 mils

H. Die Thickness
21 miis

. Pad Opening
109 microns (4.3 mils)

A3 A2 Al AD Vcep PR XCLK EOM  PD

L O A A N N Y A
ar ] '] w kR g o /CE
Dy " o
A6 —_| o —
, e e
Pt 1SD2500 =~
m—}— ANA OUT
A7 —im N
As —1m W ANA IN
ro—tm 2N M T L L
77 1 1 1T VN hec

AUXIN Vgip Vssa SP+ SP- Vcea MIC MIC REF

PIN/PAD DESIGNATIONS - -
Pin” % | Pin N.éme' X Axis | Y Axis{ | Pin Pin Name ) X Axis | Y Axis
A0 Address 0 -11489 | 4898.2} | SI™- Speaker Oulput - 425.6° | -4790.8
Al Address 1 -1406.9 | 4898.2] | Vcea V¢ Analog Power Supply | 865.1 " | -4848.3
A2 Address 2 -1661.9 | 4898.21 | MIC Microphone Input 1320.7 | -4897.3
A3 Address 3 -1916.9 | 4898.2| | MIC REF | Microphone Reference 1605.1 | -4897.3
A4 Address 4 -2069.9 | 4608.2| | AGC Automatic Gain Control 1877.6 | -4871.3
A5 Address 5 -2194.9 | 435821 ANAIN Analog Input 2202.11 | -4269.8
Ab Address 6 -2194.9 | 4108.2| | ANA OUT | Analog Output 2123.1 | -3910.8
A7 Address 7 21949 | 4212.3} { OVF Overflow Out'put 2142.6 | 4154.7
A8 Address 8 21949 | -4456.3| | CE Chip Enable Input 2202.1 | 4558.7
A9 Address 9 -2076.4 | -4897.3| | 'D Power Down Input 2048.1 | 4898.2
AUXIN| Auxilary Input -1607.9 | -4868.3| | EOM End of Message 1648.1 | 4865.7
Vssp Vs Digital Power Supply | -1343.9 | -4850.8| | XCLK External Clock 1221.1 | 4898.2
Vssa Vgs Analog Power Supply| -551.9 | -4884.8| | /R Playback/Record 965.6 | 4898.2
SP+ Speaker Output + -111.4 | -4790.8{ | Veen Ve Digital Power Supply | 646.1 | 48957

o+

10
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ISD2500 SERIES

PRELIMINARY DATA SHEET

ABSOLUTE MAXIMUM RATINGS

Condition . ,«r . ‘ Value : “<'- ,j} : ’éa‘ﬁ*
Temperature under bias -65° C to +125° C
Storage temperature range -65° Cto +150° C )
Voltage applied to any pin (Vss- 0.3 V) to (Ve +0.3 V)
Voltage applied to any pin (Vgs-1.0 V) to (Vee + 1.0 V):
(Input current limiled to + 20 mA) i
Lead temperature (soldering — 10 seconds) ¢l 300°C
Vee - Vss -03Vto+7.0V

1

Stresses above those listed may cause permanent damage to the device. Exposure fo the absolute maxinnon ratings may affect device reliability.
Functional operation is not implicd at these conditions. .

DC PARAMETERS

Operating Conditions: T = 0° C to 70° C (Commercial Temp.) or -40°C to 85°C (Industrial Temp.) @,
Vee =4.5V to 5.509, Vgg = 0 V ©); unless otherwise noted®

Symbol | Parameters Min | Typ ™ | Max| Units | Conditions .*
ViL Input Low Voltage ’ ' 0.8 \
R Vi - Input High Voltage 2.0 \Y%

Vou ', | Output-iow Voltage 0.4 v Ioi, =40 mA
Von Output High Voltage Vee-04 \% lon =~ 10 pA
Voin OVF Output High Voltage 24 \Y Ioi=-1.6 mA
Voir EOM Output High Voltage Vee-1.0 \Y loi=-3.2mA
Icc Ve Current (Operating) 25 30 mA | Rgxp=o00 @
Isn Ve Current (Standby) 1 10 nA @

I Input Leakage Current +1 nA

LiLep Input Current High w/Puil Down 130 HA Force V(1o
Rext Output Load Impedance 16 . Q Speaker Load
Rmic Preamp In Input Resistance 10 KQ J Pins17,18
Raux Aux Input Resistance 10 KQ

Rana N Ana In Input Resistance 3.0 KQ ‘!

Apret Preamp Gain 1 24 dB ‘: AGC=00V
Apge2 Preamp Gain 2 15 5 dB | AGC=25V
Aaux Aux In/SP+ Gain 0.98 1.0 V/V 1 .
Apne Ann Into S1I°1/ ) diy

Race AGC Output Resistance 5 KQ

Notes:1. Typical values @ T4 = 25° Cand 5.0 V.

With 5.1 KQ series resistor at ANA IN.

3. Low~frequency cutoff depends upon vulne of external capacitors (see Pin Descriptions).
4. Casce lemperature.

5. Vee=Veea=Veen.

6. Vs = Vssa = Visp -
8
9

Product sold as die have a temperature range of 0°C to 50°C.
The 1SD2500 functions up te 6.5 volts. (All AC and DC Parameters may nol apply.)
0. Pin 26 only.

1
2.
7. Veca and Veep connected together,
1
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ISD2500 SERIES

AC PARAMETERS @
Operatin%Condmons Ta =0° C to 70°C (Commercml Temp.) or-40°C to +85°ﬁ (lnduslnal Temp)'?,

cc=45Vto55VEM V=0V

PRELIMINARY DATA SHEET

). unless otherwise noted(t?

Symbol | Characteristic Min | Typ® | Max | Units | Conditions
THD Total Harmonic Distortion 1 . A @1KHz®@
Pour Speaker Output Power 122 50 mW | Rexr=16Q®
Vout Voltage Across Speaker Pins 25 Vpp R;EXT =600Q
Vint Mic Input Voltage 20 mV Peak-to-Peak @
Vinz Ana In Input Vol tagé 50 mV Peak-to-Peak
ViNg Aux In Input Voltage 1.25 \ Peak-to-Peak; Rexy = 16 Q
Tser Control/Address Setup Time 300 nsec
Tyowo | Control/Address Hold Time 0 nsec ,
Tce CE Pulse Width 100 nsec i
Trup Power-Up Delay - 15D2560 : 25 msec !
-15D2575 31.25 msec
-15D2590 37.5 msec :
Trom EOM Pulse Width - 1SD2560 12.5 msec |
- 15D2575 15.625 msec
-15D2590 18.75 msec ,
Tror PD Pulse Width - I1SD2560 25 msec
Record - 1SD2575 3125 | msec |
-1SD2590 375 msec
Tprpp PD Pulse Width  —-1SD2560 12,5 msec | 4
Play -1SD2575 15.625 msec
- ISD2590 - 18.75 msec -
Trus® | PD Pulse Width Static 100 nsec | o
Tyort Power Down Hold 0 nsec .
Tovr Overflow Pulse Width 6.5 psec

Notes: 1. Typical values @ Ty = 25° Cand 5.0 V.
2. With 5.1 KQ series resistor at ANA IN.
3. Low-frequency cutoff depends tpont value of external capaciltors (sce Pin Descriplions).

4. Case temperature.

5. Vec=VYeea=Veen-

6. Vgs=Vgsa=Vssp .

7. Vcea and Vep connected together.
8. From AUX IN; if ANA IN is driven at 50 mV p-p, the Poyy = 12.2 mW, typical.
9. Tpps is required during a stalic condition, typically overflow.
10. Product sold as die have a temperature range of 0°C ta 50°C.

11. The ISD2500 functions up to 6.5 volts. (All AC and DC Pmr;lm'lcm may not apply.)

12
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TIMING DIAGRAMS

PRELIMINARY DATA SHEET

1SD2500 SERIES

RECORD
p~=3 -t —er———— T I El
CE \ ce /" : \ .
\ S i
1
- Tser — -
P/R J( Don't Care N
Dl\ - -
< TwoLp —* <———TppH Tros TPDR
PD Don't Care N |
* A0-A8 Don't Care >F Don't Care 1
Mic 1 TgeT — > .
Anain MR A AN ; -
. <~ Teuo = ’ ‘j Tovr
OVF -
~ . 1
PLAYBACK
EE \ Tce > ﬁ -
N A '
<+ Tggr — > .
PR \\ Don't Care
T - —{T; Trop
—TyoLo —* POH PDS
PD Don't Care N : /
. - —-
AO0-A9 Don't Care >F - Don't Care
<+——TseT - !
SP+/—~ l'v‘ 5 N
OvF
OVF
EOM ﬁi
‘_TPUD —_—p P T;EOM
H

i

ar

13
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. 1SD2500 SERIES

PUSH-BUTTON AC PARAMETERS

PRELIMINARY DATA SHEET

Sy;nbol Characteristic Min | Typ ™| Max | Units | Conditions
Tce CE Pulse Width [Start/ause] 300 nsec |,
Tser Control/ Address Setup Time 300 nsec | i
Trup Power-Up Delay —1S1D2560 25 msec
~15D2575 31.25 . msec
-15D2590 37.25 msec
Trp PD Pulse Width [Stop/Reset] 300 nsec
TRUN CE o TOM 1IIGI 25 400 nsec .
Travuse CE to FOM LOW ; 50 400 nsee |0
Tos CE HIGH - ISD2560 70 . 105 msec
Debounce —-15D2575 85 135 msec
- 1512590 105 160 msec
Notes:1. Typical values @ Ty = 25° Cand 5.0 V.
i
TIMING DIAGRAMS
PUSH-BUTTON MODLE RECORD
"Start” "Pause” "Start" i "Stop”

—{Tcel*- —*{Tcel~= —{Teel~- i
e 7y
{Start/Pause) - Tser — N p—
PR 4( - ,F
D ﬁ TSET |- N /T&{:—Tser —
' (Stop/Reset)

<+~ Tser |

-TSET |

!

AO-A9

2

MIC ANA IN ———-———WMM«W A
OVF , Taun—>] |o— — —TpAUSE \3'_/
Eow : . / N\ . /
un C
\ Teup>|  —[TOBT 08 X oo [« o
Notes: (1) 2 3 (4, 5) 6, 7) )
PUSH-BUTTON MODE PLAYBACK !
“Start” "Pause” "Start” “Stop™
cE - " Tcerz—E —™{Tee[* —< Teef+ .
(Star/Pause) “-Tgey -» J=-Tser -~ I"TSET -
PR
PD q TSET j~ —=&] Tpp |[<—Tser —
(Stop/Reset) 1’{
<~ Tser—>| N
As-A9 . M
SP+/— ——W " A "
; MMM Vi
OVF V Thun—»{ |<— — <— 1| ~TpAuSE \—/
(%OM) . . f N /
un B < Tog —' — g
. Teuo-* fe— s To8 2| Tpun I“: Too
Notes: (1) 2 @ (1, 5) 6.7 18)

Notes: 1. A9, A8, and A6 = 1 for push-button operalion.

2. The first CE LOW puilse performs a Slart finction.

3. The part will begin to play or record afler a power-up delay Tpyy). .

4. The part must have fg H/IGH for a debounce period Tpg l{qforr it will recognize another falling cdge of TE and panse.

5. The secand CE LOW piise, and every cven pulse thereafler, performs a Pause function.

6. Again, the part must have CE HIGH for a debounce period Tpg before it will recognize another falling cd‘gir of CE, whicl would restarf an
operation. I addition, the part will nol do an internal power dowst watil CFis TNGH for the Top time.

7. The third CE LOW pulse, and every odd pulse therenfler, performs a Resume funciion.

8. Atany time, a HIGI level on D will stop the enrrent function, reset the address cornter, and power doidn the device.,

2
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02500 SERIES

Ve

PRELIMINARY DATA SHEET

PUSH-BUTTON AC PARAMETERS

Symbol*| Characteristic Min | Typ" | Max | Unils | Conditions
Teg CE Pulse Width [Start/Pausc] 300 nsee |
Tser Control/Address Setup Time 300 nsec '
Trup _Power-Up Delay - 1SD2560 25 msec | 1
-15D2575 31.25 msec
o ——— e - ~1SD2590 37.25 msec .
Trp PD Pulse Width [Stop/Rescl] 300 nsec .
TRUN CEto TOM TIGH 25 400 nsee |4
Trause CE to EOM LOW 50 400 ns=ec !
Tps -CEHIGH = = -1SD2560 70 105 msec | ! L
.Debounce - 1SD2575 85 135 msec
2 « [S1)2590 105 16() msec
Notes:1. Typical values @ Ty = 25° C and 5.0 V.
Q&.*ﬁﬂﬁ'mwwéw' PR
TIMING DIAGRAMS :
PUSH-BUTTON MODE RECORD -
. "Start” "Pause” "Start” 1"Stop”
— —rTeg[* - —»Tce <~ —> Tee|*— L
CE N &55 "
(StarvPause) e gy 5 ~Teer = . -Teer -
PR .
., PD ’—%\TSH I~ . —~ Tep -'—Tser —
..\Stop/Reset) . /
' ) <+~ Tser— . -
AO-A9 ‘:
: MIC ANA IN — T A MM " — ~
i OvF ' TRun—> /.;— — \t——-—'ﬁmuse N ) e
PO OM - : - - /_ : -~ ST
§ Rty (Run) - e Toom P — ‘ b oal )
B + Teup—> — b8 = P8 2 Teuo |-<-—- Tos {1 e
Notes: (1) @ @ (4,5) (6,7) A(8)
PUSH- BUTTON MODE PLAYBACK *
N - < "Start” “Pause” “Start” "Stop"” .
—> Tce|{<*— —»{Tcef<— — T, — i
l T 7 g Ve i -
(SlarIIPause - TgeT > |+ Tsey -] ) {+-Teer
TSET - —»{Tpg |*—TseT ——->| e — b
(Sloleese 5
~TseT—> ’ -
A0-A9 ' -
T
_ Pl —'\,M/VJW\,/'WHMW‘ A p - -
I * N M % v ¢ VW 'E -
) ?_Yi ¢ Tun—>| |fe— P +—{—Tpause W - "
(%?,'.?) : - B —\_________/._
D Tewo] e TR Rl g < I P l‘ "o .
Notes: (1) @ (3 ‘, (1.5) (6.7 iw

i

Notes: 1. A9, A8, and A6 =1 for push-bution operation.
2. The first CE LOW pulse performs a Slart function. 4

3. The part will begin la

In;{y or record aj
4. The part must have

IGH for a debounce period Tyg

er a power-up delay Tpyyy.

5. The second CE LOW pulse, and every cuen pulse ihereafler, performs a Pauise Junction.

6. Again, the part must Imw CE

aperation. In addition, the part will not do an internal pozoer down until CE is HiGH for the Tpp tinee.

7. The Ilmd
i

Lo oae

LOW pulse, and cvery odd pulse tereafler, pedforms a Resine fintetion.
lnm/ llmc, a HIC ll lepel an D will stap the current Sfunction, reset the address counter, and power dowon the device,

zﬂﬁ"r it will recaguize anather falling edge of C T and pause,

E HIGH Jor a debounce period Tyg efore it will recoguize another fnllmq edge of CE, which would restart an

Single-Chip Solutions That Speak For Themsclves ™
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ISD2500 SERIES
T PRELIMINARY DATA SHEET 7
¥ . .
PACKAGE DIAGRAMS
28-Lead Plastic Dual In:Line Package (DIP) Type P INCHES MILLIMETERS ]
Min | Nom |Max || Min: Nom Max"l
nmnnmnnnnr’lr‘lnm 9 N
* A 1445|1450 |1.455] | 367 |36.83 36.95
O O B 150 | 4 3.89
. C1 | -600 625 |]1524 15.88
i i=iai- il o | 530 | 540 | 550 || 1346 [13.72]13.97
5 1115 | 120 | 1ps || 292 | 305318,
A . c1—

n 1 = P E | 125|130 | 135 || 318 3.43
D 1 7 | .015].018 | 022 || 0.38 | 0.46 0.56
EI T G 1055 | 060 | .ge5 || 140 {152 | 165

A H 100 4 o 254 |
el AT B B R 00 | 70 |15
$ N i
28-Lead Plastic Small-Outline Package (SOI1Q) Type G INCH E.S“ MILLIMETERS
- .. i Min | Nom | Max || Min | Nom Max
ﬂ ﬁ ﬂ ﬂ ﬂ ﬂ ﬂ n nﬂ ﬂ ﬂ ﬂ gt A | 706].714 | <718 17.93118.14|18.24
o - e ; ] * T3 | 086 | 088 | 090 || 218 | 224 | 2.29
soaloe ey o IO N R C | 320 346 | 350 || 864 | 8.79 | 8.89
AR N el D | 004 | 007 | 010 || 102 | -178 } 254
T T e R T o1 016 | 020 || 360 | 410 | 480
HMHHHHHHHH e P |- |oso} 127
A —————— G G | 463 | 470 | ‘477 || 11.76]|12.00]12.12
b —c—i 7 [ w20 | 031] 042 || 510 .790 | 1.07
B i
e S !i%\! -
D i '
A It A R -
E—li— i —IFi- _ -~ |—H -} o

' o _ T INCHES MILLIMETERS

32-Lead Thin Plastic Small-Outine Package (TSOP) Type | Min | Nomi | Max | | Min Nom | Max
i 1
. = 780 | 790 | 795 || 19.8020.00{20.20
‘ o : \ ) 5 1 720 | 724 | 728 || 18.30|18.40{18.50
= - = C | 307 | 315 |.323 || 7.80 | 8.00 8.20
= - ?,é% D 1000 | 003 | .006 {} 0.00 |0.08 | 015
= - 3B & | 006 | 008 {010 || 0.15 | 020 ] 0-25
= — - e T 0197 050"
=H ! " G 037 | 039 | 041 [] 095 {1.00]1.05
S - — H 00 30 50 00 i 30 50
}—-"‘ff——n—-’“ B 1| 016|030 [ 024 || 040 } 050 | 0.60
. i _i_ {ﬁj 7 | o4 | .006 |.008 || 0.10 0.15 | 0.20
L plalalalais Ly ‘
{
Rt | ~
E—ll— Fle— H - | —
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PRELIMINARY

DATA SHEET

i

I

AUGUST 1988

80C51-L/ 80C31-L

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

® 80C51-L-CMOS SINGLE-SHIP 8-BIT MICR
® 80C31-L.- CMOS SINGLE-CHIP 8-BITC

OCONTROLLER with factofy mask-programmable ROM

ONTROL-ORIENTED CPU with RAM and 1/0
© 80C51-L/C31-L: 0TO 6 MHz,VCC=2.7VTO 6V '

FEATURES

*

* POWER CONTROL MODES

© 128 x 8 BITRAM

* 32 PROGRAMMABLE 1/0 LINES
* TWO 16-BIT TIMER/COUNTERS

* BOOLEAN PROCESSOR
* 5 INTERRUPT SOURCES

* PROGRAM

MAELE SERIAL PORT

* 64K DATA MEMORY SPACE
_ * TEMPERATURE RANGE: 0 TO 70°C

* 64K PROGRAM MEMORY SPACE
& FULLY STATIC DESIGN
¢ HIGH PERFORMANCE SAJIVI CMOS
PROCESS
DESCRIPTION
Ny §
i (=
| |
| EERg)
P = '
NE v i
31{% Le
27 |
Wi
Figure 1. Block Diagram
037770178774

n-1

H
MHS’s 80C51 and 80C31 are high
performance CMOS versions of
the 8051/8031 NMOS singie chip
BbityCandis manufactured usinga
iself-aligned silicon gate CMOS
iprocess (SAJIVI).

‘The fully static design of the MHS
'80C51/80C31 allows to reduce
system power consumption by
bringing the clock frequency down
to any value, even DC, without loss
of data.

The 80C51 retains ail the features

of the 8051: 4K bytes of ROM;
1128 bytes of RAM; 32 /O lines; two

16 bit timers; a 5-source 2-level

interrupt structure; a full duplex serial
; port; and on-chip oscillator and
1 clock circuits.

In addition, the 80C51 has two
software-selectable modes of
' reduced activity for further reduction
in power consumption. In the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the interrupt system continue to
function. In the Power Down Mode
the RAM is saved and all other

! functions are inoperative.

The 80C31 s identical to the 80C51
except that it has no on-chip ROM.

wis MHIS
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Figure 2. Configurations
T mhwee Sh
Plo 41 . 3 vee NE]
@ ul
P11 o 2 39 u] PC.O 430 a2} latd
P12 43 38 1 PO.1 b
P13 44 37 3 PO.2 P15
P14 45 36 1 PO.3 P15
P15 6 35 g P04
P16 7 34 1 P05 Pz
P1.7 48 ® 33 g P08 st
RST 49 g 32pPo7
P3.0/RXD O 10 @ 31 h EA i) 80C31L/B0CSIL
PIAMXD 11 & B0RHALE N
P32/INTO {12 g 29 1 PSEN
P3.3/INT1 4 13 = 28 P27 P21
P3.5/T1 415 26 H P25
P3.6/WR 16 25 15 P24 Fe2
P3.7/RD g 17 245 P23 Pae
XTAL2 18 23 QP22 .
XTAL1 : 19 22 j P2.1 Pa“‘ P PSS PTS P S Py "N PN pmq P P
VSS 420 21 7 P20 119! 1208 1210 122% ‘23! tu: 125) 126} '27% 128,
Pin R RN I
Diagrams are for pin reference only. o Pad
Package sizes are not to scale.
IDLE AND POWER DOWN

OPERATION

Figure 3 shows the internal Idle and Power Down clock
configuration. As illustrated, Power Down operation
stops the oscillator. Idle mode operation allows the
interrupt, serial port, and timer blocks to continue to
function while the clock to the CPU is gated off.

These special modes are activated by softwate via the

Special Function Register, Its hardware address is 87H.

PCON is not bit addressable.

INTERRUPT,
> SERIAL PORT
TIMER BLOCKS

E’}gure 3. Idle and Power Down Hardware

PCON: Power Control Register
(MSB) (LSB)

voo] - | - {1~ |aFi|cro] pD | DL |

Symbol Position ‘Name and Function
SMOD  PCON.7 IDouble Baud rate bit. When set
to a 1, the baud rate is doubled
when the serial port is being
used in either modes 1,2 or 3.

- PCON. '(Reserved)

- PCON.5 (Reserved)

- PCON.4 . (Reserved)

GF1 . PCON.3 General-purpose flag bit.

GF0  PCON.2 General-purpose flag bit.

PD PCON.1 Power Down bit. Setting this
bit activates power down
operation.

iDL PCON.O Ide mode bit.Setting this bit

activates idle mode operation.

if 1's are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
(OXXX0000).

i MDD
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Table 1. Status of the external pins during Idle and Power Down modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 PortData | Port Data | PortData | Port Data
ldle External 1 1 Floating Port Data Address Port Data

i

Power Internal 0 O | PotData | PotData | PortData | PortData

P . r

Dona External 0 0 Floating | PortDgta | PortData | Port Data

T
IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.O is the last instruction
executed before the Idle mode is activated. Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM, and all otherregisters
maintain their data during Idle. Table 7 describes the
status of the external pins during Idle mode.

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.Q
to be cleared by hardware, terminating Idle mode.
The interrupt is serviced, and following RET!, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.O.

The flag bits GF0 and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example. the
instruction that writes to PCON.O can also set or clear
one orboth flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine
the status of the flag bits.

The second way of terminating the Idle mode is with a
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1is the last executed
priorto entering powerdown.Once in powerdown.the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
power down mode. A hardware reset is the onlyway of
exiting the power down mode. The hardware reset
initiates the Speciat Function Register (see Table 1).

In the Power Down mode. Voo may be lowered to
minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator. Reset should not be released until
the oscillator has restarted and stabilized.

Table 1describes the status ofthe external pinswhilein
the power down mode. It should be noted that if the
power down mode is activated while in extemnal
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2.lfthe
data is a 1, the port pin is held high during the power
down mode bythe strong pullup, T1,shown in Figure 4.

Dueto static design,the MHS 80C31/C51 clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the powet consumption is the
same as in the Power Down Mode.

80C511/0 PORTS

The I/O port drive of the 80C51 is similar to the 8051.
The /0 buffers for Ports 1,2,and 3 are implemented as
shown in figure 4.

When the port latchicontains a0,all pFETS in figure 4
are off while the nFETIis turned on.When the port latch
makes a 0-to-11ransition,the nFET turns off. The strong
pullup pFET, T1, tumns on for two oscillator periods,
pulling the output high very rapidly.As the output line is
drawn high, pFET T8 turns on through the inverter to
supply the 10H sodrce current. This inverter and T3
form a latch which holds the 1and is supported by T2.
When Port 2 is used as an address port, for access to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned on
for the entire duration of the external memory access.

When an I/0 pin on'Ports 1,2.0r 3 is used as an input,
the user should be gware that the external circuit must
sink current during the logical 1-to-0 transition.
The maximum sink current is specified as ITL under
the D.C.Specificatigns. When the input goes below
approximately 2V, T3 turns offto save ICC current.Note,
when returning to a logical 1,72 is the only internal
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input line high.

,” 20SCPERIDS

Fig. 4,170 Buffers in the 80C51 (Ports 1,2,3)
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80C51 PIN DESCRIPTIONS

Vss
Circuit ground potential

vce

Supply voltage during normal, ldle, and Power Down
operation.

Port 0

Port 0 is an 8-bit open drain bi-directional 11O pont,
Port 0 pins that have 1's written to them float,and inthat
state can be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1's. Port 0 also outputs the
code bytes during program venfication in the 80C51.
External pullups are required during program
verification. Port O can sink eight LS TTL inputs.

Port1

Port 1is an 8-bit bi-directional I/O port with interna!
pullups. Port 1 pins that have 1's written to themn are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs, Port 1 pins that are
externally being pulled low will source current (lIL
on the data sheet) because of the internal pullups.

Port 1alsoreceives the low-orderaddress bytes during
program verification. In the 80C51, Port 1 can sink/
source three LS TTL inputs. It can dnve CMOS inputs
without external pullups.

Port 2

Port 2 is an 8-bit bi-directional IO port with interral
pullups. Port 2 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs, Port 2 pins that are
externally being putled low will source current (liL; on
the data sheet) because of the internal pullups.Pért 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, it uses strong
internal pullups when emitting 1's. During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register,

ttalso receives the high-order address bits and control
signals during progam verification in the 80Cs51.
Port 2 can sink/source three LS TTL inputs.ltcan drive
CMOS inputs without external pullups.

Port 3

Port 3 is an 8-bit bi-directional IO port with internal
pullups. Port 3 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (liL, on
the data sheet) because of the pullups. it also serves
the functions of various specialfeatures ofthe MCS-51
Family, as listed below.

80C51-L/80C31-L
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Altemate Function
RXD (serial input port)

Port Pin
P3.0

P3.1  TXD (serial output port)

P3.2  INTO (external jnterrupt 0)

P3.3  INT1 (external interrupt 1)

P3.4  TO (Timer O external input)

P3.5  Ti (Timer 1 external input)

P36  WR (external Data Memory write strobe)
P37 RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTL inputs. It can drive
CMOS inputs without extegnal pullups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the device. An internal pull-
down resistor permits Power-On reset using only a
capacitor connected to Ve,

ALE

Address Latch Enable output for latching the low byte
of the address during accésses to external memory.
ALE is activated as though for this purpose at a
constant rate of 1/6 the oScillator frequency except
during an external data mef‘nory access at which time
one ALE pulse is skipped. ALE can sink/source 8 LS
TTL inputs. tt can drive CMOS inputs without an
external pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory, (Howevgr. when executing out of
external Program Memory, two activations of PSENare
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory.PSEN can sink/source 8 LS

TTL inputs. It can drive CMOS inputs without an
external pullup.

EA

When EAis held high, the CPU executes out of internal
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EAmust nct be floated.  »

XTAL1

Input to the inverting amplifier that forms the oscillator.
Receives the external oscillator signal when an
external oscillator is used.

XTAL2 :

Output of the inverting amplifier that forms the
oscillator, and input to the linternal ciock generator,
This pin should be floated when an external oscillator
is used. :




OSCILLATOR CHARACTERISTICS

XTAL1and XTAL 2 are the input and outputrespectively,
of an inverting amplifier which is configured for use as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an external clock source,
XTAL1 should be driven while XTAL2 is left

80C51-L/780C31-L

unconnected as shown in figure 6. There are no
requirements ofi the duty cycle of the external clock
signal,sincetheinputtothe internal clocking circuitryis
through a dividé-by-two flip-flop, but munimum and
maximum high fand low times specified on the Data
Sheet must be oObserved.

s
a

Figure 5. Crystal Oscillator

1

NC ——{ XTAL2
EXTERNAL
OSCILLATOR e XTAL1
SIGNAL 1
N

Figure 6. External Drive Configuration




ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial .................. 0°Cto70°C
Industrial ................. -40°Cto 85°C
Storage Temperature ............ -65°Cto+150°C
Voltage onVCCtOVSS ..ovvennenn..s, ~0.5Vio+7V

Voltage on Any Pin toVSS..... -0.5V toVee +0.5v
Power Dissipation ...........ccoveveiieiiii.. .. 1w~
*This value is based on the maximum allowable die

temperature and the thermal resistance of the
package.

80C51-L/80C31-L bt
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*NOTICE:

Stresses at orabove those,listed under "Absolute Maxi-
mum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion ofthe device atthese qrany otherconditions above
those indicated in the opeyational sections of this spe-
cification is not implied. Exposure to absolute maxi-
mum rating conditions may affect device reliability.

DC CHARACTERISTICS !
TA=-40°Ct0 85°C;VCc=2.7Vto 6V;VSS=0V; F=01t0 6 MHz
Symbol Parameter Min Max Unit , Test Conditions
VIL Input Low Voltage -05 | 02Vee v o
-0.1 .
VIH Input High Voltage 0.2vee Vee \
(Except XTALs and RST) +0.9 +05 .
" VIH1 Input High Voitage to RST for Reset 0.7vce vee Vot
+0.5 €
VIH2 Input High Voltage To XTAL i 0.7vee vee VvV .
+0.5 3
VPD Power Down Voltage ToVce in PD Mcde 20 6.0 \
VOL Output Low Voltage (Ports 1,2, 3) 0.45 Vv IOL=1.6mA (note 1)
vOu1 Output Low Voltage Port 0, ALE, PSEN 0.45 V 1 | I0L=3.2mA (note 1)
VOH Output High Voltage Ports 1,2, 3 0.9vee \ IOH==10ua
24 V ¥ | IOH=-60pA
. | VCC=5V+E10%
VOH1 Output High Voltage (Port 0 in External | 0.9vce vV i | IOH=-40pA
in External Bus Mode), ALE, PSEN
- 24 v I0H==~400uA
. IVee=Vx=10%
N Logical O Input Current Ports 1,2.3 ~-50 uA Vin=0.45V
1L Input Leakage Current +10 pA | 045 <Vin<Vce
ITL Logical 1to 0 Transition Current -500 pA Vin=2.0V
(Ports 1,2,3) .
ICCPD | Power Supply Current 50 10 pA Vecec=20Vio 5.5V
(Power Down Mode) . | (note 2)
RRST RST Pulldown Resistor 50 150 kQ
CiO Capacitance of I/O Buffer 10 pF * | fe=1MHzTA=25°C
Note 1:

Capacitive loading on Ports 0 and 2 may cause
spurious noise pulses to be superimposed on the
VOLS of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port 0
and Port 2 pins when these pins make 1-to-0

transitions during bus ogerations. In the worst cases
(capacttive loading 100 pF),the noise pulse onthe ALE
line may exceed 0.45V with maxi VOL peak 0.6V,
A Schmitt Trigger use is not necessary.

0
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1)

Variable Clock
freq=0to 6 MHz
Symbot Parameter Min Max Unit
TCLCL Oscillator Period 166 L ns
TCHCX High Time 20 ns
TCLCX LowTime 20 ) ns
TCLCH Rise Time ; 20 ns
TCHCL Fall Time 1 20 ns
!
vee-osve [ — T g ToLCH . ?\r TCHCL
% arvee
045V e/ \cﬂm o \
[T
TCLCL

F .

AC CHARACTERISTICS

(TA=-40°Cto 85°C,Vcc=2.7Vto 6VVss=0V)
(Load Capacitance for Port 0, ALE, and PSEN= 100pf; Load Capacitance for All Other Qutputs =80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symboal Parameter Min Max Units
TLHLL ALE Pulse Width 2TCLCL- 40 ns
TAVLL Address Valid to ALE TCLCL-55" ns
TLLAX Address Hold After ALE TCLCL-35" ns
TLLV ALE to Valid instr In ; 4TCLCL-170 ns
TLLPL ALE to PSEN TCLCL-25 ns
TPLPH PSEN Pulse Width 3TCLCL-3§ ns
TPLIV PSEN to Valid Instr In i 3TCLCL- 220 ns
TPXIX Input Instr Hold After POEN 0o ns
TPXIZ Input Instr Float After PSEN TCLCL- 20 ns
TPXAV “PSEN to Address valid TCLCL-8 | ns
TAVIV Address to Valid Instr In 5 5TCLCL-220 ns
TPLAZ PSEN Low to Address Float ' 0 ns

See next page for External Data Memory Characteristics.
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EXTERNAL DATA MEMORY CHARACTERISTICS

Symbol Parameter Min Max Units
TRLRH RD Puise Width 6TCLCL-100 + ns
TWLWH WR Pulse Width 6TCLCL-100 ) ns
TLLAX Data Address Hold After ALE TCLCL-35 3 ns
TRLDV RD to Valid Data In BTCLCL—-165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Float After RD 2TCLCL~T70 ns
TLLDV ALE to Valid Data In BICLCL-150 ns’
TAVDV Address to Valid Data In 9TCLCL- 165 ns
TLLWL ALE to WR or RD 3TCLCL- 50 L3TCLCL+ 50 ns
TAVWL Address to WR or RD 4TCLCL-130 | ns
TQVWX Data Valid to WR Transition TCLCL-60 5 ns
TQVWH Data Setuo to WR High 77CLCL-150 | ! ns
TWHQX Data Hold After WR TCLCL-50 ns
TRLAZ RD Low to Address Float . 0 ns
TWHLH RD or WR High to ALE High TCLCL-40 T TCLCL+40 ns
MAXIMUM IcC (mA)
Operating (Note 3) Idle (Note 4)
Freq.VCC 2.7V 5V eV 2.7V & 6V
1 MHz 0.8 mA 1.5 mA 1.8 mA 400 pA 800 uA . 1 mA
6 MHz 4 mA 8 mA 10 mA 1.2 mA 3.5 mA 3.8 mA
Note 2: Note 4:

Power Down ICC is measured will all output pins
disconnected; EA=Port 0=VC: XTAL2 N.C,; RST=
Vss -

Note 3:

Icc is megasured with all output pins disconnected:
XTAL1 driven with TCLCH, TCHCL =S5 ns, VIL=Vgg =
0.5V;VIHVce -0.5V; XTAL2N.C; EA=RST=Port 0=
Vee.Icc would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a ‘T" (stands for time). The other
characters, depending on their positions, stand forthe
name of a signal or the logical status of that signal.
The following is a list all the characters and what they
stand for.

ldle IcC is measured with all output pins
disconnected; XTAL1 driven TCLCH, TCHCL =5 ns,Vi_
=Vg35 +0.5V: V=V - 0.5V: XTAL2 N.C.; Port 0=
Ve, EA=RST=Vgs.

EXAMPLE:

TAVLL=Time for Address Valid to ALE low.
TLLPL=Time for ALE |ow to PSEN low.

A: Address.

C: Clock.

D: Input data.

H: Logic level HIGH.

I: Instruction (program memory contents).
L: Logic level LOW, or ALE.

P: PSEN

Q: Output data.

R: READ signal.

T: Time.

V: Valid.

W: WRITE signal

X: No longer a valid lpgic level.
Z: Float.

n-s
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AC TIMING DIAGRAMS
1
EXTERNAL PROGRAM MEMORY READ CYCLE
| 12 TCLCL - !
i
TLHLL TV
TPL \
ALE |
Fet———TPLPH
I Vo ow N
TLLAX yot bt
TAVLL 2 ] Rl g P :' TPxZ
™~ o,
posre NSTRIN A0-AT INSTRIN } AO-AT C INSTRIN >
et TAVIV i
pri q ADDRESS AB-Al5 X , ADDRESS AB-A15 >
PORT 2
EXTERNAL DATA MEMORY READ CYCLE
TWHLH 3=y
N TLLOV
e — N -~ J‘_
PSER —/ TUWL
o TRUAH
TAVWL Bt N /|( R0z
oV et TLLAX i }enp— TRLDV TRHOX e et )
PORTO g A0-A7 " ! DATAIN D />ﬁ
»! TRLAZ '
ADRESS - . N
porrz  ADRESS. N ADDRESS AB-A15 OR SFR-P2 >

EXTERNAL DATA MEMORY WRITE CYCLE

e ——

TWHLH ——T

wszn_/

- WL
WR 1;WL‘-‘-‘H
“ \ /
TAVWL =N
| TLLAX e b TOVWX ___ oy TWHOX ]
PORTO AC-A7 ™ , DATA OUT
ORSFA-P2 ¢ ADDRESS AB-A1S OR §FR-P2 ;
PORT2
AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS .
INPUT/OUTPUT FLOAT
— FLOAT
VCC-0.5V
02vcc-08 | % VOH-0.1V £ VLOAD + 0.1V
TESTPOINTS N VLOAD /
045V a2vee-ot | /[ voL+a3v \N VLOAD-04V

AC inputs during testing are driven at V¢ - 0.5 for a logic 1" and 0.45V fdr a logic “0".Timing measurements are
made at VIH min for a logic *1” and VIL max for a logic “0". For timing purposes a port pin is no longer floating when

a 100 mV change from load voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL

level occurs. lol/loH = & 20 Ma.
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SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C.CHARACTERISTICS:
(TA=0°C1t070°C;VSS=0V:VCC = 2.7V to 6V; Load Capacitance =80 pF)

Symbol Parameter Min i Max Units
TXLXL Serial Port Clock Cycle Time 12TCLCL us
TQVXH Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge .
TXHQX Output Data Hold After Clock 2TCLCL-117 ns
Rising Edge
TXHDX Input Data Hold After Clock Rising Edge 0 . ns
TXHDV Clock Rising Edge to Input Data Valid . 10TLCL-133 ns
H
SHIFT REGISTER TIMING WAVEFORMS ;
i
INSTRUCTION ¥
T R O R A R A A DL
ALE
|
aox e e e reeruer

|_ ] lm

OUTPUT DATA 3 X : x 5 X 8 X L4 /

e X X = X
. i
'r‘o SBUF m«:vi——{ ’l I‘ FXHDX -
D 6 D @B CD 6 5 6 O 4 C5 6 CD @ O
i

.
—— SETR

INPUT DATA

e

n-10
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STATE 4 STATE § I STATE 6 STATE 1 STATE 2 STATE 3 I STATE 4 | STATE § I
: mlpz . - mlpz PIIP2 mln?mlm mlpz Plle
XTAL2 5
e — [ 1 <1 | L
Igseusmor
ACTIVAT
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSER f
o Joml [ rogon [oam L peLour DATA peLouT
SAMPLED SAMPLED I SAMPLED
FLOAT > * FLOAT > l = FLOAT
P2 (EXT) —_l INDICATES ADORESS TRANSITIONS 1 3
READ CYQLE
o T |
0OH IS EMITTED PCL OUT (1F PROGRAM
OURING THIS PERIOD MEMORY IS EXTERNAL)
PO DPLCR R QATA
our l‘ l FLOAT SAMPLED » |
P2 e ] INDICATES DPH OR P2 SFR TO PCH TRANSITIONS [ S
WRITE CYCLE
WA
| PCL OUT (EVEN ¥ PROGRAM
| MEMORY IS INTERNAL)
l’“ T n]
PO DPLOR R : A g -
our ATA OUT ! PCL OUT (IF PROGRAM
2 o] INDICATES DPH OR P2 SFRTO PCH TRANSITIONS MEMORY IS EXTERNAL)
PORT OPERATION
MOV PORT SRC OLD DATA | NEW DATA 091G SAMPLED
wovoesre . O
MOV DEST. PORT (P1 P2P3) ‘ PUPINﬁiAMPLED
(INCLLIDES INTONT.LTOTY)
‘1 P2.P3 PINS SAMPLED beipzps
SERIAL PORT SHIFT CLOCK P1. PINS SAMPLED
Q) = i =
1RXD SAMPLED
This diagram indicates when si

gnals are clocked internally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to output and com
RD and WR propagation dela

ponent. Typically though (Tp =25°C fully loaded)
) ys are approximately 50 ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.

ba
n1 s MHS
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Table 1. MCS®-51 Instruction Set Dm%’don

ARITHMETIC OPERATIONS ’
Mnemonic Description

ADD ARn Add register to Accumulator

ADD Adirect Add direct byte to Accumulator

ADD A@Ri Add indirect RAM to Accumulator

ADD Aftdata Add immediate data to Accumulator
ADDC ARn Add register to Accurnulator with Carry
ADDC Adirect Add direct byte to Awith Carry flag
ADDC A@Ri Add indirect RAM to A with Carry flag
ADDC Adtdata Add immediate data to A with Carry flag
SUBB ARn Subtract register from A with Borrow
sSuBB Adirect Subtract direct byte from A with Borrow
SUBB A@Ri Subtract indirect RAM from A with Borrow
SuBB A #data Subtract immed. data from A with Borrow
INC A Increment Accumulator .
INC Rn Increment register

INC direct Increment direct byte

INC @Ri Incriment indirect RAM

INC DPTR Incriment Data Pointer

DEC A Decrement Accumulator .
DEC Rn Decrement register

DEC direct Decrement direct byte

DEC @Ri Decrement indirect RAM

MUL AB Multiply A& B

DIV AB Divide Aby B

DA A Decimal Adjust Accumulator

LOGICAL OPERATIONS

Mnemonic Destination

ANL ARn AND register to Accumulator

ANL Adirect AND direct byte to Accumuilator

ANL A@Ri AND indirect RAM to Accumulator

ANL Addata AND immediate data to Accumulator
ANL directA AND Accumulator to direct byte

ANL direct#data  AND immediate data to direct byte

ORL ARn OR register to Accumulator

ORL Adirect OR direct byte to Accumulator

CRL A @RI OR indirect RAM to Accumulator

ORL A#data OR immediate data to Accumulator
ORL directA OR Accumulator to direct byte

ORL direct#data  OR immediate data to direct byte

XRL ARn Exclusive-OR register to Accumulator
XRL A direct Exclusive-OR direct byte to Accumutator
XRL A@Ri Exclusive-OR indirect RAM to A

XRL Addata Exclusive-OR immediate data to A R
XRL directA Exclusive-OR Accumulator to direct byte
XRL direct#data  Exclusive-OR immediate data to direct *
CLR A Clear Accumulator 1
CPL A Complement Accumulator

RL A Rotate Accumulator Left

RLC A Rotate A Left through the Carry flag !
RR A Rotate Accumulator Right 1
RRC A Rotate A Right through Carry flag

SWAP A Swap nibbles within the Accumulator

_A_A_A—AN—A—L_A—AM—A—AN_AM—LM—AM—AN—LM—AE

—Ah.h—l_t—h_hM—A—L—h_h-A—h_A—L_L—L—A—A—A—A-J—Ag

-A—L—A—L—A—l—LM—L_A—L—h_LM—L_A—L_A.-AM_A—A—A—A—Ag

n12 .
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Table 1. (Cont.)

DATA TRANSFER ’
Mnemonic Description Byte Cyc
MoV ARn Move register to Accumulator 1 1
Mov Adirect Moave direct byte to Accumulator 2 1
MOV A@Ri Move indirect RAM to Accumulator 1 1
MOV Adidata Move immediate data to Accumulator 2 1
MOV Rn,A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV directA Move Accumulator to direct byte 2 1
MOV directRn Move register to direct byte 2 2
MoV directdirect  Move direct byte to direct 3 2
MOV direct,@Ri Move indirect RAM to direct byte 2 2
MOV direct.#data  Move immediate data to direct byte , 3 2
MOV @RiA Move Accumulator to indirect RAM 1 1
MOV - @Ridirect Move direct byte to indirect RAM 2 2
MOV @Ri,#data Move immediate data to indirect RAM 2 1
MOV DPTR#data 16 Load Data Pointer with a 16-bit constant » 3 2
MOVC A@A+DPTR  Move Code byte relative to DPTR to A 1 2
MOVC A@A+PC Move Code byte relative to PCto A 1 2
MOVX A@RI Move External RAM (8-bit addr) to A 1 2
MOVX A@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @RiA Move A to External RAM (8-bit addr) 1 2
MOVX @DPTRA Move A to External RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte form stack : 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH Adirect Exchange direct byte with Accumulator 2 1
XCH A@Ri Exchange indirect RAM with A 1 1
XCHD A@Ri Exchange low-order nibble ind RAM with‘A 1 1
BOOLEAN VARIABLE MANIPULATION
Mnemonic Description Byte Cyc
CLR C Clear Carry flag 1 1
CLR bit Clear direct bit ! 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL C ~Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL Chit AND direct bit to Carry flag 2 2
ANL C1bit AND complement of direct bit to Carry 2 2
ORL C/oit OR direct bit to Carry flag 2 2
ORL C1bit OR complement of direct bit to Carry 2 2
MOV C/bit Move direct bit to Carry flag 2 1
MOV bit.C Move Carry fiag to direct bit . 2 2
PROGRAM AND MACHINE CONTROL
Mnemonic Description Byte Cyc
ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Retumn from subroutine 1 2
RETI Return from interrupt ! 1 2
AJMP addr 11 Absolute Jump 2 2
LIMP addr 16 Long Jump 3 2
SJIMP rel Short Jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
Jz rel Jump if Accumulator is Zero 2 2
JNZ rel Jump if Accumulator is Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if No Carry flag 2 2
=g
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80C51-L/80C31-L !

Table 1. (Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic , Description Byte Cyc
JB bit el Jump if direct Bit set 3 2
JNB bit fel Jump if direct Bit Not set 3 2
JBC bit,rel Jump if direct Bit is set & Clear bit 3 2
CJINE Adirectrel Compare direct to A&Jump if Not Equal 3 2
CJNE A #data rel Comp. immed. to A&Jump if Not Equal 3 2
CJINE Bn#datarel  Comp.immed.to reg &Jump if Not Equal 3 2
CJINE @Ri#data.rel Comp.immed.to ind.&Jump if Not Equal i 3 2
DINZ Rn,rel Decrement register & Jump if Not Zero 2 2
DJINZ direct.rel Decrement direct &Jump if Not Zero 3 2
NOP No operation 1 q 1
Notes on data addressing modes: '
Rn - Working register RO-R7
direct - 128 internal RAM locations, any I/O port, control or status register
@Ri - Indirect internal RAM location addressed by register RO or R1
#data ~ 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit - 128 software flags, any I/O pin, control or status bit .
Notes on program addressing modes: .
addr 16 ~ Destination address for LCALL & LIMP may be anywhere within the 64-k program memory
address space
Addr 11 - Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction
rel ~ SJMP and all conditional jumps include an 8-bit offset byte. Range is +127 -128 bytes
relative to first byte of the following instruction.
. All mnemonics copynghted * intel Corporation 1979
i
g
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Table 2. Instruction Opcodes In Hexadecimal Order

Hex Number Hex Number :

Code of Bytes Mnemonic Operands Code of Bytes Mremonic Operands
00 1 NOP 33 1 RLC A
01 2  AMP code addr 34 2 DDC A #data
02 3  LJMP code addr 35 2 DDC A.data addr
03 1 RR A 36 1 ADDC A@RO
04 1 INC A 37 i ADDC A@R1
05 2 INC data addr 38 1 ADDC  ARO
06 1 INC @R0 39 1 ADDC ARt
07 1 INC @R1 3A 1 ADDC AR2
08 1 INC RO 3B 1 ADDC AR3
09 1 INC R1 3C 1 ADDC AR4
0A 1 INC R2 3D 1 ADDC AR5
0] ] 1 INC R3 3E 1 ADDC AR6
oC 1 INC R4 3F 1 ADDC AR7
0D 1 INC R5 40 2 JC code addr
OE 1 INC R6 - 41 2 AIMP code addr
OoF 1 INC R7 42 2 QGRL data addrA’
10 3 JBC bit addr,code addr 43 3 ORL data addr#data
1 2 ACALL  code addr 44 2 ORL A #data
12 3 LCALL code addr 45 2 OQRL Adata addr
13 1 RRC A 46 1 ORL A@RO
14 1 DEC A 47 1 CRL A@R1
15 2 DEC data addr 48 1 ORL ARO
16 1 DEC @R0 49 1 ORL AR1
17 1 DEC @R1 4A 1 ORL AR2
18 1 DEC RO 48 1 ORL AR3
19 1 DEC R1 4C 1 ORL AR4
1A 1 DEC R2 4D 1 ORL AR5
1B 1 DEC R3 4E 1 QRL AR6
1C 1 DEC R4 4F 1 ORL AR7
1D 1 DEC R5 &0 2 UNC code addr
1E 1 DEC R6 51 2  ACALL code addr
1F 1 DEC R7 . 52 2  ANL data addr,A
20 3 JB bit addr.code addr 53 3  ANL data addr#data
21 2 AP code addr ~ 54 2 AL A#data .
22 1 RET 85 2 ANL A.data addr
23 1 RL A 56 1 ANL A@RO
24 2 ADD Adata 57 1 ANL A@R1
25 2 ADD Adata addr 58 1 ANL ARO
26 1 ADD A@RO 59 1 ANL ARt
27 1 ADD A@R1 5A 1 ANL AR2
28 1 ADD ARO 5B 1 ANL AR3
29 1 ADD AR1 5C 1 ANL AR4
2A 1  ADD AR2 5D 1 ANL AR5
2B 1 ADD AR3 5E 1 ANL AR6
2C 1 ADD AR4 5F 1 ANL AR7
2D 1 ADD ARS 60 2 Jz code addr
2E 1 ADD AR6 61 2 AIMP code addr
2F 1 ADD AR7 62 2 XRL data addr A
30 3 JUNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A#data
32 1 RETI 65 2  XRL A.data addr

{
S
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80C51-1./80C31-L
Table 2. (Cont.)

Hex Number . Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mngmonic Operands

66 1 XRL A@RO 99 1 SuU ARt

67 1 XRL A@R1 9A 1 SU AR2

68 1 XRL ARO 98 1 SuUBB AR3

69 1 XRL AR1 9C 1 SuBB AR4

6A 1 XRL AR2 aD 1 SUBB AR5

68 1 XRL AR3 9E 1 SUSB ARG

6C 1 XRL AR4 9F 1 SUBB AR7

6D 1 XRL AR5 A0 2 ORL Cbit addr

6E 1 XRL ARG At 2  AIMP code addr

6F 1 XRL AR7 A2 2 MoV C.bit addr

70 2  UNZ code addr A3 1 INC DOPTR

71 2  ACALL code addr A4 1 MUL AB

72 2 ORL C, bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MoV @R0,data addr

74 2 MoV A#data A7 2 MOV @R1,data addr

75 3 MOV - data addr#data A8 2 MOV RO,data addr

76 2 MOV @RO,#data A9 2 MoV R1,data addr

77 2 MOV @R1,#data AA 2 MoV R2,data addr

78 2 MOV RO #data AB 2 MOV R3,data addr

79 2 MOV R1#data AC 2 MOV R4,data addr

7A 2 MoV R2#data AD 2 MOV R5,data addr

78 2 MOV R3,#data AE 2 MoV R6,data addr

7C 2 MOV R4 #data AF 2  MQV R7data addr

7D 2 MOV R5,#data BO 2 AN C.bit addr

7E 2 MOV R6,#data Bt 2 ACALL code addr

7F 2 MOV R7#data B2 2 CPL bit addr

80 2 SIMP code addr B3 1 CPL C

81 2  AJMP code addr B4 3 CINE A #data.code addr
82 2 ANL C.bit addr B5 3 CJNE A.data addr.code addr
83 1 MOVC A@A+PC B6 3 CINE @RO0,#data,code addr
84 1 DIV AB B7 3 CINE @R1 #data,code addr
85 3 MOV data addr,data addr B8 3 CINE RO.#data,code addr
86 2 MOV data addr,@R0O B9 3 CJNE R1,#data,code addr

87 2 MOV data addr@R1 BA 3 CINE R2 #data,code addr
88 2 MOV data addr,RO BB 3 CINE R3.#data,code addr
89 2 MOV data addr,R1 BC 3 CINE R4 #data,code addr
8A 2 MOV data addrR2 BD 3 CINE RS5,#data,code addr
88 2 MoV data addrR3 BE 3 CINE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CINE R7#data,code addr
8D 2 MOV data addr,R5 Co 2 PUSH data addr

8E 2 MoV data addrR6 1 2  AMP code addr

8F 2 MOV data addrR7 Cc2 2 CLR bit addr

90 3  Mov DPTR#data C3 1 CLR c

o1 2  ACALL code addr C4 1 SWAP A

92 2 MoV bit addr,C C5 2 XCH A data addr

93 1 MOVC A@A+DPTR C6 1 XCH A@RO

94 2 SuBs A#data Cc7 1 XCH A@R1

95 2 SUBB A.data addr C8 1 XCH ARO

96 1 SUBB A@RO Cg 1 XCH AR1

97 1 sueB A@GR1 CA 1 XCH AR2

98 1 suBsB ARO CB 1 XCH AR3

n-16
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Table 2, (Cont.)
Hex Number Hex Numbér
CcC 1 XCH AR4 E6 1 MOV A@RO
CD 1 XCH AR5 E7 1 MOV A@R1
CE 1 XCH AR6 E8 1 MOV ARO
CF 1 XCH AR7 E9 1 MOV AR1
DO 2 POP data addr EA 1 MoV AR2
D1 2  ACALL code addr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 MOV AR4
D3 i1 SETB C ED 1 MOV AR5
D4 1 DA A EE 1 ' MOV ARS
D5 3 DINZ data addr,code addr EF 1 MOV AR7
D6 i  XCHD A@RO FO 1 MOVX @DPTRA
D7 1 XCHD A@R1 F1 2  ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOvVX @ROA
D9 2 DINZ R1,code addr F3 1 MOVX @R1,A
DA 2 DINZ R2,code adar F4 i CPL A
DB 2 DINZ R3,code addr F5 2 MoV data addrA
DC 2 DINZ R4,code addr F6 1 MOV @ROA
DD 2 DINZ R5,code addr F7 1 MOV @R1,A
DE 2 ‘DINZ R6,code addr F8 1 MoV ROA
OF 2 DINZ R7code addr F3 1 MOV R1,A
EO 1 MOVX A@DPTR . FA 1 MOV R2A
E1 2  AIMP code addr FB 1 MOV R3.A
E2 1 MOvVX A@RO FC 1 MOV R4,A
E3 1 MOVX A@R1 FD 1 MOV R5.A
E4 1 CLR A FE 1 MOV R6,A
E5 2  Mov A data addr FF 1 MOV R7A
R
P
S
D 80C31
I J 80C51 XXX L
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51 Rom 4K x 8 (80CS51 only) Supply Version
I: Industrial 80C31 External Rom
Package Type
P: Plastic
S: PLCC
D: Cerdip
R:LCC

J:Jleaded LCC




