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ELECTRICAL SYSTEM CONTROL VIA TELEPHONE NETWORK

Nuttapon Chanmartgit
Nuttapon Phromchai
Assoc.Prof.Dr.Manas Sangwornsin Advisor

2002
ABSTRACT

This project concerns about the application of micro-controller for electrical
system control via telephone network. The micro-controller is used for receiving data
from sensor, controlling electric devices, and communicating with computer via

telephone network.
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1 A o dy
A9 o JAeH
Y

-P3.0/RXD ( Serial Input Port) fluwniil¥sudeyauuueynsy (UART)

;g

- P3.1/TXD ( Serial Output Port) ifuniilddedoyauvueynsy (UART)

- P3.2/INTO ( External Interrupt 0) 1950dyananisdadamizannsuenues 0
- P3.3/INT1 ( External Interrupt 1) 1¥50ayanumisdadamznnmeuenes 1
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- P3.4/T0 ( Counter 0 External Input ) V15 Udaya e Wadounmdn 11/§93995Counter 0

D] q

o

- P3.5/T1 ( Counter 1 External Input ) 915 Udyanauiagounnd 11§92995Counter 1
- P3.6/ WR ( External Data Memory Write Strobe ) W1d 1A uaun1siigudoyaas
wiganus veyanieuen

-P3.7/RD ( External Data Memory Read Strobe JW1dgygiaiAuaun1seudoayain

wiaganuigeyanIeuen

-ALE (v130) !ﬁu“lﬂ?hﬁjﬂiUﬁ"lﬁ;ﬂiﬁuﬂ'li!!ﬁﬂ‘ﬁ!ﬂﬁ!ﬂiﬂll‘lJél{ﬂH ( A7-A0) Pdseanun

o o qy ) :J’ = a
1NN (0) ﬂi}jf@ﬂ!ﬂ‘i}%l!@ﬂ‘i’lwnﬂ‘] 2a591u1 uw‘vu"quma

L3

-PSEN(%129) n"_‘l‘u11miﬂmm%ﬁm%’uémﬁayamrw Program Memory N1gUBN dayay1muil
9
vaevenin 2 asslundazuuriu lnfauaduiun1se 1 ntemal Program Memory 92 i)
. 58
waueenNvil
-EA (v 3D)¥dennirsanuiilisunsumauen
flou « 0~ szgruTisunsuannisusndw

flou « 1 7 azguldsunsuvnaelusn

[ [ 3K 4 Aa { e [ Aa
-RST (¥19) ¥1319m vw5gn ldnaeiotleuasan <1 ihivitiuiusd9tios 2 uusdu lufa
-XTALI (9119 ) I¥rensansameusn Taaifuduynuesinseeadmamesnisly

-XTAL2 (v118) l9rensaasaniouenlaaifmeninnuesisrseeadmamesmely
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I U2 ig ( CPU Timing )

S1,82,83,84, S5 88,61, 82 s3 s+ E5, 56, S1
osc Mm}unm P1 P2lPy P2IPY mznn!nnm mn{n mn!
(XTAL2) lIllIIIH IHIIHillllllli‘Hi’lilt”[ll]l lli\lIH | lll 1
ol IS o S e AN e N I

' 1

| [~ RerpoPcooe | |
| l7 READ NEXT]  — READ NEXT GPCODE AGAN |
|

OPCO0OE |
| ©ISCARD)
T IS siIssst]s5]sa

¢ -+
|
|
|
|

(A) 1-byte, ;—cydeinstm:wn. e.g..INCA
|

: READ OPCODE

i

| READ | —READ NEXT ORCOOE
ZOBYTE | i

{
— 1
__ _Isi[sefsa[s4]ss]ss]
(B) 2-byte, 1-cyda instructon, e.g.. ADO l%ara i

! READ OPCODE | l
i READ NEXT RTAD NEXT OPCOOC AGA!
, r OPCOOE (DISCARD). er

L

i\' i ”’ t |

N S S R R R R S R

! |
(C) 1-byre, 2-cycie instructon, e.g., INC OPTR. |
READ OPCOO! |

MOVX). | READ NEXT OPCODEAGAIN

|
| READ NEXT Ina
|
!

N ISR R S 561 o] s2] s3] 54] 5] salL
{D) MOVX (%-byto 2cycle) wor | oam |
|

ACCESS EXTERNAL MEMORY

3 3.4 wamsdaIAIMISINNYRINRAZAIE

(]
o s

o o ﬂ'/ A A Qs ~
msvhaulu 1 fdswgatunauiiss 1 1S Fawldadonlimiy 12 gn Taslnd

< 1w [ 3 ] a '
##gay RUN A28A115 90101 12 MHz 931y Afien 12 gnezAumawiiy 1 s
v T ° 1 Y a A
msudalszanveamizannud) il 2 viia fe

[ o @ v o
. viaganudidmsuauldsunsy ( Program Memory )

[} ° o Q9
- ﬁu?ﬂﬂ?’]&l%‘]ﬁ’lﬁimﬂu‘ﬂ@z\!ﬁ ( Data Memory )
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- wihganuddwmsuiuldsunsu
HumireaawsmififuTdsunsudenuussyegludn
(] 3 a S o 1
8051 daufilyu Program Memory fi 8 ROM ¥u1a 4 fla'ludtiues uaduduwes

8052 9¢3 ROM vU19 8 kbite

- miranud i mTuiudeya (RAM)
] 1 A [] o 9 a a4 o 1 I3
uthaflu 2 daufle mirenmdrdeyanmeludniiiios 128 lud witsanus

9

a o a o
doyameusndninang 64 ila lua

Y <

- fufmheanuifidhdadoyalaomedosmiiifu (Indricct Address Area)

fuiimirseuirnSinn ( 8oh-FFR) nﬂuﬁuﬁ%’auﬁuaﬁaénaz 128 lud g
daunsnozifiy SFR UBAIATH 1A Indirect Address Area S0URIRBINIAAGDAL
SFR ﬁ'aa”l%'ﬁwﬁ'“\mum’ﬁﬁa%’agaTﬂﬂmam'uTyu ( Direct Address Area ) druftuiian
'chuilzn%ﬁaﬂ’]’agmmmmE’)'emvin‘fu ( Indirect Address Area ) @3UAWNUS ( O0h-

9
7Fh ) szisndedoyalans 2 uw

. fiyinbeanuiiidindeyalasnseuaznisdes ( Direct and Indirect
Address Area)

i 128 lud angaziniaiu 3z dau
aa d d z
1) 9mauuen (Register Bank 0-3)

FaUAS N ( 00h-1Fh ) (Huauvessdaesuusd (0-3) Taouvuiluuusdas 8 Tud
s2und2'18 32 Tud (udazuused 075305 ROR1,RZR3 R4RS5R6,RT ) Siddfigrinauagh

o A a3 o o ° A 4 A g do v v
HINA 3 1WHATIENNICAAUVINNINIUNMLNA 0 17U UAY SP ITHUTUAUNAWHUI 07h NUN

2) UInamdlganus il udsuiaziald ( Bit Address Area)

¥ 4 5’ [ o 4 1 a (Y] A &
AuUNAALBAIATY ( 20h-2Fh) $1191 16 Tudunseautiaiiudac: 1dud 128 dad

9 9
ISy

duniadatififadl 00,01,02,03,04,05,06,07 9UD 2Fh
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3) YinawmeaNNs1M1F1uN 1) (Scratch Pad Area)

9y v Y b4 v [l
#unaua (30h-7Fh ) vzidsudeya lafias ludamniu hiaunsaldidunerduiald
9

9 A A A dysl [ S Y 4
tdhadleNauannusnuiidess: Tdumsdisudeyaunivauan
7 s . a s Aa
luTasaeuTnsamesiues 89c2051 Wuilszian cMos 8 Bit lulasaeuiiaaed AT
dszaninmmsihaugs  Sdawvesmizeanudmawsaldsunsulminazandeyalu
ROM 18 15219 Flash Programmable and Read Only Memory ( PEROM ) 91U7U 2 kbite 1A
4 kbite dmFuines 98C4051 naanswmmIAsgIMves luTasneuInsanes vesaszna MCS-
51 TAguTEM Atmel Corporation  HuluTasaeufiunesf s1mgn  TuszAntamlums
o g o 2 wa o
Wl 1o I8wanedu uaz e ldn llmufiesaaa Fanaauiialana iy
A o o o @ :/' < Yo a 5 = 8Kl
mitounyluTas-neuTnsames wes 8051 ey Jldsumskaavuunldiidiuves
Memory iawsnldsunsulnildlasdies (PEROM)  Samanzfiezsinnldiieniswamn

wa TuTaguvulv
34 MIABTININBTAOUN T YBI MCS-51

v 9 ' v
msdemsnuveynsuilunidideyanssazdanuvderioeiull Tasdadad
1 a 2 1 o v 9 A 9 a
een lldeuudimwdiolings  Fuandeiunsdeeyaunuvinuidsdeyannineen’y
wianiy medsdeyauuuvinueziFmodygiu 1 idude 1 da udmsdadeyauuveynsuy

S o = Y A o @ 9 a
%qu‘lfmﬂﬁiyiyﬁum UTUAGPIT M IVUBYANNUA

[ a 9 d'o [ 1 1 44 v 9 2
msasdeyauuueynsuiIasa Ay rarvediutunI s lunsdideyads
[ v a a v a3
(3831 Baud rate fimhaiiu da/Aum isuaa1nsa 1200, 2400 , 4800 w50 9600 Huau win
a a (] a (Y] a & o
I¥n21053 2400 daAum sxldnalunisds 1 dawidy 12400 519 Feawsasiuln

nalunsdedoya’ld

nelululasneulnsamesaszga MCs-51 inesansfemsuuueynsy (Serial
Port) ﬁmmsn%”nua:dq%’agauuu Full Duplex 8§ 1 Wosa MSUAWUY Full Duplex
wingdvimesaeynsuaunsasunazdidoyaldlunmi@erduy  nsmauguasThaives
wesmeunsumesdudunysudeya shlasnssmuan i Tmaesmunumsihanves

L'

HosAoYN5HYO SCON
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341 FimmesnununsuYeINeTABYNTN SCON
aa s aa s & o Y o s
T9aimes SCON 1Tuiimaesinniziivhuihiinsunu Inuamsinuvesnesaeynsy uas
A g 9 A A v 9 a =\ 9

Wuiifudeyadiafi 9 vesmssudeya ( da TBS waz RBS ) wazfuWanvesnsioswe

a [ 1 A 1 [ °

dumesindvesnesneunsusuegian Taduafaaaslugl 3.5 msaruaunshesies
Fd v g

dmuatiaae ludimaesditidas sidamsTeuthedeyaov) nse Imdsniswa(SET)

%30 1A0935(CLR)Ta fi 1815199910 S9aiaes SCON @ mnduuuia’le

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0Q

SMO | SM1 | SM2 | REN | TB8 | RB8 | TI RI

SCON : Serial Port Control Register

3U 3.5 uamsdinues3idames SCON

a t Sa o [ dy
AITUNUIYUBDIUAN NG uSemaes SCON Lﬂumu

A o o 2 o
- sMo naz sML ifludiafmualnueamsianuvesnesaoyns gl 4 Tnuadsdl

M151991 3.1 Uaaen 151@en Innan s Nuveane s yN 3l

0 0 0 Shift Register | Fosc/12

0 1 1 8 bit UART Variable

1 0 2 9bit UART | /32 30 £_/64
1 1 3 9 bit UART Variable

- sm2 dludiamuauldihauludauazasdeude luTasaeuTnsamesnaieia

¥
wWhdnedy dwmsunsldnululvue 2 v5e Tnua 3 1Judail
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sm2 = 1 swshldudandumesSwdmed sy R ligaaidiefudeynidh
wudadisniiad o duo (egluda rBg)  dwsunsialulvue 1 duwa
a Jo  J [ [ {
sM2 = 1 udandumesswansd sy (uan RI1) 9z lignramndeyad
o Y S Y 9y o
Sudun i stop BIT mis1daluTvua 0 Ao fvua sSM2=0
< [ [ @ J
- REN awsesida Aeweddinsifludmaiugunssudeyavesnesaeynsy dail

Y

1 = iinsSudeya

R

Y

2 = lilfiinssudeua

Y

- B8 ifufateyadi 9 fdesnisdalulvun 2 uaz 3 awafanieniosaae
woHAUIT

- rB8 udafudeyafisudundai o uTnua 2 w3e 3 dmsumsshaniuTnue
1 madmuald da sM2 = 0 da kB8 suffuswes STOP BIT fifudun dmsy
Twwa 0 laifin1s14 RBS

- TI ulanvesmsdwmasinddudadoya uﬂaﬂffﬂzgmcmé’aﬂan%'ﬂmiﬁ"mn

msasdeuaiion 8 lulvua 0 nFeilesuauds STOP BIT Iulnua 1, 2 150 3 151

LY

4

9 = ::‘91 o Jd 4‘{ a do o 1
dounngsurantidrgvenanas wesuTUsunsuasUaUBINITBUADS THAYBINIT AN
Hoyaud?
- RLmlandumessnadusudeya gaisadisarsansidedeyainh 8 TuTnua
! : Y gt

0 gnSutanwSaiile STOP BIT gasudunluasanawsnlulnua 1, 2 nie 3 191
v 2V S ¢ <A . . &
doundesuraniidrgvedaulsilesu TdsunsuasuaueInIs o UIABS THAYDINITTL
Y kY
doyaud’

g ° 9/ = v

asaazudeyavesmesneynsuaziisdmaesnmhnsunasdedeyasg

a4

J

v A AAa o 19 [ 4
1 ffesimaey SBUF msdetoyneen ldinesneynsuveslulnsneulnsames
o 5 ~a 4 ' Y] Ao 9 T4
lagnis lddeyandlu3imaes SBUF n13g1u1eyasnnigusniiudimanesa
1 aa J R O/ FY [ S o d Ia o
PUNTUILBIUNATIAIABS SBUF Uy 2gsdmsueziitmesviia 1 Tudfivh
wihfiudeyanSudmwmlsznevegmelu (mstitWiessudoyarm lddusy
[ { o/ @ o Qs 1 1
annsosudeyaluad 2 Whunldiufindenndeyaludus adwwdaudds hignew
1 [ v ' 4 § Il ot
oon 1 uatdoya ludusadshignewneunideyaludh 2 szidnnasudeyaludd 2

LQAINIAN )
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o J Jd 1 9
msnuvesnesaeynsuves luTasneuTnsamesaunsouvisesn I 4

9
Tvuafdie Tvua 0, 1, 218z 3 uaas Inualimsiauasde 1

Tva 0 foyaving 8 da uuvueynsusudrinmen RXD uaz doyn 8 iia
devBnUUBYATIMN TXD mssuuazdedeynszizunndadt (LSB) nou
sas1mssudetoya (Baud rate) 9xiiu 1712 whweadayaauniinn
o/ | a é )
Tnwa 1 1¥nssuuazdedeyauuy 10 da Fadoyneynsy 10 Jarhumu RXD
iazdeyavina 10 fia desenniet TXD Taedeya 10 darlszneudan 1 Start bit
(@1 0) mudae 8 dadeyamsswdesyiSuandadiney) uaz 1 Stop bit (A1 1)
1Y o ! 2 { o < a { a
Susudeyansaim Stop bit AFwdwn llifiuluda rBS fegluiTnmes SCON
1Y @ v Y dy ° 9 Y
sanmssudsdeyalulnuaiiaunsaimualdnudesns
Trwa 2 I¥mssudstoyanna 11 Ga deyauuueynsusumdnniew RXD uaz
1 & 9 a . N b4 a
dsoonlimev TXD Fadeya 11 a 1Jszneuae 1 Start bit (A1 0) AWAIY 8 Lia
Soya (Msswausuaniadiden) , 1 Tadeyafidimuaalé uaz 1 Stop bit (A1
) [ 1 A d ° § ] a o 2
1) dmsududadoyaiian 9 szhmualilu TB8 Negluiidaes SCON s
annsadmuaiiy 1 wde 0 814 lumslFaumenldiadeyadai o Wuda

32900 (Parity) f 4Tasnsthelundan P andmualdio TBS iliedeya 8

9
Aad ot

Tamnannieanganes  Fezihliisldnsasvreumsdedeyauuumisag
Tunsdivesmssudoyansideyaiiedt o Asudunlilifuluia rES foglu
TPaiaed SCON @an Swop bit 92 hiliamhwufy  dasimsiunazdsdoyalu
Tnuaiiezidenidauga18 2 dde 1/31 v3e 1/64 wesdyamuniing

Toiwe 3 msenluTnmm 3 sefignumsadieiulnue 2 udluTnua 3 5

annsasmuasanmssuazddoya ldandens

9 v v
Msvhuvemesneyna 4 Tnua nsaseyazuduiiielinsfimua

[ a £ o 1 o a o ‘,4&
foynlifusimaes sBUF Hinuimuaslifiuiiomes SBUF wldrdan

Toufhodeyn isu MOV SBUF#ISH v3e MOV SBUF,@RI fild msiudeya

Tulnua 0 wiudusudeyaieawesiia Ri=0 oz REN=1 daululnuaduq

nsfudeynszFuduiiomuuada REN =1 uagll Start bit i w1iv1 RXD

Start Bit «+——— DataBit ———— > Stop Bit
l DO D1 D2 D3. D4 D5 D6 D7 l

aouzawlna

50334
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Joyaiia 9 finualu TBS

StartBit(0) +—— Data8Bit ——> lS’top Bit (1)

l Do D1 D2 D3 D4 D5 De D7 D8 l

aoruzaielna
a o Ty
51t 3.6 uamadyanaesmsdetoyavesiviug 2 uas Tvua 3
3.5 MyAedITEnIeFTigna1oa (Multi Processor Communication )
a 1 ‘é ;1 9 a 1 A 1 é A o | (2 @ o/
msaanedaeasni 1z linsdadedemsuuugAABIARINAINS 1 AAZAITY
¥ NG '
LY 1 [ o ° é v
1é udlunendansavausuiudeshimsfemsnuunaeys Fuilunisdemsszuin

a7, Y 4' & 1 9 9 . o 4'4 9 Aa s aa a a 3
LlnTﬂSﬂauTwmmaiﬁmﬂmw‘mmmmmﬂﬂuma‘lmnﬂmsmuﬂwuﬂimmmwmnw

Jd -4 d' 1 ‘& 1% T 9 Y] 9 Y [ A
Yy TasnouTnsaaesiued 8051 amsaidendeiesudseyaiuldvawd dwaaslugla

3.7
8051 BT s b 8051
31/ @4 P RXB FU / a9
GND GND
(A1) NMTABNVLYAADYA
gos1 X
( Master) 1 1 i i
A A A A
TXD RX TXD RX TXD RX TXD RXD)
8051 8051 8051 8051
( Slave 1) (Slave 1) ( Slave 1) (Slave 1)

() MaFeudaLUUNAIYIA
a A v d v
51 37 usmamsieudielulnsnenlnsamesuvugasiogaUAzHAIEYA
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nsThanveswesaeynsuvesluTasneulnsames MCs-51 TuTnua 2 uag
Tuua 3 Smsendioy fewnselddmiunsidendedemsseniediiguaredld ns
e 2 Tﬁmﬁy%y,aﬁﬁﬁ 9 azgnti luifuludie RBS srasa Tdsunsauiesmuald
wefasunsudsdanadewesumesing ldidesudeyatuuda1dilu res = 1 Fams

9 [] ' .
muguiiimuannmawaiia sm2 feglusdmass SCON mahamlunsiyeudedems

v A

Iy [ A o o [ d’l A d‘ v o v o
AUFNYRAYAIITNANHUSNITNINTUAU 1115:5‘1]‘1}1’1!‘IfﬂllﬂE‘)UU‘U‘HﬁWﬂi}ﬂ!ﬁﬂTﬁuﬂiﬂ‘BWgﬁ’J

[

2 Y A aa o W A 1w Aad o A 2 a ' A
ﬂu\mmumﬁ‘]mmfmﬁﬂ (Master) ﬁWﬁi‘Uﬂ')‘UﬂﬂJﬂ'ﬁﬂﬂﬂ@ﬂﬂ‘ﬁwgﬁ’Jﬂu"] “Bdliﬂﬂﬂtﬂumwg

G

3 1 9 o Qo

589 (Slave ) Fyg1m TXD vesdngnandedhiudya e RXD vesdiigsoendy il

u

9 L%

Y aa o 1 v A Ao aa A o ] [
ﬂlﬂyﬁi}1ﬂ‘]ﬁ“l§ﬂﬁﬂfﬂilTiﬂ’d\ivl‘l.lﬂ\i‘]fwgliﬂﬂvlﬂ‘ﬂﬂﬁﬂ NAAFWYITDIVSUAUNUIVDIAIUDY

q

( Address ) Afmual3nnldsunsunieaianns  Taslimsuidnuuzvestoyanlddeeen

du 2 uuu fe

yuy 1 YFeyaduiludadivuaduiniia (Address Byte)

Foyafudiuddmuadmmis ewiiedadeyaiah 9 ( D8 ) fauily 1 14

v 9

dmiusmuadunwesdigses Magndindesnisandedss dnpaizyesteyaiiiimua

dumtaaadlugilnzsg

doyadini o fmualu TBS =1

. 5 ; . S bit = 1
Start bit = 0 +——— @WNUIVDI FNYTOI —— > l QP

T lEDOfD1gD2;D3‘:D4£D5;D6;D7|D8|

aouzarolnd

1l 3.8 uamsdeyaivuad MLe (Address Byte)

puy 2 feyaldiudeyavnats (Data Byte)
v 9
C i ludfigdm s uazdedeyauazir il idnuTaodeyn ludiiey

° a A & g [ t
smualitiad o (D8) i 0 Feguvuvealuddoyasziiludegii 3.9
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9/ —~

Foyaiini 9 Amualu TBS = 0
l Stop bit = 1

T lvDO:D11D2:D35D4;D5;D6;D7‘D8‘

Start bit =0 +——— Fumves Figsoe ——>

anuzaelna

51l 3.9 uamadiayadIns (Data Byte )

Y

A [ v 9 4 Yy A ] @ & @
aifignandeenisdadoya 1 vienlyIdgfigresdladavilalunaisnd

).

1 s 2 o o ]
padas 1 'lud Fedeidudivendumisvesdfigses (Address byte ) 890 11

%

:Il a A
VUUINENYHAN

SBe

' A ‘i‘j aa A9 Yo ) \rl P " w9 A
ABUIND!L uﬂ]i!ﬁ'ﬂﬂcﬁwgiﬂ\i‘ﬂﬁﬂﬂﬂ'ﬁflﬂiusuﬂgﬁ Iﬂtﬁ]@l\!ﬁl ﬂﬂuﬂgllﬁﬂﬂ']\iﬂns\lay‘ﬂauq

»

A a A Y] g ' o A o o YA
aAdBUAN 9 Nﬂ“‘ﬂu 1 ﬂlﬂu‘.ﬁl’lﬂﬁi«lﬂﬂﬁQﬂﬂﬂ"lﬂﬂ\iclfwgi'ﬂﬂqﬂﬂﬁq ﬂTﬂ!ﬂﬂWﬂﬂiWKﬂgiﬂW}ﬂ

LH

A Aad o

v A1 a Yo Y d o ] a a Y o"é/
Fafianda sM2 = 1 dediigsemad dsudeyaluddumisdiszifansduneindyu
v A aa a2 tlLo v do o Ly o @ A '
MeludiFigsed qmgiewzmmwsa%ﬂamwmzmmmumuunmmanummwsa"lu
aa o ' AA o ' o oYo v do Yy o a Jda A ooy
FRgyeadumisiidumiiasudumisnividesimanasida SM2 uazinsousuveya
ci v 1 ) v A4 o 1 &:i 1 o/ o ([ r.i'w [ 4 1
fifudnmsdaly dmFuFAgseedumiish liasafudumisniuuesdne SM2 =1 oy
aolil wazouTilsunsuesuauesmstumessndudandy lilldsunsunfwed uazsenis

g (]

a Jo  JA a j 1 d o ] é’ (7= [ ad 9 4
Sumedsnanmarunnasiyluddumicluasslmidn  niwndfgndndedeyaludusn
& o ' a1 2 a &
Faufugumiseenlaidy  wwiSudueyadedoiiuludteyaiifief o Wlu o ameen’l
o d AaA Aaa das ' o) B\\dle (5 ) g :]:j 1 oAaa
Foyativefifiosdignidwmisassiuniniuniudeyad  mededeyaneziussnineding

@ @ AA d'do [} Y v 3 ¢§ 1 g Ay AaA a 9 v 9
ndnfudigremiidwmimssdiuminiy  demsdedeyaduganiiignanszassdavoya

§ Q/ o 1 Qy & o 4
Tudgatedlfifuduenlddnsumnuhdugadoyn  Fewldsa Asci f1 03 ( ETX
« < ! o o Y < 1
End of text ) 138 04 ( EOT End of transmission ) i 18 1iledfigseaId5uswaiiudifeznsun
Hudeyasgeionnzngansiudeyn udawadida sM2 = 1 iffesudusesumsdedeyn
Mdudwmisluseuse
fasm2 oz lufiealulnue 0 dwmsumslidanlulvua 1 minsM2=1ms

a g -4 o 9 ra 3 (7=} % 9
SumessnAven1ssudeyasy hifavuminlaill stop bit idan
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4

=5D.

un

Yo% aeasifa DTMF a3 MT8888C

l}l a v W 4 L ﬂ lll ~ s & Aa 9/ (Y
o¥noasHady 1M DTMF 1Ues MT8870 iuauilu leduesnilaniins ldanuny
veanazahevnanninlagaasamandin leFwesasnanddiquaniangs liaunsoduy
o @ ] A Yy o/ I3 Y
uneslafumielszananadunnniouenld linminuazdiuiiudeesnuuuis
a 4 4 1 4 ' ° i
SumesladuldausAeudunmedau naz ez ldaaediuszuuiidennidiuld
J { 1 v 4 [ o
Aganiunseasiasenanves ledidiesnuuilusia BCD dae
v ! a o A s g 1 Y
aruanaeiiiu ldsaiuenmilenn lodiwes MTss70 Artuszifluglsiedads

do 1 ) a' a 7 o s
w539 tag Hauae q lumslden fimusodumesiadvluTasaeu Tnsameimeuen

4

sl 1

dyw v aa I ]
MT8883C HdnaglutlszinnTuluasa DTMF niudsHnesninsuLed1unInses

=

o v o q ¥ a a q A o o .
a1 DTMF 438 tae §aldimaTuTabvesdueadi v ledAudideniud uag &

UszAnnmyadeannzueainlunisldou Tasludiuvesnnivesyimmuni Sudayanu

9 v
DTMF taz nadativey 1fulasdaauftaeadudyanaeunaen Aildnyaziunuy

a 4 a d o YA ; ; o Y o a a
aIadahdmesirldlinaniieudinn vhlvdgyg s DIMF IA210Meaas g9
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UMS800 V.90 USB Modem
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*¥¥Program MCS-51%***

DATA EQU Pl
WR BIT P1.7
CS BIT PL6
RSO BIT PL5
RD BIT P1.4
IRQ BIT P3.0
RV BIT P3.1
RELAY DRIVE BIT P3.6
RING BIT P3.7
STATUS EQU 7FH
ORG 0000H
MOV PO#00H ;FIRST_STATUS
MOV P1#0FFH
SETB IRQ
SETB RV
CLR RELAY DRIVE
SETB IRQ
ACALL DELAY_100ms
ACALL INITIAL
NOP
MAIN: ACALL DELAY_100ms
RINGLOOP: B RV,$
INB RV,$
JB RV.$
INB RV,$

SETB RELAY DRIVE



ACALL BURST ;Select Burst Mode
ACALL DELAY s

H Aeokskoskoskokokskok Send dlglt status skeok sk skokok skokokok sk

SEND: ACALL DELAY Is
MOV A #00000001B ;send 8
ACALL SEND DIGIT
MOV C.P2.0
ACALL CHECK ;7
MOV C,Pp2.1
ACALL CHECK k4
MOV ar2.2
ACALL CHECK 37
MOV Up2a
ACALL CHECK 37
MOV A#00001001B
ACALL SEND_DIGIT ;send 9
WAITDATA: JB IRQ,$
ACALL RECIEVE DIGIT
ANL A#OFH
CINE A#00000101B,GO_NEXT

;If command = "0" then send status
LIMP SEND
GO_NEXT: CINE A,#00000011B,NOT_END

;If command = "#" then end program

CLR RELAY DRIVE
LIMP MAIN
NOT_END: CINE A#00001101B,WAITDATA

;If command = "*" then wait for next command



LOOPDATA: JB IRQ,S

ACALL RECIEVE_DIGIT
ANL AH#OFH
CINE A, #00001000B,DATA2 ;press1
XRL P0,#00000001B
AJMP SEND

DATA2: CJNE A, #00000100B,DATA3 ;press2
XRL P0,#00000010B
AJMP SEND

DATAS3: CINE A,#00001100B,DATA4 ; press 3
XRL P0,#00000100B
AJMP SEND

DATA4: CINE A #00000010B,WAITDATA ; press 4
XRL P0,#00001000B
AJMP SEND

o ek skt sk skt stk sk kot skokok sk kekototok sokorosk koo skok sk
H]

j SUBSCRIBER PROGRAM *

o skeokesk ok ok okok sk stk sk ok sk sk sk sk sk sk stk kestok skeskoksk kol keskokskok
H]

; itk RECIEVE DIGIT#*#k ok

;OUT=A
RECIEVE_DIGIT: CLR A
ACALL RDRS
JNB ACC.1,RECIEVE_DIGIT
CLR A
ACALL RDDT

RET



;IN=A
SEND DIGIT:

WAIT SEND:

ACALL
CLR
ACALL
JNB

INITIAL:

MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
ACALL

RET

; READ STATUS FROM MT8888C

;OUT=A

RDRS:

MOV
NOP
MOV
NOP
MOV
NOP

MOV

WRDT

A

RDRS

ACC.2,WAIT SEND

DATA #0FFH
RDRS
AH#O
WRCRA
AH#O
WRCRA
A#O0IH
WRCRA
A#OOH
WRCRA
RDRS

DATA#10111111B

DATA#10101111B

A,DATA

DATA#10111111B



NOP
MOV DATA#11111111B
NOP

. WRITE COMMAND TO REGISTOR IN MT8888C

;IN =A

WRCRA:

ANL A#OFH

MOV DATA#10111111B
NOP

MOV DATA,#00111111B
ORL A#030H

NOP

MOV DATAA

NOP

MOV DATA#10111111B
NOP

MOV DATA #0FFH

NOP

RET

s #xtorrtk WRITE DATA TO MTE88EC *Hxwxk*

;IN =A

ANL A#OFH

MOV DATA#10011111B
NOP

MOV DATA,#00011111B
ORL A#10H

NOP

MOV DATA,A



NOP

MOV DATA#10011111B
NOP

MOV DATA #0FFH

NOP

RET

; ¥EEkrrik READ DATA FROM MTR8888C *xkduwsk

;OUT=A

;REG=A

RDDT: MOV DATA#10011111B
NOP
MOV DATA#10001111B
NOP
MOV A,DATA
NOP
MOV DATA#10011111B
NOP
MOV DATA#11111111B
NOP
RET

; koo SEIECT BURST MODE EEETEE T

BURST: MOV A,#00001011B
ACALL WRCRA
MOV AHO
ACALL WRCRA
RET

CHECK: MOV AH#00H
INC NOT._1

MOV A #OFFH



NOT _1: ACALL SEND_DIGIT
RET

DELAY_10ms: MOV R7,4010 :10MS
DELAY 10ms_I: MOV R640E6H
DELAY_ 10ms_2: NOP

NOP

DINZ R6,DELAY. 10ms_2

DINZ R7,DELAY 10ms_l

RET
DELAY_100ms: MOV R7,4100 :100MS
DELAY 100ms_1: MOV R640E6H

DELAY 100ms 2:  NOP

NOP
DINZ R6,DELAY_100ms_2
DINZ R7,DELAY_ 100ms_ 1
RET

DELAY 500ms: MOV R5 #5

DELAY 500ms 1:  ACALL DELAY_100ms
DINZ R5,DELAY 500ms_1
RET

DELAY _ls: MOV R5,#100 ;DO 100 TIME

DELAY Is_I: ACALL DELAY_10ms
DINZ R5,DELAY s 1

END



***program Visual Basic***
Dim State As String
Dim gsPath As String
Dim gsWavPath As String
Dim gdtConnected As Date
Dim Connect As Boolean
Dim Status1(1 To 8) As String
Dim Status2(1 To 8) As String

‘Personal data

Dim n As Integer

Dim Cod As String * 5

Dim Fname As String * 15
Dim Lname As String * 15
Dim Pnumber As String * 15
Dim Ent As String * 2

Dim data As History

Dim DeviceNumber As Integer
Dim DataRecieve As Boolean

Dim m As Integer

Private Sub AddChange_Click()
If Not NewData Then

Unload namelist

Load namelist

namelist.Show

End If

Unload Personaldata

End Sub

Private Sub AddDevice_Click()

DeviceList. AddItem InputBox("N3 mﬂa’m?ﬂﬂﬁﬂﬁ"&", "Lﬁ'uméﬂﬂﬂﬂﬁ?‘)
If Not update.Enabled Then update.Enabled = True

End Sub



Private Sub ChangeStatus_Click()
Dim Tool As String
Dim StartTime
If Connect Then
If DeviceList.ListIndex <> -1 Then
DeviceNumber = DeviceList.ListIndex + 1
If DeviceNumber = 1 Then Tool = "1"
If DeviceNumber = 2 Then Tool = "2"
If DeviceNumber = 3 Then Tool = "3"
If DeviceNumber = 4 Then Tool = "4"
If Status1(DeviceNumber) = "" And Status2(DeviceNumber) = "" Then
MsgBox "limsiaamzvosnsosld i v, vbOKOnly, "nganasade yBnntar
Else
If MsgBox("‘Um:ﬁy“ & Trim(Device(DeviceNumber)) & "104W14AE4" & Status1(DeviceNumber) & "N 14
ABINTS" & Status2(DeviceNumber) & “ﬂ?ﬁ)vlﬂ", vbYesNo + vbInformation, "Tﬂiﬂﬁuﬁu“) =vbYes Then
etLinel.CallSendDigits "*", 51
StartTime = Timer
While Timer < StartTime + 0.5
DoEvents
Wend
etLinel.CallSendDigits Tool, 51
If etLinel.CallDial Then TextStatus.Text = "Dialing"
End If
End If
Else
MsgBox "ngainiiongulnsalfien ", vbOKOnly + vbCritical, " lildiflonginsal”
End If
Else
MsgBox "n3anAaABIAIMINgYear 1Fiou ", vbOKOnly + vbCritical, “hignsofade 14"
End If
End Sub

Private Sub DeviceList_DblClick()
ChangeStatus_Click
End Sub



Private Sub Okay_Click(Q
Unload Personaldata
End Sub

Private Sub CheckActive_Click()
If CheckActive.Value = 0 Then
If etLinel.DeviceActive Then
If etPhonel.DeviceActive Then
TextStatus. Text = "etPhonel.DeviceActive = False"
etPhonel.DeviceActive = False
If etPhonel.DeviceActive Then
TextStatus. Text = "HANATA"
End If
End If
TextStatus.Text = "etLinel.DeviceActive = False"
etLinel.DeviceActive = False
If Not etLinel.DeviceActive Then
CommandDial. Enabled = False
Else
TextStatus.Text = "Error = " & etLinel.ErrorText
CheckActive.Value =1
End If
End If
Else
If Not etLinel.DeviceActive Then
TextStatus. Text = "etLinel.DeviceActive = True"
etLinel.DeviceActive = True
If etLinel ErrorNumber = INVALID_SERIAL._NUMBER Then
MisgBox ("Error opening line device: " & etLinel ErrorText & vbCrLf & vbCrLf & _
"See the help topic:" & vbCrLf & vbCrLf & _
vbTab & "Why Serial Numbers Are Important")
End If
If (Not etLinel.DeviceActive) And (etLinel . ErrorNumber = LINEERR_INVALMEDIAMODE) Then
TextStatus. Text = "This device is not 100% TAPI compliant" & vbCrLf
etLinel.DeviceMediaModesActive = LINEMEDIAMODE_DATAMODEM

etLinel.DeviceActive = True



End If
If etLinel.DeviceActive Then
CommandDial. Enabled = True
Else
TextStatus. Text = "Error =" & etLinel.ErrorText
CheckActive.Value =0
End If
End If
End If
' UpdatePhoneDisplay
End Sub

Private Sub ComboDevice_Click()
If etLinel.DeviceActive Then
CheckAcﬁve.Value =0
End If
TextStatus.Text = TextStatus.Text & "etLinel.DevicelD =" & Str(ComboDevice.ListIndex) & vbCrLf
etLinel.DeviceID = ComboDevice.ListIndex
If etLinel . ErrorNumber <> 0 Then
TextStatus. Text = "Error =" & etLinel.ErrorText
Else
etLinel PrivilegeMonitor = True
etLinel PrivilegeOwner = True
End If
End Sub

Private Sub CommandAnswer_Click()
TextStatus.Text = "Answering"
If Not etLinel.CallAnswer Then
TextStatus. Text = "Error = " & etLinel. Error Text
EndIf
End Sub

Private Sub CommandClear_Click()
TextStatus. Text =""

End Sub



Private Sub CommandDial_Click(Q
State = "Dial"
etLinel.CallPhoneNumber = TextPhoneNumber. Text
TextStatus. Text = "Dialing [" & TextPhoneNumber.Text & "]"
If etLinel.CallDial Then
CommandDial.Enabled = False
CommandHangup.Enabled = True
Else
etLinel.CallMonitorSilenceActive = False
etLinel.CallHangup 'Tust in case the device didn't drop the call
End If
End Sub

Private Sub CommandHangup_ClickQ
etLinel.CallSendDigits "#", 51
StartTime = Timer
While Timer < StartTime + 0.5
DoEvents
Wend
TextStatus. Text = "Hangup"
etLinel.CallMonitorSilenceActive = False
If Not etLinel.CallHangup Then
TextStatus.Text = "Error =" & etLinel.ErrorText
End If
End Sub

Private Sub DeviceList_Click()
DeviceNumber = DeviceList.ListIndex + 1
TextDeviceStatus. Text = Status1(DeviceNumber)

End Sub

Private Sub EditDevice_Click()

DeviceList.List(DeviceNumber - 1) = InputBox("L‘lJ?;tlmﬂéﬂ a1491n" & DeviceList. Text, )
If Not update Enabled Then update.Enabled = True

End Sub



Private Sub etLinel_OnBusy(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OnBusy"
CommandHangup_Click

End Sub

Private Sub etLinel OnCallBegin(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OnCallBegin"
End Sub

Private Sub etLinel OnCalledID(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OnCalledID" & vbCrLf
TextStatus. Text = "CalledIDName = " & etLinel.CallCalledIDName
TextStatus. Text = "CalledIDNumber =" & etLinel.CallCalledIDNumber

End Sub

Private Sub etLinel OnCallEnd(ByVal CallHandle As Long)
TextStatus. Text = "etLinel.OnCallEnd"
Comnnect = False

End Sub

Private Sub etLinel OnCallerID(ByVal CallHandle As Long)
TextStatus. Text = "etLinel.OnCallerID"
TextStatus. Text = "CallerIDName = " & efLinel.CallCallerTDName
TextStatus. Text = "CallerIDNumber = " & etLinel.CallCallerIDNumber

End Sub

Private Sub etLinel _OnConnected(ByVal CallHandle As Long)
TextStatus. Text = "etLinel.OnConnected"
etLinel.CallMonitorDigitsActive = True
If (etLinel. AboutLevel = "Standard") Or _

(etLinel.AboutLevel = "Professional") Or _

(etLinel. AboutLevel = "Enterprise") Then

If (etLine1.CallOrigin = LINECALLORIGIN_OUTBOUND) Then
TextStatus. Text = "Check for automated device"

TextStatus. Text = "etLinel.CallMonitorSilenceActive = True"



gdtConnected = Now
etLinel.CallMonitorSilenceDuration = 1500
etLinel.CallMonitorSilenceActive = True
End If
End If
CommandAnswer.Enabled = False
CommandHangup.Enabled = True
 etLinel.CallMonitorDigitsActive = True
Connect = True

End Sub

Private Sub etLinel OnConnectedID(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OnConnectedID"
TextStatus.Text = "ConnectedIDName = " & etLinel.CallConnectedIDName
TextStatus.Text = "Connected[DNumber = " & etLinel.CallConnectedIDNumber
Connect = True

End Sub

Private Sub etLinel OnDialing(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OnDialing"

End Sub

Private Sub etLinel_OnDigitReceived(ByVal CallHandle As Long, ByVal Digit As Integer, ByVal Tag As
Long)

etLinel.CallMonitorDigitsActive = True

Textwavefile. Text = Textwavefile. Text & Chr(Digit)

If Chr(Digit) = "8" Then

DataRecieve = True

ListStatus.Clear

m=0

End If

If Chr(Digit) = "9" Then DataRecieve = False

If DataRecieve And Chr(Digit) <> "8" Then
m=m+1

If Chr(Digit) = "D" Then



ListStatus. Addltem "Tla"
Status1(m) = "Ya"
Status2(m) = nila"
Else
If Chr(Digit) = "C" Then
ListStatus. AddItem "i1Ja"
Status1(m) = "(la"
Status2(m) = "Ta"
End If
End If
DeviceStatus(m) = Chr(Digit)
End If
If DeviceList.ListIndex < -1 Then DeviceList_Click
End Sub

Private Sub etLinel OnDisconnected(ByVal CaliHandle As Long)
TextStatus.Text = "etLinel.OnDisconnected"
TextStatus.Text = "etLinel.CallDisconnectMode = " & _
etLine1.StringLINEDISCONNECTMODE(etLinel .CallDisconnectMode)
etLinel.CallMonitorSilenceActive = False
etLinel.CallHangup
End Sub

Private Sub etLinel_Onldle(ByVal CallHandle As Long)
State =""
TextStatus.Text = "etLinel.Onldle"
CommandAnswer.Enabled = False
CommandHangup.Enabled = False
CommandDial.Enabled = True
etLinel.CallMonitorDigitsActive = False
etLinel.CallMonitorSilenceActive = False

End Sub

Private Sub etLinel OnOffering(ByVal CallHandle As Long)
TextStatus. Text = "etLinel.0OnOffering"

CommandAnswer.Enabled = True



End Sub

Private Sub etLinel_OnRedirectingID(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OﬁRedirectingH)"
TextStatus. Text = "RedirectingIDName = " & etLinel.CallRedirecting[DName
TextStatus. Text = "RedirectingIDNumber = " & etLinel.CallRedirectingIDNumber
End Sub

Private Sub etLinel_OnRing(ByVal Count As Long, ByVal RingMode As Long)
TextStatus. Text = "etLinel.OnRing [" & Str(Count) & ", "' & Str(RingMode) & "]"
End Sub

Private Sub etLinel_OnRingBack(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.OnRingBack"
End Sub

Private Sub etLinel OnSilence(ByVal CallHandle As Long)
TextStatus.Text = "etLinel.0OnSilence"
If etLinel.CallOrigin = LINECALLORIGIN_OUTBOUND Then
TimerAutomatedAnsweringDevice. Enabled = False
etLinel.CallMonitorSilenceActive = False
If (Now - gdtConnected) < (ONE_SECOND * 3)) Then
TextStatus. Text = "Silence detected in less than 3 seconds"
TextStatus.Text = "Likely a human"

Else
TextStatus. Text = "Silence detected in greater than 3 seconds"
TextStatus. Text = "Likely an automated device"

End If

End If
End Sub

Private Sub etLinel_OnSpecialinfo(ByVal CallHandle As Long)
TextStatus. Text = "etLine1.0nSpeciallnfo"
End Sub



Private Sub etPhonel_OnDigitDown(ByVal wDetail As Integer)
TextStatus. Text = "etPhonel.0nDigitDown [ & Chr(wDetail) & "]"
End Sub

Private Sub etPhonel_OnDigitUp(ByVal wDetail As Integer)
TextStatus. Text = "etPhonel.0nDigitUp [" & Chr(wDetail) & "]"
End Sub

Private Sub etPhonel_OnError()

TextStatus. Text = TextStatus.Text & "etPhonel.OnError" & vbCrLf

TextStatus. Text = TextStatus. Text & vbTab & "etPhonel ErrorText = " & etPhonel.ErrorText & vbCrLf
End Sub

Private Sub etPhonel_OnHandsetHookSwitchO
TextStatus. Text = "etPhonel.OnHandsetHookSwitch"
If etPhonel.HandsetMicrophoneAndSpeaker Then
TextStatus. Text = “etPhone 1. HandsetMicrophoneAndSpeaker = True"
Else
TextStatus.Text = "etPhonel.HandsetMicrophoneAndSpeaker = False"
End If
If etPhonel.HandsetMicrophoneOnly Then
TextStatus.Text = "etPhone 1. HandsetMicrophoneOnly = True"
Else
TextStatus.Text = "etPhonel.HandsetMicrophoneOnly = False"
End If
If etPhonel.HandsetOnHook Then
TextStatus. Text = "etPhone1.HandsetOnHook = True"
Else
TextStatus.Text = "etPhone1.HandsetOnHook = False"
End If
If etPhonel.HandsetSpeakerOnly Then
TextStatus. Text = "etPhone1.HandsetSpeakerOnly = True"
Else
TextStatus. Text = "etPhone1.HandsetSpeakerOnly = False"
End If

UpdatePhoneDisplay



End Sub

Private Sub etPhonel_OnPhoneState()
TextStatus.Text = "etPhone1.0nPhoneState [" & Hex(1State) & "] [" & Hex(IDetail) & "1"

End Sub

Private Sub etPhonel _OnSpeakerphoneGain()
" TextStatus.Text = "etPhone1.0nSpeakerphoneGain"
TextStatus. Text = "etPhone1.SpeakerphoneGain = " & Str(etPhonel.SpeakerphoneGain)
End Sub

Private Sub Form_Load()

Me.Show

Load Data

If Not NewPersonalData Then

freearea = FrecFile

Open drivel For Random As #freearea Len = Len(data)

Get #freearea, recordnum, data

Cod = data.code
Fname = data.Fnam
Lname = data.Lnam
Pnumber = data.Tele
Device(1) = data.Devl
Device(2) = data.Dev2
Device(3) = data.Dev3
Device(4) = data.Dev4

Ent = data.Ent

textcode. Text = Cod
textname. Text = Fname
textlnam.Text = Lname
TextPhoneNumber = Pnumber
Close #freearea
If Device(1) <>" " Then DeviceList. AddItem Device(1)

If Device(2) <" " Then DeviceList. AddItem Device(2)



If Device(3) <" " Then DeviceList. AddItem Device(3)
If Device(d) <" " Then DeviceList. AddItem Device(4)
End If
DataRecieve = False

m=0

'Enabled all ExceleTel TeleTools controls before using them
' etLinel.Enabled = True
ComboDevice.Clear
etLinel.DeviceID =0
For L =0 To etLinel.DeviceCount - 1
ComboDevice.AddItem etLinel.DeviceList(L)
NextL
If ComboDevice.ListCount > 0 Then
ComboDevice.Text = ComboDevice.List(0)
End If
ComboDevice.ListIndex = 0
End Sub

Private Sub Form_Unload(Cancel As Integer)
etLinel.DeviceActive = False
CommandHangup_Click

End Sub

Private Sub Remove_Click()
DeviceList.Removeltem DeviceNumber

If Not update.Enabled Then update.Enabled = True
End Sub

Private Sub StatusCheck_Click()
If Connect Then
etLinel.CallSendDigits "0", 51
Else
MsgBox "nyanfnadeinvnunovesdldnen  , vbOKOnly + vbCritical, " limmnsndasie I&"
End If
End Sub



Private Sub textcode_Change()
If Not update.Enabled Then update.Enabled = True
End Sub

Private Sub textlnam_Change()
If Not update.Enabled Then update.Enabled = True
End Sub

Private Sub textname_Change()
If Not update.Enabled Then update.Enabled = True
End Sub

Private Sub TextPhoneNumber Change()
If Not update.Enabled Then update.Enabled = True
End Sub

Private Sub update_Click()
data.code = textcode.Text
data.Fnam = textname.Text
data.Lnam = textlnam.Text
data.Tele = TextPhoneNumber. Text
data.Devl = DeviceList.List(0)
data.Dev2 = DeviceList.List(1)
data.Dev3 = DeviceList.List(2)
data.Dev4 = DeviceList.List(3)
data.Ent = Chr(13) & Chr(10)
If NewData Then
CommonDialogl.ShowSave
drivel = CommonDialogl.FileName
End If

If drivel = "" Then

MsgBox "naiudonlud ", vbOKOnly + vbCritical, "Error"

Else

recordnum = 1

freearea = FrecFile

Open drivel For Random As #freearea Len = Len(data)



Put #freearea, recordnum, data
Close #freearea

update Enabled = False

If NewData Then NewData = False
End If

End Sub
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ZARLINK

SEMICONDUCTOR

MT8888C

Integrated DTMF Transceiver
with Intel Micro Interface

Features

« Central office quality DTMF transmitter/receiver
« Low power consumption

- High speed Intel micro interface

e Adjustable guard time

- Automatic tone burst mode

- Call progress tone detection to -30dBm

Applications

e Credit card systems

« Paging systems

» Repeater systems/mobile radio
- Interconnect dialers

- Personal computers

Description

The MT8888C is a monolithic DTMF transceiver with
call progress filter. It is fabricated in CMOS
technology offering low power consumption and high
reliability.

DS5432 ISSUE 8 April 2002

Ordering Information

MT8888CE 20 Pin Plastic DIP

MT8888CS 20 Pin SOIC

MT8888CN 24 Pin SSOP
-40°C to +85°C

The receiver section is based upon the industry
standard MT8870 DTMF receiver while the
transmitter utilizes a switched capacitor D/A
converter for low distortion, high accuracy DTMF
signalling. Internal counters provide a burst mode
such that tone bursts can be transmitted with precise
timing. A call progress filter can be selected allowing
a microprocessor to analyze call progress tones.

The MT8888C utilizes an Intel micro interface, which
allows the device to be connected to a number of
popular microcontrollers with minimal external logic.

Data —&20
D/A £ and Transmit Data Bus | b
TONE < Converters Column Register
Counters Buffer
—D2
Status — D3
Tone Burst Control Register Interrupt
Gating Cct. Logic | Logic .
i IRQ/CP
IN+ + Dial Control
Register
- To 1 .
IN- Fiter High Group Digital A =
Filter ;
< Algorithm
Gs and Code Control o) s
L| Low Group Converter Register Control
08C1 — Oscillator Filter B ontro WR
W T
0sC2 —| Circuit o
Control - .
Bias loge Steering Re&elv.e Data
Circuit Logic egister
1 I I
1 1 | [ [
Voo Vref Vss ESt SUGT

Figure 1 - Functional Block Diagram
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IN+ (] 1 U 20 [lvDD IN+[] 1 U 24 (] vDD
IN- 2 19 []SyGT IN-[] 2 23[] syGT
Gcs[] 3 18 [JESt esl 3 22 ] ESt
VRef[] 4 17 D3 VRef[] 4 211 D3
vss[] 5 16 D2 vss[] 5 20[] D2
osc1 6 15[]1D1 osc1] 6 19 D1
osc2[] 7 14[]D0_ oscz2[] 7 18] DO
TONE([] 8 13 JIRQ/CP Ncl] 8 17 NC
WR[] 9 12[JRD Ncll 9 16[] NC
csj10 11[7JRS0 TONE[] 10 15[7] IRQ/CP
WR] 11 14 RD
20 PIN PLASTIC DIP/SOIC csl]12 13[7] RS0
24 PIN SSOP

Pin Description

Figure 2 - Pin Connections

Pin #
20 | 24 Name Description
1 1 IN+ |Non-inverting op-amp input.
IN- |Inverting op-amp input.

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

4 4 VRket |Reference Voltage output (Vpp/2).

5 5 Vgg |Ground (OV).

6 6 0SC1 |DTMF clockl/oscillator input. Connect a 4.7Ma resistor to VSS if crystal oscillator is used.

7 7 0OSC2 |Oscillator output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes
the internal oscillator circuit. Leave open circuit when OSC1 is driven externally.

8 10 | TONE |Qutput from internal DTMF transmitter.

9 1 WR  |Write microprocessor input. TTL compatible.

10 12 cs Chip Select input. Active Low. This signal must be qualified externally by address latch
enable (ALE) signal, see Figure 12.

11 13 RSO |Register Select input. Refer to Table 3 for bit interpretation. TTL compatible.

12 | 14 RD |Read microprocessor input. TTL compatible.

13 15 IRQ/ Interrupt Request/Call Progress (open drain) output. In interrupt mode, this output goes

CP |low when a valid DTMF tone burst has been transmitted or received. In call progress mode,
this pin will output a rectangular signal representative of the input signal applied at the input
op-amp. The input signal must be within the bandwidth limits of the call progress filter, see
Figure 8.

14- | 18-21 | D0O-D3 |Microprocessor Data Bus. High impedance when CS=10rRD=1.

17 TTL compatible.

18 22 ESt |Early Steering output. Presents a logic high once the digital algorithm has detected a valid
tone pair (signal condition). Any momentary loss of signal condition will cause ESt to return
to a logic low.

19 | 23 | SUGT |Steering Input/Guard Time output (bidirectional). A voltage greater than Vg detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vg frees the device to accept a new tone pair. The GT output acts to reset the
external steering time-constant; its state is a function of ESt and the voltage on St.

20| 24 Vpp |Positive power supply (5V typical).

8,9, NC |No Connection.
16,17
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Functional Description

The MT8888C Integrated DTMF Transceiver
consists of a high performance DTMF receiver with === }-——\/\/\/\ﬂ-———\

an internal gain setting amplifier and a DTMF c1 R IN+
generator which employs a burst counter to
synthesize precise tone bursts and pauses. A call N

progress mode can be selected so that frequencies O—

within the specified passband can be detected. The
Intel micro interface allows microcontrollers, such as
the 8080, 80C31/51 and 8085, to access the GS
MT8888C internal registers.

c2 R4 R5

R3 R2
Input Configuration v VRef
. MT8888C

The input arrangement of the MT8888C provides a
differential-input operational amplifier as well as a DIFFERENTIAL INPUT AMPLIFIER

: it - ; C1=C2=10nF
bias source (yRef), \{vhlch is used to bias thg inputs at B oRE = 1000
Vpp/2. Provision is made for connection of a R2 = 60kQ, R3 = 37.5 kQ
feedback resistor to the op-amp output (GS) for gain R3 = (R2R5)/(R2 + R5)
adjustment. In a single-ended configuration, the VOLTAGE GAIN
input pins are connected as shown in Figure 3. (Ay diff) - R5/R1

INPUT IMPEDANCE

wn 1% /BB 2
Figure 4 shows the necessary connections for a SRR SIS

differential input configuration.

. . Figure 4 - Differential Input Configuration
Receiver Section

Separation of the low and high group tones is

achieved by applying the DTMF signal to the inputs E E pieit | D D D D
of two sixth-order switched capacitor bandpass oy i i 0 ¥y 2 ; °
filters, the bandwidths of which correspond to the low 697 1209 1 0 0 0 1
and high group frequencies (see Table 1). These
filters incorporate notches at 350 Hz and 440 Hz for T 1358 3 g 0 1 0
exceptional dial tone rejection. Each filter output is 697 1477 3 0 0 1 1
followed by a single order switched capacitor filter
section, which smooths the signals prior to limiting. U 1209 4 0 1 0 0
Limiting is performed by high-gain comparators 770 1336 5 0 1 0 1
which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs 770 1477 6 0 1 1 0
of the comparators provide full rail logic swings at 852 1209 7 0 1 1 1
the frequencies of the incoming DTMF signals.
852 1336 8 1 0 0 0
- 852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
o— YT IN- 941 1209 * 1 0 1 1
c Rin
941 1477 # 1 1 0 0
Re GS 697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
Veet 852 | 1633 c | 1| 1]1]n
VOLTAGE GAIN MT8888C
(AV) = Re | Ry e = 941 1633 D 0 0 0 0
0= LOGIC LOW, 1= LOGIC HIGH

Figure 3 - Single-Ended Input Configuration Table 1. Functional Encode/Decode Table
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Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the "Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state.

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tgTp). V¢ reaches the threshold
(Vrst) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the Receive Data Register. 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 goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the IRQ/CP pin will pull low when the
delayed steering flag is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. 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 (drop out) 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.

Vob
MT8888C
c1
Vop
SYGT Ve
ESt

R1

tgra =(R1C1) In (Vpp/ V1si)

terp = (R1C1) In [Vpp | (Vpp-Vrsy]

Figure 5 - Basic Steering Circuit
Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the following inequalities
(see Figure 7):

trec > toPmax*teTPmax = tDAmin
tﬁé < tDPmin"":GTPmin = tDAmax
tip 2 tpamax*tteTAmax - toPmin
tpo < tpAmintteTAmIn - toPmax

The value of tpp is a device parameter (see AC
Electrical Characteristics) and tggc is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 pF is recommended for most

tep = (RpC1) In [Vpp / (Vpp-Vrst)]
tota = (R1C1) In (Vpp/Vrst)
Rp= (R1R2) / (R1+R2)

<
(=)
<)

Cc1
SYGT
R1 R2
ESt
a) decreasing tGTP; (tGTP < tGTA)
tgrp = (R1C1) In [Vpp / (Vop-Vrsi]
i tata = (RpC1) In (Vpp/Vrsy)
w O Rp = (R1R2) / (R1 + R2)
c1
StYGT
R1 R2
ESt

b) decreasing tGTA; (tGTP > tGTA)

Figure 6 - Guard Time Adjustment
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applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independent tone present (tgtp) and
tone absent (tgya) guard times. This may be
necessary to meet system specifications which place
both accept and reject limits on tone duration and
interdigital pause. Guard time adjustment also allows
the designer to tailor system parameters such as talk
off and noise immunity.

Increasing trgc improves talk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short tggc With a long tpo would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 7 with a description of the events in Figure 9.

Call Progress Filter

A call progress mode, using the MT8888C, can be
selected allowing the detection of various tones,
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, call progress tones can
only be detected when CP mode has been selected.

DTMF signals cannot be detected if CP mode has
been selected (see Table 7). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Frequencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are_hard-
limited by a high gain comparator with the IRQ/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
a microprocessor or counter arrangement to
determine the nature of the call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the IRQ/CP
pin will remain low.

LEVEL 4

(dBm)

L,

0 750

- = Reject

May Accept

250 500
FREQUENCY (Hz)

Accept

Figure 8 - Call Progress Response
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T |
top > = VA s gk
s _ [ NN | o= L] L
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< 9—__1<—>| teTA "
SYGT Iz % ,/ T ] 7 l TSt
- '[<— r—
RXg-RX DECODED TONE # (n-1) #n #(n+1)
oRX3
s 73
—> < logws
b3
b2 l \
|J
Read f l_]
Status
Register |
— S|
IRQ/CP

Figure 7 - Receiver Timing Diagram
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A)
B)
C)

E)
F)

EXPLANATION OF EVENTS

TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.

TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.

TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.
END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS

RXq-RX3

VALID DTMF SIGNAL.

STATUS REGISTER IS READ.

Vin DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SUGT STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

4-BIT DECODED DATA IN RECEIVE DATA REGISTER
b3 DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE

JRO/CP  INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

trec MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

5 MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

tio MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

to MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT VALID FREQUENCIES PRESENT.

toa TIME TO DETECT VALID FREQUENCIES ABSENT.

tare GUARD TIME, TONE PRESENT.

tara GUARD TIME, TONE ABSENT.

Figure 9 - Description of Timing Events

DTMF Generator

The DTMF transmitter employed in the MT8888C is
capable of generating all sixteen standard DTMF
tone pairs with low distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters. The row and column tones
are mixed and filtered providing a DTMF signal with
low total harmonic distortion and high accuracy. To
specify a DTMF signal, data conforming to the
encoding format shown in Table 1 must be written to
the transmit Data Register. Note that this is the
same as the receiver output code. The individual
tones which are generated (fow and fygn) are
referred to as Low Group and High Group tones. As
seen from the table, the low group frequencies are
697, 770, 852 and 941 Hz. The high group
frequencies are 1209, 1336, 1477 and 1633 Hz.
Typically, the high group to low group amplitude ratio
(twist) is 2 dB to com-pensate for high group
attenuation on long loops.

The period of each tone consists of 32 equal time
segments. The period of a tone is controlled by
varying the length of these time segments. During

write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length,
which will ultimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
of time segments is fixed at 32, however, by varying
the segment length as described above the
frequency can also be varied. The divider output
clocks another counter, which addresses the
sinewave lookup ROM.

The lookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and
column tones, which are then mixed using a low
noise summing amplifier. The oscillator described
needs no ‘“start-up” time as in other DTMF
generators since the crystal oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth limiting filter is
incorporated and serves to attenuate distortion
products above 8 kHz. It can be seen from Figure 8
that the distortion products are very low in amplitude.
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Scaling Information

10 dB/Div

Start Frequency = 0 Hz
Stop Frequency = 3400 Hz
| Marker Frequency = 697 Hzand |-
1209 Hz

Figure 10 - Spectrum Plot

Burst Mode

In certain telephony applications it is required that
DTMF signals being generated are of a specific
duration determined = either by the particular
application or by any one of the exchange transmitter
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 ms+1 ms, which is a
standard interval for autodialer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, the burst/pause
duration is doubled to 102 ms +2 ms. Note that when
CP mode and Burst mode have been selected,
DTMF tones may be transmitted only and not
received. In applications where a non-standard
burst/pause time is desirable, a software timing loop
or external timer can be used to provide the timing
pulses when the burst mode is disabled by enabling
and disabling the transmitter.

Single Tone Generation

A single tone mode is available whereby individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details.

I}Iﬁ;{YTE OUTPUT FREQUENCY (Hz) GERROR
SPECIFIED ACTUAL
L1 697 699.1 +0.30
L2 770 766.2 -0.49
L3 852 847.4 -0.54
L4 941 948.0 +0.74
H1 1209 1215.9 +0.57
H2 1336 1331.7 -0.32
H3 1477 1471.9 -0.35
H4 1633 1645.0 +0.73

Table 2. Actual Frequencies Versus Standard
Requirements

Distortion Calculations

The MT8888C is capable of producing precise tone
bursts with minimal error in frequency (see Table 2).
The internal summing amplifier is followed by a first-
order lowpass switched capacitor filter to minimize
harmonic components and intermodulation products.
The total harmonic distortion for a single tone can be
calculated using Equation 1, which is the ratio of the
total power of all the extraneous frequencies to the
power of the fundamental frequency expressed as a

percentage.
<\/ V21 V24 Vot Vo

Vfundamental

Equation 1. THD (%) For a Single Tone

THD (%) =100
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The Fourier components of the tone output
correspond to Vor.... Vs as measured on the output
waveform. The total harmonic distortion for a dual
tone can be calculated using Equation 2. V|_and Vy
correspond to the low group amplitude and high
group amplitude, respectively and V2|MD is the sum
of all the intermodulation components. The internal
switched-capacitor filter following the D/A converter
keeps distortion products down to a very low level as
shown in Figure 10.

2 2 2 2
V2|_+V 3|_+...VV nL"’V oH t

2 2 2
Vop + .. Vo + VMo

y VAL+ VR

Equation 2. THD (%) For a Dual Tone

THD (%) = 100

DTMF Clock Circuit

The internal clock circuit is completed with the
addition of a standard television colour burst crystal.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: +0.1%
Resonance Mode: Parallel

Load Capacitance: 18pF

Maximum Series Resistance: 150 ohms
Maximum Drive Level: 2mW

e.g. CTS Knights MP036S
Toyocom TQC-203-A-9S

A number of MT8888C devices can be connected as
shown in Figure 11 such that only one crystal is
required. Alternatively, the OSC1 inputs on all
devices can be driven from a TTL buffer with the
OSC2 outputs left unconnected.

MT8888C MT8888C MT8888C
0SC1 0SC2 0SC1 0SC2 0SC1 0SC2
L |

[
3.579545 MHz

Figure 11 - Common Crystal Connection
Microprocessor Interface

The MT8888C incorporates an Intel microprocessor
interface which is compatible with fast versions (16
MHz) of the 80C51. No wait cycles need to be
inserted.

Q

Figures 17 and 18 are the timing diagrams for the
Intel 8031, 8051 and 8085 (5 MHz) microcontrollers.
By NANDing the address latch enable (ALE) output
with the high-byte address (P2) decode output, CS is
generated. Figure 12 summarizes the connection of
these Intel processors to the MT8888C transceiver.

The microprocessor interface provides access to five
internal registers. The read-only Receive Data
Register contains the decoded output of the last
valid DTMF digit received. Data entered into the
write-only Transmit Data Register will determine
which tone pair is to be generated (see Table 1 for
coding details). Transceiver control is accomplished
with two control registers (see Tables 6 and 7), CRA
and CRB, which have the same address. A write
operation to CRB is executed by first setting the
most significant bit (b3) in CRA. The following write
operation to the same address will then be directed
to CRB, and subsequent write cycles will be directed
back to CRA. The read-only status register indicates
the current transceiver state (see Table 8).

A software reset must be included at the beginning
of all programs to initialize the control registers upon
power-up or power reset (see Figure 17). Refer to
Tables 4-7 for bit descriptions of the two control
registers.

The multiplexed IRQ/CP pin can be programmed to
generate an interrupt upon validation of DTMF
signals or when the transmitter is ready for more
data (burst made only). Alternatively, this pin can be
configured to provide a squarewave output of the call
progress signal. The IRQ/CP pin is an open drain
output and requires an external pull-up resistor (see
Figure 13).

RSO WR RD FUNCTION
0 0 Write to Transmit
Data Register
0 1 0 Read from Receive
Data Register
1 0 1 Write to Control Register
i 1 0 Read from Status Register

Table 3. Internal Register Functions

b3 b2 b1 b0

RSEL IRQ CP/DTMF TOUT
Table 4. CRA Bit Positions

b3 b2 b1 b0
CRR S/D TEST BURST
ENABLE

Table 5. CRB Bit Positions
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BIT

NAME

DESCRIPTION

b0

TOUT

Tone Output Control. A logic high enables the tone output; a logic low turns the tone output
off. This bit controls all transmit tone functions.

b1

CP/DTMF

Call Progress or DTMF Mode Select. A logic high enables the receive call progress mode;
a logic low enables DTMF mode. In DTMF mode the device is capable of receiving and
transmitting DTMF signals. In CP mode a rectangular wave representation of the received
tone signal will be present on the IRQ/CP output pin if IRQ has been enabled (control
register A, b2=1). In order to be detected, CP signals must be within the bandwidth
specified in the AC Electrical Characteristics for Call Progress.

Note: DTMF signals cannot be detected when CP mode is selected.

b2

IRQ

Interrupt Enable. A logic high enables the interrupt function; a logic low de-activates the
interrupt function. When IRQ is enabled and DTMF mode is selected (control register A,
b1=0), the IRQ/CP output pin will go low when either 1) a valid DTMF signal has been
received for a valid guard time duration, or 2) the transmitter is ready for more data (burst
mode only).

b3

RSEL

Register Select. A logic high selects control register B for the next write cycle to the control
register address. After writing to control register B, the following control register write cycle
will be directed to control register A.

Table 6. Control Register A Description

BIT

NAME

DESCRIPTION

b0

BURST

Burst Mode Select. A logic high de-activates burst mode; a logic low enables burst mode.
When activated, the digital code representing a DTMF signal (see Table 1) can be written
to the transmit register, which will result in a transmit DTMF tone burst and pause of equal
durations (typically 51 msec). Following the pause, the status register will be updated (b1 -
Transmit Data Register Empty), and an interrupt will occur if the interrupt mode has been
enabled.

When CP mode (control register A, b1) is enabled the normal tone burst and pause
durations are extended from a typical duration of 51 msec to 102 msec.

When BURST is high (de-activated) the transmit tone burst duration is determined by the
TOUT bit (control register A, b0).

b1

TEST

Test Mode Control. A logic high enables the test mode; a logic low de-activates the test
mode. When TEST is enabled and DTMF mode is selected (control register A, b1=0), the
signal present on the IRQ/CP pin will be analogous to the state of the DELAYED
STEERING bit of the status register (see Figure 7, signal b3).

b2

s/iD

Single or Dual Tone Generation. A logic high selects the single tone output; a logic low
selects the dual tone (DTMF) output. The single tone generation function requires further
selection of either the row or column tones (low or high group) through the C/R bit (control
register B, b3).

b3

CIR

Column or Row Tone Select. A logic high selects a column tone output; a logic low selects
a row tone output. This function is used in conjunction with the S/D bit (control register B,
b2).

Table 7. Control Register B Description
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BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bit one Interrupt is inactive. Cleared after
(b1) or bit two (b2) is set. Status Register is read.
b1 | TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA REGISTER | Valid data is in the Receive Data | Cleared after Status Register is
FULL Register. read.
b3 | DELAYED STEERING Set upon the valid detection of Cleared upon the detection of a
the absence of a DTMF signal. valid DTMF signal.

Table 8. Status Register Description

8031/8051
8080/8085 MT8888C
AB-A15 cs
o RSO
g D0-D3

PO @

RD RD

WR WR

Figure 12 - MT8888C Interface Connections for Various Intel Micros

Vop
]
MT8880C &
[—I VDD [} v N
c1 R1 s = . ieges §
DTMF/CP [1—] ® — N SUGT
DTMF/ A A ] £ 77
—{ | Gs ESt
R2 R3
—{| VRef D3 [}
] vss D2 [}
/—5 0sc1 D1 [
© L——osc2 oo 3 .
3 — Top
DTMF _ O - o ¢ CJToNe  IRQICP [} or uC
. - _
RL — L] WR RD ]
s RSO [}
Notes:
R1,R2 = 100 kQ 1% 777
R3 =374 kQ 1%

R4 = 3.3 kQ 10%
R5=4.7 MQ 10%

R =10k Q (min.)

C1 =100 nF 5%

C2 =100 nF 5%

C3 =100 nF 10%*

C4 =10 nF 10%

X-tal = 3.579545 MHz

* Microprocessor based systems can inject undesirable noise into the supply rails.
The performance of the MT8888C can be optimized by keeping

noise on the supply rails to a minimum. The decoupling capacitor (C3) should be
connected close to the device and ground loops should be avoided.

44

Figure 13 - Application Circuit (Single-Ended Input)
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[J 5.0vDC

MMD6150 (or

5.0vVDC

O

i 2.4KkQ
TEST POINT equivalent) TEST POINT
U
130 pF —__ 24 kQ
MMD7000 (or
equivalent)

/77
/

Test load for D0-D3 pins

1 -

Test load for IRQ/CP pin

3 kQ

100 pF

Figure 14 - Test Circuits

INITIALIZATION PROCEDURE

A software reset must be included at the beginning of all programs to initialize the control registers after
power up.The initialization procedure should be implemented 100ms after power up.

Description: Control e Data
RSO WR RD b3 b2 b1 bo
1) Read Status Register 1 1 0 X X X X
2) Write to Control Register 1 0 1 0 0 0 0
3) Write to Control Register 1 0 1 0 0 0 0
4) Write to Control Register 1 0 il 1 0 0 0
5) Write to Control Register 1 0 1 0 0 0 0
6) Read Status Register 1 1 0 X X X X
TYPICAL CONTROL SEQUENCE FOR BURST MODE APPLICATIONS
Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones.
Sequence: ! =]
RSO WR RD b3 b2 b1 b0
1) Write to Control Register A 1 0 1 1 1 0 1
(tone out, DTMF, IRQ, Select Control Register B)
2) Write to Control Register B 1 0 1 0 0 0 0
(burst mode)
3) Write to Transmit Data Register 0 0 1 0 1 1 1
(send a digit 7)
4) Wait for an interrupt or poll Status Register
5) Read the Status Register 1 1 0 X X X X
-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0 1 0 1 0 1
(send a digit 5)
-if bit 2 is set, a DTMF tone has been received, in which case....
Read the Receive Data Register 0 1 0 X X X X
-if both bits are set...
Read the Receive Data Register 0 1 0 X X X X
Write to Transmit Data Register 0 0 1 0 1 0 1

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms (2 ms) AFTER THE DATA IS
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (+ 4 ms).

Figure 15 - Application Notes
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Absolute Maximum Ratings*

*

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vss Vbp 6 \Y
2 | Voltage on any pin Vgg-0.3 Vpp+0.3 \Y
3 | Current at any pin (Except Vpp ang Vss) 10 mA
4 | Storage temperature TsT -65 +150 °C
5 | Package power dissipation Pp 1000 mwW
E

xceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

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

Parameter Sym Min Typ'Jc Max Units Test Conditions
1 | Positive power supply Voo 4.75 5.00 5.25 V
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fouk | 3.575965 | 3.579545 | 3.583124 | MHz

DC Electrical Characteristics' - vgg=0v.

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

Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 5 Operating supply voltage Vpp | 4.75 5.0 0.2D V
2 u Operating supply current lop 7.0 11 mA
3 P Power consumption Pc 578 | mW
4 I High level input voltage Vo | 3.5 \ Note 9*
N | (OSCH1)
5 | § | Lowlevelinputvoltage Mo 15 | V| Note 9*
T | (OSCH1)
6 S | Steering threshold voltage Vist | 2.2 2.3 2.5 Vv Vpp=5V
7 Low level output voltage No load
5 (0SC2) VoLo 0.1 \ Note 9*
8 u High level output voltage No load
T | (0SC2) Vono | 4.9 Vv Note 9*
9 S Output leakage current
T | (IRQ) loz 1 10 PA | Vou=2.4V
10 | S | Vger output voltage Veet | 24 | 25 | 26 | V| Noload, Vpp=5V
11 VRet Output resistance Ror 13 kQ
12 D Low level input voltage Vi 0.8 Vv
13 é High level input voltage ViH 2.0 \
14 : Input leakage current liz 10 pA | Vin=Vss to Vpp
a
I
15 | pata | Source current loy | -1.4 | -6.6 mA | Vou=2.4V
16 | Bus | Sink current loL 2.0 4.0 mA | Vo =0.4V
17 | ESt | Source current loH -0.5 | -3.0 mA | Vou=4.6V
18 | ane: | Sink current oL | 2 | 4 mA | Vo, =0.4V
19 @/ Sink current oo | 4 16 mA | Vg =0.4V

t Characteristics are over recommended operating conditions unless otherwise stated.
1 Typical figures are at 25 °C, Vpp =5V and for design aid only: not guaranteed and not subject to production testing.
* See “Notes” following AC Electrical Characteristics Tables.

12
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Electrical Characteristics
Gain Settlng Amplifier - Voltages are with respect to ground (Vgg) unless otherwise stated, Vgg= 0V.

Characteristics Sym Min Typ Max Units Test Conditions
1 |Input leakage current In 100 nA Vss<ViN<Vpp
2 |Inputresistance 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
6 |DC open loop voltage gain AyoL 40 dB C_=20p
7 | Unity gain bandwidth BW 1.0 MHz C_=20p
8 | Output voltage swing Vo 0.5 Vpp-0.5 \ R 2100 kQ to Vgg
9 | Allowable capacitive load (GS) CL 100 pF PM>40°
10 | Allowable resistive load (GS) R. 50 kQ Vo =4Vpp
11 | Common mode range Vewm 1.0 Vpp-1.0 Vv R = 50kQ

Figures are for design aid only: not guaranteed and not subject to production testing.
Characteristics are over recommended operating conditions unless otherwise stated.

MT8888C AC Electrical Characteristicst- Voltages are with respect to ground (Vgg) unless otherwise stated.

Characteristics Sym Min Typ* Max Units Notes*
R Valid input signal levels -29 +1 dBm 1,2,3,5,6
1 (each tone of composite
X signal) 27.5 869 mVgus | 1.2.3,5,6

t Characteristics are over recommended opera

AC Electrical Characteristicst

ting conditions (unless otherwise stated

= Voltages are with respect to ground (Vgg) unle

) using the test circuit shown in Figure 13.

ss otherwise stated. f=3.579545 MHz

Characteristics Sym Min Typ* | Max | Units Notes*
1 Positive twist accept 8 dB 2,3,6,9
2 Negative twist accept 8 dB 2,3,6,9
3 Freq. deviation accept +1.5%= 2Hz 2,35
4 i Freq. deviation reject +3.5% 2,35
5 Third tone tolerance -16 dB 2,3,4,5,9,10
6 Noise tolerance -12 dB 2,3,4,5,7,9,10
7 Dial tone tolerance 22 dB 2,3,4,5,8,9

1 Characteristics are over recommended operating conditions unless otherwise stated.

T Typical figures are at 25°C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing.
* *See “Notes” following AC Electrical Characteristics Tables.

44



MT3888C

AC Electrical Characteristics*- Call Progress = Voltages are with respect to ground (Vgs), unless otherwise stated.

Characteristics Sym Min Typi Max | Units Conditions
1 | Accept Bandwidth fa 310 500 Hz @ -25dBm,
Note 9
2 | Lower freq. (REJECT) fir 290 Hz @ -25dBm
Upper freq. (REJECT) fur 540 Hz | @-25dBm
4 | Call progress tone detect level (total -30 dBm
power)

+ Characteristics are over recommended operating conditions unless otherwise stated
1 Typical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

AC Electrical Characteristics’f- DTMF Reception - Typical DTMF tone accept and reject requirements. Actual

values are user selectable as per Figures 5,6 and 7.

Characteristics Sym Min | Typt | Max | Units Conditions
1 | Minimum tone accept duration trRec 40 ms
2 | Maximum tone reject duration tREC 20 ms
3 | Minimum interdigit pause duration tio 40 ms
4 | Maximum tone drop-out duration too 20 ms
+ Characteristics are over recommended operating conditions unless otherwise stated
t Typical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing
AC Electrical CharacteristicsT - Voltages are with respect to ground (Vgsg). unless otherwise stated.
Characteristics Sym Min Typ* Max | Units Conditions
1 | T |Tone present detect time top 3= 11 14 ms |Note 11
2 ﬁ Tone absent detect time toa 0.5 4 8.5 ms |Note 11
3 | © |Delay Sttob3 3N 13 us |See Figure 7
4 Ill Delay St to RXg-RX3 tpstRX 8 ps |See Figure 7
5 Tone burst duration tesT 50 52 ms |DTMF mode
6 Tone pause duration tps 50 52 ms |DTMF mode
7 Tone burst duration (extended) tesTE 100 104 ms  |Call Progress mode
8 | T |Tone pause duration (extended) tpse 100 104 ms |Call Progress mode
9 ﬁ High group output level Vhout | -6.1 -2.1 dBm |R =10kQ
10| F |Low group output level Viout -8.1 -4.1 dBm |R =10kQ
11 8 Pre-emphasis dBp 0 2 3 dB R =10kQ
12 | T |Output distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
13 R =10kQ
14 Frequency deviation fo +0.7 1.5 % |fc=3.579545 MHz
15 Output load resistance Ryt 10 50 kQ
16 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
17 )T( Clock input rise and fall time loLRF 110 ns |Ext. clock
18 ﬁ Clock input duty cycle DCcL 40 50 60 % |Ext. clock
19 Capacitive load (OSC2) CLo 30 pF

t Timing is over recommended temperature & power supply voltages.
+ Typical figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.
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AC Electrical Characteristics'f- MPU Interface - voltages are with respect to ground (Vsg), unless otherwise stated.

Characteristics Sym | Min | Typt | Max | Units Conditions
1 | RD/WR clock frequency feye 4.0 MHz | Figure 16
2 | RD/WR cycle period - 250 ns | Figure 16
3 | RD/WR rise and fall time tr, tr 20 ns | Figure 16
4 | Address setup time tas 23 ns Figures 17 & 18
5 | Address hold time taH 26 ns Figures 17 & 18
6 | Data hold time (read) toHR 22 ns Figures 17 & 18
7 | RD to valid data delay (read) topr 100 ns Figures 17 & 18
8 | RD, WR pulse width low tow, | 150 ns | Figures 16, 17 & 18
9 | RD, WR pulse width high p— 100 ns | Figures 16, 17 & 18
10 | Data setup time (write) tosw 45 ns Figures 17 & 18
11 | Data hold time (write) torw 10 ns Figures 17 & 18
12 | Input Capacitance (data bus) Cin 5 pF
13 | Output Capacitance (IRQ/CP) Y 5 pF

+ Characteristics are over recommended operating conditions unless otherwise stated
t Typical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

NOTES: 1) dBm=decibels above or below a reference power of 1 mW into a 600 ohm load.
2) Digit sequence consists of all 16 DTMF tones.

4

3) Tone duration=40 ms. Tone pause=40 ms.
Nominal DTMF frequencies are used.

Both tones in the composite signal have an equal amplitude.

5

6) The tone pair is deviated by +1.5%%2 Hz.

7) Bandwidth limited (3 kHz) Gaussian noise.

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

9) Guaranteed by design and characterization. Not subject to production testing.
10) Referenced fo the lowest amplitude tone in the DTMF signal.

11) For guard time calculation purposes.

1R
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Notes: D4 b
1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)
Plastic Dual-In-Line Packages (PDIP) - E Suffix
8-Pin 16-Pin 18-Pin 20-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0.210 (5.33) 0.210 (5.33) 0.210 (5.33)
A, 0.115 (2.92) | 0.195(4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 0.195 (4.95) | 0.115(2.92) | 0.195 (4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) |0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045 (1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77)
c 0.008 0.014 (0.356) | 0.008 (0.203) | 0.014(0.356) | 0.008 (0.203) | 0.014 (0.356) | 0.008 (0.203) | 0.014 (0.356)
(0.203)
D 0.355 (9.02) | 0.400 (10.16) | 0.780 (19.81) | 0.800 (20.32) | 0.880 (22.35) | 0.920 (23.37) | 0.980 (24.89) | 1.060 (26.9)
D, 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.300 (7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 0.300 (7.62) | 0.325 (8.26)
E, 0.240 (6.10) | 0.280 (7.11) | 0.240 (6.10) | 0.280 (7.11) | 0.240 (6.10) | 0.280(7.11) | 0.240 (6.10) | 0.280 (7.11)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)
ep 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
L 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150 (3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430 (10.92) 0.430 (10.92)
ec ] 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52)

NOTE: Controlling dimensions in parenthesis () are in millimeters.
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Notes: D4 b
1) Notto scale
2) Dimensions in inches
3) (Dimensions in millimeters)
Plastic Dual-In-Line Packages (PDIP) - E Suffix
22-Pin 24-Pin 28-Pin 40-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0.250 (6.35) 0.250 (6.35) 0.250 (6.35)
A, 0.125 (3.18) | 0.195(4.95) | 0.125(3.18) | 0.195(4.95) | 0.125(3.18) | 0.195 (4.95) | 0.125(3.18) | 0.195 (4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045 (1.15) | 0.070 (1.77) | 0.030(0.77) | 0.070(1.77) | 0.030 (0.77) | 0.070 (1.77) | 0.030(0.77) | 0.070 (1.77)
(o- 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381)
D 1.050 (26.67) | 1.120 (28.44) | 1.150(29.3) | 1.290 (32.7) | 1.380(35.1) | 1.565 (39.7) | 1.980(50.3) | 2.095 (53.2)
D, 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.390 (9.91) | 0.430(10.92) | 0.600(15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02)
E, 0.330 (8.39) | 0.380 (9.65) | 0.485(12.32) | 0.580 (14.73) | 0.485 (12.32) | 0.580 (14.73) | 0.485 (12.32) | 0.580 (14.73)
E4 0.246 (6.25) | 0.254 (6.45)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)
ea 0.400 BSC (10.16) 0.600 BSC (15.24) 0.600 BSC (15.24) 0.600 BSC (15.24)
ea 0.300 BSC (7.62)
eg 0.430 (10.92)
L 0.115 (2.93) | 0.160 (4.06) | 0.115(2.93) | 0.200 (5.08) | 0.115(2.93) | 0.200(5.08) | 0.115(2.93) | 0.200 (5.08)
o 15° 15° 15° 15°

Shaded areas for 300 Mil Body Width 24 PDIP only




Package Outlines
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\ Notes:
:}7 1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)
el
B

/
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L

4) A & B Maximum dimensions include allowable mold flash

. 16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
Min Max Min Max Min Max Min Max Min Max
A 0.093 0.104 0.093 0.104 0.093 0.104 0.093 0.104 0.093 0.104
(2.35) (2.65) (2.35) (2.65) (2.35) (2.65) (2.35) (2.65) (2.35) (2.65)
Aq 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30)
B 0.013 0.020 0.013 0.030 0.013 0.020 0.013 0.020 0.013 0.020
(0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51)
C 0.009 0.013 0.009 0.013 0.009 0.013 0.009 0.013 0.009 0.013
©231) | 318 | ©231) | 0318 | (0231) | (0318 | ©231) | (0318 | (0.231) | (0.318)
D 0.398 0.413 0.447 0.4625 0.496 0.512 0.5985 0.614 0.697 0.7125
(10.1) (10.5) (11.35 | (@1.75) | (1260) | (13.00) (15.2) (15.6) 17.7) (18.1)
E 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299
(7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) 7.40) | (7.40)
e 0.050 BSC 0.050BSC 0.050 BSC 0.050 BSC 0.050BSC
(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC)
H 0.394 0.419 0.394 0419 0.394 0.419 0.394 0.419 0.394 0.419
(10.00) | (1065) | (10.00) | (1065) | (10.00) | (1065 | (10.00) | (10.65) | (10.00) | (10.65)
L 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050
(0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (1.27)

Lead SOIC Package - S Suffix

NOTES: 1. Controlling dimensions in parenthesis ( ) are in millimeters.
2. Converted inch dimensions are not necessarily exact.
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Package Outlines
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Notes:

1) Not to scale

2) Dimensions in inches
3) (Dimensions in millimeters)
4) Ref. JEDEC Standard M0-150/M0118 for 48 Pin

5) A & B Maximum dimensions include aliowable mold fiash

20-Pin 24-Pin 28-Pin 48-Pin
Dim
Min Max Min Max Min Max Min Max
A 0.079 1 0.079 0.079 | 0.095 | 0.110
2) 7)) 2) 2.41) | (2.79)
Ay | 0.002 0.002 0.002 0.008 | 0.016
(0.05) (0.05) (0.05) (0.2) | (0.406)
B | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.008 | 0.0135
(0.22) | (0.33) | (0.22) | (0.33) | (0.22) | (0.33) 0.2) | (0.342)
c 0.008 0.008 0.008 0.010
0.21) (0.21) (0.21) (0.25)
D 0.27 0.295 0.31 0.33 0.39 042 0.62 0.63
(6.9) (7.5) (7.9) (8.5) (9.9) (10.5) | (15.75) | (16.00)
E 0.2 0.22 0.2 0.22 0.2 0.22 0.291 | 0.299
(5.0) (5.6) (5.0) (5.6) (5.0) (5.6) (7.39) | (7.59)
e 0.025 BSC 0.025 BSC 0.025 BSC 0.025BSC
(0.635 BSC) (0.635 BSC) (0.635 BSC) (0.635BSC)
A, | 0065 | 0073 | 0065 | 0073 | 0.065 | 0.073 | 0.089 | 0.099
(1.65) | (1.85) | (1.65) | (1.85) | (1.65) | (1.85) | (2.26) | (2.52)
H 0.29 0.32 0.29 0.32 0.29 0.32 0.395 0.42
(7.4) 8.2) (7.4) 8.2) (7.4) (8.2) | (10.03) | (10.67)
L 0.022 | 0.037 | 0.022 | 0037 | 0.022 | 0.037 0.02 0.04
(0.55) | (0.95) | (0.55) | (0.95) | (0.55) | (0.95) | (0.51) | (1.02)

Small Shrink Outline Package (SSOP) - N Suffix
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