MUANBAUANAN WITONINAIAANTTLN

WIRELESS CONTROL DTMF

n1sAIuAN DTMF suy'l3ae

AP

 mwy

T

&

%s 9
Py \
v Yaginant?
iauviy &
ol omomivaoeiamncinietailihs
laﬂ“g%Uﬂu.u.éu@{%z%% ‘
o 4~ 1 1Y A r———————.
Q“, té@%, ﬂ:nu}-u-‘-:"ouﬂg

ﬂ%@@ﬁwuﬁﬁﬁ‘luﬁawﬁa'uaaﬂﬁﬁnymmné’ﬂqmqmmsiumamﬁmﬁm
MAIFITINTINNTAUNA
aaImnssumans
amiumaluladinszoeundudnamnisaan szl

UnrsAnuy 2544



Tt Saaniivus msnuaN DTMF wuy1¥as

TITLE WIRELESS CONTROL DTMF
Tag e Ssened whihuehs mudsediag 43015806
Wy dniAnA qnsa mytlszdda 43015846

49 a J o A A 4
osdimunuiSaaniinug  wet. gl 3Tzl
MAIN AFINTIUANTAUNA

Umsanen 2544

USgyayfius sunisevia lfiindamis L IAIUNaNgAs
QAN Ao nunms

NANTL

o/ A a 4
Ty ATIzalind )

s Y

a a o
81%156@?1’)'1]?]1!‘]]5@1}@11&‘%!1455

a a A a ¢ LY = v o
AVANTUBIAUZIAINIIUMAANT ﬁﬂ'lllu!ﬂﬂi‘lﬂﬂﬂﬂi%ﬂaﬂ!ﬂa’lmTQﬂlﬂﬂT‘iﬁ‘lﬂﬂf%ﬂQ



- FoiFoaSaaninug msAwAY DTMF wuy 1§

1nfAnEN w1 S3enen whthushe  s¥iadsedias 43015846
e Ansana qnia shalszindd 43015806

d o a
onsdgruguilaaniingg  we e #TszAlsnd
SEAUMIANEN USnangammnssumanstudia
MAIN NI TUAT AU

Umsanmn 2544




PROJECT REPORT TITLE WIRELESS CONTROL DTMF
STUDENT MR. SITTHISAK SUTTHIDEE NO.43015846
MR. JIRAPONG POWBANFANG NO.43015806

ADVISOR ASSO.Prof UTHAI SRITEERAVIROJ
COURSE BACHELOR OF INFORMATION ENGINEERING
DEPARTMENT INFORMATION ENGINEERING

YEAR

bringing @

Variable




faanssudszma

= = dle o ¥ ¥ P s & -
Pganinuiiidiseasld Freanuoyaszine1nsdlszhimamaiiagadivmnssy
v d' Yo o [l A d'l A A d‘ o’c{
naeruf e uuz  uazdhemaeSouaselen i luminanes  laamwize1nsin
v v kY
USnw fie ernnsdeiie fi 53 Tsod ﬁiﬁﬁﬂ?nmﬁﬁﬁaaﬂlmmms"ﬂfmmsﬁﬂﬂswmﬁ

ﬂlmenwszﬂmnmmsmvfﬂwmmﬂ ua*"'lﬂnumwﬂumsm‘Iﬂsaamu mammmauq M A

ﬂ')ﬂﬂ

a
gnIa

R TRVTARY




GARILEY

a °
UNn 1 unin

1.1 anuifluezanuddgueslassnu

NN 4 WamsAiuay

& [ ]
4.1 n3esilouazgilnsainly
42 dwumadhsiedya s DTMF

43 daumsoeasriadya e DTMF

12
19
26
30

34

58
58
58



M3y ($19)

uni 5 agiluas ey
5.1 ayiwanmsnaaes 59
52 15z Teandi I8SunnilSyaniinug 59
' 59
60
60
61
62
63




msvg

g1l 2.1 Tnseadieiugiues MCS-51

s1fi 22 Tnsaadeitug e MCs-51

51/ 2.3 vienlaszunsuues PLL

317 2.4 qudnuaigves PLL

31l 2.5 2ensdunsgiandAPLL

1 2.6 299stHeUAI

J1f 2.7 masrogdufyapalasispPLn

3107 2.8 AR Anienan

g‘ﬂﬁ 2.9 21993 00AI Vi a1l DIME

3107 2.10 uerpeg A DA AT

317 2.11 AgnsmInvuiRa/ial DTME

5107 2.12 eresan o MEss70

3107 2.13 §auaizns Sarn 14 v MTE880

3107 2.14 UitenaezingunieliTo % MT8880

gﬂﬁ' 2.15 1T UNINEUNe

3107 2.16 malnwsnvadas AindnidHe DIME

31 2.17 made 1 FgupatgiRnT TN uIeTMTES80

717 2.18 Inild lnozunindesgumstan

317 2.19 Inilalaozunsuneseiinmeidin

71ft 2.20 uitenlaezunsumsBumesiatiululasnouTnsames
51l 221 93iisduvesmsee 1 unesive

317 3.1 madadyane

317 3.2 uamsgrmediedwvesdeyaoynsu

317 3.3 neasguuvedisdvesdoyaeynsunuves s Insiie
5107 3.4 m3damemmaesNeSABY TN

Ui 3.5 msdegnssimeuenfunesaeynsuvesneNiIABs

U7 3.6 maTudayaw

13
14
15
15
17
20
21
22
23
24
26
27
27
30
31
31
32
32
33
34
36
37

41
57



AIUYAITN

9/
nin
A a 6
A13199 2.1 UAANTIBAZIBEAYDI MCS-51
319 2.2 ihfiveswesa 1 Tu MCs-51 10
M15797 2.3 uaRIRMTUIAYDY MTS870 25
A15197 2.4 M3 TAUNGN DTMF 29
& A ad g 18
M1319% 3.1 uaraadiansAYpedaNE
46
56

s = o ) v P = & ' ¥ o 8 v v 1Y
enansiiluenansnanulidmiunisldaunenisfinwvinngu Weygnbniluliusslesiaunisa

Lidnsallag viedu Bnnvnudlvidaudaailen uagresddisdivesenarsynasaninisluly



11 anuilsnuazanudiiyvealassny

o/ o 1 1 & =3
Tuflegiiuled lulnsnealnsames Tdgnihluiseyndldnuedaumsnan o liina
Use Tomigagalunsvio  iilesnn’ledlulasnenlnsamed  dulediiiTassadiahi

adududou smsainssgnd oo

2SR A 1 o ) =
mmﬂmwmamﬂ :
& 5 wis .
weliinaise Temiupdadau

‘ii"*‘i’i'm’

M 1TSS ‘ivahvhvfi"’

fiula NN
Gec

1.2 9

L | lodiuinsaeniisaes il Qp’%
AN o

2. 51%/562@6613 ARy DTMF(\
Q

LT

o

3. WEANYINIAITN; Fnasmla dengullunu

PATINNIIY



13 Y2 LIUAUBIIATINH

1. swsanuqumshewiuaeuiined
2. nusanILRuMsAsunguAID

L 2 s 1 A L 1
3. ensesudedygades 5314mqmﬁmqnmmmmumuqu'15

1.4 Usdaminaainezlasy




UNA 2

nguimFuTaseany

2.1 lulnsnealnsiass MCs-51 nuuunay

t4
Tulasaealnsaed Mcs-s1 fitlmiteanudwvuudas (Flash memory) ¥09 Atmel
14 v ¥ b4
Corporation o3 TuAUAI ATS9 manah1dluInsnea Insmesuuyiitinmeysemsde
L mibwanui T)sunsuntluuwmmmmeasitivansaauuazi@oulnd Idiudu
o qy < sa A Y ¥ °
ase Ssemnseldamlugeivveslalnsded InrmessuneThifes [dmitsanuinmeuen
dena e o g OdwesmeunamIdnares lilassen nsnes laoylllsz Gnsnm
2. dunuudznarlumsiatinszanily Tnisgoa nsmeioansedian iy tlesnnlides
THn3eaiiofannimassyminesiozmsod sunmuduion
i
a o a W o a g <t a
3. [ WS indnds Wimsiaale lasnaalvsinasass jatesnyinmaes uazian
asouansnedtl luphimimanen s laeugs
4. $heow diissamtimalud hilasaea s nes salva s offesnumsnaaen
Y 1 3 Yy W
Yoyaveunidonuialadinedd
8 {, a o
5. Twinsvesvasinlnsnen nsnesandna lny Amebamnsaiins lusunsudeyalu
mizsanuh lysunsuldTashi lideasadalilnsden lnsmesesnuiimy / Tuunsuln
- 1 24 ) o ] o A ) o
N3N A5 laurs UM o (n-system programming)’ 1 W Msf@umioveuiige
aneaumIL§ul N\ s opinsadeyatimiiasaiin Wsusstvirldodwazain  nwld
suiszanmi gan
o & & 24 o s 5 ¥ a 4
6. yamdsuazanilaunssiwugiimiendlulasiona nsmos MCS-51 voadnandu

Tiheedluduma, Fuud u5e dand

2.1.1 aaautnvedlulnsnealnsmes aszna MCS-51 ounsH AT89xx

1. d3Aguua 8 iia
4
2. melufindsanuiunthmuuudasasns savuazi@ou Iy ldRuass
¥
3, mizganuhveyaiuguiiumizsanudwuunsy Tuinawes 92l

NUANU WU UDINTONIN LAY



W

6
7.
8
9

A y S o
WN ﬂiﬁﬂﬁ']i@uﬂiﬁuﬂﬂﬁﬁﬂmﬁﬂ“ﬂ

CInwedaainesuuie 16 apetion 2 A2

. Thanduiiadaanauninmegmeludy

k4
s

[ Tt 0o A A SN RL S
?ﬂllﬁﬂiﬂ\‘ﬁ‘uu‘ﬁﬂﬁﬂTL‘uﬂﬂu&ﬁﬂ‘ji‘l}ﬂiﬂ 6 Yszian

. aunsaveentieanyineueniiu@y 1dgeae 64 Alalud

10. r9v3demsoyns Ly SPT A3 lueynsu AT89xx

11, Theadaon Inweslufldms uluaifnin.AT89xx

&yoyrnudumasile

4 a 3/ E 3/ a d
ymesadluiuaesiams annse lFnuduldnBuyauazioians

l l dygnm
=v=9 o
IV G gFREE) O GIGRE nas é’u
< : o
i ° .,‘__
NAzANLAN Tlsinsy SaptaeiAanIRa LT Twoes | 90
b P
D was o [«
{\ ) RG]
X
- <
“3 Y
N ‘v' -
2993 1A ) R W39
Tt Uintas Ik IR 4 Wﬂ?Mﬂu“qm
duanaiim ‘ l T
ﬁ H ﬁ ﬁ TD RxD
“—ID| { PO Pl P2 P3
A

—lﬂ;ﬂ‘

LantnIa/

¥

51 2.1 Tnseadreugiuves lulnsnoa Insaimes MCS-51 wuuarleynsu AT89xx

. v
Tugidt 2.1 Hulaseaduiugniveslulnsnealnsioes MCS-51 Tu ATS9xx sziiy

1) Y ) (Y o ,3' v
latTnseerduves ATSIxx sxmilounululnsnealnsmeiasega MCS-51 WU MINuA

| s 1] o c; Q’ =9 g/ o
Lana s ndeanui Tsunsuuuuuay  Mivududnumndiulylasae Inswees

lueynsy 87xx mhoanuhmolussdiuuydnsen uazuawesmusa lsunsulddios

S a
AIIUAYT



o 1Y A kY dy =1 L= L
gmSulugi 2.2 dulaseadreiugiuveseynsy ATsoSxx szwiud Ddnulszney
l:' Q' ) M v v o ¥ 1 &
FituAuuAnd199In AT8OCK: agnawdau o1 Jevsiousseynsuuuy SPI aslululas
v
4 = v o 1 v a
aoaTnsaefeynsuiildlumsitsudoyanslumbeanuiillsunsy Tavhidesneadizue
s ¢ ¢ e e ) s
onlUnnszuy Inwedmsinesvna 16 Tefidiundudhudomisiailulnmes 2 uazaes
(=3 a o a A
Jeadaeni 1FIUMIATINABUMITINURANIIAYDIFNY
a =3 Ll 3 4 1
Tuansei 2.1 uansssazdoauediuves lulasnen Insmoiasegn MCS-51 uane

P a d‘g) g ¥ 1 Y
Wosn Atmel nandunazlildnvegluilagiu

ﬁmmpmﬁi‘ﬂm’ﬂ
e &eyounounszsiu
Bumeiiil l l T
; . i s anaesat] Lmigen Ty || | S3mand
MNEATINGY 2 ; :
= % M | Q‘ﬂﬂiiﬁ P s i dsametu TaH 2
nsaspunn | fe= oy ¢ hlmu'a';;
n Y, o YUNTH spriscoat BNIDN ‘1“{] hedg

R0 s IR T

B |

bt =
aAle ]

T I {
1A UUA & Eu_mu—w:_ 4 e At lwmﬁ T

s =

AUUIUUINN H ﬁ : ﬁ
ﬁ <D R<D
o P1 P2 P3

HOF e
_l T |— : WasLATR/

Y

1 b4
51/ 2.2 Taseetheitugves ulasaon Inzaes MCs-s1 uunuaylueynsy

AT89Sxx



212 msvanvedlulnsnealnsiass

7 ¥ P ) &
Tulaseoalnsimes Mcs-51  pawessiinmilasnssuaznlFauiugim
=] [ % A ~ =) 3 3/ o qw
wilounu awaaslugili 2.3 was 2.4 Taslisieazidoaiuau A3l
b4
Y o [
1 Vee IgdmTuas lWines +5v
31 GND {uun31d dmitdens1iauedssuy
E4
s ~ 3 ° 3 v a
wesa 0 (P0.0-P07) B 8 vwdazanmmasmualdiiuldndunaune
s [ o o % a °
e miulFouiall fmndesmsiivamesa_o alavmiladuduweaunssihld
S 3 o * a 3 ‘::3/ = v Y 1 3/ o 3 =
Tasmsdeudeyn  “17 ifwdazinvemesaiideaimagaeais  denaliumoiatiul

' KA - = o ¥ a k4 ag 3
amuzildovans (fod)AsnouyadufiuadgrimdTsalatunouwals uennmivameia

¥
@

fifagnldnulupisfadeduiausatasalusfmmenpiisanui aiguei, \(A0-A7)  Lazn
g
W

@ A < v 4 o o 3 iy
pyn  (DoDY)  TAoEnszwiunstaad s sRegsUnTIO Idiendede

uBAIAT EAE AT oI

579 23 TeasBeRrsIedayed iy lnsapa TnEees MES-51 Luulash Atmel

a &
HaavH

wedvsdlilasapd | ) L0 B0 e Lgheannuda ) | ol Infuesiaviees
L ANG, NUWANDY BaRad | (SAT 9 | &\
\\ €5 NG ARl \of
ubuustos suan 1
AT89C1051 NN o B4 Louef 1
flalun
LAY W19 2
ATROC2051. -l usa 128 lud 2
Alalua
nuuuray aun 4
AT89C51 : : usy 128 Tud .
Alalua
nuunway v119 8
AT89C52 ¢ i s 256 Tud 3
flalua




wuuuHas vun 20
AT89C55 w3y 256 tud -

Alalud

o
U5 256 U
ey ¥uIn 8

AT89S8252 e 3
ma”luﬁ DONIBDU 2

Alalud

: nuLseTha 12
AT89S53 : : W3 256 TUF
A g

(O3]

E4d
vioda 1 (PLO —P1D B 8 41 udastiamsosvua Iniildnsdunauas
dmad st mtal [ fidesmsnnialiymedalmiuguna_annseiildlaedeu

o 1 a 7| Al W g k)
Gi’fmga”l”"lﬂﬂqLmaxummwewwﬁmmsﬂﬂmﬁ’w Lo TIMIHOYRsY AT8ISXX wzlyn

1.0 iy
a o @ [ Jof ]y o a a d 4

SR iU lnses 24iae P Thiwsunenininaiyes inwes 2
Tuvniz v

PLARY Pl WuindamsiseNdeluarSPI tevnats [sunsudipyaluszuy

¢ ~ 4 o kY yz a

IWOIA.2 (PR P2.7) 1 srusozanansetmua Wifluldvisdunauas

LR

Sh i o v ¥ ° ¥ - o
Swifidhnitihl  Avnndesnsmmia v mesa ladlitunadnnsainld
S 9 " as 1 a o Asl a el 9 v 9 4 3 p=%
Taofoudoyn  “1"ldindosdinvodnp infidesnisAndodu~Fefialiymesmiuiianie
' KX aa a A o 3 s a k4 z
dovaos (foat) elidumadsunimuage mnseldiudfivmesaduyald uennniun
4 dytv a 15 2es o ] 3
woinfitagnldimilumsndefuvueamsa ludagavesmitonnuinieusn (As-AlS)
¥
4 ? o v A
WIWeT 3 (P3.0 — P3.7) i 8 1 udazanansafmualiiiuldvetunauay
PR
sminldosalyl  Swindesmstmualivmesalafiuduyamusoiila
~ Y] D TR TR S AY a 1 ¥ ' ) &y
TaoSoudoyn 1" hlfudazdavomoiaidosmsdndedis  dewalivmwesaduliaoiz
9
1 a A o a £Y
Udosany (float) Selldumadufiueudge asaldnudurmesadunald vennmiun
o o A Y d‘Q 3/ s ;
wosa 3 Salivindiey lunmslsnuasi

9 a o v 4
p 3.0 Wilundunadmivdeyanamsdemsuuueynsy 1301 RXD




p 3.1 1Fflunduwadmsudeyannmsdesuuueynsu n3om TXD

o ~

a v 1 d 1
p 3.2 Miflundunesudyanudumessannmensnyes 0 13991 INTO

o a Jo

P33 dfundunaiudyanaduaesSidnnneuonsed 1 no INTI

o

L

p3.4 Wdundunadmivudyann Inwessinaisuenses 0 v3e41 TO
p3.5 IHdundunaduduanudumessildanmouenges | n3o9 T
b [ dc{ yé 1w 1 o
p3.6 Wilundoyann wr Tunsdiildgeudefiumizeanuiinsuen
p3.7 dundyas RD lunsdinld@oudenumiztsanuiniouen
Wi3sa (Reset) 19 lupwsEamsnisinvesly InsnouInsames laslumsdou
Toyay oM
::i ~a 4‘ d”i) L, [ Y ¥ s 3 = ¥ a :}
oS whanuzintinesegiussismaoinios 2 wiaulufa  lashinees
filadayanahfimisRaTnaTuaBsag
41 ALE / PROG (Address: Eatch  Enable/Programa-pulse input) Funnldlums
AUAN
4 o r-!'l = 8/ v o o Yo Y 4
MITUAATYAITINDS 90 e lins IF UM AN A vLan Azt 1E S uWas
9
yoams Wiuasu dwiulisunsuvaynastiMces-si Auguiilnioeanu sl nsoy
¥F. PSENZ(Program. Stote- Enable) M {dajniuievoandanuniizeninuii
nMeusn
& o 3 3 ] t o or
iie Wnsnor msaides aoinasemdpiavitmsanuialstasunisusn a7
v kY >
Tulasreulnimess lulasaoulmsanss niedignaaupaneie2 A5 lundazudu
laifia
Y1 EA / Vpp(Extermal jAceess, enablé/Programming Voltage input) ddmSuiden
anee
v o =) Qs 4 9/ g
wingau$ lsunsunnnieusnrsemeluadlulnsaeulnswes amnui
Fu <o flums
= 3 g ¥ Q ] o 9 :?
denlilulasaeulnsameiaasetumitsanuiilusunsunieuen Saniidlu
«1 Fumsdenldlulasaounsamesaadstumitsanusi lsunsumeludiues wag
¥
ity
sunadmiuusean gadmiums Tlsunsumibsanuimelu

luiasaeu Insames MCS-51uuuuds¥anansusaud msums llsunsy 12 V.



11 XTALI uag XTAL? Wusdensdaoaeaitadyanandmiunmsimun

SaemsvihauvesluInsaeu Insames

213 Jnssaanasmsiaueanesa

¥ b4
TulnsaeuTnsmaed MCs-51 nunudssiinesaldlfnuidu 4 woia udas
weaiuun 8 a unesauuy 2 AmT naTRe-aunsadiu ldiBunaaziodne Y0
I'd o P= d % C% o
wodavedlylasnouTniadod MCS- 51 suusriuiaadiazasstusasauivines
Sunaiinesa o uagaeda 2 %‘”ﬁ‘luwasﬁauwmﬂmnﬁmlﬂ oz 19 TumsAndeiuniioeg
Al menen) dmiuneie 3 m‘wmmmzwmﬁ r s dunesaduna
v r b4
Lmé{vgﬂm‘lﬂuazﬂﬂ%"v‘imﬂmmﬂﬂeﬂﬁuagﬁmuﬁuiﬂmﬂauiwmmaﬁmﬂﬂ
4 4 ¥ a t B A =S 1a
LTS vouiesd 0~ Aasianstesirasia lundazhedanne Nesdarasy

o v v o 4 a A o =
UUBI MIDTUATTDTHSHB TSN i]ilmﬂ‘ifﬁ’m'ﬁﬂﬂ5$‘Yn'lﬁ’ﬁﬂ’l\iﬂﬁi&'%’éﬂﬁﬂ_}ﬁy'lmﬂuﬂﬂinﬂ

e

fu thufedugiunsonudeijannupsie fesdun unIsTLTeIA e Isang dums

~

Feudeyaindene seRosaad g iBest CLK woan a0y ludusdidoyanziuman
Tadeyamoludagy b apsaliviaay
Aothiievsnaman TR AN ATI T YRINesA 1 Aoems 1

Shuvmesadiumnoianavse  $aadommiataemdineusn

Weshnfiuing 0 iinxesmely’ mndiajsipeda o T lFamaudiu
wmﬁau‘wwwmmmmmu‘nmwaaﬂmauaﬂmmnwmﬂ 0 vpd)

JesveNeTR T awdetunnia 0 s liilastsiaamand losnnwedatl
"laﬂé"l%&‘wiwmammi‘hn‘nau@mwiﬂzﬁw%Sma5‘1anium!,ﬁawmmwmﬁu
Jsmeluvemeda 2 sadefunesa 0 setufisdiiesyasidun dwu

LA ¥y @ 4 ~ a @ Id a 4 A
QQﬂiﬂTEﬂUGUfNWﬂﬁﬁ 3 TAAWALUNDIA 1 uﬂ’]ﬁl‘ﬁll'Nﬂﬁ‘ﬂwﬂ‘lﬂiuﬁgﬁﬂﬂiﬂuﬂﬁm"ﬁﬂﬁ!u@

s luessufiemdnun tiesnnesa 3 eunsaldemlumindiesy



Jd a
2.1.4 msidnuilunesndunm

o L A ~ Y v a
Tumssmualiiunesadunesa dessudualsnsvoutoya “1” WAz Un
s Ay ¥y A A ° Hq Yo o s a &
yoewesandosmsldiiutuns Wengansihauseudalsvudyaoeianavosiaun
s A 4 Y v Y T 9 3 3 a a 1:_!] P &~
wosaeudaniuesHasmelu dewalvuweimiuiiosanilu “1” amnsosudggym
a o 9y @ Y o  flot 9y o
aedn “0” nngunsainouen’liie dygrudeyannginssineuenszgnauinuauny
[ 8 ' ' {a Y o S a
Plusiredmeluneda udaseld cpu msms lignssinsueniifaderunesaoune
¥89 MCS-51 tuundsanas fmua livisuduaniazaein “0” wahge

a159R 2.2 nefien el 1uluTasaeu INTades.MES-51 nULLHIBVD Atmel

wesuey ) (& —I-
" 53X VP ahanney
TulasaouInsames P ~L

/12 ihivpunatiusives laweielines 2
PLO | | ATR9CS2/AT8OSKX

“upziinn
P11 AT89C52/AT89Sxx i AdlgRRRRIve SN
Pl4 %7 SS(Slave Select) Sl isanmsaadalunsain
AT89Sxx TulasaoulnsataoiPugilnssioad lugzuuns

ARAONTIY SI

YT MOSI(Master data output;Slave data input)

PL5 AT89Sxx P/
1¥lumspsdienuneda SPI
AT89Sxx 81'MISO(Master.data.ifiput,Slave data output)
p] '6 o rEar o
1ﬁuﬂ73ﬂﬂﬂﬂﬂUWﬂﬁﬁ SPI
AT89Sxx 97 SCK (Mastcr clock output)
P1.7

Slundyananimyssmsaadeiunesa SPI

é d
2.1.5 aslrauunesneisinn

=y I'd o [ v v
Taend wmesasmualiidnsaithuendwaegudy Swwsodedoyaly
v 4 v I~ [ G’né v v @ o o H
i Seiladeamsda “0 AlvEou 07 lfssesuaadieszdede lduma dldmainu n

4 'o o = a2 LY o = *
yedaismualitauefacedn  “0"  aadwfumstmualiifundunmnn  ud

10



i A v v Y a A ' Y A o <
upadeduluvumsimteudsdoyn  Teedufludunazldaygnamuieiuteyaiinives
' 4 1A ' A v g
uadnduednae hilimsomdeyanivies
A Y d s v v d A 1
o lFnuiluwes aave uAaLVIvRARZ O ALANNA IS D UM 1Y
v
~ v 1Y v 4 £ a
Aszuavseiiuniinszaesaldguan 10 mA waznnuuiululaaznasA(NI 8 UA) IR 26
o 1Y o 1Y aa o o v
mA §miuneda 0 uag 15 mA dwmiuwesa 1-3 lunsdinlFnuynweiaednaszansod
o o o,: g [ = 1 o 4
nszuerldsmiugega 71 ma AniulumslFudunesniovnavinsdedsesiviesms

L4 y ’ o
DAV AN BT NI U

\ a g
2.1.6 ﬂ]i@1ﬂﬁ’)ﬂﬂ‘ﬂﬂ%]ﬂﬂ@iﬂ

T J ~ o ’ I'd

MCS-51A L ssaastgnAgesnimwese 19 2dasnzAos unnIneia

v [} da;. v os a o
TnoAs ILas U IS LaAT I IaENDs - JURITITNDS ARDN LTUNAVBINTIUTAADS
wiia NPN g 18 iamsos a0 0nsTia

y v P o/ o Y] ~ 4o a o I

madd T ludan UG s AN B Hn 03U 0D INNVINDI AT
ﬂ nss & P a ¢ o 4 & = o ' ’ s qy
Fu <07 Hisan Ao ns uaaADSIINUS R HeUWeI ARAINIA IMINDIUMADIN LA

[ 1ol ¥ 9/, 3=)-boty 1 4 A ' Y1 P4 1:151 1
mﬂmmﬂﬂwamwmuﬁmmumaa%ﬂmwmaﬂ% ‘B$1ﬂﬂ'}%iﬂﬂ¢lﬂﬂﬂ'\iﬁd

2.1.1 | SBiizaTsmsves ilnsnanlnaaaas

M5 Mes-51-sdsadilemsiinenasy €U lunasilstinanafidves
b4 v .
Figfidunoundne 2 sunonasuuannswlag een) GunasGonsidwonnnmianud
3 o ‘o & L§ Ls d‘ 5 1 A S aa o
Tlsunsundladsieasidase IMnssatise taanatunoUaARABIUAUMT B NTAIA
ﬂ o By A o 28 : v a4 A
(execute) Slumsnszimafadinmaiarsamenmasiuualagnssuiumsnsuminu we
o aa o o'/ ~ 4 A o o'l '}
s naaissdasendooudd Pl uolndiiaeivd
e ) < o a P c{d v o =
wosunidnyluInsasu InsameswnNamsswanSon3t  MU3DI00US
A A o A o ° A
iye(power on reset) FRYSUINUNLBANATH  0000H Fmazmsiavesdfigezdiulyl
a < a TR
ausleda  lulnsaeulnsames Mcs-silaelu 1 wdulwfaszuiboseenilu 6
o 1 =\ %] = «é ~ d'
ana(state) Smuaiiu S1-s6 TuAazmmalinnal 2 MUNMYBITYAYIUUIAN FIUAIND 12
" W 82 aa Jdo & A a A ] ]
Miz Sanunmihdy 1ms msdngmamidafildnm 1 lefa Suhaaa 1 dunsgium

o Eakl 1 3 &
op118a sulunszuaunsuaasaiveonl Idade 1A daaesfde (Instruction register:

el Ardiia =t A a o o @
IR) ﬂjiu‘ﬂﬁ%ﬂi\"ﬁﬁﬂq{ﬂzlﬂﬂq}u‘ﬂﬁlﬂﬂ 4 njﬂiull”%uicﬂlﬂﬁlﬂﬂ’)ﬂu 51!%“ﬂ16@1u5&aﬂ?ﬂ15

11

LS



u‘wﬂ%ﬂ%&ﬁaasma‘lmm%m‘lmﬁmﬁmﬁu%zQﬂﬁﬂﬁ”ﬂﬂ mndidaldne 1 lmia ﬂzéuQﬂﬂws
waluaiag 6 vosuudu laminfuanu

lunsaifigdaldom 2 ”lmﬁamsv‘imummﬁw%’q%z?;uqﬂmiumﬂﬂ 6 VBILY
Sulwfad 2 manszvdmds Movx uflufmdeng 11ud 2 luia o Wi msusladiiniu
TulmAan 2 vesdids MOVX iflesnndfigindefumizennudineuen Tuwmizdiiahi
nsziide MOVX dayanaifint ALE uag PSEN szifiamisueni 2 adalu 1w s
1unﬂﬂ§:~3ﬁ ALE Banmsuenivimeda 0 (p0) azfisweddimaes pc Tuluddiesmn
Tuvnizfinesail 2 (P)welawey pe-tliiaga [toalguonnsade lUfides ldduiums
S UVIPSEN F‘mzLﬁﬂﬂmmﬂﬁﬂzﬁiaﬁm‘saﬂﬁaﬁunﬁaﬂmmﬁﬂﬂssmsumauaﬂiuﬂsﬁv”;
nsziids MOV Moiimisiniisinieleniinn PSEN a='hiiipnisuendvl 2 At
melu 1 uudu'ldin dissontdussmsmnsiadotnsyldindatiumitsneiniouen

Plaezunsudnl oA dshiemn Lsaumse tunsu lui Mcs-51 w1d
(E112 AU IMMTRALIAB TR AT I laifiadiniiiinil i ms wsptanusaly
mstheu | 1 MEz. i FmTidEn 127 Mz dimsinisnana Nudmaiaumely
MCS-51 cnasaniden snsnifiveddafnatiRnIms A 12 L IRoIMsn AN Yes
1 soumsiieniiie 1 as@ilana dsmnindaunaItaInInss lumsitnunely

9.
MCS-51 etz naguliffivgas et

12

=3 o o UO(hs = o
anusalumsinumelila lnsaou nsemss wminy anudyesryg I
WIRM(AIAS areafdebgy) XTALT 8% XTAL 2)/\12

~A a ] ° o
ol uwuﬁmma =1 /ﬂ'ﬂﬂﬁ’ﬂuﬂ'ﬁY]N')Ufﬂﬁlsl‘u‘l!ﬂ\‘llhﬂﬂ‘iﬂ@ﬁi‘ﬂiﬁLﬁﬁ}i

2.2 ladengy (Phase Lock I6op)

1= ad a Jd o P a q Y ad
W‘lﬂﬁaﬂ@‘l‘ Lﬂuamﬂm@unﬂsﬁvﬂih "Iﬁfﬂﬂiﬂﬂ'}llﬂllﬂ@ﬂ“ﬁﬁmm@iiﬂﬂﬁﬂﬂ]”lﬂﬂﬁﬂﬂ

=) g o o = 9% A a a s T o P k7
niededfuauadn  Wemavesnudnnooadammesn/asy  uaashdyaunI
a a 7 ~ D { ¥ A Pl
amudwdonly  wwwannmaamamesszlisuiuiunionans  aruqulveeadmaines

a 4 [V { [ z ' 1

waaaualRas ey sendudgyanafidun daiuTaviesfildninmafmames g

a IR S [ = s a v s PR ¥ 3
sorsammessuiiuilitiuresdyanuanudndnn oxisumndyanafidhuniiy wvby
a s gt [ 1
(FM) idednai 1dnnmafmaeesi Taweadlames (Low Pass Filter) sxilludaanad

gﬂﬁwmiﬁum@mﬂﬁumﬂuﬂfaqﬁué’hﬂmsﬁmmﬂmwﬁﬂauﬁﬂmfﬁ wlfsenadongl



15

Aw Y o v A =4 A o A A £ 3 A Rl td )
ﬂmu«uaummsﬂgﬂuu@ag‘lu ll@“lf mﬂc]mmmmmm@%muﬂmaummqﬂﬂimmﬂuaﬂ

~ ’Ad‘ o
e lina

22.1 vdnmsvouvadengll

[ =3 =] o & ¥ r o ¥
nanmsveuradengy funanszuumstleunay Felszasualsdiudingy 3

1 Y] < At =) 4 § 4 < 4 &
daussudeonlaezunsulugl  hmamanes lawaHawes waz  Lanavasuinig

a 4
RRBESIBIRIGE

Ye(t)
Vs(ty —p/ Phase Detector. Js7//77 Low Pass Rilter vt
fs
off)
fo
WCO, =%

Al 23500 Ingzunsaveyestaongy

A 1w 1 v o a a 4
Tz bilduanoushu Vd ssinnuguo_Lia2)Veo EHARAUDNUUT
' o 3 o 1w A4 a = L. v o =
Bon1 W5 B Freoriming) WAt fo e fBume Vs ol hliaudmhiy fs 2smad
e dae v R S suTtumdnase uavesdapnmd miudanui yoo i 5 uag
oo nansad S IR ciErrer Voltase) mfmaaneadsiafimame st Jawaiamosiiu vd
¥ Y] a Y v @ s cg <A < - A 4 '3 ~
eidh Vo 1Sun e fo vhAy s nimtitnaeaanzfientiipdsf anannmaama
1 o 4
wos Ve wilugud uoz Vauhnuguo
4 [~ o [ o ’ o 1
ludosvowladongl Timimmandraunue Aefri Aenui (Lock
@ o 1 a LA a 1 v @ ndy
Range) fUATTUAI99315U3 (Capture Range) HILANURUGUANANNUATH
i e &2 Adq Yy w 4 < o g o
Sondus. mnesuanudnladfssdy  fo  Fawadenguivmusadenny
v . 3
Tyanaifidun mvesfonsuiizana siosasweeanuavesmafionglana
¢ ¢ 2 Adq YA o P o A d v ow A
unlwesisut minetweuauaf Indifesiy fo nladenglsunannudya Uy
Y 1 o 4 g o a ' L= & a '8
hivesuatwedisud Fuegiuuumiariveslavnaflamesnozaaauiionuianuay 1ag

¥y

a s P ' v 3 o 4 6.t &
Tanlnauadwesisud wwidnlosnndensud welddhladih g amsusuazunliaosisud

=<

' 4? a A < LY » o o 4 <
GWUﬂlu‘Wﬂ"ﬁmeﬂzl’W 2 “b'\iuﬁﬂﬂﬂdﬂﬂ!ﬁﬂ?&lﬂ!ﬁi‘i%ﬂ’ﬂ@ﬂ’ﬂ‘ﬂﬂﬂ“UL@'E]LiaiI’Jﬁ‘ﬂm% “U@Qt‘ﬂﬁﬁ

2191



1 A ay o a 9/ ~ 4 1 a ;
nAdIuuuYeIgli 1 i daanadismnianuddesuaoulyl mniillgs

o 14 a d? (- o u’/’ a o A ¥ 4
apuusnezd ey lsAadumar vd whAugud IuUnITIANNOVOIAYRINNIININ f5 9
Hunrnuddgavemhtesioud ilinadenguisuaendy fs uaz vd fanfuauie)su

] o 1 d'dv ~ 1 i 4 A o A
veo 17 fo whiy fs ualufifiseuudn fs waenliliesn Fazshldawes vd Wuay
9
tosas
o il [ o 3 [ 4 5 ~ ﬂ j

JUNSEIG fs Whiy fo v1d vd whdueud 91a1Y Vd 9siuiuuan wosuniu
4 < &£ d' o o = W
Zoun sunszit f=2 Faflummiigegaveatonaud sz ingamsaonuas Vd wmny

L4
AU

Jumanduiutats wasusnasanndt Aansaizhe doaudn maaongey
A g A I P 1 L( o 0 EY A 1 v A 3
Sudenide = Fuiuigegaunyuathaesisudiiln vd fentubengiunie fs nADSIU

% k4 viw d YA 1 43’ A z P 1o =]
 fs=fo 1214 vadituguiudtisudiinidin G eds apsend fe=f Fadligidrgavos fen

o g 2 o & ,
518 s £ ngasanmiFantaurtionguliiz va nfudigudinnds saieagl1én

vd Frequen
l/fo 2 St

}‘ Lock Bange ‘
l CaptureRange ‘

4
vV Freqguen
B o Rl

Lock Range = f2-4
Capture Range = f3+{1

U 2.4 qaudnuuzsznianuiduesses o woeanladeongy



222 msinssadengdiflyau

[ e A o 1 g/ < ~ ] & A [ A
(M) mMsdunsanud desemsidnesmadenglonegianusnnuuiosno
o/ 4 = 4 [ 'é 3/ *

1¥duns1zH (Frequency synthesizer) 2vstier Wdayanaeemniiawisauten ditudn T
s v A 9 v ad 3 G’l’ ad ﬂ kd
(Discrete) WU denldsenin 20 wnzidsa Wuduq (Steps) Yuaz 0.1 wnzisa uay
[ ==} 2 Y o =<3 A A g Y e a
nEnMIveseesiae maguaruiinasudieeyiwan N iidendla wy quanud
ad 9 ° < A A R ' = o P

wmsTIy 0.1 wnzidfadoaudunudu N Milenmldssrdie 20 B9 30 WITTUATIZN

A a3 ' { X ~

anuan e dongUunaseglugli-sseli T msungnaesmanuidn e seuse

o a : o = { v a
Sunsdenanud  foNAAIMANNANIASETY fi, 9TNDVERYEQ 1wNY fo=Nfi AN

9
ABINII
‘. Buffer
! Phase
I Detector L %
fOfN Divider
Frequency . |4

foid

A o d A
317 2.5 uradssri e lsadengy

Ty asntERae i Sidauanaidonted veo Nalufingdateuin wennliy
A . Aa o < =
aruBnAg eI WasApealuiin m vesdya NN VCOUiAB fismfo anMN1IA
v b4 v v
enfianuiinguil il Tdnaeudniavsl VCO i fo=fi/m 2evsladonguimihi
Hursesmsanud

Y A ~ ' ' P 3 9 ' s

& pamsiapuausnneuasgiusmis lidndos Wy aee iy fidfl
a . el 1 o Ao 1 P

mslmaiinnTsnas (Mixing) 121 ldwarin mazdh fi Seudnmsnseseudnind firl 13
Y { o < [ A 2 o 14
Taodanaa fi-fl oonllasildon Senasldussadongl Aalugdil 4 ez il

Yymlumisnses

15



- |

i fo-fi fo-fi
——>  Mixer LPF »  Phase » LPF

\ 4

fo=fi-+fl
* A =
31N 2.6 1TDOUANIND

() Mashie¥ae Synchronization) szuu aaeagal e1eldnlse Temilumaia
wResmnanuaveatsunid iR i il deiitege uabgesHANUD hidnadl
Asvsundetaud  udESis AR IS sRsus i ¢ veo—nazadaifiaeslddmiuld
s =1 4 = =1 [ =3 a o ~
Fuanaddhteaadengd TOMANISAONIALTENTIN MCO NISUTEAUTILALUINIS

= go o v a v
wadenguithiygyimeanam VGO WU T R s [ InsBue Tawiga U a1
= o o A
fo-fl aazain S etineunuen mbh

A =y a3 ¥ oy 2 d' T @ =

diginansaonie 18 fo-fl < fauanfo = G+ ATILRYSY VCO, 931N UAINT
Wasgumewhl fi

= H é ) ] (<} U : 1 S o ‘3’ d‘ﬂ. [ ]

[ REs ANER RS T BTN NS TaIgeAR Ry TN MBI TN DA NN
) T 4 [ ° = - o i
B ek RAlTHE AT T e I8 Tnenastio st van VO Whiues Ty
a [ 9 =4 a d? 9‘1 3 ar Y a a = L=
N YoM asaefonvinas i rems I anad iR iafe e e

[~ { a
Tumsaeniiens uiags
@ o as t:? 9 < 3 t::dy 3N @
wanmsBedpuil Y SwldaiuauarmiSivasiemps e’ luiil vCo Hnedn
22 9 a yg @ A 7 2 a oa AL Ve
yomeigiennldadad 131 ndqual =ilauainas nayunilisoliciagnizila-Uansmilane
& ° 9y Yo "ﬁ A Aﬂ ° 1 ' 3 P
D OREGER il iddygna fhosnnianudithiauauyiuesn s vewewes
o 2 5 = ) a Pr Y a P A
FyanatiilduSsumeutuanuninasgu 5919 IR 91NN UITANINDVBINITUANN
¥y X % Ay Y A o ° o &
1¥man ﬂmuapmw"lﬂaanmmamumsmamazmsmmamzm“lﬂhwuamas HazAILAN
AuE ey WM A nANNE 1MeINBW DS s RS WA LANDUIATTIY
Tunansdl dgananimaeiidouas lasvauysel fevmduiien fdoinsae
bY ¥ ¥ ¥ v
adraaSuynun i ldasugy muldiudyymdmaanafaninime fudyaai 1Sy

Y 3 1 Ay 1o 3 o = o [ t o = =
rﬁumqq HYH Gl,u‘ﬁN‘V]VllliJﬁiUuﬂJ"lmﬁl”lﬂﬁW@N “AUNTINT u,azm“meu%zmaaumﬂmma

[,

(o0



AIUNNOAUANMY WITOUINAAANTTIN

I v ¥

=y o ¥ 1 s 1 [ v dv ¥ o as
fy Aldyanauthien Iddugaen 1u frpdedananiiezwy Idlumsdiamazdyaa

o

A

o v I a ~ Y a3
ypanseesy Insvieialusz vy waz luszuu Insuasinly Asdu (PCM)

o/ =S

() minsIatudyen (Detection) W3pNITRoNAID lunTdindya ull

P2 a a ] A P Aa d ° Y]
o9l neUAL BB LB LA e R nuRmaNuReINeh 1d Insldaees

=3 [ ia ) w Y v
wedongl TanfuanuidassIiaseiuanudoans waztSunauvesnsouliuay e

< v o Sy P Py .k w

2vsla dongilez IdBenfunnudin lunsdiidyanuves veo sxlimmutminy
@ n{ Y [] Aﬂ'd’ d‘ Qs 9 v Yy I~ o Y d' o
Fugaidosms dwanudduniidygradinndnlan wusmladongUimihnduda

o

=t o A £ v o = v
AIVITYITUY ﬂ’J‘HIﬁ 4] mmm‘cﬂm’fmmm %Hiﬂﬂ%?ﬂﬁiyﬂ]ﬂmﬁﬂ"] 7 %ugiugﬁaaiu NIU

O e

Y a9 A

£ =3 o 4 1 A o
"’IN’NQ'SLﬂﬁ'ﬁaﬂ@‘].]‘ﬂ’lﬁlﬂ‘nﬂﬁ’]ﬂ'mﬂi&ﬂ@ﬂﬂ'ﬂﬁa ﬂ’?\?ﬂ“ﬁ?’]ﬁmmu']maaﬂQWﬂ VCO

v
~ 1

193 1 P RN v R a
udszasemudyatudh ik un i biRedesivdgapad lidyaege mefinsanlu
|<:J N A 3/ < ° [ o =3 =3 A o
witiizmun / Aeldseamatangildw Snavagibadagnmevion |\ \esnwzusnnng
A pri o o :3' ¥ =i [ =3 9 AR
@ondssnnld  Tudnesmaaongti s owlvdsEnalimsdveanadayn puedy Iaedsll
~ oy - e v Ly =] ax 44 Yt
quam duiinuiudi Chiidessensvrianfudygneielumn Enisniilaalums
[ = A 1Y iy - s A @ =]
YA BITUNIRAB-N13AT12 VUL IR 1A (Coherent detection) NHIIABIEIA RN UIDLONY
fudya sy Hinrudmemuls @t uau wagainldwelsnoudis Avlw
a a o 1 o ¥ o A A 2 o
avsfiulfnanus g s e udhimze Rz anud NN 34sgnYTa lasaees
] ° ~ A Lo ~ P [] @l 9/ 2= q Uy { <
Mud @eesumunsodmgrausanmnunluasetdyaiuswds whilin IWassaegn
i o = 1 dy of L a o a
205N BavRANLA C unsauagearEthasaie gl dudiniladyanudens
A p=1 H o/ o/ ~ 1 1 o/ 1 o
Faanudasafvduaisebubes idesuniutisgidenn HATYNNILAYUA
&/ =3 1 28 o £ = A 4 v 1 & o o
Fuanauedueg 9o, e WiduAsumuaTIsaourTINEh fouhisziimsasaduuuy

NCERAI

o 90 Phase

Shifi

Phase Lock

A [ =3 a
A 2.7 asanadyanaedunu Iadiui lasldsvsmladeng

46419

g




223 Yoduastoidavensasiadengl

=3 A Y A ) @ 3 r &£ [P=1 A e
asladengiidednanslszmsdmiumalyauue &9 liTine9spuneg
[ ] I~4 ] 3 < =1 e
Feumh oielsaa lumsidnunsedainfenldsnsouwunead (LC) n500135% (RC)

Y Y a g & P o S Y
U,‘V]unlﬂ G\l@ﬂ"ﬂ@\i'fl\i‘TliLﬂﬂﬁaﬂ@ﬂm@k‘]ﬁﬂ‘UW\f}‘UﬂUQQ%?ﬂﬁﬂ\ﬂiuaqu&lﬂ‘l}@hﬁ“ﬁ Lﬂl&ﬂ

T
=S

L shalgafaTing NimJﬁmmﬂﬁéaﬂaﬂmn'ﬁﬂv‘iw‘luié’fﬁﬂmuﬂmﬁa
Atlszanm 100 wasdse danasasyliy uamm"ﬂmwsﬂsmimmum:mam’lﬂmmmﬂ
SR 100 WS8R

2./ Snnudendss (Selectivity) Jdrns siE bidnaon natoRe Awdnale
mun Inef Trdo aasue T VCe s iamsidandss ﬁumjﬁuﬁﬂymmmawsﬁméw 39
"bjﬁﬂq;mmaﬁaaﬂgu (Alignment) e 1aTs s AR U EeaEs Y

3= _pymalsvneumeuan At trmimeretiaa g Taealy
AL S e He e VO RMIRIAE O SaRiavss 0 Ay Riensyli had R&amaedni Ala
157 B9 100 N8 5e

' St A& Lo Py ¥ &
f]ﬂ']\'l‘lﬁﬂﬂ WAHNYUNBINAINT B LC me’mﬁﬂmﬂmmum ﬂﬁﬂﬁlﬂﬂﬁﬂﬂﬁvﬂ

€

Aatl

19 Y'Y = @ < Y a 1 :II r A
I 1N1ﬂﬂlﬂilmﬂﬂ’3ﬂﬂ%'3\'}ﬁﬂ 'Nﬂilﬂﬂﬁﬂﬂﬁﬂﬂuﬂﬁﬁ@ﬂfmﬂL‘Vl'luu AN
ﬁ U ']ﬂlﬁ!'lll‘lﬂﬂﬂiﬂfg‘ﬂ@ﬂi)"”ﬂ'lchnﬂﬂﬂ'ﬁﬂﬂﬂ N7 ﬁ]”'lu’duamauaamﬂﬁwmﬂmmmm‘l
2: UﬂﬂiLwﬁﬁ@ﬂﬁﬂﬂﬂUﬂuﬂﬁﬂaa'ﬁ llIUﬂ'ﬂﬁ?J ﬁTiIMUﬂﬂ@ﬂ%@ﬂﬂﬂ]ﬂnmﬁﬂ k|

Glﬁﬂﬁsﬂﬂ'lil 'lfllkmiﬂLLG]N‘WSJﬂTlllﬂL‘ﬂu@ﬁiWﬁ')uﬂ"iu'JutﬁiJﬂ‘Uﬂmﬂ]‘lm’lﬂﬁlﬂﬂﬁuﬂ
3 "U'lﬂ&‘ﬂﬂuﬂﬂ'liﬁitﬂi"l&'ﬁ L‘HEN%Wﬂﬁﬂ‘ﬂmgﬂ'ﬁiﬁﬁlﬂﬁ’lﬁ%ﬁﬂﬁ'ﬁﬂﬂ@‘ﬂfﬂuwﬂﬂ
t a ¥y ‘a [ o e Ao o a a ¥ o =3 * =
"],mﬁuvmmu Mﬂuﬂfﬂiﬁﬂlﬂﬁ?gﬂi‘ﬂ‘lﬂ'N%'iﬂ?dﬁﬂBm&’L‘iNﬂ'J']Nﬂﬁ'ﬁJ‘U@ﬂ'lﬁuﬂﬂ\i!ﬂ'ﬂ‘lﬂqw

gInuIn

18



2.3 Tnssadalod MTS870

TaseaZraneluues MT8870 152ne1a162995NT09ATING LAZ99TDBATHENNATAD
dd' Y a T .c; 73 =Y =Y g
Suleadaialnomalulad 10s2-cMos Tudureseesnsosnud inmatavesdaiagn
a o % 1 ':; 1 v 3 a LY
1hdmes  dmdunsesnimiguaznomiudd  daunesneasialmatansuume
v v ]
SSapaons It 00T T To—anaesn U UILe 4 1A LaZATIINOY
] d'vu 9/ ] =Y é Qo v o [ ]
FrnMNFy TN mumﬂaunm“ﬁu@@ﬂmuﬂ saawsoUSuoasivens  lasdn

gilnsaimeuen datuddnailuiresd e e

2.3.1 snnmsrramehisea MT8870

ninhu To% MTs870 st nenadad ey 5/dauae
231.1 mﬂﬂsmmmﬁ (Filter section)

2.301.2 “Fpaaas e (Decoder séction)

2 3 13\ aan 519 de dainy o (Sterring circuit)

2314 aevengdaanaRIINuANRg (Differential input)

23159 HamMae I (Oscillater)

2.3.1.1 ‘ninnsedanNg

1 ‘3’ o Sy 3 a A ! A
Glumumzuﬂﬂffmumum DTMF mmmaam‘flu 2 AQUANNN AY FRNADUAGUNS

o Av w a a o o PR s .
aras Tngldhaasanuasusy 6 wiia edasmihFaes (Six-order switched capacitor band

4 A R S S | = o
pass filter) %Qﬂ?‘mﬂ.‘ﬂuﬂﬂv’,ﬂn 29N A8 ‘If’?\?ﬂ’)’luﬂqquﬂzﬂ'ﬂﬁﬂﬂ')

19



FRECISE

/ \ ; e DIAL TONTS
19 \\ ~| x=350H:
l Y=440 Hz

mn \ DTMF TONES

ATTENUATION

/
] |
(dB) == l : \ A=657 He
[ :
!
|

‘ B=770 Hz

=852 Hz

N=941 Hz.
AN

/ "\ E=1209 Hz
N F=1336 Hz

<N v g g \ G-1477 Tiz

7128 AN i9nnMANT BIATNA

23152 oA THd

AnwE DIMF Haonsouiddesthmidnsnaeistad wioendudany Taolfmain

mstUNLURSADa MoYiiie as Ao TR AR AN uARTF M DTMF w3 i the
Q. Adli 9 d' » ci o,; P Q. ::{

Hoefunnudtud s dparsudinutdugnAes _aganunui(BST  ZEARLY

STEERING) fag¥ina

2.3.13. 7NATIVABUTYY I

1 a Y o a 4 p=1 [ _a 9/ ~
Aeusziimsnoasiaanuioenlyl  Ae1ANAIZNMIATIIEBLYNATIMDTIINY
H o ] 4 ¥ 74 A 7
sveznmauiigmuaniely  TnedunannszeznmmanatiuInsdnd  Fedpanailuldil
v ¥ ¥ ¥
arasenuniusnameauas  dnztiuasesdamte Sy Tesfehdyananiuli
v ' ' ' o uly ¥ o Ay
andes dangranaenanlaasadsldlesld RC meuondamnuiithan EST sy 1

E'

wulndifsafuszeznaiidianug DTMF



events|

e

ESt
tx?ﬁ“)—* h“
SHGT A A Vs )
]
o] =
Eie g 5t
040 DECODED TONE # {n-1) LX: in
1
fan—d b
T T e |
3i0]
108

JUN 210 LanfsionBeEn T i

a 1) 2 v F o -2 9, (]
F 2a0 % nrivnold] $advnalngodsy mianrdnan eag

A ¥ t 9 o ¥ 4 3 V=] P [}
G AN # L TRYNYNADY L?J'lﬁ'i‘jﬁﬂ»iﬂﬂﬂN‘E}Q%uﬂdﬂ’ﬂl‘ﬂiﬂu

DU UAWN

Vin
Est
St/Gt

o =& o Y
AYYIUADNTDIMENLYN

3/

¢ Easly Stering G0tput L ARIAIU DAY AR D

G

%, Stefring input / Guard-Time’output 1M3DEDAY RC Msuen

Q1-Q4 - fme BCD @Maa 4-Uia

StD

21

- Deleyea-Sicine-output=1Hlannanudi 1asunionmely 3

AULANRIMUA ADLTAIANUYNADIVDIT YR I

TOE
tID
tDO
tDP
tDA
tGTP

Tone Output Enable (input) 1%'muau Q1-Q4 IWdudun  uaud g3

L 4 v v
nadungaszniedyann DTME Aigndes 2 Fygu

nafivuiganeeu i daaname lumunaanudigndes

namlFlumsasiawuanud DTMF Nigndes
naildlumsasemsmeldvesdyapuanud DIMF

F3MUNAIBIANUDVBINITUIINGANWD DTMF

¥
§nADY



A . v 5 - o - o Y
W e EST W 1 fld ve qﬁummuﬂszﬁgﬂ:maﬂs:@miﬁ'maﬂu VC e
v o Y [} Y =Y o
s s alaad 199500a5H etz noasTiaeentufavvLIA 4 Un 31002 BAMTHIINIY

Wo1sAagL

Vo

MT88700¢
MTa8700-1

LT IRRE il oo ap Vsl Lot vRem ¥

IGTARIR, O it VgV rad te =Rl

RAARR ViR R

i3
£
3
b
v
3
z
.

AY et 35ty S (b ahy ¥ R SINISEET

ST A

s12.90993 0893 0

OB UHAB AN

A— B ivaeuanuaminin wemiinarhigide Lo iswa lditGewnlag
= a AL el o Y 9wy
B\ R2E # nqopsaamiaziminamghaoranuingatgasvimias A1el

= i v 9 g s ' Yo S 9
C — VAU, n FINTNYNADN L’E)”Iﬁ‘Y!ﬂU\‘lﬂQ%N‘ﬂuﬂ’ﬂ%$1Q3Uﬂ’21uﬂﬂgﬂﬂﬂﬂ

s
o x:' a A o
D- memﬂaﬂutﬂuﬂuwuﬂumqa

E - A7108 # 0+l QAATIARUNUMIUNAIGNABY ANTgnoeasHdLas A1t



23

(GTA - Temunavesanyavesmsme lvesnnud DTMF

o v o 1 ¥ 2 1 a4 v 2 k4 v o A
AIMTUANT  Guard time HUYOI FRATLINANUO Y TINIBI ADIUININUNID

(4

V.- 8 d' 0’1‘ T Yar Y 900 :i k4 =1 3 :I
ﬂJ'lﬂﬂ’J"l‘if’NL’JﬁTYlL‘ﬂﬁﬂul’J %w::“lmummammmmvmuwmmmnuugﬂﬂm ﬂiﬁ]ﬁﬂiﬂ’)ﬂ?ﬂWﬂ

b4 v 2 H
9 1 2 s [ ' 3
518913108 RC 80 Guard time twes Weodayanuaruddnnnuwhiunisuanivm

'o’/’ R o o A :;' (] [} W
A mmsounloaugandld Sidasnuamuiidmdunifee Lifinseeasvimiiu

Anavoan

2.3.1.4_ A vsnedaanain) 1 innex

Jasditinaves [ _MT 8870 ilinasedyaneninuesdsyiannsadiy
L Al Q' ¥ o/ _ &
Sas 10 lapmsAagesneu aniLMI 1Y K LIaIRIT AR IWINIYUDNALUBUNA BITTNITD

e d
S a3 veneR I TiLANE U A fins Sufingl Tansil

iHerential Input Amplitier
819«7%23:'!{) Bt 2 P

O AN MTB870D/
o Bl Nt MT8870D-1

+

Al resistors are £1% 1olerance.
Al capacilgrsace 5% iolerance

0D

s o SR A Y g
WOLTAGE GAIN (A ul= ,,°
"y

319 2.11 2esvedoyana



2.3.1.5 aadudanind

2 5 y i i o
Tunnfieziinesnapgmeluiiods X-TAL Minnwd 3.579545 MHz densold

uldn

m3sih MT8870 Tfl¥au

1. il oumumsasuguszes Ina

A/

TSN

e b)

.
Vit s _ta
SO T T
] oy




Voo %
(¢
o O— <z
Inged 53 0-1
o % | = i
vy 55, } ! 2 & res
=B de{ B = @D — 102K = 1%
MY 7 - : %
am— /7/ 3 ——— :'5.2
- Ry =
’ Z — ‘ =5
/ X 2 /

15,0 e - 5
\‘\3 79545 Mtz - 0.1%
-~ 5 S, -,‘;{ﬁ, 5 & g,
2 : \ .
oYz NP
e 1}
- / \ gs
=

25



A913% 2.3 uaneuanDAved loy MT8870

Digit | TOE | mNm | B8t | Qq 0, Q- @,
ANY {2 X H Z Z Z Z
1 H X H 3 a & i
2 H X H 0 8] 1 8]
5 H X =] {} 0 1

s 75 X = 6 1 0

3 H X H 4 ¥ G 1
03 = X i5 (H] 5 1 0
Z H X H (§ i 1 i
3 H WX H 1 & iH 0
& # S s 1 ¢] G :
G (3 A o 3 0 1 Y
i H X i 1 (6] 1 1
it H K ki 1 i ¥ 3
A H k H i i i E
') b i 4 1 3 1 }
C = [ i i 1 d
D H N H 0 # G )
~ H H L

) 5 A L u‘nleteu:eﬁ. the oudtpul gode

Wil Teain the sgmsd as he

G H H Esigreviousdetecte code

& H H L

L=tBCISLOW, H=LOGIC HISH I ZEHIGHAMPEDANCE

X = DONGL CARE

<

26



27

2.4 Inssa319vos lo® MTESS80

o 1 an St St ot [ o) @
MT8880 seogluszlulunsa DTMF N3 uasHesNUNITHLNEIUMINI BTy I
pTMFaaenazdeldima Tu TedvesFuea I ledfusdinuduasilszdninmgs Ao
¥
o ' & @ Y Yo ¥
anmzueaidlunsl¥on  Tasludimsssmedudyanaptve el lasedhaiiy
4 & H lao @ v k] .
Fugunnn MT8870 Gudiuledinvmihniudyga DTMF egudd uazludveanads
3) Y3 aa 34 = Asw =) i a LA ay 5
wldmsuasdyanuatneaiiueutenildnyazitiuadasan e s Alanumeudnn
indayann DTMFR Ialanuiasnigs
a 7 QN ~ g = o 7
upnIn  MTS880 szdumsaowmeiany lulaslussaresvosweumateainione

v s A4 A o ) s 5 Lo : = 5 4
ﬂUQ“iJﬂimW‘SﬂLW?J %'1u3uﬂﬁﬂkﬁﬂﬁﬁlﬂ‘ﬂiﬂI?’Tiﬂl’ju L‘Vliﬁlﬁﬂiﬁ'ﬂﬂll"] leanvraioes

8 P | ] Nkl ¢
1 20§ 1vis NS ZA1vonR
2 911 SUGT A 231 SHGT ~cleds NG
g 181 sy Gsi4's 22 Teat VRe! 16 - NC
4 L Epst VR=f[ 14 2AE0% e b 5 NC
5 iaf |07 Vsl i's 201 10z o5C s 5 D3
& 151 101 Q3CIL e 198 Do 0SC2 19 D2
7 144100 osczy £ 4 0w Voy= gl 5 D1
K IBEHRQIGR Neids 17{ll NG il 3a AN sp oo
Y 1247193 NC[ s s ahara B G
1o 1113859 TONETA g 15 [NROIcP "Ml B
T N AR B ik BB
Toii2 SEDaso o ¥ lc
¢ =
20 PIN PLASHC DIPISOIC 24 PINSSOR SPINPLOC
xm' (Y LY .’1 v o es \1 ~
’g‘“ﬂ‘ﬂ 213 aNYUSMIINYT I BRNNOTAINYITIVD LD M TE380
Row and Data ey
DIA W and el Transmit Data =2
- % Crfur : Bus o [ ]
TONE <~ Coaveners é:; :f‘;',; Register Buffer
— 02
Status b 3
Tone Burst Control Register Interrupt
Gating Cct. Logic 1 Lonic
i $TRC/ICP
N+ = Diat 1 Contrax
igh X
Tone Ly - : Register
i s Friter ""9?‘&? U I Digtal A _—L—— — B2
il Aigontinm
GS < - g
> anct Code L Control 7o) =
L { Low Group Converter Register ; o2
0SCt =H . ciiator Fiiar B Controf
et T RW
osca—H T l i
Bias Q‘LU”’“TQ‘ Steerng Reczive Data
as ogic el aaistor
Circuit Yoo ] toois Regisia
T T T 4 L 8
I 1 I i
Vis NG AL ESt SYGT
ST

517 2.14 uden laezuniuainangnglule® MT8880



¥ o kd =
YaNTHUHANTNATHBUNR

mepunagafimualfiiuissuenedyguanuuana e uReA(Differential input
amplificr)  Taefundetieluuead Bunnnusssuseddinviet  Tasdwswiuildluue

5 =\ é -é 3 3 [} o
madudunasziiuaTaniivownaenis Vdd(vdd?2) uazmifmuadaiiugisve INesues

w2 ldnnmsflounduinnineiduanien Gs Amddunulleundumeimuadanany

VRS,‘

VOLTAGE GAIN MT88380C
iAy) = Rei Ry

sUr 25 tm-aasdntuauu TRt UR



MT8380C

e e

DIFFERENTIAL INPUT AMPLIFIER
C1=02=10nF

Ri= R5 = 10000

Rz = 80k, R&= 37K k2

R3 = (R2ZRBIRZ + RD)

VOLTAGE GAIN

{Agdiif} = RERA

INPUT IMPEDANGE _, -

£ S P “«2
(Zndiffy = 2V RiZ+{tfwCi

11 2:15 (@) hiSasumpiiuathlalsidua

¥ o U,
AN THUANNATATY
w o . '; U <s L & d‘ é 1 s
mamaduazienduann itarideut Ui Intiaamingunouegignedaa i
9 oo A g a g < P’y sa ;&
DTMF !"lﬂiﬂﬂﬂﬂu‘k‘jﬂ'U@Q?Qﬁ)iﬂ?ﬁ‘l’ﬂ?ﬂ?“ﬁ!ﬁ@i!Lﬁuﬂ“ﬂ’lﬁﬁﬁm@ﬁ@@Lﬂﬂ'ﬁﬂ 6 TBITIUYI

S { G 4 { o { @
HUUR IR TN AR D TR s AP TR s IR A R gefa luaT

29



30

15199 2.4 M3Sautinduaud DTMF uagwaveanIIneasHdygnm ny

170 1633 - 1 1 0
i 1 1 1

00
&)
R
e
o))
w
oo
P

Lnnmmmw

941 1633 D 0 0 O 0
0= LOGIC LOW. 1= LOGIC HIGH

MIInTesFaya A I UN15158n

= s A A ¢ @ o~ =t = FY @

FIWITONISININTIRDNTUAVINA T TYTY I by "ﬂilﬂ']ﬁlﬂai’luuﬂﬂ@ﬂ'éﬂﬂ’ﬁ35"1)‘3"ﬁﬁ
o o :v = s o s = >~ o 7 = T a1

3z ﬂ?awmmiwqﬂummmm%xmﬂx:gq;mmsﬁﬂﬂwalmm\aﬁuum%‘ama‘ﬁu%a



a o W a s a kd as
TuaazdnadyanadidumsSennedunauns dy g DTMFNNaURAL U AN 0uNU

o U

1 A as 0o W = c; S ] Y A Y ~
ﬂﬁ??ﬂﬂﬁigfg?ﬂlI’i’]‘l&ﬁ"ﬂﬂﬂﬁﬁﬂﬂﬁ’luWiﬂﬂilgigﬂﬂmﬂﬂ TQINES TR 1IN YT

dutuiadsy s DTMF

wasgmms launadadyn e DTMF TUMT8880 & sedtumssuiiadoew T
DTMF mmmmgm‘ﬁwm 16 S Feeziiiuinudaanauy 6 4 (ﬂzjmmm?;émé';nm:
AguATIAATIR) ﬁﬁmmzﬁauﬁmaﬁuémmqzmzﬁﬂ’nmmzéwqﬂuﬂﬂmm'ﬁéftymm
Tnu DIMF 92185 nnpeesameuan iAYILAMITNE.599545 MHz Junfudaa
«maﬁﬁm%1,1?1%gv‘i'uf]u'c‘f"iyqpmi‘nuiﬂmwwzﬁy‘ngﬂﬁ‘xmv‘i'm'ﬁﬁ'dmﬂzﬁmqa%mm;ﬁﬁﬂ%
Tums Tlsunsusanuidareliimatng Gow) Hagsunedii-column) tazimsutlas
Fyanaudu HA SeTimsmieiasmd st diaBtiadnains28 RdusarAdans

oo A ~gills J
LLUﬂqjﬂﬁglﬂUﬂﬂm@Qlﬂiﬂq AN

Scalinginformation

1938/

Start Fragusenmey = O Flz

Stop Freguency = 3400 Hz
Marker FreGuency =697 Hz and
1209 Ha

-7 L S

1171 2.16 wRendyanaailnasuyesmsduiadyg s DTMF



MT8880C MT8880C mMT8880C
GSC1 GSC OSCtT  0OsC2

5171 2.17 mssolFaugwnannEmmiuIes MT8880

Mspunduanadanaln

U U

{ 2D .
Ty Tnuadunalat lodessuiadaas Iy latmrne- Nedaa e Inudiunz dyam
9/ G < o, a ,—;} 4 3 o7 ) 4
Tnuduge  TaodTvmmaynn vy s onee ldag e PEMFRoMINaTaugYnIal
' o o o q ¥ :1 ¥ & NS Sy 'ﬂ wa o v
a19n Tnedetumzlszoaalere e dmn g iR AT uANMI ARG INUYN

3 ¥
Uszmssagamnihoyyesfiamanatin

R‘_{S \\ Af? LT \:\ ‘i\
&S\RSD by
pAtA R Y v \\TF/— 2\ W7 JF o " O

371 298 il leeanavpeseuordinlu 8031,8051,8085

@ \\ 5 A by * = b
7 e s

CS, RSO 4 s

DATA BUS D< C

310 2.19 s laezunsuasoumswenlu 8031,8051,8085

32



gIunMdYa I DTMF

1TAIUNTY Y IANANYOIT YR I DTMF ﬁaé’luﬁo”le«‘fs‘l%ﬂ'%ﬁmmﬂuﬁa
Aiiadayg auim ﬁs'Jmmmmg;mﬁ’mumgmgﬁsﬂﬁmmimﬁﬁﬁﬁmmgm‘l%'ﬁ'fm Tan
a Ay Yo ;
ASTaBRTTYRMANA L IAel
- AMUDYDINTANDD 3.579545 MHz
- MSEiosUUALD +0.1 59 -0.1%

~ P2
ot & 1“1“!.141.!“1511’71’@"11“71!

mnnug noa

5 f’ﬂﬂ’ﬂil LA

et 2 a ¢ A v oo - s
311 2.20 vAenTlavzunsuniBumesaisaduin lu Tasneuinsawes



MTESS0C - 34
—7 T k 5
o] =1 — e VDD | j— = } 1
otveice [ 7 i~- SUGT 3 /_J_,
iNPUT : : ’
_1as ESt{TIRWAAA
23
e ] vt oal} ~
—f{vss D2t
77 -0SCH o113
0scz oo [% ,
ot 3 rong | TROCP [— ");}JQP
QUTRUT :
RAW w2 [}
TS RSO { F
Notes
R1, R2

nject undesicable noise mla

s ;
R4 = 3.3 k) 10% TA880 can be optimized
e I inum. The decouning

R, =Hrkiimin} 4 3
() e device and ground

3 =300 aF 10%
C4 = 19 nF 10%
X-tal = 3573545 MH;




unn 3

Tasearsrevesszuulasany

3.1 In39a319Nn19 Hard ware

3.1 imamadaezlszanevhidedvud ey 4 daude

1 A v ar s o ¥
1) Uy ﬂ@ﬂﬂﬂ@N‘W’Jmﬂ‘SIﬂU

2) dauAImauIan (Mai

3) daingdoms “‘-—5\\>\§\\\‘////{/‘/—-"

N2
— LV NG~ A~
’,," - /./ \\\ > & \\
= &1?’ N DT ")’agé —j/
Q 3
2 2 } (A ?33'\)5
2, ‘@ @
%{; M 0&\0&
¥ Ty
&2? AT/ (\@:.Qo

1) ufasenunen %ﬁ%@@gﬁ% AL

d'l d' = d‘ 2 % el gl = v
mmmnmﬂumsLﬂaaummn%xﬁm FUNTUNTIUAIVAUYAN  UANADIUNIU

© 4 v 4
auau laeld Visual basic RuhiSeldaunselideudetiuiie MAX232 Fulluneineynsu

anuidnduneinoynsy

= ] 1 = A 9 9 - o v Lt

fmadeneg 2 wuamslunmsiiszeieuiudeyannneuiianes dwdniniderig
SumionsuiiumeiAleiy TuRemsiudetoyauuuvnusazmssudedoynuuuey
nsumsiudedeynuuuvun wilumsSuniedefeyanstiag 4 nio 8 da Tunawsaiu

2 s G Y o ) o W wat 2 L ) - 1
mﬂzm“’mmismmzﬁway,avn’l@mmmmqwmwmammmmmu%mmaw‘l%‘lumsm



9/ =Y v o a Y A 8.9/, dytv Y 2 A8 ¥ o s
sz daailnuhduinnuiavesdoyniiezdidas uennniifsezdossmdemeiladminns
& . ¥ b & Y ¥ {] . o a
auRuinzMIaTaeuMsiudieyadis Feenvszdeclaeionnmy 2 MTVBIVILANLA

Y 1 1 gu Y &2 g y 1 4 1 o =
Foua Nozdifila FaddhutlgmludeesmvosnenFlumsdendouuuvinuineinm

LY

i 3 @ 1 u?: o 13 s [
JuvazAimssudideyamusynsudlumsiudedayanieas 1 a uanausasUm
Foya'ldnsnaznaenia 14 mnuAzdlinsanasiusznheiadumediun wiuds
9/ ey W;:in Chs s e 9 ,_>19/ it Sl Ao ‘]J'“’ = bt 191
Joyansmnznta Miuszdessedoymnliasuyniimdenourniimalsanann dwa i

msdemsdeyasyniue1liny R TN baHaLl Judnusnuenodysmsiud

kA
9 v

Joyauvounsuey WS dumoideundun piatioonaateifigs 23 furiniu ue
o < e i 3 (] 9 1
sasSalumsTudsdafaeradinimimunm st AnunTss Dgedoy AULUBYNSY
¥ o o ’ ol -3t - ¥
amsel¥meddaaitamoannndupltung 7 ilisEeE e lumgoms voyauuy

aynsua NI ldnnndr

MITDAINBUBKA T
A (1 s ) N & z

ArfeansmAednsinmitesntali |2~ Lyl AepatenaynIu
Falnsrianae msdodsoymiumnjasdsinste AsRe sy A e a el mnim
Savogdfiumssuiaz dadye)aiso st dat onaumiud InsidAdoRduesaves

=, £ \ 4 Y = s 4

aoufiaed \aydeldunitssihinous wWeenawret dmmed ndimiluiiuaoves
3 [ :3 a 1 o aly o ay Y 3/ & ) < S/ A‘ Y P=]
Joyn suiuntdadefyungtinsiadiazfomelumstveudogiiuiognga 3 i 7o

o/

o o o = ¥ 34 2 2 W
ﬁq;ﬁmmme J ﬂimgﬁu‘ﬁ&’ﬂ‘i'ﬂﬂ ‘g‘ﬂ‘ﬂ 3.2 LtﬁﬁdiﬁmuﬂdiﬂuﬁlﬂﬂguﬂiNﬂj’ﬂdﬂ'ﬁﬁﬁﬁiﬂ‘y‘ﬁ

wuF Insile

L M

Shigtd g g Wy R A s S SE T

B @ 2] 9] & € 2] UR

1

#
| d
e W

36



37

e

o ¥

319 3.2 stluuvednsdevigavesveyaoyn Iy

AR TTOYANUUDZ IS Hey

U

3 a5 Qv sf A q s o i 3 ~ o
msfemstoyauupbeda InataRansfuunz dedsyatt lume Taglu Suludeiidae

w3 dsafdoufuasSud dWoysnn v Taslain s Idmshvigendaanonniam
o Y v g ge T ooy lal Ty A ° %a o
WamaiuugtMadeifiar B enduauaRn R ld inTshmuagliniaiuuas

aAdatiil ensanTs ansnead aya an Deake Tmtaoiil tade IuTitBit persecond: bps)

sl uve sty N Tl AesF  Ingid s noua 4 0Ty Ao

.
a A

3! — ¥ &
1. e e o (Start Bity 9y iU ia 1318

a

21 indayauinpiaalinings e, 1599 09

©

- a.cr 3 \ = = =~ ire
1. U9a5 988119 A (Patity Bit) 3319 UIA 1 1A 1‘?5@1‘1!1!

a Y 4 1 A =
5 ‘Uﬂﬂﬂ'ﬂ?ﬂ (Stop Bit) wyvnael, 1.svMia 2z ua

8]

P - .2 [~ o & & 1t P v
707 8% drasiUiudvbivonoeynsuuinaEgalns e Suile Billveyanezden
o T b N, Al 5
DATA a0 Ao TH 217 sl ondoieinaainynio (waitind stage) n155uAUA
Al A a . 2 Sl e
FoynszsunInms I PDATAlaain “or@ruvassesiam T Uaede Suniiaiintas udu
3::.51 [ - A A:L:lua-u; 3 Ay P
nmiuiiadeynigndses il Taeguaindeniifednydtge(LsB) fou Fetoynluluan
] o a A a  gungs a’! 3/ a Q:‘y «:§ 9/ 2
Y9SN 5, 6,7 130 8 DA 19 FINHH nnawalslanisa 3 lsioailiaoun
a : An&v > v Q) = 91_:( Vcdl’Q Y .:} 91' y_d S =
RanmaiiAasunnmsdetoya tagamenazdefiediationes dsesIinmmionusasin

3 s ¥
1 Snafadauszezdiegetios 1 Oa, 15 a wie 2 Ta iadlunsurashdugadoyauds



38

an  da  doy ey  doy | ey doy (dey doy B Iw In am
3 H {f o i H H

O Gudla  afn aln  aln  adnialn aln dey w1 vga wO

wap {M o Am 10 2 jA0 4 is i6 o jaimgaR ' vign
58 0 7 59

138 puyueredyigessadognaunsiuuyes il

ailnsgnesi lastnnssennandmsunss Ul feeyauu ez InniaiSund
< ~ J o = or N ;
Universal Asynchronous Receiver /- TranSmitier Y e UARTEATIA M0 I UNSS mmzﬂa%mga
[y (] = —— = 3 é 3 v g = [P ad @
veans s IdiByauliuez I e Wnda mieaise FmapiimautngedmAnldluniy
L o - ¥ o & o £y *
uazdetynUBAIs AR IR T i eiaoLnsuRS -2 1aud
3 ¥
110,150,300.660,1200, 2400430096004 tieg + 19260, Danpanair wazia iy iniuey
o a PeYl ar [ v =4 o *
waluladusersuiassaim vistuue ynss Iaa . i hyaudistsapnsaimuan
¥ v

faisn Idqella, adrraetiThongasafmes lu@uuiunccdd),uud (evenmie hitims
o LA Y a 9 ~ W =4 v < = P=1

115200 Taaaduifl< oamniasassiniudadeipissod umoadamelu 1 Jun

» ¥

andwe Toynoynaugrdsludnees 3 amiinds ieaeunisa Wiasuau 1 a uag
a ¥ a ¥ A o, [ c{’ [ A = P P 0., P T Q2
Hellevhe 1 da anderesiss@nsudaioniu~10. T QA a lumsdatoyawiny
a r a3 T ) ¥ Y =1 S A =1 Y 9/ aav
9600 a0l AvrenunsaSimdagaladauniuniT 060" luddaduni uaziniin 133

3 @ v 9 A ;ﬂ W Sy A = medi 32 cxaj'
ﬂ’}'liJLS’JaluﬂﬁﬁJﬁQ‘ilay,ﬁ‘ﬂZH’m’BL- 1!872lﬂﬂﬂﬂ’nﬂﬂﬁﬁ’)ﬂﬂﬂﬂﬂﬁﬁﬂiﬂ MTATIVABUWIIA

:
A 1

fumsasaseeuimanvedaniduasin “17 meludeyandaly 1 Tuditidmausuiv

v
<t o

A a 9‘. a n; 3/ k4 Q . Y r oA a =
magusoad Tnsdossadanisadn lilde endietudoyanzimadaivue 8 da wazil
1 v s = = t yx;\o a
AWy 99 guduvn vie 10011001 gdes wiudweyaluludiifiiaueein «1”
o wéﬂ -wo’ﬂlo 13 Anv»-‘ vy a aay 9 ~ a =4
Fruam 4 iy dafudrimusswiadugeludenisa sz dediaedmiiuro” udd

ag{’ o 1A Ady £y ﬁ’_“ & E 4 2 s :A Q:do a A
wisaEiuga ardawisfzdeadur welddeya 1 lud sowvisdewisaiiswaudaniy
T N 9

2090 “1° DT Tuasef 3.4 naasdisdarssdanialumsideyn

YT



o o 2
TawirAgnasnTumInNMndesdoyaves UARTHIM1AIATU2ABINIsmun

b Yy 9
AUANTANITATINAOUNTI A AU ATINAOUNTIARNI DN T3 AT

u

b4
VINTUNIATUYDI
Q. ? Q-:(yC; S g 1 =] C; P o a 9 3
UART sziimsasatdeuamisannavuiniiugnios Tasmaiudwounein “rimua
:Q deyy ¥ o qd’,y 1 P r Qs Y Y ar .d’n’:
swisdan3adae  Sdmuamsa Biffugudsmdnaylumsiivesmn lddnaniluans
: A 4a &
masuszuaasteRanataeanigldnsy  dudlumsastsasuanuiawaafiinaiuly
1 3 Av.::; 1 Ad\yémaw .z!'.o 1A e IS~ Sl §
msaensatoyafideiiga udvziyene ladisliiatoyaivhimsdiranaiamissia@en
vq’;‘ 3 c;o r A KS'Q 7 ~ Y Qdd” ‘H.Iw
i Mideyanimsdalidaiidanmeuinnid1 1 Ua  msasegeuiedsiee 1 lam

U

¥ k4

o LY n’j ada 4 : a;;’ o ) " ad
TMITUMIAINTAT ALY NONE HURerTIAS Liasd 1eees Llhﬁﬂ?‘s’ﬁi?@ﬂ@ﬂ"r‘ﬂ?ﬁ

A ) Ag 3
Q1IN - Lo JHawavaduayn

5 T o = oo

1oya lanan UANITAN
00000000 0 1
00000001 1 0
00000010 i 0
00000011 0 ' I
00000100 1 0
L1110 0] 1
Il i 0

aoufiunelufu AT WelTuacld UARTNITT 16450 unz 16550 A
aouRuAeslugu XT 19 UARTIEF 8250 UART Silmeniiiseduusesdumnfifuea (1 uag
~s5v) usmeIHTusssudh ldamnasgn Rs-232 naziteWntsfudedeyaaunsavh 14
szozyeTnanndy SzﬁmuﬁuﬁﬁuemzgmgﬂmLﬁuszﬁumaﬁuﬁqqﬁu lagapdn o™i

SEAURIIAU 43V B9 +12vIurmsiastn “17Us2AUNI U -3 V ude -12 V

2

o



¢
MATFIHNDINUNIUUDY RS-232

AT TIUMTIHDUABULUIYNTY RS-232 Flunasgigaavnssufisenuu e 14
ke

TumsdetoyaoynsumuuesBalasi 2 fine Tasnasgu Rs-232Tusdadugnasniuy

A yiis 9 ¥ o L I A T L] ] A A o 9 =1 ;
wunemsdeiuToyavInnautuaes L lunuiiseiiuan  monzEIveyn 90 Tududs
4 ] < Y o s a ot d‘ L1 ) LY < ::;d v
FoensrmuaeInsiwd W dmeuinaesongadsegrlnaiy  lasamznssunsneen

oo = lels i
mnavgarmnssuditonIeling (Bieeroric TidEtries-Association : E1A) ldnanasgiuidl
q o~ Qs iy 4;‘ 1 9 = 5 o
Sodeniun EBIA RS —232900s5 it luanausny Idneuiimaesiiuuuy DB-25Taudvua
A b
anusgsgaveabdga e i see lemidaaded 3NN 12V uaaviiiifeya
= 1 g 1 il
(Mark)iag+3 89 #12V Ui Tiiugea919( Space)
o <A Vi = N e ‘
e RS-232 - TAAmnas iy nieiiouaoioyn  (Data  Terminal

- g 3 G ., X = : o
Equipmenty DTE) N34 %s%gaﬂmaww (Data Circuit, Ferminating: DCE) P 'egﬂﬂiﬂ& DTE

¥y s a3 PR A TES = s &
sdouiiuetinanininsaszaand gy lnlasaeiInsaesnio u lnsaobmimes Al

arwasn ehistd iTase kLU bLnsdta ougdngst | DCRIz Mt dlufisedaiy

&,
EY
n

i

Y ot £l d of L] v 7 c W
Foyaiidwnin DTE Wit Tagms fldviouassudnns il aaeosnizsi piunns g
RS-232
3 r é 4 i as
folandttuasaUnse DI bagglnadl DCE afainuiulgade aoutinees
o 1 [ ol & a
v03 DTE szt dauneuiininosves DeRefllf s Fenesaounsyvesnsuiinme’
g Yo Y ' = St et <
Ay fuegialeaduul@ DTE duaeniimesogidinanizduiul OCE

o

) o a 4 g Y P e
SmiunslFiwbunoufiupas neineuniy RS23ZAME gnldvoudaiy Tupu

wionndt Tasausodudadonaldfncinsvesmsdeghadigaa 20 was
o1 d o Y] d A 7
ADHITININBSEIHIUWBIN Rs-232 1OLNISIFONAS

A 3 ¥ o I8 @ ¥ A v 9k
NAsgIUMIERLAsILY RS-2329 Idanwiinmesiiuy DB-2532% 158 DB-9AIHH1
< g = v Y = Y vitoed o =1 g
ARUmINABS LY DB25wlnweldenuiies 9 idwduRefuaewtinmesuuy  DB-9
A A - 4 = = 3 1 g = =y
divannnsunfimeldonlueda  Tatulimsldoulinmin Segnendnly  Taouaas

sl amedmrisnluglin 3.5

40



a
) S
¢

}' ’1'! ;
.l‘
< F

bt
ni - ‘vu

&

s

!_ .vxl prf o

2

fo

vai ke l wt B

Bt

%5\3-

tnDB-25

2 Il o
apuTinAb DA | mav 5 W anal o&‘\ AUDY
'&;f J&)’& iy

1 3;39 B3l q@'@&@ D iu‘vgﬂ
Z i :RxD JUNA
3 2 Transmitted Data : TxD &mé{‘}‘gﬁ
4 20 Data Terminal Teady : DTR Lﬂ‘lﬁ‘b‘jﬁ
5 7/ Signal Ground : GND o

6 6 Data Sct Ready : DSR UNA
7 4 Request To Send: RTS 1PIFHA
3 5 Clear To Send : CTS Suna
9 7 Ring Indicator : RI am; A




o as A ' a 7 4 a <
SmdumsSeusoneuRuseisuglnssinousnumasdagy 3.6 goaslugluanans
S Ed d' A 1 A & 3
Femavoadoya Tugli 3.6 (n) Wlumsweudenyuy Null modem nIomsivoudalasasilag
' ' o & d & v o

Yidosruldy Tasfimsesareuniousudidndugluuy dnlugli 36 (1) dhums
A 1 o aq ¥ Y S 174 k74 2 o ar s 9
Foudeuun Null modem ludnumzildenudyanudivs 3 Wi Taodunindmvdsvoyn
a ¥ o w o P ) ¥ 7 o ar a ¥ a o 1
sndudmiuiudoya uazidugaeiiuninig FmiuswazBeanthnaialundazn

@
J A w A
YDINDIABUNTY RS-232 4A3U

————TXD) SiberE e
G T | W
RIS RST
DIR DR
TS B2 i N CTS
DSR DSR
GND>< GND

Y

> |
oy

a 4 Ld
ADLRINIDS atfAsainiiusn

» 4 3 o = [
() ﬂ'liﬂﬂ'qﬂﬂiﬂm1ﬂui)ﬂﬂﬂﬂ‘1jﬂi’)’u‘ﬂ’étﬂBim.l'll Null Modem

TXD TXD
RXD >< RXD
RTS RST
DR DTR
CTS CTS
DSR DSR
GND > » GND
apuRIADT galnsaimeuen

w msseatnsaimeuendifuneufiunesuuy RS 232 Tnolddga e 3
Y
e

1 o 4 Aa w 1
71935 mmaaﬂﬂsﬂmauaﬂﬂm‘miﬂmgﬂsmnaqﬂaummai’iuaﬂymzmaﬂ



Y 7

Data Carrier Detect: DCD H39819(36n71 Carrier Detect: CD ¥1H9zuendniaioning
T W o o A ] < o L) =Y y ]
dadyananrinngnsaideasdoyau Tudy dmdumsldamalng wiiaz ildgnld
QuuInin

- d” ¥ A o 1o 0 £ o a g

“Receive Data: RD %139 RxD w13 MifeSudsdyanaeynsunundnounines g

ihdeyanamididu 13 s dmmes dvines

]
1

Transmitted Data: TD 30 TxD ¥1f [¥tedadoyanonnnaouiuas lnshieyai
WueglusivimesdmSudadoyndeeanly

-Data Terminal Rcady;-DTR Sndaanhdseennnaoufiuaediioliginel
Paemeduih Aesnisfiaddnie Taew \DIR flosdoaieiimefuyn DSR wesgilnaed
aene uazv PIR ﬂumqﬂﬂmfﬂmmmﬂzé’{mg%auﬁmﬁm 3 1%, 3 A09A0U1 DTR WAz
pSR vouidifiad b miayaavos T DEDATILNGAT I sigsudomsi 1Tns
a5 Tudagpnm

-Sighal Ground~GND.A/ N5 19ATD 15 %11

-DataoSet-Ready: 'DSR mi‘ffaﬂ%@:ﬁvm DR ifens 9o ninHoade iz i
anuTiudes g saidadende ae PSREGEE AU ITaa AN agAdR
1091 DTR

Requestio Sead-RIS Hua b sudsdammfodnlinisginsaiyapmedidoya
ndninoNiEey Tne i yanm RTS DABY CTS Tns aii 19msFgusouuy Null
modem 3 @10'NSATWADLARYIRTS @Y CTS Vodd aitiiodidadndh g st ImsTuuazds
sﬁ'ay,ammamﬁﬂ%u"iﬁmﬂmm

-Clear To Sent:, GIS mf‘:ﬂzﬂaﬂ%uﬁqmﬂmﬁﬂﬂmﬂmfﬂmﬁwﬁ Unalumsiens
Taoialeneties lignldhm i lauiseuletsmouae Tuduuaz I sunsuiing

t4 E4
AU dy MU

v
It

UART 11910A171 Universal Asynchronous Receiver Transmitter «?}wmaﬁ@ E]‘ﬂﬂi ity
fandhitfusas dedoyanuuesde Tasdmhuosdmiunsdemseynsuyunouiiamoiud
UART ﬁ'a'hﬁluﬁﬂﬂﬁﬁqmmmsﬁamsagﬂsn

nihfindnves UART Aevhmihiudasdeyaiioglugluumsuunnaouinaes i
oglugilysynsuguvesslasie udadeenly wnsdhmhiiuasdayanueynsuuiues

~ w i 2 q % 1 H H 1 o 2
Felasriaidowsunds varT Widhwuunnuseuiazdedadhgrouiinaes Gausnim



. ¥ o a 7 ¥ v ¥ ¥ & q ¥ a saor v ‘

UART%awaaga"lﬂmﬂam*nmasum Faudsveynaua asunumessunualy 13U
o = ar v T ~ HEP ¥ *
SasuialumsTudetoya (Vaaa), gﬂsmnmﬁm%ga, ANUAANATINATUTENINA
1 9 a ac? b7 g ¥
DeNoAvoYa (RANMATINWIIA, wsudoya, Tonoiin) Fludu

oy UART ez iiduwesesedaueasaui sunsuld (programmab]e buadrate
generator) Tasmsfimuaa1fms W hudyanuimves UART Iﬂﬁsmmsummméw
ﬁaﬁufomwsaﬁmuammwaiuma 1-65,535 UARTmmmau#waua%msmu am*‘h

=3 4

WANT (half duplex) Haziing 80 (full duplex) Tmmﬁmsmuaxmﬂhwmﬂmfluﬂﬁmmm

AN z’m.n;mxmmlaﬂmx3ﬂ'nuhmuﬁﬂ%’mmzﬁamigﬁ%'mmn@mmu

¥Hnued UART

B ahnoufihe SRIRLGARD AEA Tusuag 2 0105 fe-g250\duilu UART
wasg i Wiendi I UARTT msummﬁéMaimﬂimmmmamuamuwNmmm
FalimsSuasdddnagninana e 3G SR Alhsinfe nemM LA U AR TR0
gl ael UARTTRIT L abliisines inoneudnpeann puezdasddueums
My gLiaegs dakTiesn

~a & <t arld v =1 7 iy
UART 90403 A119R0-16450 ummmmsmum%’aga‘lé’fwmmﬁq 115,200 Unno

44

a ~ A - < o o W o e,: v A v ~ dd 4
i uazias SeReT g ST ieRe VS U UART Lo InIRtanudauYRITHAT AR

. 2 b o s = os H
WU FIFO (First Tn'Firstious) VA is Hdida s anmstariugnpeiis s lunsiud
kY a as A WS AWMy o a o a v g ¥ \!ay A g $cele 1
Foyof 256 AladakeRnitis Inoneu o Tuilegduli UARPUSs inalnind wu
4 & aaa o . o Y o o e ~
W TLI5C750 3953 auinsiivy FIFOvHid, 63 TaiF Vit ulafisehuus iy +5V uag +3V 3
o o a 1 Vet = a 1A ~ A as
TnuanisUsendandeay owsniTivesa laneemss 1| wnziadohinfideddyapm
WM 16 MH,
1 =3 =] 1 1 -1 78 1
othalsiam anuElumsdedoyafinneves UarRTwes ImiqA hilddglins
v T Y B a L did J A 3 a oL 1 a o a
Audadoyavesneuiaaediiaty  wesnnineuiinreilinmitvesdyamnrmuny

¥
Tumsutlasdaynies 1.8432 MH,WNUY



a < 2
19090181H1aL SASNDT VBINBINDUN TN Rs-232

A A g o ' P oY ¢ & ~
ASpanauuans e llaminaensiaeyniu RS-232746A b 4 oA Tz
A = i 2 5 5 % e 3 @ v 2S99
soSonilu coMm 1, COM2, COM3 iaz COM4 FaneiaounsuuAnz AN 19U UART
~ & ~ ] [ ] s
moluaoufinaed lumsaade MiginssinsuenREIN
o -4 Q;" 3 aa & =Y s
Yaezunsumsiauaeluneinaynsy Falszneu ldasdmmesvuin 8 Ua § a7
H s Y aa 4 [ - ° F v
Aldausmey  UART zmmmmmma-amsammaium{ﬁ@gﬂﬂm'mﬁammiﬂﬁmﬂm
=% o 4 o ' ~ e
3 AROSHUTIUIDINDTADYNITN BRAIDHN wasaaynsy COM 1 IupAuAITHRLN 3FSH
o T S o I~{ o v o 3 W o e 7 <~ =ta sag ¥ o I
Suniavedd sennoda e umisiuant lnua 3EsH tays eeps N IFuNUNDIA
o oo
DUNINAIL
& e & w. 7 i~ 9 e — &7 A a 3/ ' P '
00H T3S anestitesH SN UD R B VAU BT BUAYAND U ITTIBDN
Tal
S et -y =Y dw (L &~ -~ CL- s I
o1H [ 53mmaS ot ItuiRDs s e B s M omaos Jlaveaneia
BUNTH
=¥ P = sl Qg 4 o~ = @ 4
02H Stepaires Muansanwes i HHeaIveeD MOaupdouH DS died)
n Jer | @A q?
MIaunass Usnatly
ey S o ¥,
03H 5 tua dsf I uaz U LBy
At 2 & )] i allis o off Gt Jlo <3 1 24
O4H TR ripdanguludi 13T da Tl adins uAnABml Tuhy [Ty RTS w30 DTR
0SH SS e d5uaa sa 0 1He M55 Dl asmsdiolatiuoynsy
= =3 &
06H S3aladsaesdnus Yo Ay SN eYINaIIn U Y31 DD, RT, DSRuay CTS

aa o o - <
07H 3‘i]ffmﬂiﬁ?ﬂiﬁﬂ'\ﬂﬂﬁ%@gﬁ‘ﬁ?ﬂ?”ﬂ'}

e d o ] a8 d o 4
SERBIONUYIHI §0H: iﬂﬁ!ﬂﬂiﬂﬂﬁ‘-]@‘i

At ) ariedl g Ao 3/ ¥/ a t a T o Ad
s‘i‘lus%mﬁmmwsmnwayammmmsmmagaw%xmaaﬂ"lﬂ Iﬂﬂﬂﬁ'ﬁﬂﬁﬂﬂﬂi%

st A g 9 dy ; ¥y o ya e 4o
ﬁmaiumﬂsmﬁmu‘,ammmi%mwzﬂmﬂmw,éﬁ,mm DLAB 1u3ﬂﬂmﬂiﬂ‘1ﬂuﬂ§'ﬂuﬁ‘ﬂ

£

2 EY a ‘f‘ & = EY ar ny ﬂ £ 29/ o i
Yaya (03H) azaauanIusiiy O Gmmimmmjmgammmmmsﬂu L ‘uﬂ'ﬁﬁ&%ﬂgﬁiﬂﬁ!\ﬁﬂ
o x99 e 4 (RS A 3 ¥ o ¥ A @ oo ¥
mﬂmawa}gau‘nma@wgﬂmvaﬂiﬂ;muméﬂw MIUMITUIBYD 1NBVDYaNIVIIN
S ¥ ¥ ¥ T @ aict &icdngl % = . =4
Lﬁem5@Jmmzuﬂﬁ-:md]uu,nmmmum ﬂ!@igﬂﬂzgﬂﬂ\iﬂ7fldﬁﬂﬂ&ﬂ@ﬁlﬂlﬁ!'é)ﬂgﬁ UNRIINUNTOIUT

3 Y 2> o ol g v
Saandtoon S nao s qunded nnzsdouwdoudmivmsfudeyaluluddeld



LY U a '3 3
ﬁﬂﬂ&%ﬁig@lﬂ!ﬁﬂﬂﬂ!!ﬁ&’!ﬂ]ﬂﬂﬂ‘i!'f)ﬂﬂﬁiﬂ RS-232

o I's { ’
’da,ﬁmmmﬁmmm%ﬂ’man (RTS uae DIR) uazduy IR IUZOUNA
. - X I'd
(CTS,DSRigz DCD) ¥8Inaiasynsu RS-23232 mu#muwmdr’lum UARTHIUT QeI
¥
Y Y 1 P T o
ﬂl’ﬂigﬁﬂﬁﬂ'lﬂﬂﬂkmgﬁl%ulmb]ﬂﬂmj’dﬂ'mz UART %xi'ﬁizmmt\u@mﬂm‘vgﬁaaﬂm'wflw,m_m
4 > § S % 4 a./ s
fRuoaminiy fuluiledyanugndeednuinn UART Sedosduingaeesdumeiuszdu
B3 o/q 13m th e V‘Ql ﬂa K‘e fes ST 3 24 y ¢a ?{ﬂ 1? = '!40 Z
urssu sz dudaanantiullmunnasgiy RS-232A0UMIBDN LUINNABURUABI NI
wﬂmmmxmmﬁammqmwmnmﬂsmﬂuﬂﬂymwwﬂswﬂmm Wil 18sedudyanuly
JEALRBINU umwmmhmmfﬂuﬂawmaaz.mzﬂﬁ'ﬁm@mﬁ’mwﬁmmﬂmmwanﬂ’m

aTUe

uewmmaswa%m&gmn

meﬁﬁﬁ‘vﬁ{ugm%mea{ﬂ@uﬂsn 14 ﬁ"mmisé’af:ﬁa

COM 17 3F8H

COM 2. 2ESH

COM 3:._3ERH

COM 4:-2E8H

Fodlifanruiteidunasiugen Tuserasliasuioees w$inmInsIdey
u:emm:mmwaé’ammuﬁmuﬂ Hlpeansrmitiaamsdveseiaoyniy luesdwll
omasaias o s hanhonru i 2 Tie dmdiiwefebdnss comiazinll

4 A ) & %
nuBaAnI e 0000: 0400 H a2 6000: 0401 H ﬁ’mﬁ'ummauc]‘ﬁi‘laazmﬂﬂmu

COM 2 = 0000: 0402 H - 0000: 0403 H
COM 3 = 0000: 0404 F1 - 0000: 0405 H
COM 4 = 0000: 0406 H-0000: 0407 H
ueﬂmﬂﬁ;‘f;wﬁwmmﬁ‘imammm 0000: 0411 Salddmiunaasiiuiuyeiness

At : a It 9 S a = @ =
sunsuiiidogluneuiinnestndanlasinuazBeaduansiumaned 12

46



A 3 ¥ o s
137199 3.2 uarmsdeyaluueawsa 0000: 0411 1 AlHudsT UM ABYNIY

in3 | Um2 | dal nuwesa
gl o 0 litinesaounsy
A 4
G0 s fiwesanynsy 1 wosA
~ 4 2
ot finpsAoYnI 2 WosA
=t «
0 1 1 TwosAoYnNIU 3 WO iR
B HWeSADLING 4 WO3A

= A 4 ¢
msvenllstnsumelEnTainounsH

aoulnsa MSComm

SmEums 14T VIS BASTC fadaans iy 7 Wiidu- i Visual BASIC i
aeunou InTad T nAasderseuhs R wo seaynsliyesaliwe sl | Taalu
Visual BASIE 9855 T i ndAns a4 |3 s 198031 MSCOMM.VBX s 1054 4 e
MSCOMM16.0C% §witaisTufliszubdguans 16 18 uaz MACOMM32.0CX
SmsumsneniiusEuuLU AR 32 dia. ST Visfal BASIC N9d 5 axiiifise
MSCOMM32.0C K itz gnoa i i Igsaniise 1 §iRnae 32 da

MSComm Snlnttuniienionld 2 muilearipedanlufsiomsteya mawsn
Ao msdemsdeyafinszaidadinannsel  (évent drivenecfmtinications) Sugtuuums i
utdszansamundmiunsreuaue WTTUNTUlA WU iiessnusgndaniinesa
E)Hﬂill‘ﬁ?@&ﬁﬂﬂ“lil,'l_rét’lul,!.ilaﬁ"ﬁﬁi'l Data Carrier (DCD)¥3897 Request To Send (RTS)
MAMIS Oncomm  ABY MSCommﬂzmmm%"nﬁﬂﬂé?q;nunmifu”le’{ﬁuﬁ Feaznanis
swazdenluifenuau@ CommEven #oly dumadeniianafiumnssasinaoum
mamsaﬁmzmmﬁﬂ‘wmﬂﬁsﬁﬂifué’f’mmsQﬁwﬁxﬂéauuﬂmmaiuamﬁuﬁa ConnEven
ndn o lilifudeg  lSeuieadn FeEig1datunsan
Tilsunsufvneidn

apnTnsa MSComm 1 Mmwnsamuaumeiauewesasunsyld 1 weda d1lu

=~ QS E a Vo kg 3 3
Isunsuildaudoimifadefunesaeuniuinnnil 1 woie szdeildnonlnsaMSComm

47



1 o 4 7 1
unn 1 ﬁ?&ﬁ@ﬂ’)ﬂ?}ﬂ“ﬁ@iﬁﬂqﬂiﬁiﬁtﬁﬂﬁ%“ﬂﬂgﬂ meﬂ'ﬁﬁ%@d“v‘l’@";ﬁ'ﬂuﬂ‘iljuﬁmLBﬂLﬂiﬁ

Py dv | o ~ yillay
Yot unes SUfaTaasuuasldannisud lua1f Control Panel

CommPort

o *

I lumsfimuauazstummeineynsuiiaadasy (COMI, COM2, COM3, COM4)

siluuumisldam

18 Tuss 1-16 (ApTRusAIeian O flima i A3l ‘é\IﬂUi‘%ﬂﬂ&ﬂ‘ﬂ‘ﬁﬁ
a4

¥

Setting

3, P, D, S” Tng BBBBITUAT

o ‘ﬂ 1 Aas.l P o ﬂ o a L3 a ¢ 1
AU, P LUURAINIIA, D Lﬂmnu’,lmmmmm‘zgﬁ Hay St Uﬂ'lu']u‘“@%‘llﬂﬁﬂﬂ"iﬂ ']Jﬂm!.mm

b
figndmua i 9600, N, 8, 17

b

% o b
e auAs A 1SRy MSComm AT

110 daaud
300 Lageun
600  DmAeauih

1200 1ade3un

48



2400 Undodnd
9,600 TadaIui (A1na)
14,400 Uan0IUM
19200 liasaIuh
28,800 UAgn N

28,400 UAAB3 N

38.400 Taae 3w ((9au)

Y
oy pratad s

MSCONN1.Setting =
a1 do 3 ' A o 4 r A
vaname  anmefisidmuaszdesednoluaiomuisiign <7 1HBINNMA
b
fimuatisg lugdaauls String
PortOpen

o v v o § oy o
Flumssmuauazs umanuz vomasaoynsy ewauaslanoiaoyniy

49



sluumisldnu

object.PortOpen [ = value]
i S a3 = A Y =3 s
#1 Value Haiateyaifiummdu fo True i1 False 1ag True winehamaianeia
pynIuae Flasewanetansanainoynsy mw4umﬁ‘lﬂwainumxummwmﬂw@mm
Ye3aae nou Insa MSComm 92 ﬂﬂwaiﬁaumn Toednlusiaiiooonanlilsunsu feufieg

aaaulid CommPort Srlgshms v

X LLEARITOROANA Error 63

- mﬂgls “‘

ommh.CommPort =1

- Input

50



51

siluuumslram

object . Input

AMANTA InputLen Fugatmuaiuauvosadnyinesmlaonuaul nput 113
o v Y 1Y o a ¥V LYY o kY > T 1 ’y’ %
S i ToputLen Wi 0 Wumshvualigsiauiia nput Mldmsemmveyalu
s dar :
irinlessudoyaianua

’

AMaula  InputMode Suidmuesiavestoynitinaeud mput Sudun &
InputMode gnfmuaiiy cominputModeText-Amiatia Input vz demveyanauu vy
voatennutiadoyndhu i Variant &1 mputMode faftuaiily  cominputModeBinary
qaueriia nput 93 dadpgand ﬂuiﬁ%m‘hmmmﬂm%amﬁmmu Variant

Fromsllshinsamapeiiuniasiunns m%auamnm&wﬁsmmmm

PrivateSub Commandl—€Hek ()

Dim InString as String

MSCommtInputhen = 0 Retricve-all availablC data.
If MSComml:mBufferC ont ThenChegk for data

InStiing.~ MSCGemm LAfiput Read data

Enddf

End Sub

InbufferCount

demsnuvesiaenushod ihfdiiasnniy

v Sy
silumslianumd

objcct.InBuf"fchount [= valuc]

$184 BufferCount szudAImIMIMIVBIFISNYT Fefuannameuenuaziudueg
Tutiledmasy  eldfldusmenn’ll  dmiumsndesaiislesnmnivilalag
S1munali mBufferCount Hanudu o

WM D NEUAUTZHIN §1dy TBufferSize wAy InBufferCount FIAY

¥
% ar A o o @
InBuffarSizetu 14l Smunnavesivies nady



52

InBufferSize

3 A ’ o 4 Y ’ 4
m‘wumm:ﬂuﬂwmﬂﬂmmﬂvﬂasmmulnﬂmm’ﬂu'lnﬂ

¥ 5. o
gﬂilﬁﬁﬂ]‘ﬂ"ﬁ\ﬂﬂﬂTﬁﬁ

Object. InBufferSize [= value]

ked

o 15N qY A o Y e [ pia g 2 Vet
Srde nBufferSize Mindmuarmavestirainndy Tasmusudugnimua 13

1024104

MU ,. o
4 1 A =
M3 IFnua UM ao U

A2 o

Wiloahnmaed vy

Input buffer

Do Events
T.oop
Buffer = MSComm!.Input Storc binary data in buffer
Arr = Buffer Assign to byte array for processing

End Sub



53

Output
Tumsdauauvesdoyallfnivresdedoya

slupumslrau

Object. Output [ = value]

1

A1 Value IHUAIYDIA0 DB datioyn amausa output ’nmsa'hs

End Sub

Qut Buffer Count

b S v v ~ 3 - 7 o Q.l ; A
Aumhundeyadisnysiinueg IHTHIRoIMA wazansaidaiiiiombes

tilosntadalAdae
v Y
sluuumslFnumd

object.QutBufferCount [= valuc]

a Jw s 1 ~ o ’ T o
Adruensandesiviednadsld Taadmund OutBufferCount iy <07



W 1Y s U 5 g > 2
nulgvig 39 Qﬂ?'ﬁﬁu’f’flﬁg'ﬂ'}?@ﬂmﬁwu@ OQutBufferCount NU OutBufferSuze %3

" B A o LY Ed ]
OutBufferSize 1o vuavunvastvmosninds

GutBufferSize

o 1 2 @ T a W I a
ﬂWﬂu@ﬂHLﬁ%ﬁuﬂ'Wii”lﬂi]?}ﬂlﬁfh"i“‘@{ﬂ'tﬂﬁﬁ ‘ifuﬂﬁ?ﬂﬂil,{]uwﬂllllﬂﬁ

el
slssumslraumd
objcct.OutBufferSize [ = objcct]
a : 3 o Q7 o % < L. g A ¥
At OfBufferSize MR muraiaveuiidednAg i Ina InAflsnues
= W [ - o
fiawiiniu 512 Wa
o 1 =R/ o (e = ) Y=Y [ A R Yy Y
v temgarsviad Thlrtedana denvaniily it iimbsn ez mde 1414
Y ¥ 1 < ¥ o s NP o, F> | g/ . N :fdgal k4 =
anten upssrlsAndmrued amd kb IfiRe feynduiivasin 1 ondueed
% d 3 Ay ;1' b o ¥ et AR =~ Ty, Bt 4 - & 1 B
msld uanfia Samsngndothimg fniaatie eaeilmaEumnaoa 15121 vag oy o1

o = o) 1 A ) - 3, J
Talsunsurite TeidRia N udo ol oRD AL 108 OutBufferSize WHnau

d
11N 138 OnComm
L J =3 1 W =i P
e GnCemm IIRAHAIEMLDANSIRMTNTRA CommEyent umsnfaoumlas
é'i :: d n’: SN, o & Y a A = é‘?’ s L
mauﬁmwanmﬂaﬂuuﬂmmmummu‘ﬂuwulﬂmmmﬂwawmwmﬂmﬂmu AIDY I
' N 4 s
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Private Sub MSComm_OnC om0
Select Case MSComm 1.CommEvent
“‘Handle each event or error by placing

‘Code below each case statement

‘Error
Case comEventBreak ‘A Break was received.
Casc comEvenCDTO ‘CD (RLSD) Timcout.
Case comEvenCTSTO *CTS Timeout.
Case comEvenDSRTO ‘DSR Timeout.

Case comEvenFrame ‘Framing Error.



Case comEvenOverrun ‘Data lost.

Case comEvenRxOver ‘Receive buffer overflow.
Case comEvenRxParity ‘Parity Error.
Case comEventTxFull ‘Transmit buffer full.
‘Events
Case comEvCD ‘Change in the CD line.
Case comEVCTS ‘Change in the CYS line.
Casc comEvDSE Ghangc in the DSR linc.

End Sub

DTREnable
RTSEnable  dmiudaldan RTS Uaovn “0" n3e “1”

CTSHolding  §wivusumaniuzenyl CTS 1dlassn “0” n30 “1”
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;**************************#***************************

<k *

2% FILENAME HO.ASM *

% DESCRIPTION  PROGRAM o

*  HARDWARE NONE *

;¥ ASSEMBLER  SXA51 *

¥ START-DATE  28/04/2545 *

2% UPDATE 28/04/2545 i

-x  ENGINEER 0.JEDT *

% COMPANY INDUSTRIAL TECHNOLOGY (KMIT'L) *
o MASTER CONTROL DTMF *

kR R OR KK KRR KRR KR Ok kR KRRk kK ok ok Rk ok Rk kokkoR R Rk RoRR Rk Rok R Rk

~

FLAG:
BUFFER
WRC
cs
RDC
RSOC
DATA
MAIN:
SP,#200
MOV
P1,#0FFH
MOV
P3,#0FFH -
MOV
p2,#0FFH
MOV
SL_CH,#01H
MOV
TMOD, #020H
MOV
SCON,#050H
MOV

TH1,#0FDH



TL1,#0FDH

POWER
ACALL
ACALL

POWER

RO, #8
S_SOUND:

RX_DATA:
RX_LOOP:

@RO,A

R1,RX_LOOP

RO, #30H

R0O,S_SOUND

POR
POR

MOV

SETB TR1

CLR

ACALL DELAY

WR_CHAR

GET

ACALL WR_CHAR
MOV

INC RO
DINZ

ACALL ENTER
MOV

MOV

o RLHED vxe e amo A B e e g,



TX_LOOP: MOV A,@RO

ACALL WR_CHAR
INC RO
DINZ
R1,TX_LOOP
ACALL ENTER
SRR KRR KRR KRR KRR KRR KK KA K
: CHANGE CHANNEL
MOV
A,30H

SIMP EXT
POR: INC DPTR
MOV
A,DPH
ORL
A,DPL
INZ POR
RET

;*****************************************

$INCLUDE "MT8880.ASM"



$INCLUDE

"805110.ASM"
$INCLUDE
"CONVR.ASM"

TI1: DB ’
MT - 8880 COMMUNICATIONS',CR,LF,0

;*****************************************************

END

s = o Y] v = = & i v o v ¢y Y
nansiiluenasnanulidmiunisidmunenisfinyivintu ey aiihlldusyleiaunisn
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;************ KoKk ok ko KR ok ok ok R Kok kR R KRR KRR kK

INIT_8880: MOV DATA,#0FFH

CALL RDRS ;
MOV A#0 ;

CALL WRCRA ;

MOV A #0 ;

CALL WRCRA ;INITIAL MT8880
MOV A, #0CH ;

CALL WRCRA ;

S ———
AOV. o0
083 28 NN N

2 *kkkkkkkk \WR R ¥*
; WRITE COMMA GISTOR IN - v A
;IN =A by ¥
; REG = A agnant?
WRCRA: : A #OFH
MOV DATA,#11011111B
NOP
MOV DATA,#110011118
ORL A,#0COH
NOP
MOV DATAA
NOP
MoV DATA,#110111118B
NOP
MOV DATA, #0FFH
RET

; **Hwekk WRITE DATA TO MTBBBBC *#xtrk
; IN = A Q-4 q 5 4 c G 3



; REG=A

WRDT: ANL A, #0FH
MOV DATA,#010111118B
NOP
MoV DATA,#010011118B
ORL A, #40H
NOP
MOV DATAA
NOP
MOV DATA,#010111118B

DATA, #0FFH

; OUT = A
; REG = A
RDD:
(IOV
&:lll:l..llll{.lw
SRRk (
S:DT:
0 A#0,Crl
WR_CHAR
MOV
A,#0AH
AIMP
S _DTMF
Cp1: CINE A #'1',CP2
ACALL WR_CHAR
MOV
A#01H
AIMP
S_DTMF

PR e o gm0 BCME  awow qu AZEZLES



CP3:

CP4:

CP5:

CP6:

CP7:

CP8:

ACALL WR_CHAR

MOV
A#02H
AIMP
S_DTMF
CINE A#'3',CP4
ACALL WR_CHAR
MOV
A, #03H

A#'4,CP5
WR_CHAR

A#'6',CP7
WR_CHAR

CINE A#'7,CP8
ACALL WR_CHAR
MOV
A,#07H
AIMP
S_DTMF
CINE A,#'8',CP9
ACALL WR_CHAR
MOV

A#08H |



AIMP

S_DTMF
CP9: CINE A,#'9',CPA
ACALL WR_CHAR
MoV
A,#09H
AIMP
S_DTMF
CPA: CINE A #A',CPB

WR_CHAR

CPB: A,#B',CPC
WR_CHAR
CPC: #C'CPD
R_CHAR
CPD: A#D',CP_C
WR_CHAR
A, #0H
AJMP
S_DTMF
CRIC: CINE A#'#,CP_S
- ACALL WR_CHAR
MOV
A, #0CH
AIMP
S_DTMF

CP.S: CINE A#*,CP_E



ACALL WR_CHAR

MOV
A,#0BH
AIMP

S_DTMF
CPIE: SETB C
RET
S_DTMF: ACALL WRDT
A,#0DH

A #01H

INIT_8880

wnasiiluenarsnanulidmivnisidmunenisfnwimintuy ldeugalmiluldusele

¢ Y 9/
IPUNTUNIIAT

dd

[V Y
=9 N 6 % v =
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;***************************************

; FUNCTION WAIT DTMF IN PUT FROM RADIO

’

STD EQU P0.4
WAIT_DT: INB STD,$
B
STD,$
MOV
A,PO
ANL
A, #0FH
RET

;***********************- FRRR R Rk kR R KK

SL CH
POWER
PTT
MODE
K_CALL
K_POS
K_NEG

;******* ;

R1,A
MOV
SL_CH,R7
ACALL CH_UP
NON: RET
SMALL: MOV R1,A
CLR
CLR
SuUBB
AR1
MOV

R1,A



MOV

SL'CH.RY

ACALL CH_DN
RET

SRR R R R R R R

. CHANGE UP CHANNEL

; INPUT R1 (NUMBER OF CHANNEL)

CH_UP: ACALL P_MODE

CH_UP1: ACALL P_POS

R1,CH_UP1
P_MODE
P_MODE

SRRRRR R

’
;**********

;******************

: PRESS MODE

P_MODE: CLR MODE
ACALL DELAY
SETB

MODE

ACALL DELAY
RET

;*************************************

; PRESS - KEY

P_NEG: CLR K_NEG
ACALL DELAY
CPL

K NEG



ACALL DELAY

RET

;*************************************

: PRESS + KEY

P_POS: CLR K_POS
ACALL DELAY
CPL

K_POS

ACALL DELAY
RET

& koK ok ok ok oK ok ok ok ok ok ok ok ok koK sk ok ok ok SKokok Skokok kok ok ok Rk ok Rk ok X
7

; PRESS KEY CALL

P_CALL: K_CALL
DELAY

DELAY

A3 2 1)

RAAAREN

RN
v

QEEASK, E}'»:D
SOOI T TTTTTOT
i i
| »g. Ve

[

P_PTT: FO,P_OFF

P_ON:
ACALL DELAY
ACALL DELAY
ACALL DELAY
SETB FO
RET

P_OFF: SETB PTT
ACALL DELAY
CLR FO
RET

;**************************************
, DELAY FOR PUSH BOTTON ANY KEY
: REG 5 6 7 ( SAVE)



DELAY: PUSH 07

PUSH 06
PUSH 05
MOV
R7,020H
D1: MOV R6,#06H
D2: MOV R5,#0FFH
DINZ
R5$
DINZ
R6,D2
DINZ
R7,D1
05
06
07

SRRk

s Ql o ) v A = & i v o o ¢ v 1Y
wnansiiluenasnanulidmiunisidmunenisfinyirinty ey lldusslesisunism
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CR EQU 13
LF EQU 10

NL EQU 12

;*******************************************************

; 8051 10

;*******************************************************

CK_ENT: ACALL GET
MOV A,SBUF
A, #0DH,CK_ED
SRRk Rk
GET: ( :
p ."lli RI
: ;ﬂ}{[f ‘ A,SBUF

.I
Pt

GETCH:

A,SBUF
ACC

ACC
WR_CHAR

GETCH1: NE A,#0DH,GETCH2
ACALL ENTER
RET
GETCH2: : POP ACC
RET

;**************************************************

GET_2D: ACALL GETCH
CLR ¥
SUBB A#0
SWAP A
MOV RO,A
ACALL GETCH



ORL A,RO
RET

;****************************************************

CLRSCR: MOV DPTR,#CLR_TAB
ACALL WR_LINE
RET

CLR_TAB: DB CR,LF,NL,0

;****************************************************

ENTER: A#CR
WR_CHAR
A #LF
WR_CHAR
SRRRKAA AR AK

SPACE:

ACC

A,#OFH

DPTR, #ASC_TAB

MOVC A,@A+DPTR
ACALL WR_CHAR
POP ACC
ANL A, #0FH
MOVC A,@A+DPTR
ACALL WR_CHAR
POP ACC
RET

ASC_TAB: DB

'0123456789ABCDEF'

« koK sk sk ok ok ok ok ok ok 3k oK Sk sk ok ok ok sk ke ok sk kok sk ok Sk ke skok kokokokok skokckokokk ok Rk ok kR
’

WR_LINE: CLR A
WR L1 N  PUSH : " ACC



MOVC A,@A+DPTR

CINE
A, #0,WR_LINE_1

POP ACC
RET

WR_LINE_1: ACALL WR_CHAR
POP ACC
INC A
SIMP WR_L1

;*************************************************




» Rk oK KoK oK KKK KK oK oK KoK oK R KK R KoK SR Kok o ok ok Sk Kok ok ok ok K R ok ok ok ok kKoK Sk ok ok ook kR Rk ok

ok *

;¥ FILENAME HO0.ASM *

;¥ DESCRIPTION  PROGRAM *

;¥ HARDWARE NONE *

;¥ ASSEMBLER SXA51 %

;¥ START-DATE  28/04/2545 i

¥ UPDATE 28/04/2545 >

;¥ ENGINEER 0.JEDT s

;¥ COMPANY INDUSTRIAL TECHNOLOGY (KMIT'L) *
o RECIEVER CONTROL DTMF

kKK KK KKk KoK K KK KKK Kok K KKk Kok Kk R Rk kKKK Kok ok ok ok ok ok k ok kokkk

7

0000H
MAIN
FLAG: 1
N_ACK ‘
’ IONTNTN TS
BUFFER e L
MAIN: #0
POR
POR
SP,#200
P1,#0FFH
MOV
P3,#0FFH
MOV
P2,#0FFH
: MOV
SL_CH,#01H
CLR
POWER
ACALL POR
ACALL POR
SETB
POWER
ACALL DELAY
MOV
RO,#8

SLEOMNB Tl T msunsldauitons@meAblay luou R RO



DINZ

RO,S_SOUND
SRR R R R R R R R R
; WAIT DATA FROM RECIEVER
*

;*****************************************

CO: ACALL WAIT_DT

A,#0CH,CO f #

WAIT_DT

-----

)
a’:““-'—ﬂ;
‘,v 1OV

/] A ]
& o
:{.-.’ “ACA GO_CH
S “Famp co

’

POR:

DPTR
A,DPH
ORL
A,DPL
INZ POR
RET
$INCLUDE
"CONVR.ASM"

END
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1so2-cmos MT8870D/MT8370D-1
@ MlTEl_@ Integrated DTMF Receiver

Features ISSUE 5 March 1997
+ Complete DTMF Receiver Ordering Information

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

* Internal gain setting amplifier MT8870DS/DS-1 18 Pin SOIC

MT8870DN/DN-1 20 Pin SSOP

° Adj bl dti
justable guard time -40 °C to +85 °C

* Central office quality
* Power-down mode
* Inhibit mode

» Backward compatible with s
MT8870C/MT8870C-1 Description

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

Applications réceiver integrating both\the bandsplit fiter 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. fiilters;~ ‘the decoder, uses digital counting
technigues to detect and decode all 16 DTMF tone-
pairs.into/a 4-bit'code. " External component count is

* Paging systems
* Repeater systems/maobile radio

* Credit card systems minimized by on chip provision of @ differential input
* Remote control amplifier, clock oscillator and-latched three-state bus
interface;

* Personal computers
* Telephone answering’'machine

vDD '\ VSS VRef INH
A I
= Bias \ J'
PWDN ”l  Circut / VRef
Buffer
Chip Chi P —&_ G
ip ip v
Power Bias HighPGioyp, = Digital Code
Filter Detection Converter &_ -
Algorithm and Latch Q2
IN + i
T%'sle Zero, Crossing
IN- Filter Detectors > Q3
GS Low Group =
Filter _D- &—» Q4
DC > tc?h?;l)l > St Steering x
Clocks < GT Logic 3
A A ——
v v
0SsC1 0sC2 St/GT ESt STD TOE

B P e L e O o T T it S
Figure 1 - Functional Block Diagram
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MT8870D/MT8870D-1 1s0%-CcMOS

18
17
16
15
14
13
12
11

OONO O WN-=

SOV ND® U WN=

20 PIN SSOP

Pin Description
Pin #

18 | 20 Name Description

1 IN+  |Non-Inverting‘Op-Amp (Input):

IN- Inverting OpsAmp (Input).

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

4 | 4 Vret |ReferenceVoltage (Qutput). Nominally Vpp/2-isiSed to_bias.inputs atmid-rail (see Fig. 6
and Fig. 10).

5|8 INH  |Inhibit (Input). Logic high-inhibits the detection of tones/ representing characters A, B, C
and D. This pininput-is-internally. pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and'inhibits the'oscillator. This
pin input-istinternally’pulled down.

0SC1 |Clack (Mput).

0OSC2 |Clock (Output). A 3:579545 MHz crystal connected between pins OSC1.and OSC2
completes.the internatascillator circuit.

9110 Vgs |Ground (input). OV typical.

10| 11 TOE |Three State Output Enable:(lnput)./Logic high enables-the/outputs Q1-Q4¢ This pin is
pulled up internally:

11-112-| Q1-Q4 |Three State Datay(Outpiit). When enabled by TOE, provide the code corresponding to the
14| 15 last valid tone-pairreceived (seg Table 1). When TOE is)logic [ow, the data outputs are high
impedance.

151 17 StD  |Delayed Steering (Output).Presents a‘logichigh whena received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below Vg

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

17 | 19| St/GT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg; 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.

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

T, NC No Connection.
16
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Functional Description

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

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to-the fow
and high group frequencies. The_filter/Section also
incorporates notches at 350/ and 440. Hz “for
exceptional dial tone rejection (See Figure-3). Each
filter output is followed by a’single order-switched
capacitor filter section which smooths the signals
prior to limiting. Limiting/is perermed 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 dogic
swings at the frequencies of ‘the incoming, DTMF
signals.

Decoder Section

Following the filter section is a-decoder employing
digital counting technigues™ to_. determing.  the
frequencies of the incoming, tones and, to \verify that
they correspond to standard’DTMF frequencies.\ A
complex averaging algorithm”protects” against: fone
simulation by extraneous;signals such-as veice while

e, gty
D.

terp=(RC)I[Vpp/(Vpp-Vrs)]

igure 4

providing tolerance, to small frequency deviations
and variations. This, averaging algorithm has been
developed-to ensure“an, optimum combination of
immunity 40 talk-off and telerance to the presence of
interféring frequencies (third tones) and noise. When
the, detector.recognizes the,presence of two valid
tones (this is referred to as the\“signal condition” in
someindustry specifications) \the “Early Steering”
(ESt) Toufput -will, go’, to _an| active state. Any
subsequent loss of signal condition will cause ESt to
assume an/inactive; state (see-*Steering Circuit”).

Steering Circuit

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

PRECISE
DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz

B=770 Hz

(dB)

C=852 Hz
D=941 Hz

E=1209 Hz

F=1336 Hz
G=1477Hz
H=1633 Hz

B

o

I

AB C D

1

1kHz

E

FREQUENCY (Hz)

iiter

esponse
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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 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. Thisfacility,
together with the capability of selectingsthessteering
time constants externally, allows thesdesigner-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:

tRecTlprticTr
tpTtpattGra
The value of tpp is a device'parameter (see)Figure
11) and tggc is the minimum signal duration to’be
recognized by the receiver.'A value for.G of 0.1 uF is

terP=(RpCy)InVpp/(Vpp-Yrsy]
teTa=(R1C)In(Vpp/Vrsy)
RpRIR/R{+R3)

a) decreasing tgrp; (taTp<taTa)

teTP=(R1C)INVpp/(Vpp-Vrsy]

teTa=(RpC1)IN(Vpp/V7s1)
Rp=(R1R2)/(R1+R2)
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undetected, ‘the output code
will remain‘the same as the
previous detected code

M- NI PE|I|IT|T|X|IT|I|IT|I|(XIT(T|T|XT]|XT

N A PLIDNEN | T/ T|IT|I|I|(T|T|XT|IT|T|X| X
T TR [\ rr ] 3 X X XX XX XXX X[ X] X|X

O, 0| > | OFLQlm > | #

&

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 (imay be used to
seleet” independently“the guard times for tone
present (tgyp) and toneabsent (tgpa): This may be
necessary to' meet system specifications which place
both. «accept-and reject limits on'both tone duration
and/interdigital“pause. GuardAime adjustment also
allows the designerto tailop” system parameters
such as talk offand ‘noise immunity. Increasing trec
improves'talk-off performance since it reduces the
probability.~that_tones simulated by speech will
maintain==signal condition long enough to be
registered. Alternatively, a relatively short 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 5.
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Power-down and Inhibit Mode

A logic high applied to pin 8 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT.8870D-1
provides a differential-input operational”amplifier as
well as a bias source (Vgef) Which,is used to bias the
inputs at mid-rail. Provision is made for connectien-of
a feedback resistor to the op-amp output (SS), for
adjustment of gain. In a single-ended, configuration;
the input pins are conngctéd as shown. in-Figure 10
with the op-amp connected for-Unity gain- and,VRrés
biasing the input at/"/Vpp. Figure=6_shows*the
differential  configuration;™ whichf=permits " the
adjustment of gain with the feedback resistor R4,

Crystal Oscillator

The internal clock (circuit is” completed with | the
addition of an external 3.579545MHz erystal andis
normally connected as shown_in Figure1 0 (Single:
Ended Input Configuration): However, itis possible to
configure several MT8870D/MT8870D-1., devices
employing only a single «Gscillator_crystaly “The
oscillator output of the, first“device in the'chainiis
coupled through a 30 pF, capacitor to theosciliator
input (OSC1) of the next deviee. Subsequent'deviees
are connected in a similar fashien. Réfer to Figure 7
for details. The problemsy, “associated-, with
unbalanced loading are not a concein withothe
arrangement shown, i.e., precisions, balancing
capacitors are not required.

MT8870D/
MT8870D-1

>_

Bif_gﬂ'or%al ‘l_nput Amplifier
e
R =R =Rs=100 kQ

1=60K0 Ry=375 K

R = R2R5
Ra+Rg

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

VOLTAGE GAIN (A, diff)= %"’-

INPUT IMPEDANCE

1 2
(ZiNDIFR) = 23/-R %+ ('E)

___.I '_——ﬁ To OSC1 of next
C T8870D/MT8870D-1

Qsc2

C=30
X-tal= 3 579545 MHz

igure 7 - Oscillator Connection
Parameter Unit Resonator

R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, l.e., 1/2[IfR1C1.

4-15
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
B SO LN tarP=(ReCAINVoD/Vor-Vrsd]

The circuit shown in Fig. 9 illustrates the use of tara=(R,C N

MT8870D-1 device in a typical receiver system. BT SR s el
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained Rp=(RiR/R1*R2)
by choosing a suitable values of Ry and R, to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Ry and C, are the guard time

requirements when the total component tolerance is Notes:
% oo R.=368K Q+ 1%
6%. For better performance, it is recommended.to Rp=22MQ+ 1%

use the non-symmetric guard time circuit in_Fig. 8: C4=100nF + 5%

MT8870D-1

IN+ = VDD
IN- St/GT
G8 ESt
Mg St
Q4
Qs
Q2 NOTES:
Q1 Ry =102KQ + 1%
Ry = 71.5KQ + 1%
Ry = 390KQ 1 %
C1,C2 =100 nF+5%
X4 =3.579545 MHz £ 0.1%
VDD =50V+5%

4-18
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Absolute Maximum Ratings’

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Vop 4 \
2 | Voltage on any pin V| Vgg-0.3 Vpp+0.3 \'
3 | Current at any pin (other than supply) Iy 10 mA
4 | Storage temperature Tste -65 +150 °C
5 | Package power dissipation Pp 500 mwW
B e?atfgeafg%eth;;e" éalal{emen? oiagée‘z pirlﬂzr;zr;t ;I:Qea?eed tI;uggtai?g'al operation under these conditions is not implied.
Recommended Operating Conditions - voitages are with respect to ground (Vgg) unless otherwise stated.
Parameter Sy =M™ Typt=.| "Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 475 5.0 525 \Y
2 | Operating Temperature To ~4Q +85 °G
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freg:Tolerance Afe +0:1 %
t Typical figures are at 25°C and are for design aid only:” not guaranteed and not subjectto productien testing.
DC Electrical Characteristics = Vig=5.0V+5%, Vss=0Vi<40°C < To5+85°C, tnless therwise stated.
Characteristics Sym Min L1 dypt| | eMax - -Units Test Conditions
3 Standby supply-current 15D 10 25 pA” i PWDN=Vpp
P | Operating supply-current oo 3.0 9.0 mA
E Power consumption Po 18 mW- | fc=3.579545 MHz
s
4 High level input Vi 3.5 V ~|Vpp=5.0V
5 Low level input voltage Vi 15 V" | ¥pp=5.0V
6 | , |Input leakage current i/l 01 HA /W iN=Vss or Vpp
7 ': Pull up (source) current Iso 7.5 20 A" | TOE (pin 10)=0,
U Vpp=5.0V
8 ; Pull down (sink) current Igy 15 45 pA | INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ |@1kHz
10 Steering threshold voltage Vrst 22 24 25 V  |Vpp=5.0V
11 Low level output voltage VoL Vgg+0.03 V  |No load
12 8 High level output voltage Von |Vpp-0.03 V | Noload
13 ; Output low (sink) current loL 1.0 2.5 mA  |Vour=04V
14 | u | Output high (source) current | lon 04 0.8 mA  |Vour=4.6V
15 | & | Vrs OUtpUt vOltage Vi, 28 [28 27 V_ |Noload, Vpgp = 5.0V
16 VRet OUtput resistance Ror 1 kQ

1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
P! g
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Operating Characteristics -v;p=5.0v+5%, Vss=0V, -40°C < To < +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 | Input leakage current N 100 nA | Ves<ViNS Vop
2 | Input resistance Rin 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 | 0.75V<V|y<4.25V biased
at Vges =2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 40 Vipp, uLoad 2 100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) CL 100 pF
10 | Resistive load (GS) RL 50 k&
11 | Common mode range Vein 25 Vpp—i- No.Load

MT8870D AC Electrical/Characteristics - |vap=5:0V £5%, Viss=0Y, -407C=Tg < +85%C.using Test Gircuit shown in

Figure 10}

Characteristics Sym Min Typ™ { Max | ‘Units Notes*

1 }ge::fci,rf\;::)t nfgwse:tl;eggl: a(l(;aCh -29 +1 dBm 1,2,3,56,9
27,5 869 “FmVrws [11,2.3,5,6.9

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 2359
5 | Frequency deviation reject *3.5% 23,50
6 | Third tone tolerance -16 dB 2,3:445,9,10
7 | Noise tolerance -12 dB 2,34,579,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

t Typical figures are at 25 °C and are for design aid enly:“not guaranteed and not subject to productiontesting.

*NOTES

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

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

Signal condition consists of nominal DTMF frequencies.

Both tones in composite signal have an equal amplitude.

Tone pair is deviated by *1.5 %+ 2 Hz.

. Bandwidth limited (3 kHz ) Gaussian noise.

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

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

12. Guaranteed by design and characterization.

CENONBEWN
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MT8870D-1 AC Electrical Characteristics - vp=5.0v+5%, V=0V, -40°C < T < +86°C, using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
1 [ crmon o] . SO eses
21.8 869 | mVgrums
-37 dBm | Tested atVpp=5.0V
2 | Input Signal Level Reject 123569
10.9 mMVRus e
3 | Negative twist accept 8 dB 2,3,69,13
4 | Positive twist accept 8 dB 2,3,69,13
5 | Frequency deviation accept +1.5%+ 2 Hz 2359
6 | Frequency deviation reject +3:5% 2359
7 | Third zone tolerance -18.5 dB 2345912
8 | Noise tolerance ~12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance 22 dB 2,3,45,8,9,11
1 Typical figures are at 25 °C and are for design-aid-only:. not guaranteed and not subject to-praduction testing.
*NOTES

. dBm= decibels above or below a reference ‘powér ofy1 mWinto'd 660\ohmload;
. Digit sequence consists/of/all DTMF tones.

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

Signal condition consists of nominal DTMF frequencies.

Both tones in composite signal have an equal.amplitude.

Tone pair is deviated by, +1.5/%+2 Hz.

. Bandwidth limited (3 kHz ) Gaussian noise.

The precise dial tone frequencies are (350.-Hz ‘and. 440 Hz)/ £ 2 %.

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 tonelevel at.-25dBm (-28dBrm at S Rin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.

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

Characteristics Sym | Min Typ* | Max | Units | Conditions
1 Tone present detect time top 5 1 14 ms |Note 1
2 | 1 |Tone absent detect time toa 0.5 4 8.5 ms |Note 1
3 h',, Tone duration accept trRec 40 ms |Note 2
4 |\ |Tone duration reject trec | 20 ms |Note 2
5 | ¢ |Interdigit pause accept tip 40 ms |Note 2
6 Interdigit pause reject tho 20 ms |Note 2
7 Propagation delay (St to Q) trq 8 11 ps |TOE=Vpp
8 | o |Propagation delay (St to StD) tpstn 12 16 us |TOE=Vpp
9 ¥ Output data set up (Q to StD) taso 34 pus  |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tpge 50 ns |load of 10 kQ,
T 50 pF
11 ; Propagation delay (TOE to Q DISABLE)| , t1h 300 ns \, load of 10 kQ)
50 pF
12 g Power-up time tey 30 ms [Nete 3
13 \I:‘v Power-down time tep 20 ms
14 Crystal/clock frequency fe.\ | 35759 |13.5795,//3!583T1| MHz
15 E Clock input rise time L Hou 110 ns~ (Ext. clock
16 | 0 |Clock input fall ime tyLeL 110 ns, |Ext. clock
17 ﬁ Clock input duty cycle DCg 1[40 50 60 % ' |Ext. clock
18 Capacitive load (OSC2) Cio 30 pF
t Typical figures are at 25°C and are for design aid;only: -not guaranteed.and not subjectto production. testing.
*NOTES:
; %')ﬁ:gef,otl;sgélraargigg::bﬁzlg:gtrlr?gtguysr.p:r?zoc:ndhgvice specifications. The adjustable settings of these minimums and maximums

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

MT8870D/MT8870D-1

!—C IN+ u VDD

—{] IN- SYGT
—{] GS ESt
B2 N StD
O—{]IN\H Q4
PDWN Q3
0SC 1 Q2
Q1

[

NOTES:
R1.R=100KQ + 1%
Rg=300KQ + 1%
€4,Co=100 nF + 5%
X-tal=3.579545 MHz + 0.1%

LELEEEL
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EVENTS |

[ | I |
- kec o= e tlo—x

|
TOITJE #n #n+1

I‘— I —} '(—-tDA

LTI N O N

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED, TONE DURATION INVALID, QUTPUTS NOT UPDATED:

B) TONE #n DETECTED, TONE DURATION-VALID, TONE DECODED AND/LATCHED-IN.OUTPUTS

C) END OF TONE #n-DETECTED; TONE ABSENT/ DURATION VALID, OUTRUTSREMIAN LATCHED UNTIL NEXT VALID
TONE.

D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

E) TONE #n + 1| DETECTED,“TONE| DURATION VALID,“TONE -DECODED AND LATCHED INIOUTPUTS (CURRENTLY
HIGH IMPEDANCE).

F) ACCEPTABLE DROPOUT OFsTONE #n + 1, TONE.ABSENT DURATION INVALID, OUTPUTSREMAIN LATCHED.

G) END OF TONE #n +4 BETECTED, TONE ABSENT DURATIONWALID; OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INRPUT SIGNAL,

ESt EARLY STEERING OUTPUTMNDICATES DETECTION OF VALID TONE FREQUENCIES:
St/GT  STEERING INPUT/GUARD TIME'QUTPUT. BRIVES EXTERNAL RC{TIMING CIRCUIT.
Q4-Q 4-BIT DECODED TONE OUTPUT.

StD DELAYED STEERING OUTPUT. INDICATES THAT-VALID.FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING'A*VALID-SIGNAL.

TOE TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q4 TO ITS HIGH IMPEDANCE STATE.
tree MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

trRec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

tip MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

teTp GUARD TIME, TONE PRESENT.

tema GUARD TIME, TONE ABSENT.
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Notes:
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Notes:

1) Not to scale

2) Dimensions in inches
3) (Dimensions in millimeters)
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Plastic'Dual-In-Line Packages (PDIP) < E-Suffix

8-RPin 16-Pin 18-Pin 20-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.21015.33) 01210)(5.33) 0:210 (5:33) 0.210 (5.33)
A, 0.115 (2.92) | 0.195:4.95) |0:115 (2.92). | J0:195/(4.95) 1|1 0.115](2192) 4 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-(0:568) [(0.014(0:356) | 0.022 (0.558) 4-0.014 (@:356) |/0.022 (0.558)
0.045 (1.14) | 0.670 (1:77) | 0.045 (1.14) | 0:070:(1\.77)7|-0.045 (1.14),{ 0/070{(1.77) | 0.04571.14)/| 0.070 (1.77)
c 0.008 0.014,(0:356)7| 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)w{, 0.325(8:26) |} 0.300(7.62) | 0.325 (8:26) | 0.300 (7.62) | 0.325 (8.26)
Eq 0.240 (6.10) | 0.280 (7.11) | 0.240 (6.10) | 0:280.(Z.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)
e 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 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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Package Outlines

Notes:
1) Not to scale
2) Dimensions

1 8

E,

ENE-ERERE SN T

n2n1n

2 1
anm

“1

D,

in inches

3) (Dimensions in millimeters)

i J
T+

L]

Plasti¢c 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) 1°0.195 {4.95) {'|01125(3.18).L|-0:195 (4:85)-1-0.125 (3.18) /| 0.195(4.95) | 0.125(3.18) | 0.195(4.95)
b 0.014 (0.356) |'0.022.(0/668) \0.0T4(0!356) .0:022 (0:558) 1 0.014/(0:356) | 0:022/(0.558) }-0.014 (0.356) | 0.022 (0.558)
by 0.045 (1.16)\ | 0:070 (1.77)"}0:030(0.77)=-4y 8.070 (427) | |- 0030 (077 | 18:070 (1.77) p 0.030 (0.77) | 0.070(1.77)
c 0.008 (0.204), |10.015{0.381) -0.008 (0:204) :0:015 (0:381) | 0.008{0;204)4-0:015 (0.381) | 0.008 (0.204) | 0.015 (0.381)
D 1.050 (26.67) [M.120 (2B.44) | '17150:(29.3):|57.290 (32.7)_|\1.380 (35.1)/1" 1.566539.7)/ 41.980 (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),] 0.6007(15.24) | 0.670 (17.02) | 0.600{15:24)"|0.670 (47.02) | 0.600 (15.24) | 0.670 (17.02)

S B ORI R B e

E4 0.330 (8.39) | 0.380 (9.65) 0.485 (12:32)+}.0.580 (14.73) | 0.485712.32) 0.580(54.73) 0.485 (12.32) | 0.580 (14.73)
Eq 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)

ep 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

HHHHAHAAH"

o

HHHHHHH%@

m

Je——
L

Notes:

1)“Nottoscale

2)-Diménsions in inches

3).(Dimensions in millimeters)

4)"Ref. JEDEC Standard M0-150/M01 18 for 48 Pin

5) A &B Maximum dimensions include allowable mold flash

! |
B —| |«—
= 20-Pin 24-Pin 28-Pin 48-Pin
m

Min | Max: | Min - Max, | .\ Min |-Max | Min | Max

A 0.079 - 0.079 0.079 | 0.005 | 0.110
#3) ) @ 241y | @79

AL, @002 0.002 0.002 0.008 | 0.016
(0.05) {0.08) (0.05) (0.2) | (0.406)
B. |f0.0087 | 0.013 \|[to.00874 00013 |.Q.0087/]/0.013 | 0.008 | 0.0135
022, | (0.33)-](0:22) | (0.33), 1"(0.22) 4 (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 0.42 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) (5.8) (5.0) (5.6) (5.0) (5.8) | (7.39) | (7.59)
e 0.025 BSC 0.025 BSC 0.025 BSC 0.025 BSC
(0.635 BSC) (0.835 BSC) (0.635 BSC) (0.635 BSC)

A, | 0.065 | 0073 | 0.085 | 0.073 | 0.065 | 0.073 | 0.089 | 0.099
(1.85) | (1.85) | (1.65) | (1.85) | (1.65) | (1.85) | (2.26) | (2.52)

H 0.29 0.32 0.29 0.32 0.29 032 | 0.395 | 042
(7.4) (8.2) (7.4) (8.2) (7.4) (8.2) | (10.03) | (10.67)

L | 0.022 | 0.037 | 0.022 | 0.037 | 0.022 | 0037 | 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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Package Outlines

Pin 1
HHHHHHHHH-
E
@) = \
A
o, A
(o4
: /
< H
I~ &1
- TS
< P > = L
T 4 mils-(lead coplanarity)
Notes:
Il: 1) Not ‘to-scale
Aq E 2)  Dimensions in inches
3)\(Bimensions in millimeters)
1\ — | 4)\ A & B.Maximum dimensions-include allowable mold flash
B
Dibk 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 0104 0.093 0.104 0.093 0.104
(2.35) (2.85) (2.35) (2:85) (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
(0.231) (0.318) (0.231) (0.318) (0.231) {0,318) (0.231) (0.318) (0.231) (0.318)
D 0.398 0.413 0.447 0.4625 0.498 0.512 0.5985 0.614 0.697 0.7125
(10.1) (10.5) (11.35) (11:75) (12.60) (13:00) (15.2) (15.8) (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 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC
(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC)
H 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419
(10.00) (10.85) (10.00) (10.85) (10.00) (10.85) (10.00) (10.65) (10.00) (10.65)
L5 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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@ MITEL

ISO2-CMOS MT8880C
Integrated DTMF Transceiver

Features

» Complete DTMF transmitter/receiver
» Central office quality

* Low power consumption

* Microprocessor port

* Adjustable guard time

* Automatic tone burst mode

* Call progress mode

Applications

» Credit card systems

* Paging systems

* Repeater systems/mobile’radio
* Interconnect dialers

* Personal computers

ISSUE 6 March 1997

Ordering Information

MT8880CE 20 Pin Plastic DIP
MT8880CS 20 Pin SOIC
MT8880CN 24 Pin SSOP
MT8880CP 28 Pin Plastic LCC
-40pC to +85;C
Description

The,MT8880C.is a monolithic DTMF transceiver with
call progress.filter. It iS\fabricated in Mitel's 1SO?%
CMQS 1 technology, which', provides low power
dissipation-and high reliability..The DTMF receiver is
based. upon “the, industry | standard MT8870
monolithic DTMF receiver;.the transmitter utilizes a
switched ‘capaecitor DfA converter for low distortion,
high 'accuracy. DTMF_ssignalling.| Internal counters
provide~a/burst imode 'such that tone bursts can be
transmitted with precise timing. A call progress filter
can\'be selected “allowing'“a |microprocessor to
analyze ' _call.l ‘progress (fones. A standard
microprocessor | bus, is provided and is directly
compatible with 6800\series.microprocessors.

Data
D/A BSPvEnd Transmit Data
TONE <= Column : Bus L—D1
Converters A Register o8
—D2
Status —— D3
Tone Burst Control Registef Interrupt
Gatlng Cet. Logic 1 LOgIC o
L >IRQ/CP
I 4 Dial Control
Tone =7 R Register
b= , Filter High Group Digital A = ]
Filter Aigorithm a2
a8 and Code Control e . &
|| Low Group Converter Register Caritrol
0SC1 =11 oscillator Filter B ntro =
Circuit 1
OSC2 === .
Control
Bias Logic Steering Re;eive Data
Circuit Logic egister
T 7 v T ;
e [ |
Vop VRer Vss ESt SYGT

Figure 1 - Functional Block Diagram
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MT8880C

ISO%-CMOS

DO *QBP

02232%8

{0 e

w1 =  20[vop weCl1 & 247 voD I
IN-[] 2 19]syGT IN-[] 2 23[7 syGT neds g e e
Ges[] 3 18 ]ESt Gsl] 3 221 ] Est VRef {6 24 NC
VRef[] 4 17]D3 VRef[] 4 211 D3 vss7 23 NC
vss[} 5 161102 vss[] 5 201 p2 oscids 2 D3
oscil]e 15[]D1 osci[] 6 19[7] D1 osc2d9 21 D2
oscz2[] 7 14{1D0 osc2[] 7 18{] Do NC ] 10 200 D1
TONE[] 8 13[JIRQ/ICP NCcCl 8 1701 NC NCOM w0 e 2P DO

RWL] 9 121 Ju2 NC[] 9 16[ ] NC S e e

cs[10 11 ]RSO TONE[] 10 15[] IRaicp OO oo

RW ] 11 14702 %%‘gg%g%

csl12 137 RSO ) o P

0

PLASTIC DIP/SOIC 24 PIN SSOP 28 PIN PLCC

Pin Description

TR S AT W
Figure 2 - Pin Connections

Pin #
202428 Name Description
111 1| IN+ |Non-inverting.op-amp-input:
2| 2| 2| IN- |Invertingop‘amp.input:
3|13 |4 | GS |Gain Select. Gives access to-output offront enddifferential amplifier for connection of
feedback resistor.
4 | 4 | 6 | Ve |Reference Voltage output, nominally Vpp/2 is used to bias inputs,at mid-rail.(see Fig. 13).
515 |7 | Vgg |Ground inplt (OV).
6 | 6 | 8 |OSC1|DTMF clock/oscillator-input.
7 | 7 | 9 |OSC2|Clock outptit. A 3.578545 MHz crystal connected between-Q8C1-and OSC2 completes the
internal oscillator circuit. Leave open circuit when OSC 1is cleck.input:
8 | 10| 12 |TONE |Tone output (DTMF of single tone).
9 [ 11|13 | R'W |Read/Writefinput. Controls:ithe direction of data transfer to'and fronvthe MPU and the
transceiverregisters. T TL compatible;
10({12|14 | CS |[Chip Select, FTL input (CS=0 to-select the'chip).
11|13 |15 | RSO |RegisterSelectinput. See register decode table, TTL \compatible.
1214 |17 | 12 |System Clock,input) TTL compatible-N.B: 12 clock'inputheed not ba‘active when the
device is notibeing accessed.
13|15 18 | IRQY |Interrupt Request to MPU{open drain output). Also, when,call prodress (CP) mode has
CP |been selected and interupt enabled-the IRQ/CP pin wilkeutput arectangular wave signal
representative of the input'signal applied at the input op-ampThe input signal must be within
the bandwidth limits of the“eall progress filter. See Figure 8.
11 47- 12 8-|19-|D0-D3|Microprocessor Data Bus (TTL compatible)=Highrifipedance when CS = 1 or [12 is low.
1122
18122 |26 | 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 | 27 | St/GT |Steering Input/Guard Time output (bidirectional). A voltage greater than V+g; detected at St
causes the device to register the detected tone pair and update the output la?ch. 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 |28 | Vpp |Positive power supply input (+5V typical).
*}é" %g NC |No Connection.
17 111,
16,
23-
25
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Functional Description

The MT8880C Integrated DTMF Transceiver
architecture consists of a high performance DTMF
receiver with internal gain setting amplifier and a
DTMF generator which employs a burst counter such
that precise tone bursts and pauses can be
synthesized. A call progress mode can be selected
such that frequencies within the specified passband
can be detected. A standard microprocessor
interface allows access to an internal status register,
two control registers and two data registers.

Input Configuration

The input arrangement of the MT8880C" provides a
differential-input operational amplifier7as well as a
bias source (Vgef) Which is used to bias the-inputs\at
Vpp/2. Provision is made #or connection “of’\a
feedback resistor to the op-amp—output, (GS)-for
adjustment of gain. In/a single-ended-configuration,
the input pins are copnected as shown-in:Figure'3.

Figure 4 shows the necessary connéctions,for a
differential input configuration.

——— e P~ =]
IN+
IN-
c Rin
fa cs

VRef
VOLTAGE GAIN MT8880C
(Av) =Re /Ry

L e e T A P SN N S
Figure 3 - Single-Ended Input Configuration
Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies (see Fig. 7). These filters
also incorporate notches at 350 Hz and 440 Hz for
exceptional dial tone rejection. 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

Iso2-cmMos MT8880C
o— F—Aane—
C1 R1 IN+
IN-
o— — A
c2 R4 R5
GS
> | |
R3 R2
| VRer
] MT8880C

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF
RY'=RA = R5 = 100 ke
R2=60KE , R3.=37.5 k¥
R8 =(R2RB)/(R2 + R5)
VOLTAGE GAIN
(A diffy = R5/R3
INPUT INPEDANCE
(Zydiff) 52V R1Z+ (b )2

I‘-l!gure 4. Ditferential input COnﬁguration

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 ®TMF signals.

Following the filter “section;is /a/decoder employing
digital ¢gunting, techniques /to determine the
frequenciescof-the incoming/tanes 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 tolerancesto’ small frequency deviations
and_variations._This”averaging algorithm has been
developed to” ensure an optimum combination of
immunity tostalk-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.
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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
(Vyst) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Figure 7)
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~highy
signalling that a received tone pairshas*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/pdll low=when——the
delayed steering flag is active.

The contents of the output latch.are updated on an
active delayed steering ftransition.” Fhis: dataris
presented to the four bit bidirectional data bus when
the Receive Data Registersis 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 interruptiens (drop out) teo short
to be considered a valid pause- This faeility, together
with the capability of selecting the “steering “time
constants externally, allows the, designer; to" tailor
performance to meet a‘wide~Vvariety of-system
requirements.

%
Vop
c1

Voo

St/GT Ve
ESt

R1
tgra = (R1C1) In (Vpp/ Vrsy)
MT8880C tgrp = (R1C1) In [Vpp/ (Vpp-V7s)]
[

Figure 5 - Basic Steering Circuit
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Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the formula:

trec = tppticTP
tip=tpattaTa

The value of tpp is a device parameter (see AC
Electrical Characteristics) and tgrgc is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 * F is recommended for most
applications, leaving R1 to be selected by the
designer=Different steering arrangements may be
tised to selectindependently the guard times for tone
present (tgTp) and“tene.absent (tgta). This may be
necessaryto'meet system specifications which place
both| accept-and reject limits ‘'on both tone duration
and interdigital” pause—Guarditime adjustment also
allows the designer-to-tailor system parameters such
as talk off.and nojse-<immunity.

late =(RaC1) In [Vpp/(Vpp-Vrsi]
Ia7A = (R1€1)In\(Vpp/V7s)

Rp = (R1R2)/ (R1 + R2)
| Voo

l i
SUGT
’1 R2
ESt

a)_decreasingtGTP; (tGTP < tGTA)

terp = (R1C1) In [Vpp / (Vpp-Vrs)
tgTa = (RPC1) in (Vpp/V1sy)

Rp=(R1R2)/(R1+ R2)

c1
StYGT

R1 R2
ESt

b) decreasing tGTA; (tGTP > tGTA)

Figure 6 - Guard Time Adjustment



Iso2-cM0s MT8880C

Increasing trgc improves talk-off performance since
it reduces the probability that tones simulated by FLow FrigH DIGIT | D3 | D, | Dy | Dy
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively 697 1209 1 0 0 0 1
short tggc With a long tpo would be appropriate for 697 1336 2 0 0 1 0
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required. 697 1477 3 0 0 1 1
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in 770 1209 4 0 1 0 0
Figure 9 with a description of the events in Figure 11. 770 1336 5 0 1 0 1
Call Progress Filter 770 | 1477 | 6 o1 |10

852 1209 7 0 1 1 1
A call progress mode, using the MT8880C, can be
selected allowing the detection of various tones 852 1336 8 1 0 0 0
which identify the progress of a telephone.call on.the
network. The call progress tone_input~and DTMF e, g7 2 ! 2 0 1
input are common, however, call'progress tones, can 941 1336 0 1 0 1 0
only be detected when CP mode has been selected.
DTMF signals cannot besdetécted_if CP~mode has 941 1209 \ 0| 11
been selected (see Table/5). Figure 8 indicates the
useful detect bandwidth of the call progresstfilter. ¥ e g = : ! g -
Frequencies presented to the-input;‘which.are ' within 697 1633 A 1 1 0 1
the ‘accept’ bandwidth limits of thefilter, are’hard-
limited by a high/gain_comparator with the 1RQ/CP 779 1633 B 1 1 1 0
pin serving as the output. [The’ squarewaveoutput
obtained from the schmiitt trigger can be ‘analyzed by A0, e )] : ! L 1
a microprocessor of counter--arrangement/ to 941 1633 D 0 0 0 0
determine the nature of the call progress tone being

detected. Frequencies, which are.in_thel'reject) area
will not be detected-and consequently the/IRQ/CP
pin will remain low.

DTMF Generator

The DTMF transmitter employed in-the MT8880Cis
capable of generating\all=sixteen_standard ) BTMF
tone pairs with low distortion and_high-accuracy.-All
frequencies are derivedifrom ‘an’external"3.579545
MHz crystal. The sinusoidal, waveforms for the
individual tones are digitally ‘'synthesized" using row
and column programmable dividerswand “switched
capacitor D/A converters. The row and-coltmn.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 Figure 7 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 (f_ oy and fy gn) 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 (pre-emphasis) is
2dB to compensate for high group attenuation on
long loops.

0= LOGIC LOW, 1= LOGIC HIGH
Figure 7= Functional Encode/Decode Table

[ LeveL 8
{dBm)

| | -

0 250 500 750

B - ot

FREQUENCY (Hz)

Figure 8 - Call Progress Response

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
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of time segments is fixed at 32, however,"by-varying
the segment length as described! above-the-tone
output signal frequency will be varied. The divider
output clocks another counter-which addresses the
sinewave lookup ROM.

The lookup table contains codes'which are’usediby
the switched capacitor D/A, conyerter -to’ -gbtain
discrete and highly accurate \DC voltage levels:” Two
identical circuits are employed.to, produce row—"and

EVENTS | A B | ¢ | o | E | F
trRee —>: :<— "": trec :4— :4- tlo-b: ->: tho :4—
TONE TONE
Vin __D D TONE #n #n+1 #n+1 .
. |
=2, = i B 7
Est [1_T1 e e ol L L
s AL
V2 e - .
St/GT A A ; 1 I e 1 TSt
—sl :4— tpstrx
RXg-RX3 DECODED TONE # (n-1) X #n X #(n+1)
—D = tog 3
b3 I I
b2 I I |
|
Read |r [_l |_|
Status
Register |
IRa/icP j' l

oall

Figure 3 - Recaiver ’fl'ml'ng Eiagram v

coltimn’\tones -which-are;then | mixed using a low
noise’:summing amplifier.-The  oscillator described
needs,  no .“start-up”. 'timey as’ in. other DTMF
generators | since“the |crystal oscillator is running
continuously/thus_providinga_high.degree of tone
burst accuracy. A~Dbandwidth limiting filter is
incorporated< and’ serves to attenuate distortion
products abiove’8 kHZz. It can be.seen from Figure 10
that the distortion/products areyvery/dow in amplitude.

2 —

Scaling Information

10 dB/Div

Start-Frequency = 0 Hz

Stop Frequency = 3400 Hz
Marker Frequency = 697 Hz and
1209 Hz
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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 msao1 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.GP"mode
(Call Progress mode) is selected; a*Second burst/
pause time of 102 ms n2/ms”is available: This
extended interval is useful.whén precise.tone. bursts
of longer than 51 ms duration and 51-ms.-pause -are
desired. Note that when/CP mode Jand-Burst,mode
have been selected, DTMF tones.may-be-transmitted
only and not received:

In applications where a non-standard burst/pause
duration is required, ‘burst. mode, must be  disabled

EXPLANATION OF EVENTS

and the transmitter gated on and off by an external
hardware or software timer.

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.

Distortion Calculations

The"MT8880C is capable of producing precise tone
bursts*with_minimal error in frequency (see Table 1).
The internal summing amplifier is followed by a first-
order Afowpass switChed capacitor filter to minimize
harmohic-components and intermodulation products.
The total-harmonic distortion for a single tone can be
calculated using Equationy1;,which is the ratio of the
total' power of all~the.extranecus frequencies to the
power of the fundamental freguency expressed as a
percentage. "The. Fourier, components of the tone
qutptt correspond+to V... Vr.as measured on the
output/ waveform: The: total’harmonic distortion for a
dual tone can be calculated

TONE BURSTS'DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOTUPDATED.
TONE #n DETECTED, TONE'DURATION VALID,; TONE DECODED AND LATCHED IN RX PATA REGISTER.
END OF TONE#n DETECTED, TONE,ABSENT DURATION VALID, INFORMATION.IN RX DATA'REGISTER

RETAINED UNTIL NEXT.WVALID'TONE PAIR.

TONE #n+1 DETECTED;*TONE DURATION VALID, TONE DECODED AND.LATCHED IN(RX DATA REGISTER.
ACCEPTABLE DROROUT 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
Vin DTMF COMPOSITE, INPUT-SIGNAL.

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
St/GT  STEERING INPUT/GUARD, TIME OUFTPUT:DRIVES EXTERNAL\RC ' TIMING CIRCUIT.

RXg-RX34-BIT DECODED DATA IN RECEIVE.DATA REGISTER

b3 DELAYED STEERING. INDICATES THAT VALID.EREQUENCGIES HAVE'BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING-A-VALID-SIGNAL. ACTIVE LOW FOR THE DURATION OF A

VALID DTMF SIGNAL.

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

REGISTER IS READ.

IRQ/CP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS

CLEARED AFTER THE STATUS REGISTER IS READ.

trReC MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

trec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
tp MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

tbo MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

tpp TIME TO DETECT VALID FREQUENCIES PRESENT.

toa TIME TO DETECT VALID FREQUENCIES ABSENT.
tetp GUARD TIME, TONE PRESENT.
teTa GUARD TIME, TONE ABSENT.
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THD(%) =

100

(J V22f + V23f + V24f g . V2nf

Vfundamemal

Equation 1. THD (%) For a Single Tone

2. 4 \2 2. 4\2
VoL + Vo + o Vo + Vo +

Maximum Series Resistance: 150 ochms
Maximum Drive Level: 2mw

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

A number of MT8880C devices can be connected as
shown in Figure 12 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.

2 2 2
Vean* . Vo + Vayp

Vv VA + VR
Equation 2. THD (%) For a Dual.jone

THD (%) = 100

MT8880C
0SC108C2

MT8880C
0SC1 0S8C2

OSC1 0S8C2

MT8880C

L

3579545 MHz

OUTPUT FREQUENGY
iy (H2) %ERROR
SPECIFIED | AGTUAL

L1 697 699.1 +0.30
L2 770 766.2 0.49
L3 852 847 .4 0.54
L4 941 ~9480 +0.74
H1 1209 12159 +0.57
H2 1336 1331.7. -0.32
H3 1477 14719 -0:35
H4 1633 1645.0 +0.73

“Table 1. Actual Erequencies Versus Standard
Requirements

using Equation 2. V|_and Vy cerrespond:to the low
group amplitude and high ‘“group“/amplitude,
respectively, and V2 is the sum, of “aff 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.

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: 00.1%
Resonance Mode: Parallel

Load Capacitance: 18pF
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Figure 12 - Common Crystal Connection

Microprocessor. Intérface

The-MT8880C. employs-a microprocessor interface
which ‘allows:_precisecontral of “fransmitter and
receiver functions.-There are five internal registers
associated \with the microprocessorrinterface which
can, be subdivided into \three_categories, i.e., data
transfer, transceiver control and transceiver status.
There are two registers associated with data transfer
operations,

The Receive’Data Register contains the output code
of the last valid/DTMF tone pair.to be decoded and is
a read only’register. The data entered in the Transmit
Data‘Register will determine’'which tone pair is to be
generated (see Figure, 7\for coding details). Data can
only be written”torthe transmit register. Transceiver
control is, accomplished with two Control Registers
(CRA "and CRB)#Which occupy the same address
Spacer~A-Write.op€ration to CRB can be executed by
setting the appropriate bit in CRA. The following
write operation to the same address will then be
directed to CRB and subsequent write cycles will
then be directed back to CRA. A software reset must
be included at the beginning of all programs to
initialize the control and status registers after power
up or power reset (see Figure 16). Refer to Tables 3,
4, 5 and 6 for details concerning the Control
Registers. The IRQ/CP pin can be programmed such
that it will provide an interrupt request signal upon
validation of DTMF signals or when the transmitter is
ready for more data (Burst mode only). The IRQ/CP
pin is configured as an open drain output device and
as such requires a pull-up resistor (see Figure 13).
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RSO RW FUNCTION b3 b2 b1 bo

¢ ¢ Write to Transmit RSEL | IRQ | CP/DTMF TOUT
Data Register o - i 2

0 1 Read rom Recalve Table 3. CRA Bit Positions
Data Register

1 0 Write to Control
RegStr b3 b2 b1 b0

1 1 Read from Status == —
Register C/R S/D TEST BURST

Table 2. Internal Register Functions

Table 4. CRB Bit Positions

BIT

NAME

FUNCTION

DESCRIPTION

b0

TOUT

TONE-OUTPUT

A logic\1' enables theltone-output. ‘This function can be
implemented in either the'burst mode or non-burst mode.

b1

CP/DTME

MODE CONTROL

in DTMF\mode (logic [07)the devicevis capable of generating
and receiving Dual Tone Multi-Frequency signals. When the
CP (Call Progress) mode-is selected. (logic ‘1’) a 6th order
bandpass filter is_enabledto allow call progress tones to be
detected., Call /progress tones which are within the specified
bandwidth ~ will ' be=-presented ‘at “the IRQ/CP pin in
rectangular wave format -if. the -IRQ\-bit has been enabled
{b2=1). Also; when the/CP'mode and BURST mode have both
been selected; the transmitter will issue DTMF signals with a
burst.and pause’of 102'ms (typ) duration. This signal duration
is/ twice) that;obtained fram the DTMFE transmitter if DTMF
mode.had been selected. Note that DFMF signals cannot be
deccded when'the CP mode of operation has been selected.

b2

IRQ

INTERRUPT ENABLE

Alogic#1" enables the INTERRUPT mode. When this mode is
active-and the'DTMF modé\tias been selected (b1=0) the IRQY
CP pin will pull to a-logic ‘0’,€ondition when either 1) a valid
DTMF sighal has"been recéived and has been present for the
guard time'duration or2) the transmitter is ready for more data
(BURST mode-only):

b3

RSEL

REGISTER SELECT

Alogic "1’ selects Control Register B on the next Write cycle to
the Control Register address. Subsequent Write cycles to the
Control Register are directed back to Control Register A.

Table 5. Control ﬁegister A 5escription
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BIT NAME FUNCTION DESCRIPTION

b0 BURST BURST MODE A logic ‘0’ enables the burst mode. When this mode is
selected, data corresponding to the desired DTMF tone pair
can be written to the Transmit Register resulting in a tone
burst of a specific duration (see AC Characteristics).
Subsequently, a pause of the same duration is induced.
Immediately following the pause, the Status Register is
updated indicating that the Transmit Register is ready for
further instructions and an interrupt will be generated if the
interrupt mode has been enabled. Additionally, if call
progress (CP) mode has been enabled, the burst and pause
duration is increased by a factor of two. When the burst
mode is not selected (logic ‘1’) tone bursts of any desired
duration.may-be.generated.

b1 TEST TEST MODE By“enabling the teSt*modew(logic’1’), the IRQ/CP pin will
present the delayed steering'(invested) signal from the DTMF
receiver. \ Refer Ao” Figure 9 (b3 “waveform) for details
concerning| the“output waveform. ‘BTMF mode must be
selected (CRA'B1=0)-before test mode ean,be implemented.

b2 S/D SINGLE /DUAL TONE—{ (A logic ‘0’ will allew Dual Tone Multi-Frequeney signals to be
GENERATION produced! /If. single tone 'generation is enabled (logic ‘1),
either row ‘or column tones. (low group or highigroup) can be
generated./depending on'the state of'b3 in=Control Register
B.

b3 CR COLUMN/ROW TONEST “Wien used:in” conjunction with-b2, (above)-the transmitter
can |be /made) to\ generate-singlearow or, single column
frequencies: A togic\0-will selectrow frequencies and a logic
‘1’ will-select column frequencies.

Table By.Control RegisterE Description

BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupthas-eccurred. Bitone/(b1) /|7 Interrupt is inactive. Cleared after
or bit'twox(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 whensin non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA Valid*data“is.in the Receive Data Cleared after Status Register is
REGISTER FULL Register. read.
b3 | DELAYED STEERING Set upon the valid detection of the | Cleared upon the detection of a
absence of a DTMF signal. valid DTMF signal.

Table 7. Status I-(egister Bescription
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Vop
MT8880C
c3
|| - l
Bl —] N+ VDD ] > I
DTMF/CP | I-—I |-—WV\, o3 1 IN- St/GT
e Ivvvv——E o E
GS < \
R2 R3 3
—{] VRef D3 [] >
m f]vss D2 >
-tal = N
777 (—tosr  op )
osc2 Dol > -
L o’
e O = ] rone..._Face 3 > - e
PU c4
RL S T RW a2 >
l-—-E Gs Rso [] e
Notes:
R1,R2 =100 kE 1% ’ ; : e it
R3 =374 ki 1% * . Microprocessor based systems can inject tndesirable noise into
R4 =33 kE 10% the supply rails. The performance;of the MT8880 can be optimized
e & by keeping noise on the'supply rails-to aminimum:The decoupling
R =10kE (min.) capacitor {€3) should be eonnected closeto the device and ground
C1 =100 nF/6% loops should be avoided:
C2 =100 nF 5%
C3 =100 nF 10%*
C4 =10 nF 10%
X-tal = 3.579545 MHz
Figure113+ Application Cirouit (Single-Ended Input;
L
(1"s8.0 vDC 5.0 VDC
MMD(S150I o
J t :
TEST pOINT (°F duivaleny TEST POINT ke
[

130 pF

Test load for D0-D3 pins Test load for IRQ/CP pin

70 pF

MMD7000
(or equivalent)

Figure 14 - Test Circuit
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+5V
6802 3.3k MT8880C

IRQ
3 RSO

Address b
Peripheral decode cs
VMA I

R/W RW
E u2
Data ®| Data

Figure 15 ~MT8880C to 6802 Interface

EXAMPLE 1: A software reset/must be_included.at the beginning,of -att programs te, initialize the control
registers after power up. The initialization procedure should be implemenhted 100ms aftér power up.

Description Control Data

Read Status Register
Write to Control Register
Write to Control Register
Write to Control Register
Write to Control Register
Read Status Register

O
ooooooml
o
XS O ok T
T
Xooocox g

EXAMPLE 2: Transmit DTMF tones of'50 ms burst/50 ‘ms-pause.and \Réceive DTMF-Tones

Description
CS' | RS0 RMW.

1) Write to Control Register A 0 1 0
(tone out, DTMF, IRQ, Seleet Contrél Register.B)

2) Write to Control RegisterB a 1 0
(burst mode)

3) Write to Transmit Data Register 0 Q 0
(send a digit 7)

wait for.an.interrgpt.or poll Status Register
4) Read the Status Register 0 1 1

-if bit 1 is set, the Tx is ready for the next tone, iN"Which-cases
Write to Transmit Register 0 0 0
(send a digit 5)

-if bit 2 is set, a DTMF tone has been received, in which case....
Read the Receive Data Register 0 0 1

-if both bits are set...

Read the Receive Data Register 0 0 il X X X X
Write to Transmit Data Register 0 0 0 0 1 0 1
NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms (02 ms) AFTER THE DATA IS

WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (o 4 ms).
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Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vgs Vbp 6 \"
2 | Voltage on any pin V, Vgg-0.3 Vppt0.3 \"
3 | Current at any pin (Except Vpp and Vss) 10 mA
4 | Storage temperature Tst -65 +150 gC
5 | Package power dissipation Pp 1000 mW

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

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

Parameter Sym Min Typt Max Units | Test Conditions
1 | Positive power supply Vop 4.75 5.00 5.25 \%
2 | Operating temperature To -40 +85 pC
3 | Crystal clock frequency fok [.3.575965 | | 8579545 | 3.583124 | MHz

1 Typical figures are at 25 pC and.for design aid-only: not guaranteed and not stbject to production testing.

DC Electrical Charagteristics™-vgg=ov:

Characteristics sym | M| Typ* Max_| Units Test Conditions
1 A Operating supply .voltage Ypp ) 4175 50 (5125 V
2 U Operating supply current oo 7.0 il mA
3 P [ "Power consumption Pg 57,8 | \mW
4 I High level inputvoltage Minot 1 3.5 V
N | (OSC1)
5 5 Low level input voitage Viio 1.5 V
T | (OSCY1)
6 | S | Steering.thresholdvoltage Nt raewer /2.3 _"|Ph V & Vpp=5V
7 Low leveloutput voltage No load
- (08C2) YoLo 0.1 V
8 U Highlevel ©utput voltage No load
T | (OSC2) Voro 4.9 \Y Vpp=5 V
9 S Output leakagescurrent
T | (RQ) loz 1 10 YA | Vou=24V
0 ° VRer OUtput voltage VRet | 24 2.5 2.6 \Y No load, Vpp=5V
1 VRef OUtpUt resistance Rog 13 kE
12| D | Lowlevel input voltage Vi 0.8 \Y
13 ; High level input voltage Vi 20 \Y
14| | | Inputleakage current iz 10 "A | ViN=Vss to Vpp
a
I
15 | pata | Source current loH -14 | -6.6 mA | Vou=2.4V
16 | Bus | Sink current bt 120 |40 mA | Vo =0.4V
17 | ESt | Source current lon 05 | -3.0 mA | Vou=4.6V
18 | arg: | Sink current o e mA | Vo =04V
19 Tg/ Sink current T [ W e T mA | Vo_=0.4V

T Characteristics are over recommended operating conditions unless otherwise stated.
¥ Typical figures are at 25 pC, Vpp =5V and for design aid only: not guaranteed and not subject to production testing.
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Electrical Characteristics
Gain Settlng Ampllﬂer - 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 Vsst Vint Vpp
2 |Input resistance RiN 10 ME
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 AvoL 40 dB C_=20p
7 | Unity gain bandwidth BwW 1.0 MHz C_=20p
8 |Output voltage swing Vo 05 Vpp0.5| V R m 100 kE to Vgg
9 |Allowable capacitive load (GS) C. 100 pF PM>40p
10 | Allowable resistive load (GS) R 50 ke Vo =4Vpp
11 | Common mode range Vem ™0 V1.0 V R = 50kt

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

MT8880C AC Electrical/Char acteristics’- Voltages are with respect to ground-(Vlgs) unless othaerwise stated.

Characteristiés Sym Min Typhf Max -| Units Notes*
=29 dBm 1,2,3,5,6,9
Valid Input signal levels
R : 275 mVRMS 1 ,2,3,5,6,9
1 (each tone of composite
X! signal) + dBm |\ 1,2,3:5,6/9
869 mVRMS 1 ,2,3,5,6,9

T Characteristics are over recommended operating conditions {unless otherwise stated) Using the test circuit shown in Figure 13.

AC Electrical Char: acteristicst 2 Voltages are'with fespect to ground (Vgg) unless otherwise stated. f3.579545 MHz.

Characteristics Sym Min Typt || ’Max 7 “Units Notes*
1 Positive twist accept 8 dB 23,69
2 Negative twist accept 8 dB 2,3,6/9
3 Freq. deviation accept 01.5%u2Hz 2,350
4 )T Freq. deviation reject 03.5% 2.5
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 2,3,4,58,9,11

T Characteristics are over recommended operating conditions unless'otherwise stated.
¥ Typical figures are at 25pC, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing.
* See "Notes" following AC Electrical Characteristics Tables.

4-48



ISO%-cMOS MTS8880C

AC Electrical Characteristics' - Call Progress - vottages are with respect to ground (Vss) unless otherwise stated.

Characteristics Sym | Min | Typ* | Max Units Notes*
1 | Lower freq. (ACCEPT) fLa 320 Hz @ -25 dBm
2 | Upper freq. (ACCEPT) fua 510 Hz @ -25dBm
3 | Lower freq. (REJECT) fir 290 Hz @ -25dBm
4 | Upper freq. (REJECT) fur 540 Hz @ -25dBm
5 | Call progress tone detect level -30 dBm
(total power)

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

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

Characteristics Sym Mifr=Typt, | Max | Units Conditions
1 Tone present detecttime thp 3 11 14 ms |Note 12
2 Tone absent detecttime toa 05 4 8.5 ms |Note 12
3 Tone durationt aécept treo 40 |[\ms |User adjustable*
4 | R |Tone duration reject trEe 20 ms \, |User adjustable®*
5 | X |Interdigit pAuse accept tin 40_ | ms), \User adjustable*
6 Interdigit/pause reject tho 20 ms ' User adjustable®
7 Delay St tob3 tpstba 13 'S
8 Delay St to'RXg:RX3 tpstR% 8 e
9 Tone burstduration teaT 50 52 ms® |DTMF mode
10 | 1 [Tone/pausé duration tps 50 62 ms= | DTMF mode
11 | X |Tone burst'duration (extended) tgsTE 100 104 ms~ | Call Progress mode
12 Tone pauseduration (extended) tpse 100 104 ms | Call Progress mode
13 High group oltput, level Vhour | 764 2.1 | @Bm/ |R =10kE
14 cT> Low group, output’level Viout.. | [8:1 -4.1 4. dBm/|R =10kE
15 | N |Pre-emphasis dBp 2 3 dB |R =10kE
16 : Output distortion (Single’Tene) THD -35 dB |25 kHz Bandwidth
o] R =10kE
17 ¥ Frequency deviation fy o0.77 815 %  |fc=3.579545 MHz
18 Output load resistance Rt ® 50 ke
19 12 cycle period teye 250 ns
20 ’::A 2 high pulse width ten 115 ns
21 | Y 012 low pulse width foi 110 ns
22 ’L 112 rise and fall time tr, tr 25 ns
23 | T |Address, RW hold time tantrwH | 26 ns
24 E Address, R/W setup time (before 112) | tagtrws | 23 ns
25 | © |Data hold time (read) e |92 ns |*
26 CE: (12 to valid data delay (read) topr 100 ns |200 pF load
27 Data setup time (write) thsw 45 ns
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AC Electrical Characteristics' (Cont‘d) - Voltages are with respect to ground (Vgg) unless otherwise stated.

Characteristics Sym Min Typ* Max Units Notes*

28 Data hold time (write) tomw 10 ns

29 Input Capacitance (data bus) Cin 5 pF

30 Output Capacitance (IRQ/CP) Cout 5 pF

31 | p | Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz

32 ,\TA Clock input rise time t HeL 110 ns | Ext clock
33 | F | Clockinput duty cycle thieL 110 ns | Ext clock
34 | © | Clock input duty cycle DCo. | 40 50 60 % | Ext. clock
35 | K | Capacitive load (OSC2) Co 30 pF

T Timing is over recommended temperature & power supply.voltages:

T Typical figures are at 25pC and for design aid only: not'guaranteed and not subject to production,testing.
* The data bus output buffers are no longer sourcing‘or sinking current by\tgg-

# See Figure 6 regarding guard time adjustment.

NOTES:
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1) dBm=decibels above or below:a reference power of 1 mW-into a 600-6hm load-
2) Digit sequence consists of all 16 DIME.tones.

3) Tone duration=40 ms. Tone pause=40 ms.

4) Nominal DTMF frequencies are used.

5) Both tones in the composite signal have an_equal amplitude.
6) The tone pair is deviated by 01.5%02 Hz:

7) Bandwidth limited (3 kHz) Gaussian noise.

8) The precise dial tone'frequencies are [350:and 440 Hz.(02%)s
9) For an error rate of less than 1.in"10,000.

10) Referenced to the lowest amplitude tone-in the DTMF signal.
11) Referenced to the minimum valid accept-level.

12) For guard time calculation purposes.
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Notes:
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Package Outlines

S
>

I D4
D
e
0 Y L
] e
E e
: > y o=
I \ T e: (lead coplanarity)
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u ¥, 2) Dimensions.in inches
E 1 { 3) (Dimensions;in millimeters)
2 | 4) For D & E add for-allowable Mold Protrusion 0.010"
20-Pin 28-Pin 44-Pin 68-Pin 84-Pin
Dim
Min-|_ Max |, Min | /Max | Min ||/Max | Miny| Max“}" Min | Max
A 0.165/ ] 0180 ,| 0.165.0.180" | 0.165-} 0.180 | “01165,| 0.200=| 0.165 | 0.200
(4.20) |C@BT) \|\(4.205 [ 14.577 ) 42053 4.57) |C(420) | (5.08) | (4.20) | (5.08)
Aq 0.090 (%0120, [-0:0004])\ 0.120.) 0.090" | 0:120"[=0.090 | @.130 4 0.090 | 0.130
2.29) | (3.04)°| (2:29)2} | (3:04)=1~(2/29) (|(3:04) | (2.29) |.43.30)/ |/(2.29) | (3.30)
D/E 0.385) |..0.395 | |0:4857120.495 0.6851 0.695| 0.985(* 0.995/| 1.185 1.195
(9.78)1.410.03) | (12.32) 1N (12.57).| (17:40).(17.65) | (256:02) | (25.27) | (30.10) | (30.35)
D4/E4 | 0:350, | 0358 0.450 | 0.456 | 0.650 | “0.658, | 0.9507]+0.958 | 1.150 1.158
(8.890). [7(9.042) 4(11.430) | (11.582) | (18.51Q)1(16.662) | (24130} (24.333) | (29.210) | (29.413)
Do/E, | 0.290 | 0:330 “{=0.390 | 0.430" | 0.590 | 0.630 |~0.890 | 0.930 | 1.090 1.130
(7.37) | (8.38) " |m(Q.97Y"{=(10:92)={=(14:99)"| (16:00) | (22.61) | (23.62) | (27.69) | (28.70)
0 0.004 0 0.004 0 0.004 0 0.004 0 0.004
0.026 | 0.032 | 0.026 | 0.032 | 0.026 0.032 0.026 | 0.032 | 0.026 0.032
(0.661) | (0.812) | (0.661) | (0.812) | (0.661) | (0.812) | (0.661) | (0.812) | (0.661) | (0.812)
G 0.013 | 0.021 0.013 | 0.021 0.013 | 0.021 0.013 | 0.021 0.013 | 0.021
(0.331) | (0.533) | (0.331) | (0.533) | (0.331) | (0.533) | (0.331) | (0.533) | (0.331) | (0.533)
H 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC
(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC)
1 0.020 0.020 0.020 0.020 0.020
(0.51) (0.51) (0.51) (0.51) (0.51)
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Package Outlines
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Notes:
D > 1) Not.to scale
2)\Dimensions.in/inches
% 5 3) {Dimensions in milliméters)
2 ) 4)-Ref. JEDEC Standard M0-150/MQ118 for 48 Pin
\L % 5)A &B.Maximum dimensions include allowable mold flash
y
A1 —
aRwq (A
. 20-Pin 24:Pin 28-Pin 48-Pin
im

Min | “Max: |> Min~ [<Max | Min (f~Max | Min | Max

A 0.079 - 0.079 0,079 | 0.005 0.110

(2 2 (2) (241) | (279)

A4 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 | 70:013 4 0.0087 | 0.013 | 0.008 | 0.0135
(0.22) (0.33)5(0.22) | (0.33)" (0.22)/'| (0.33) (0.2) | (0.342)

(o] 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 0.42 0.62 0.63
6.9) (7.5) (7:9Y (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) (5.8) (5.0) (5.6) | (7.39) | (7.59)

e 0.025 BSC 0.025 BSC 0.025 BSC 0.025BSC
(0.8635 BSC) (0.635 BSC) (0.635 BSC) (0.8635BSC)

A, 0.065 | 0.073 | 0.065 0.073 | 0.065 0.073 | 0.089 0.099

(1.85) | (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 0.395 042
(7.4) (8.2) (7.4) (8.2) (7.4) (8.2) | (10.03) | (10.67)

L 0.022 | 0.037 | 0.022 0.037 | 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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Package Outlines
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Notes:
1)Not -to scale
2)"Dimensiors-in inches

|6—
(““\-/

A =]
1 3) {Dimensions in millimeters)
T —_—> | e— 4y A& B Maximum dimensions-include allowable mold flash
B
S 16-Pin 18-RPin 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)
Ay 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 0.043 0.030 0.013 0.020 0.013 0.020 0.013 0.020
(0.33) (0.51) (0.38) (0:51) (0:33) (0.51) (0:83) (0:51) (0.33) (0.51)
c 0.009 0.013 0.009 0.013 0.009 0.018 0.009 0.013 0.009 0.013
(0.231) (0.318) {0.231) (0:318) (0.231) (0.318) (0.231) (0.318) (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) (11.75) (12.60) (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 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC

(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC)
H 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419
(10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (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: D,
1) Not to scale

2) Dimensions in inches

3) (Dimensions in millimeters)

ﬁ

Plastic Dual-In-Line Packages {PDIP).- E Suffix

8-Pin 16-RPin 18-Pin 20-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210°(5.33) 0.210/(533) 0.210/(5.33) 0.210 (5.33)
A, 0.115 (2.92) | 0.195(4.96).40.115/(2:92)..|/ 0.195.(4.85)|0.4152.92) /| (0.195.(4.95)_[10.115 (2.92) | /0.195 (4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014-(0:356)\ 0.022 (0:568)].0.014'(0,356) | 0.022/(0.558)| 0.014'(Q.356) | 0.022 (0.558)
by 0.045 (1.14) | 0.070 (177), | 0.046(114) |.0.07Q(177) [0.045 (1.94) 7} 0.070(1.77) | 0.045 (144) | 0.070 (1.77)
0.008 0.014,(0:356) 40.008 (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)
D4 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)"4..0.325 (8.26)| '0:300'(7.62) |..0:325(6:26) | 0.300 (7.62) | 0.325 (8.26)
Eq 0.240 (6.10) | 0.280 (7.11) | 0.240 (6.10) | 0.280%(7a11)..}..0.240:(6r10) | 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)
e 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 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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Package Outlines
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Notes: D, b
1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)
Plastic Dual-lh-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(8.35) 0.250 (8.35) 0.250 (6.35)
A, 0125 (3.18) | 0,19544.95) [ 01125 (346). .1 ‘0.105'(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) 10.014{0.858)' 0.022/(0/868) | 0.014.(0/356) | 0.022 (0:558)1 0.014 (0.356) | 0.022 (0.558)
by 0.04511.15) | 0.070:(1.77), 101030 0.77)>} 0.070,(1.77) 4 -0.030/0.77) 0.070 (1.77y | 0.080 (0.77) | 0.070 (1.77)
c 0.008 0.204) }-0.015 (0.381) | 0.008 (0.204), | 07075,(0.381)-| 0.008 {0,204} 0.015 (0:381) | 0.008 (0.204) | 0.015 (0.381)
D 1.050 (26,67) | 1:120128.44). 1150 (20.3)) | 1280 (32.7)>| (4.380.(35.4)- | 1.568 (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)
0.390 (9.91) | 0:43010.92)7)'0.600 (15.24) | 0.670 (17.02) | 0.600 (#5.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02)
E Ll T N\SMagmmalns 2 e
Eq 0.330 (8.39) | 0.380 (9.65) | 0485 (12:32)}.0.580,(14.73)0.48512.32) 0.580 (14.73) | 0.485 (12.32) | 0.580 (14.73)
Eq 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)
ex 0.300 BSC (7.62)
épg 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)
é 15p 15p 15p 15p

Shaded areas for 300 Mil Body Width 24 PDIP only
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