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Abstract

This project is a study about the telephone recorder. The telephone recorder can record the
terminal number ,date , starting time, finish time and show rate of service charge . The data can transfer
between circuits and computer by using RS-232 . The telephone recorder can print telephone billing via
printer.

There are three parts of this project . Part one is a circuit using microcontroller. Part two is
connection between circuit and computer. And part three is the software using to control , record

number and show the billing . This project is used in Bangkok only.
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Break H H l—l Jl__]
ON'Hook “"} Break Duration

Make Duration

——{ Pulse Period

. X s
31l 2.8 uaas Pulse fiRa¥uiiensay 4
= 4 d o ' o
Tuns@ifin 1139909 Impulse Hu 10 1S Aozsin 1 1dA1ve Pulse Period 1§ 100 ms 1

$IDWBINIAAID (Break) = 100 mS x 2/3 = 66.6 mS

$9I01WBINTIHOI993 (Make) =100 mS x 1/3 =33.3 mS

daudanamyassn uaumang Taoia lufiduiiv 700 ms udden 1918 Ius98ud 600
mS ©9 900 mS

2.1.2.2 uwunailu (Touch Tone) Wuszuumsdsdana Fevemyldunaniluszuuns

' o o o & o o ATy Aan y v 9 a 1 v
ﬂQLﬁuaﬂJuﬂJ‘]ﬂ!Wﬁﬁ TCUVUUNTBNIUNTDYDIT DTMF U?ﬁﬂqiﬁqwn']Ul’a'ilﬂa\af{d'ﬂﬂ@ﬁﬂ'lsﬁ]xﬂﬂﬂ@ﬂ')ﬂ

v oo P A gy @ 2 :]:j 1Y = 2 A4
Taonwdsdyaunnud 2 anudnseudusenll Jvziudunuvesmnoiaviing Fenawdign
] ' [ { a & {d o ' i
dseen lilizegludmarmdvesfona (04 kHz) Famanuansniesduswanuaaslummg
a £ o ﬂ & o 4 1 \ly = Y 1 [l A A
weunazdnAmisnziiuaNuR AT 9 vzuaas 13lugifi 2.5 dredraugu elinsna

vanuia 5 feziinawd 770 Hz uag 1336 Hz sequaniuoen'ly



High Group Frequency ( Hz)
1209 1336 1477 1633
697 e 1 o 2 e, 3 | i A _ R1
- :
o
E’ 770 e e 6 [t B -1 R2
g :
o
2
[T
g ' ' ul
° 852 T L] 8 | Ty . Lidssed € fosssd R3
o
2
o
o |
941 wed Fobd 0 * i1 R R4
C1 c2 c3 Cc4

R =ROW; C = COLUMM
U129 srasmmdildvesInsimiviianads

awudazgoonty  exfisszane 40 G8WIF uazvrenanzndvaunLi 6o

a aa =) ] 8 v o Yy <2 o =1 U ] 0
nammm‘ﬂuamam I‘ﬂ?ﬂ"W‘mm‘UﬂﬂﬂﬁiN‘VI'I\T]HLS’Jﬂ’J']LLUUﬂHu’E)Q Uszunm 10 tmM

2.2. FoyanadililuTnsdwd
dyanas (Signalling) A9 1inms°7;°l%’ﬁﬂ¢iaswﬁmﬂ§"aastﬁwﬁﬁu&guawu NELTRPTEEt
AanefiusznIegumoiugmay
nhiith ”lﬂﬁmﬁngnpmﬁi%'ﬁuimﬁwﬁ‘luﬂagﬁuﬁagj amhiie
LMSIASHUNSOY (Alerting)
2.M3daT0gYeIu 12aTS (transmiting address information)
3.M13A539AT7 (Supervising)

4.msdaﬁmununminms (Transmiting information Signalling)
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2.2.1. Subscriber Sinnalling (FyaMsTHIIGNNVYNNIY)
v ci 1 Y 1w
2.2.1.1 Fyywaiidsnngmiuguas
[ o d d
1 Off Hook AeamMAisuny Insfaizlian Closed Loop (Low

Impedance)
2 On Hook 7D ANTHAIEI19Y N30AATINE @1wazlianIW Open Loop (High

Impedance)

RA,RB = A8 umuvssmna Inssing

1 Y. A v ¢
RC  =fanumumuveansodlnsinn
4
310 2.10 ua@9a2132 Open Loop

3. Dilling Ao amwigismyavninouaseniiu Rowary dial Fayanaaziy
Pulsing A1 Impedance 1279, 1 aduiu lawdimguavmus §uaseaduuuunaty Touch-Tone
Fayanaeeniziiu aawd DIMF dween luguas
2.2.12 i‘r’qmmﬁﬁmmnwmﬂ
1. Dialling Tone fio Faanufiveniaanmmsievesgunsalyues uazeuany

W3 oULFY Code AiIAMIny TN dryanal Dial Tone Hazmifludygudeiionamd 425 Hz

o o

' i o o d
Moduleted A28 50 Hz Az 1aguiiiasinsony Inssmy

A o = 9 ' G4 (B 19 Y
2.Busy Tone fie dyananivenliniun gunsaguaieludie uadionyuda'l

t 4
=] [

Y
17
a g’ ' L4 bl 1 Y tls)q ~ 9 J 9/
Fygnautuaasd gunsal lugueeliiuazi laduidssivdannmyuasnue ldudwaasan 4

]
~

wrhognisonliidne unsdiSondguens dnyasdyanauidaaiudyanauinaneuiugi q

9 0.3 IUNNYA 0.5 U A mdveeTeya I 425 Hz Sine wave



"

3. Ringing Tone WudyanuiignSon ladundssnuyuauniuasuuds e
' 1 o o_d . ! o . . . Q.
venlinswihnsaensyilddisy Tuvasliguavszdedyanaiion (Ringing Signal) luddign

iFunaNUDveIdyQ M 425 Hz Sine Wave lauvzds 1 3ufinga 4 JuTi

VOLTAGE

42q Hz

qﬂlﬁw mqﬂ i W\m J’ ,-vuﬂ i =

DIAL TONE
+v q“P
1

/! |
A -

' BUSY TONE
+V

|
i/ TIME (SEC)
\

RING BACK TONE
+50 \ (\\l ﬂ|
f \‘ | g{
' § 4 r ! TIME (SEC)
2
-50 ; \J!

RINGING TONE

A v A &y v d
U9 2.11 sasdNAHUg NN NN S ANT

9@

4. Ringing Signal Lﬂuﬁmmmﬂmummmmm UM 25 Hz AULTIAU 70-90

vrm Tavds ludsfigrhegniSon de 1 3ufinga 4 3undit-
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5. dyanaNMdY 9 13U Nu Tone (Number Unobtainble Tone) wonldnsiui

a 1
vy um luiing

2.2.2 INTER EXCHANGE SIGNALLING (foyaaufiadiessHsyumaiuysans)

Idarueg iudu

o 4” IS ' ~
oMU mley 5 Usznisfe

1. Seizure (FRyeduases) dudyyraliyumolawmmsui gasvusil

] o @ o J = o '
pldnuegqumutaenezinsanTougunsainsuvmnovesdoniS undisz dean

()

A Sub.

2. Address information L‘fluﬁﬂgnpuamawmﬂ ﬂ%ﬂi:mn‘u@ﬂéﬁh

[

— 1 LE

LE

Forward

] o g
gﬂ‘ﬂ 2.12 HAPNYIUNTINIDNYN T

B Sub.

3
~

3. Answer Signal @yanameviy) doanuilgndudeditche B oaysy nihi

@ @ v g
nanvesdyaundanie

1. 1SuAUARISY
2. aednuAaEy

a [y Y C4
3. AA99IMI TN 1rgins el
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o a U A 1
4. Clear-Forward (dyaiaeni@nnisnensy) segnauleris A 119y wWaves
b4
Fognaiilieesndmaemaimsonidnmsaeasesd q
5. Clear-Black (Fnyanawni@nmsaendy) szqnduiodisrhe B 219y waves
" E

dayanailizihldgumedums Sudumsduna denarmly 90-120 Fudi guawdunisszun

00

@nnsaaaewieniudedayaian Clear-Forward oon lie Idyumodawnsonidaiudiu

2.3. dszanvesgumelnsin ‘ e
o 1 o daia 4
guenuInsdmintisesnidiu 2 Uszianlug q fe UszianusailugumoInsdwiniiaies
o o t ' o a
Tnsemivesdimaeidnilasase 15w quaisInssnnneddu (Local Exchange) LAZFA1N (Private
) i_ A a o Ja ] 4
Automatic  Branch Exchange Wouted1 PABX) iszinnficesdiuguasInsswin lufinies
@ d v 1 o 1 [ a
Tnsenivesdisaoidnlavasse laun spueny Insfnyiderusiestu (Tandem Exchange) Lagyumy
(Y- [}
TnssmnaonIume 1na (Transit Exchange)
o 4y A = o Jdada A v
2.3.1 yumalnsfiniiiesdu (Local Exchange) vutudsguas InsfminiiniosInsdmnives
Y 1 1Y o ¢ et o ¥ 9 2 A A
Aaednlagase guaginsinuuudifvnadusiduies q e wdniuawnanoyie
INNT

o des o [ o d a 1
2.3.2 o (PABX) lugmmo Insdminddnyaisadrofusugans Insdmiiiosdn udee1d

s

dadefumoludnineu Taolsigesrnusemoiesin qaasihuguas Insdniiainsusms
ety (Facilities) untaynuionislu (Extension) Tanaiuasis %qﬁﬁuazjﬁ'ﬂﬁmmfu q HvanNu
awsoiiuetiels msySmsierudsnarn 1dun nissemanuny (Abbreviated Dialling) Msison
nAUSaTuNA (Automatic Callback) M3alszufiuni1aInsémsi (Conference Call) Ms loumsiTen
(Transfer of Call) 015 TowTnssianA Follow Me) 40+ wena1nd lunsdifgauldims

o

' A @ v Jd9 a g o d a @
Aeeuiuguae Insswiivesiy nexi i Insdnsiiauminomoluannsofase T uavnueme
1 ofSy o a o = @ o d g
wenld TavrdmguaoInssmsinasdulusiusadoaiu Insfininauninemeueniauise
~ 9 [ ] 9 y 9 = : ' 12 a < A
Sonnluduaunuemelulasdimganla geusylvuadens liteduaunansaudaniumy
MUY H30UINNT
o d1 1 < o  dan 1 & g 1 v @
233 gumalnsannasdu mnedguay Insdnni ludimynune Insdnvivesfisaedun
' a { A o A [y v -4
Tavase uAvzUSMIMsISonseneguaeesduiDgumonesd Uiy MsBonsening Insdnm
1 @ "ot d 1 @ 1
2 e enieniulddspmsAedunat q quawnld guawderuiunisesnlaiiu
(R A & o dd o o '
2 uUAe YWAUABNIUABINY (Tandem Exchange) Fudluamans Insswiin l¥dmsvdermumely
& 1 : ) {3 1
Local Network #ils 9 minfusunsSonawlungaunna diudu uazqumoderiunelng (Transit
& o dd ) [V @ A 1
Exchange) FufluguaoInsfmifilddmsuaermluds Local Network 8u w1 nsi5unain

saySandangaunnd dudu
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2.4, SemeResdu (Local Network)

Tnsfmyind 19 sz oxi5uusnde Insfsiszuunumneslse s unases (Local Battery
Telephone System (Fenge31 Insfviszuy LB.) Tégnesnuuuliudazmunusansofads 1
ynuedu 9 18 Taol9aea sy Mesh Shaped Network fananaiugild 2.12

Mesh Shaped Network Lﬂumﬂmawnaﬂymzwm 9 Station vzABRITUTIHLA awgldi
2.12 waIm‘ﬁw‘uawmmwmwmﬂaamszsaﬂ"lﬂmTmﬁwmawmmu Amusaniilg ey
Msidenaingisonlalfuavnuoty mammmuummz*ﬂﬂ:i%’“luwﬁasmumﬂ 9 Selisman

Tnsffnt lalunniin faugmei lrunsod a8 Tauldgas

NUIUGIYNHUA = n(n-1)/2

& o A o o
e n= ﬂ?ﬂ%ﬂlﬂi@ﬁi‘ﬂiﬂﬂ%

>

>
>

SEOGH
g1l 2.13 uaas Mesh Shaped Network

~ a A Y & v d1 o 1
131N 2.1 L!ﬁﬂﬂi‘iza"i’lﬁﬂ1ﬂﬂ]ﬂ%ﬁ]ﬂ‘ﬂ@&&ﬂﬁﬂﬂ‘ﬂﬁﬂﬂﬂﬂE)‘ﬂ'l‘u’suflltﬂﬂ

Srununsoslnsiim Sunugmeima Uszlaninislaugega
N n(n-1)/2 %
2 1 100
5 10 20
10 45 11.1
50 1125 222
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DnA15197 2.1 sz uidis oo Insfnsiifuiy ﬁmmgiﬁwﬁgn“l%’ffwm‘lu Mesh
Shaped Network foziuniuethanuY uslsz TominmsIFamvesgaoiignldluaufivaiy
vzviouas wudilinuauiniosinsing 10 1n3eq AOAUULY Mesh Shaped Network fnaugaed
9tanua = 10010-1)2 = 45 farw dautlse TomiTuns 1ugsqavesgaofignldluna v
weilifivs s gmominiu SudlefaifuefFududanz1d =(5/45) x 100 = 11.1 nlefiSudivintu s
dumsaauiilidus Tumsud it l8TdRedundesguao st Taofi Insmvivesd
—wsazavneszldgans 1 guasdeidhlfunSesmans Insine 159500V IomonUUTi T Star-

Shaped Network

31]17‘; 2.14 uaa9 Star Shaped Network
Star Shaped  Network (s waofiidnuniziinn 9 Station wask I NTgudnans
(uenoTnsdni) awgildi 2,14 e Tnsdmivesdisiarmnonilsdesmsaase W fuaymnoay &
amnsodade 14 lasTminnuInsdinas (Operstor) ifudrentsGonli wSelasld3anaumih
flafiagos InssnviaaunoiidesnisAnmeday ='§aﬂzﬁuazjﬁuszumawumuimﬁwﬁifu QN
Wuszunla $1maugaofildlu Str Shaped Network wl§niaushAuimnuveunisaTnssm
o d

o W o v ' o dal a o 32 to 1
dwsuise lowninsldnugegavesgan Insanan ¥ Tunandesdu dlusgiumais Inssm

nduivannuewsalunssu Tafic 1dundsumosla

2
o

@ d v v <& Y a 1y v as Y Y a Ay S Ao
gume Insinnurslauvamtiaausa Musmsuadis Inseme 18 TuuSnanunfita

I3

&’ e g 1o 2 s v o 4 a a r [~ v
vislivuegiusimvesmoiaiansfn medmuatuiusnsvesdazygume Ailumsdnim
- v d 1A a & o Y Y 91 o Il t @
wilgume Insawnuinalngjfivaumoier JeezdilidesldgaoInsfsinae nnqumeTlass
v O [ s Yo » dd 1 { I Ay [} g
thudsmiverinn was liduwedsedin Insdnsifiegvialna Tudesifivunaiing lilnajun f

=) ) A Y @ ; = ' =1 = yd A Yo A
m%wmgumuwamu"lﬂﬂmmgumu ﬁﬁu‘uﬂ"lﬁI.iUﬂﬁ'l\i‘]g‘ﬂﬁ"lﬂﬂ’d'liﬂﬁm‘iﬂﬂvlﬂﬂﬁ?)mavlﬂuﬂ’l‘iﬂf@u
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Aousiazquenulinafiuvionua Tauld Junction Line Wudusousde uazisiSontuey Network)

UL Y1ueeRBadu (Local Network) Ranaraniugyl 2.15

Local
Exchange. ‘| Exchange.
f\ Local
M Exchange \\

a H v a
gﬂ‘n 2.15 HaUgagNBIn

~ gy o 4 1o ' o
113U 2.15 92U Local Network Hdnuaznisifoudefisazyua sy Mesh
Shaped  Network daudanses nsemnudazingaeszdeiinfugaoInsfmiliuy Star  Shaped

Network w3y Tuiias Tugy 9 15u nyanwa szalsenpudrsguaisiesan Idduimauun

TR e LE 41

TE2 TE3 LE3n

LE 2n LE31

51 2.16 uaasthemeadestulwiioslngl
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TumshieaoResdusmanunfindefuuyy Mesh Shaped Network 3¢laivi1fiog
Fly18 msrzdesligmonazasnsnisifieude smauumma §nfu Local Network Tungamme
GuisimialndiRode Unusill wumgs uazmymsismg) Jsdealdpumedenuiestudn
nwgumuiudugeusefugumotiosiy dnunizvesmsiFoudedeguauder e shiumme
UYL Mesh Shaped Network UngiiuaioniosiusefuguaonosuResduuuy Star Shaped

1 @ 4 £ (Y- ) 2 ] o @
Network @uA1AT0 INsANNABIUga 07 0INULDY Star Shaped Network I5HIFEITY Gauieas

AwgN 2.15 ' —

o ' o A A = o [l v J
g 2.16 Qun Tnsdnst Tuguanoiesdud 1 (LE,) seSonTudedinn Insdwiilusguany
. ' 3
Weannui 2 (LE,) IR TasnsiSenssrmisianua 3 quaio fie LE,, | TE, wag LE,, iiludu dwiums
~ P a () o ) =] ' B, 7 =1 o
Funigumeviesaueginlnaiu nsiSonAenszimgumoderumay « qumodls Tavludu
y ﬂ a9 A S g s o ¢ v A A =
AUIIUMTIABNAUN] (Route) NFUNGANDU 1BUMIN INTFMN Tugueeriosdun 1 (LE,) 15on
o [ LYR-{ a A ~ 1 &
Tusgian Insdmiluquenoiostiud 2 (LE,,) msBunszruguanevionua 4 yuas fe LE, [TE, ,
1 * 4 1 1 [ d o A
TE, Uaz LE,, UASMINIT9s15euansendne TE, U TE, gnldmudunuauds nsiGonasediee
doudenidunivouFesuniuiu Alemative Route namifis msizonassfiiziusguasiamuantie

viet 5 ey Ao LE,, ,TE, ,TE, TE, Uae LE,, %30 LE,, TE, TE, TE, TE, oz LE, ifudu

2.5330500A5HaANURINSTIN
~ v a s d a U 9 v
115108 MT8870 nensadyga Insdmnwianailu OTME) Thilugaas BCD vun 4
b
11 Taodios 1Huswiuas aaoa 3.579 MHz 1917y
o o o o 24 a Y
msneasiaaud Insdn v msuasdyanuninddanasnnsnatfudimnuves
s o~ LU - s Qg A =)
Imﬁwﬁwaﬂﬂﬂn (¥11@ Tone v158 DIMF) MWiTluszuusaunisdsnea F9led MTs870 1utlas
P o dq Y -
A Insiwn I ua g uae s 4 99
t a P v & = o g &
luganeu mssenuuVNITDRATHaAIWDvR NS AN dniFledimanmadengili
afuilymansie liduSewsswmnuifindouuadlyl msdsudases swavesisesilng
Myzdeeld ledsuauuin
2.5.1 auiinues MT8870
- g unazeeasianud (DTMF receiver)
- fuldies 19 viBsessduiReaiy TTL
- awnsedwsanvnunuludgl leddn
o I3 d
- awsedSumsalni (Guard time) 18
- dluleFamamge
2.5.2 M3 MT8870 1afldau
- Ml eud s luaseuInsa

A ar ar
- ipsestlesiuInsdninelna

46574
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- WuouRnfuesiamsa
9y ' @ g a
- Tewsawdunsesneufianes
4 ' b=l
- TlunSesguatovinadey nie PABX

- Euauned I nsimsea' U

o \J IN+

S
S

1 Q1

0sC2
10 | TOE

EEEEEER
:

2
FRFFAFFFEFR

]l R E] R

13 PIN PLASTIC DIP/SOQIC 20 PIN SSOP

3191 2.17 uaRsnaziBaAYIVEs MT8870

2.5.3. 1n53a519989 MT8870
i ™ I o
Tassaseneluves MT8870 sznenlidrnisssnsesniuduaz199sneasiailaneu

Avmea WulednadeleeldimaTulad 1S0™- - CMOS Iudmue91993509A MR ITMATAVDS

] »
- 3

a o a d 4 o @ [] o a Y
aIag a1 Fnesdames dmsunsesanudguuazal dansesneasialdinaiamsiums
Aaa 4 [ Y n’; Py a I~4 1 P
Avmoaiiiensnfuuazneasvasis 16 awdeenduaugmdowuia 4 9 wanSasiearn
o 1 a 4 & D) 4 ' o P
doyanaudw daumagunniluseiuend) Feamnsnilsusaswoy 1§ lavsoatns sinouenion
wniluaeesiand 3 saue

das °
2.5.4. HanFumsianamaly MT8870
mulu MT8870 15z neudaudiuddey s dau fio
1. MAnsesdRIAIND
ludautiszuondyanu DTMF Aweemidy 2 AFUAND AD HI9AIWDFUAZTI
o {o o a a o a 9’ = .
aamdd Taoldr9snsesununwddudy 6 silaadndanidiaes (six-order switched band pass
P ad ' ' P=] ' o
filter) Fanudfiuon 1R 2 931 Aogeaudganazsaenude
2. MABLASHA
~ ~ ~ ) 9y ' ) o o o <~
A0 DIMF N19nnsedisousosndinzmuiinesoeasiaanudeenduday Tag
IHnasiamstunuufinea u.azﬁmsm3ﬂﬁa’ummﬁﬁn’hmiﬁ‘lummﬁmmgm DTMF %58l

4 o d4 v 4 ' 42 v o o . <

etlesfiummuddudwmauiieasnaeuiarwdiugndes daanmiu Est (ady  steering) 1

Q o

wusaindmsumnoeasia lavnanudaie o Wu
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3. MAATIVARUTYY N
' oS A o = P o = ' S 9 v
Aeuftziinisneasanudesn lifiewinn 1ziinsasrvaeusaearudfidwiig
Ao A g e @ U o o L 9 ' Yt =
szoziauAimuande i TavdunavinszoznanisnatfuInsine Fedesnajulviiaawd
ke E4 b4
senuuiiuszoznameaualsinsiursrsdudie sy Tavdehdaananiuligndesdiudi
4 v
nawrila awisads1dlasld RC denouen Fyanadin Bst widu “High” wwlndifsefiu

] ] 1 ° b4 o o
szezafiliaawd DTMF Wwudlenn Est dlu “High” Mld v qeiudufviszy € wawlsey

T o Q J 1 ‘. Y LY Q Q A
iliusedn v, geiusutnunsylsad 299500as¥a Sarzneasiasenidludunvvuia 4 9n
4. MAVANTYAYIVANIUANE

295U UNIes MT8870 umavosesdieniannsnilsusasweslagde

2asmwueniindly
M 22 imasmfiaeastaldoinaaadema q

F(Low) | F(HIGH) | KEY | TOE Q4 Q3 Q2 Q1
697 1209 1 1 0 0 0 1
697 1336 2 1 0 0 1 0
697 1477 3 1 0 0 1 1
770 1209 4 1 0 1 0 0
770 1336 5 1 0 1 0 1
770 1477 6 1 0 1 1 0
852 1209 7 1 0 1 1 1
852 1336 8 1 1 0 0 0
852 1477 9 1 1 0 0 1
941 1209 0 1 1 0 1 0
941 1336 * 1 1 0 1 1
941 1477 # 1 1 1 0 0
697 1633 A 1 1 1 0 1
770 1633 B 1 1 1 1 0
852 1633 C 1 1 1 1 1
941 1633 D 1 0 0 0 0

oA a
5. MANHANNUD

b4
a 1 ~ vy 1A I~
TunniinwlnleFiziesnategmelu Mowadeusasanearuia 3.58 MHz

i

9 PR
annsolda 1dsiun
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2.6 RS-232-C
& 1 o A S
WIRITIUMSIFeNABLLUBYNTY RS-232 iThanasgugaamnssufiesnuuuutivelslums
vy a o a a & & !
aveyaRYNTNLLVRE I las e 2 NiAne Taswiasgiu RS-232 lusdariugnesnuuuyuiiemsas
' 4 a d [ < = v =t A A o 9 d ::”d' v
Hiudeyasnaeuiuaes liddluduiivsediudvuiiefisziveyanin luduiideaisn ey
[ 93 a It 4 24 11 1 o o 1
Tnseint lufsneniiames snyanilidsegrielnadu  Tavanznssumsifonh mnaugATIMATIY
ad a J { { o @t
B1anN50UNd ( Electronic Industries Association : EIA ) M@suasgiuniiveiSonduii EIA RS-232
B l:ly T 9 o [ L 9/‘2; " = A
wmsg i lusiasnz ldeeuuanesiduuuy DB-25 Tavsmuanrwengegaldh 50 Wa Tz
k4
Ayanadsun -3 9 -12 V uaas3diiveya (Mark ) uag +3 9 +12 V uaasir lufideya ( Space)
Yo a 0’4? A ad a dJd o 1t
WIASTIM RS-232-C ladanuiduiiell a.n. 1969 lasauiaugamunssudiannsetng A1
RS 6931970 Recommended Standard dan 232 ifunsnsavtsvenvesnasgiudail ¢ Whuawnue
¥
voanTugAT RS TN tonandnys ¢ udaluilvgiudsisnys D uaz E dao garlszasd
W A A ! 1 1 .
younasgUdIINNeIveNde sz iegilnssidetoyat/atoms ( DTE : Data Terminal Equipment )
o 1 a" Y < @ oA o 9 a %
Qﬂﬂimmmu‘lﬂuﬂ IiJLﬂZJ, TA Adapter 4194 ﬂuqﬂﬂmﬁamsﬂumaga ( DCE : Data Communication
. £ da a ¢
Equipment ) %409 ABNNWAABTIIUBY
2.6.1 INAIFIUYBIRS-232C
= g9 lifidosya ( Space ) n30a0Tn 0 Aoeiiusefulugae 43 Ve 425V
™ 1 9 A a 9 - [ 1 t =<
¥3990ya ( Mark ) ¥590830 1 ABINNIIAUBYIUTI -3 VAT 25V
= sedulugag =3 v i +3 v dedlutanamsnldsuaaius
® e luvmzilansrsdsedian liifu 25 v
< o A
" A5z Fen9es NAT iNUY 500 mA
Foyamaidslilsdesmuaniaseunquuasguees RS-232C YIIMUA 1IMTTIUIBY RS-
:// a waw A Yt Y ol Ay o =R =2 v dA q.’// 0o w
232-C Wnuenyinwgguaniiaded lananuuds dedldandesdiilans Wunfie RS-232-C 1 $1ria

a

aawyIihegfn 2500 PE dmiumumdafinuauneyreissuinawetwaniain llaweed

avwenszaa 50 Wa szfiainawy I szananiu duludrlildawriafienudd szozveanni
' A A 'Y q vt o ¥
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19-4323. Rev 9; 4/00

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where 12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

W AKX AV

Drivers/Receivers

Superior to Bipolar
¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

4+ Meet All EIA/TIA-232E and V.28 Specifications

¢ Multiple Drivers and Receivers

4 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice”
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
“Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx

Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate

Number V) Drivers/Rx Ext. Caps (uF) State SHDN (kbps) Features

MAX220 +5 212 4 4.7/10 No — 120 Ultra-low-power, industry-standard pinout

MAX222 . +5 212 4 0.1 Yes — 200 Low-power shutdown

MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes (4 120 MAX241 and receivers active in shutdown

MAX225 +5 35 0 — Yes v 120 Available in SO

MAX230 (MAX2C0) +5 510 4 1.0(0.1) Yes — 120 5 drivers with shutdown

MAX231 (MAX201) +5and 212 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.510+13.2 same functions as MAX232

MAX232 (MAX202) +5 22 4 1.0(0.1) No — 120 (64) Industry standard

MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps

MAX233 (MAX203) +5 212 0 — No — 120 No external caps

MAX233A +5 2/2 0 — No == 200 No external caps, high slew rate

MAX234 (MAX204) +5 20 4 1.0(0.1) No — 120 Replaces 1488

MAX235 (MAX205) +5 35 0 — Yes — 120 No external caps

MAX236 (MAX206) +5 i3 4 1.0(0.1) Yes — 120 Shutdown, three state

MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port

MAX238 (MAX208) +5 214 4 1.0(0.1) No — 120 Replaces 1488 and 1489

MAX239 (MAX209) +5 and 35 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+751t0+13.2 single-package solution for !BM PC serial port

MAX240 +5 515 4 1.0 Yes — 120 DIP or flatpack package

MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port

MAX242 +5 212 4 0.1 Yes (4 200 Separate shutdown and enable

MAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling

MAX244 +5 210 4 1.0 No — 120 High slew rate

MAX245 +5 £/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes

MAX246 +5 2110 0 - Yes v 120 High slew rate, int. caps, three shutdown modes

MAX247 +5 cr9 0 — Yes 4 120 High slew rate, int. caps, nine operating modes

MAX248 +5 c/a 4 1.0 Yes (4 120 High slew rate, selective half-chip enables

MAX249 +5 €/i0 4 1.0 Yes (4 120 Available in quad flatpack package

IV Maxim Integrated Products 1

For free samples & the latest literature: htip://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.

7 Features g B

v
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

SUPPlY-Voltage (VEE) i -0-3Vto +6V
Input Voltages

Rin (Except MAX220) .
RIN (MAX220)......couvevereecrn.
Tour (Except MAX220) (Note 1) .
TouT (MAX220).......coeveve.

..................... +30V

Output Voltages
o]0 TSI S +15V
ROUT ettt -0.3Vto (Vec +0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) . 440mW o

16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C)........... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges
MAX2_ _AC_ _, MAX2_ _C_ .o 0°C to +70°C
MAX2_ _AE_ _,MAX2_ _E__ ... ..-40°C to +85°C
MAX2_ _AM_ _, MAX2_ _M_ _ -55°C to +125°C
Storage Temperature Range............. -65°C to +160°C
Lead Temperature (soldering, 10S€C) ...........ccooovovorvooo. +300°C

Note 1: Input voltage measured with Toyr in high-impedance state, SHDN or Vee=0V.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047yF, C2-C4 = 0.33pF, Ta = TMIN to Tiax, unless otherwise noted.)

PARAMETER { CONDITIONS | MIN TP MAX | uNITS |
RS-232 TRANSMITTERS !
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND | =5 +8 %
Input Logic Threshold Low 1.4 0.8 \Y
Input Logic Threshold High All @rcepMRtep 2 4 \Y
MAX220: Vcc = 5.0V 2.4
. All except MAX220, normal operation 5 40
Lege POk efnpdiEyment SHDN = 0V, MAX222/242, shuidown, MAX220 001 =1 | M
Vece = 5.5V, SHON = 0V, Vour = =15V, MAX222/242 +0.01 =10
Output Leakage Current — UA
Vce = SHDN =0V, Voyt = +15V +0.01 +10
Data Rate All'except MAX220, normal operation 200 116 kb/s
Transmitter Output Resistance Vece =V+=V-=0V, Voyr = +2V | 300 10M I Q
Output Short-Circuit Current Vour = 0V +7 22 | mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range =30 \%
All except MAX243 R2n 0.8 1.3
RS-232 Input Threshold Low Vee =5V MAX243 R (Note 2) = \Y
g All except MAX243 R2)n 1.8 24
RS-232 Input Threshold High Vee =5V MAX243 Ry (Note 2) o5 0 Vv
RS-232 Input Hysteresis All except MAX243, Ve = SV, no hysteresis in shdn. 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 \Y
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vcc-02 \Y
TTL/CMOS Output Short-Circuit Current Sogrcu_ng Vour = GND = 10 mA
Shrinking Vourt = Vcc 10 30
2 VAKXV




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX

220/222/232A/233A/242/243 (con

tinued)

|
|
W

(Vce = +5V £10%. C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN 10 TMax, unless otherwise noted.)
PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Ve or EN = Ve (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current OV £ Voure Vs +0.05 +10 pA
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 45 55 \
MAX220 0.5 2
No load
Vee Supply Current (SHDN = Vee). MAX222/232A/233A/242/243 4 10 _—
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Shutdown Supply Current MAX222/242 3 7 RSP \7pC 2 %0 A
rren
Hieun Stpply Car TA = -40°C 10 +85°C 2 5% | ¥
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 A
SHDN Threshold Low MAX222/242 1.4 0.8 \
SHDN Threshold High MAX222/242 2.0 1.4 \
CL = 50pF to 2500pF, ;
RL = 3kQ to 7kQ. MAX222/232A/233A/242/243 6 12 30
. Transition Slew Rate Vee =5V, Ta = +25°C, b— V/us
measured from +3V | AX220 15 3 30
to-3Vor -3Vto +3V
MAX222/232A/233A/242/243 ™3 35
Transmitter Propagation Delay tPHLT MAX220 p 10
- | tion),
ILL to RS-232 (normal operatiop) MAX222/232A1233A1242/243 g 35 |
Figure 1 tPLHT
MAX220 - 10
MAX222/232A/233A/242/243 05 1
Receiver Propagation Delay tPHLR MAX220 06 3
. | i s
023210 Tl (nesmal operafion), MAX222/232A/233A1242/243 06 1 4
Figure 2 tPLHR :
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 "
RS-232 to TLL (shutdown), Figure 2 tPLHS MAX242 25 10
Receiver-Output Enable Time, Figure 3 ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpg MAX242 160 500 ns
Transmitter-Output Enable Time MAX222/242, 0.1pF caps
. . ter s 250 us
(SHDN goes high). Figure 4 (includes charge-pump start-up)
Transmitter-Output Qisabie Time 57 MAX222/242, 0.1uF caps 600 ns
(SHDN goes low), Figure 4
Transmitter + to - Propagation MAX222/232A/233A/242/243 300
. : tPHLT - tPLHT ns
Delay Difference (normal operation) MAX220 2000
Receiver + to - Propagation MAX222/232A/233A/242/243 100
. - tPHLR - tPLHR ns
Delay Difference (normal operation) MAX220 225

Note 3: MAX243 R20uyr is guaranteed to be low when R2inis >0V or is floating.

VAKX
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 , , 1 S Ny -
5 \'%\!» 1wF L § - OUTPUT LOAD CURRENT § uF CAPs ——* §
6 | ETHER Ve OR V- LOADED : 0 e YT rpsr P VN L
: 0.1pF — ALL CAPS T +5V — "”
s 4 | Vo=V W | = g by = 45V =
e NO LOAD ON = \“lg } ~d = SHON
2 2 | TRANSMITTER OUTPUTS £ )-8 : Vg = 45.25V 8 o
g | (EXCEPT MAX220, MAX2334) g — 5
s 0 | L 3 | ALLCAPS ot 3
5 5 |v-LoaED, NOLOAD ON VA ColP g o K ANPE ~<
5 i a * Ve = +4.75V K3 \ 1uF CAPS
S 4 0.1uF |1 3 5 1 L\
P PN | Nl [\
8 % —) 5 A AW &
: V- LOADED, NO LOAD ON V- Rl AN [V
0 4 1ov
o 5 wf fiso n S 0 10 W 30 4 0 6 S00ps/div
LOAD CURRENT (ma) DATA RATE (Kbis/sec)

4 MAXIM




+5V-Powered, Multichannel RS-232

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

V7o R -0:3Vto +6V
. (Vcc - 0.3V) to +14V
............................................................................ +0.3Vto -14V
-0.3Vto (Ve + 0.3V)
...................................................................................... +30V
TOUT svcmsnasmmtnommemmmssmmmassares (V++ 0.3V) to (V--0.3V)
ROUT oo ...-.0.3Vto (Vcec+ 0.3V)

Short-Circuit Duration, TOUT «.veveveeevveeeeeereereeeeereennn. Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C).......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mW

Drivers/Receivers

24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mW
28-Pin Wide.SO (derate 12.50mW/°C above +70°C) .......c.... W
44-Pin Plastic FP (derate 11.11mW/°C above +70°C).....889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C)..........
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) .............
24-Pin Sidebraze (derate 20.0mW/°C above +70°C)..........1.
28-Pin SSOP (derate 9.52mW/°C above +70°C).............

Operating Temperature Ranges

MAXZANWC W A N 0°C to +70°C
MAXR w¥E,. .l - ...-40°C to +85°C
WA 2ae M _Yo....... foud .-55°C to +125°C

-65°C to +160°C

6P XVIN-022X V}N

Stresses beyond those listed under “Absolute Maximum Ralings" may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is rot implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS——MAX223IMAX230—MAX241

(MAX223/230/232/234/236/237/238/240/241, Vo = +5V £10; MAX233/MAX235, VoG = 5V +5%. C1-C4 = 1.0pF; MAX231/MAX239,
Vee =5V £10%; V+ = 7.5V to 13.2V; Ta = TMin to Tmax: unless otherwise noted.)

| PARAMETER CONDITIONS MIN TYP MAX UNITS
i Output Voltage Swing All transmitter outputs loaded with 3kQ to ground +5.0 +/¥3 \
MAX232/233 10
Vee Power-Supply Current .'F’: ':oig'so o | MAX223/230/234238/240/241 7 15 mA
MAX231/239 0.4 1
V+ Power-Supply Current Mghr! 18 - mA
MAX239 5 15
MAX223 15 50
Shutdown Supply Current Ta = +25°C MAX230/235/236/240/241 : 5 pA
Input Logic Threshold Low | Tin; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 Y
TIN 2.0
Input Logic Threshold High E_N W(MAXZZS); 24 Vv
EN, SHDN (MAX230/235/236/240/241) )
Logic Pull-Up Current Tin=0V 1.5 200 pA
e o hase BE
MAXIMN P
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vo = +5V +10; MAX233/MAX235; Vce = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
Vee =5V £10%; V+ = 7.5V to 13.2V; Ta = Tmin to Tmax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
- o SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold Low e A v
cc= Shutdown (MAX223)
SHDN = 0V, 0.6 15
EN =5V (R4n. RSIN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
Ta = +25°C SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold High v ; Y
Vec =5 Shutdown (MAX223)
SHDN = 0V, 1.5 2.4
EN =5V (R4in. RSiN)
RS-2232 Input Hysteresis Vee =5V, no hysteresis in shutdown 0.2 0.5 1.0 \%
RS-232 Input Resistance Ta=+25°C, Ve = 5V 3 5 4 kQ
TTL/CMOS Output Voltage Low lout = 1.6rA (MAX231/232/233, louT = 3.2mA) 0.4 Y
TTL/CMOS Output Voltage High lout =-1mA 35 Vcc-04 Vv
OV < Rout < Ve EN = 0V (MAX223);
S Ou ad i 1
TTL/ICMOS Ovutput Leakage Current EN = Voo (MAX235-241) 0.05 +10 pA
MAX223 600
Receiver Output Enable Time NormaAl ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma.l ns
operation MAX235/236/239/240/241 250
RS-232 IN 1o Normal operation 0.5 10
Propagdation Delay TTL/CMOS OUT.| SHDN = oV tPHLS 4 40 us
CL=1%0pF. | (MAX223) tPLHS 6 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Vg = 5V,
RL = 3kQ to 7kQ, CL = S0pF to 2500pF, measured from 3 5.1 30
+3Vto -3V or -3Vto +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Vo = 5V,
RL = 3kQ to 7kQ, C = 50pF to 2500pF, measured from 4 30
+3Vto -3V or -3Vto +3V
Transmitter Output Resistance Vce = V+ = V- =0V, Vour = £2V 300 Q
Transmitter Output Short-Circuit 410 mA
Current +

N AKXV




+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics g

- MAX223/MAX230-MAX241 b
TRANSMITTER OUTPUT VOLTAGE (Vgy) ><
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE N
VOLTAGE (Vgh) vs. Ve DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 | 3 74 Sy, 124 : ‘ ; . N
2 TRANSMITTERS ; g 1TRANSMITTIERL0ADED Ta=425°C g Q
LA / "2 e \k 165060 3| |
~— o L=
% l pa S 2 100 N C1-C4= 1uF—
7.0 \>>( = N | |
1 TRANSMITTER < 90 2 TRANSMITTERS
= - =
g | oo P S| S 50| v 2 = X L0400 D
= | ) e . N\ v — R x
LOADED 66 2dil/sec Erlo - N N
w
it /Z Ta=425°C | 6.4 f-Ta=+25°C _mmsmmz& \\\ ,h
g C1-C4=1pF Vo =45V 6.0 R N
/ TRANSMITTER 62 | 3TRANSMITTERS LOADED ) mmswn%x\ ()
4 TRANSMITTERS LOADS = © | R=¥a | 30 LOADED o
. LOADED | 3k 1125000F oo LCICOz T R | |
43 50 55 T0 500 1000 1500 2000 2500 © 0 S0 1000 1500 2000 2500
Vee (V) LOAD CAPACITANCE () LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (Vgr) vs. Vee DIFFERENT DATA RATES vs. LOAD CURRENT
0 : 5 60 10
ATRANS- Ta=e25°C |2 The 125 /5 |V | g
s MITTERS  C1-Ca=1uF [ $2 |ypp-45v E ~J E}
e LOADED ™ TRANSMITTER 3TRANSMITTERS LOADED / 6 Ta=+25°C" =<
| LOADS = 64 [—p-30Q 74 o Llvec=e5v ’
70 340 112500pF | o6 | _CIC4=TF /] C1-Cd=1pF
= . I s ? - | V- LOADED,
=5 1 < s | 1o0Kbitssec ,/ S o Loyl noor | __|v+Loaoeo, |
S | ~ = 80Kbits/sec gz/ = roinks /0N NOLOAD
1 TRANS- 20 |— 20Kkbils/sec 2 ON V- ——
80 | MITTER < : / RN p
LGA?ED S TRANS L’ L~ 5 2l =
85 |—2TRANS- __3TRANS- —
85 I"himess  MmTeRs 74 b= // 2 Ly 2 f —
gy LottE) - WO o o’ {1 ALL TRANSMITTERS UNLOADED
45 50 55 T0 S0 1000 1500 2000 2500 0 5 1015 20 25 30 35 40 45 50
Vee ) LOAD CAPACITANCE (pF) CURRENT (m4)
V+, V- WHEN EXITING SHUTDOWN
(11F CAPACITORS)
Vs
~
\* 4 ; ; 0
. ] V-
|‘ SHON"

500ms/div

*SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS

VAKX 7




MAXZZU-VIAXZ4Y

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VCC) e -0.3Vto +6V Continuous Power Dissipation (Ta = +70°C)

Input Voltages 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
Tin, ENA, ENB, ENR, ENT. ENRA, 40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...611mW
ENRB, ENTA, ENTB 44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07W
([ P Operating Temperature Ranges
Tour (Note 3). MAX225C_ _. MAX24_C_ _ ..o 0°C to +70°C
ROUT oo, MAX225E_ _, MAX24_E_ _ ... -40°C to +85°C

Short Circuit (one output at a time) Storage Temperature Range............. -65°C to +160°C

TOUTIO GND ..o Continuous Lead Temperature (soldering,10Sec) .............ccccoeven... +300°C
ROUTIO GND ...t Continuous

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vce = 0V.

Stresses beyond those listed under *Absolute Maximum Raltings” may cause permanent damage (o the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225, Ve = 5.0V +5%; MAX244-MAX249, Vce = +5.0V +10%, external capacitors C1-C4 = 1pF: Ta = TMIN to Tmax; unless oth-
erwise noted.)

PARAMETER | CONDITIONS [ MN_ TP MAX] UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 14 0.8 v
| Input Logic Threshold High 2 1.4 v
Logic Pull-Up/Input Current Tabies 1a-1d et Ao /0 & pA
Shutdown +0.01 +1
Data Rate Tables 1a-1d, normal operation . 120 64 | kbits/sec
Output Voltage Swing All transmitter outputs loaded with 3<Q to GND +5 %5 \
sg‘é\fgli f"gss\lm- §E2 +0.01 / 225
Output Leakage Current (shutdown) Tables 1a-1d pA
e & 001 25
Vour = =15V 7
Transmitter Output Resistance Vce = V+ = V- = 0V, Vout = 2V (Note 4) 300 10M Q
Output Short-Circuit Current Vour = 0V +7 +30 mA
 RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 \Y
RS-232 Input Threshold Low Vee = 5V 0.8 1.3 \Y
RS-232 Input Threshold High Vce = 5V 1.8 2.4 \
RS-232 Input Hysteresis Vce = 5V 0.2 0.5 1.0 \
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 \
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vec-02 \Y
TTLCMOS Output Short-Circuit Current soureingogr ~GhD b =1 mA
Shrinking Vour = Vcc 10 30
" 3 4 1
TTL/CMOS Output Leakage Current IT\I;);Z? ;j:jrgvngs';51(;35;5:\1/323(;\2%_ = Ve +0.05 +0.10 pA

g AKXV




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Ve ="5.0V £5%; MAX244-MAX249, Ve = +5.0V £10%, external capacitors C1-C4 = 1pF; Ta = TMIN 10 Tmax: unless oth-
erwise noted.)

VN

6PZXVIN-022X

PARAMETER f CONDITIONS ] MIN TYP MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
Operating Supply Voltage wilitiae i el v
|
peraling Supply Yoltag MAX244-MAX249 45 55
MAX225 10 20
No load
Ve Supply Current MAX244-MAX249 11 30 .
(normal operation) 3kQ loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current A PA
0 TA = TMIN to Tmax 50
Leakage current %1 pPA
Control Input Threshold low 1.4 0.8 "
Threshold high 2.4 1.4
AC CHARACTERISTICS
- Cr = 50pF to 2500pF, RL = 3kQ to 7kQ, Voc =5V, :
TeAvsitiomSiew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V y |0 9 Vibs
Transmitter Propagation Delay tPHLT 1.3 8.5
TLL to RS-232 (normal operation), ys
Figure 1 tPLHT 1.5 35
Receiver Propagation Delay tPHLR 0.6 15
TLL to RS-232 (normal operation), - ys
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode), us
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation )
Delay Difference (normal operation) (PHLT = (PLHT \ 350 oS
Receiver + to - Propagation )
Delay Difference (normal operation) IPHLR - (PLHR 850 ns
Receiver-Output Enable Time, Figure 3 | ter 100 500 ns
Receiver-Output Disable Time, Figure 3 | tpr 100 500 ns
MAX246-MAX249 5 5
(excludes charge-pump start-up) H
Transmitter Enable Time teT
MAX225/MAX245-MAX249 10 ms
(includes charge-pump start-up)
Transmitter Disable Time, Figure 4 tor 100 ns

Note 5: The 3002 minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Vee =
0V is 10MQ as is implied by the leakage specification.

N AXIVI #




MAXZZU-VMIAXZ49

+5V-Powered, Multichannel RS-232

Drivers/Receivers
Typical Operating Characteristics
MAX225/MAX244-MAX249
TRANSMITTER OUTPUT VOLTAGE (V+, V-)
TRANSMITTER SLEW RATE OUTPUT VOLTAGE vs. LOAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
L ;/cc=5v : ‘g —— z % Ve =5V WITH ALL TRANSIMITTERS DRIVEN |2
o 18 H VANOV-LORED |1 A |F 85 LOADEDWTHSk2 3
= \ 6 i 3 4 ETHER Vs OR—] >\\ | 10kp/sec\
S N iy i J_J__ T 80 okt see —
o \,  EXTERNAL POWER SUPPLY S 4 byg=sv \\ [~ 7~
g n 14F CAPACITORS & 5 | BXERNALCHARGEPULP | | 75 o, —
AN 2l : S
@ 10 N S 0 |-8TRANSMITTERS 10 N 60kb/sec —
e N [OORDATARATE | 5 | oRWNG SN0 = N ~
E 8 8 TRANSMITTERS =7 [ 20000F AT 20Kbits/sec 6.5 SN
2 Nlovownza| 3 L7 V- LOADED - A N
z ¢ a % v A»lzov LIOADEDI— /i W X 100Kb/sec
T d N '///A—l_er< 55 s ™
B : " g ¢ T
; = TN D, [ Vabhh 5y LALCHPACTORS lpF\
0 1 2 3 4 5 0 5 10 15 20 25 3 35 Ly 1 2 3 4 5
LOAD CAPACITANCE (rF) LOAD CURSENT (mA) LOAD CAPACITANCE (nF)
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5 +3V 5
(T S 50% D 50%
+3V INPUT : ,
INPUT \ ; : :
A v : : :
5 : : o vee
: d e 50%
" : T Vi /-~ GND
QUIPUT & e e 3" P
. : : : H IPLHA
E [ 5 4 - tpLHS
tpLHT —>> - — ~— ey
“EXCEPT FOR R2 ON THE MAX243
WHERE -3V IS USED.
Figure 1. Transmitter Propagation-Delay Timing Figure 2. Receiver Propagation-De!ay Timing
EN
RxOUT 1k
Ry IN »' Veg-2v
a) TEST CIRCUIT
. 150pF
e eur — 2| :
: oV &N
—»  e—— OUTPUT ENABLE TIME (igp)
o~
RECEIVER i
OUTPUTS :
Pl a) TIMING DIAGRAM
b) ENABLE TIMING P
+3V &
o 10R0
& eyt — & ;
— 34— OUTPUT DISABLE TIME (tpg) 3k 50pF
V 1
o oommasz Vox- 0.5V —— —
RECEIVER : Veg-2V -
OUTPUTS s VoL+ 05V b) TEST CIRCUIT
Vo :
c) DISABLE TIMING '
Figure 3. Receiver-Output Enable and Disable Timing Figure 4. Transmitter-Output Disable Timing
VLA X1V 1
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
— — OPERATION TRANSMITTERS RECEIVERS
ENT ENR
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
. A ] RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Normal Operation All Active All Active RAS Active RB5 Active
All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State sy B 2 A Mode
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RB5 Low-Power
Receive Mode Receive Mode
Table 1c. MAX246 Control Pin Configurations
— N OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RAS5 RB1-RB5
0. 0 Normal Operation All Active All Active All Active All Active
: ) : RB1-RB4 3-State,
0 i Normal Operation All Active All 3-State All Active RBS5 Active
= RA1-RA4 3-State, ;
1 0 Shutdown All 3-State All Active RAS Active All Active
| RA1-RA4 3-State, | RB1-RB4 3-State,
1 i 1 Shutdown All 3-State All 3-State RAS Low-Power RA5 Low-Power
i Receive Mode Receive Mode
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
—_—t TRANSMITTERS RECEIVERS —
OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA | ENTB | ENRA | ENRB
STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RAS RB1-RB5
0 0 0 0 Normal Operation All Active | All Active | All Active All Active
All 3-State, except
0 0 0 1 Normal Operation All Active ' | All Active | All Active RBS stays active on
MAX247
0 0 1 0 Normal Operation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 i Normal Operation All Active | All Active | All 3-State RBS stays active on
MAX247
0 1 0 0 Normal Operation All Active | All 3-State | All Active All Active
! All 3-State, except
0 1 0 1 Normal Operation All Active | All 3-State | All Active RBS stays active on
MAX247
0 1 1 0 Normal Operation All Active | All 3-State | All 3-State : All Active
All 3-State, except
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State RBS stays active on
MAX247
1 0 0 0 Normai Operation All 3-State | All Active | All Active - All Active
' All 3-State, except
1 0 0 1 Normal Operation All 3-State | All Active | All Active RB5 stays active on
MAX247
1 0 1 0 Normal Operation All 3-State | All Active | All 3-State All Active
L All 3-State, except
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State RBS5 stays active on
MAX247
1 i Low-Power Low-Power
1 1 i 0 0 Shutdown All 3-State | All 3-State RSEEE Moge Receive Mode
Low-Power All 3-State, except

11 0 1 Shutdown All 3-State | All 3-State Receive Mode RBS stays active on

MAX247
3 3 Low-Power
1 : 101 | 0 Shutdown All 3-State | All 3-State | All 3-State ARG MBHE
: t 1
i i i
E All 3-State, except
17 1 | 1 1 Shutdown All 3-State | All 3-State | All 3-State RBS5 stays active on

| MAX247

NAXIM 13
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Detailed Description

The-MAX220-MAX249-contain-four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to +10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum x5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to Vcc. This is because V+
is internally connected to Vcc in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is +8V when
loaded with a nominal 5kQ RS-232 receiver and Vcc =
+5V. Output swing is guaranteed to meet the EIATIA-
232E and V.28 specification, which calls for +5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, Vcc = +4.5Y, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400kQ input pull-up resistors to Vcc are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes (maximum 25pA)—when in shutdown
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mode, in three-state mode, or when device power is

removed. Outputs can be driven to +15V. The power-

supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
ouputs of the unused drivers low. Connect unused inputs
to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239—
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
leakage remains less than 1uA, even if the transmitter
output is backdriven between OV and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/ps
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/ps loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to 25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low | X High Impedance
MAX223 _ High | Low . Active
High | High High Impedance
Low High Impedance
Minazs - - — | High | Active
MAX235 | Low Low High Impedance
MAX236 | Low _ __ | High | Active
MAX240 | High X High Impedance

N AKX
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nominal 5kQ values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the O or "OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line

(TD or RD), while the negative threshold receiver is con- .

nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jJumpers to an appropriate positive voltage level.

AKXV
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5ps for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic nigh is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25uA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enier 2 high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable

inputs each control five receiver outputs- The ENTA

and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.

MNAXIMN
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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____PART_ TEMP. RANGE PIN-PACKAGE
MAX222CPN 0°C to +70°C 18 Plastic DIP
MAX222CWN 0°C to +70°C 18 Wide SO
MAX222C/D 0°C to +70°C Dice*
MAX222EPN -40°C to +85°C 18 Plastic DIP
MAX222EWN -40°C to +85°C 18 Wide SO
MAX222EJN -40°C to +85°C 18 CERDIP
MAX222MJIN -55°C to +125°C 18 CERDIP
MAX223CAl 0°C to +70°C 28 SSOP
MAX223CWiI 0°C to +70°C 28 Wide SO
MAX223C/D 0°C to +70°C Dice*
MAX223EAl -40°C to +85°C 28 SSOP
MAX223EWI -40°C to +85°C 28 Wide SO
MAX225CWI 0°C to +70°C 28 Wide SO
MAX225EWI -40°C to +85°C 28 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP
MAX230CWP 0°C to +70°C 20 Wide SO
MAX230C/D 0°C to +70°C Dice*
MAX230EPP -40°C to +85°C 20 Plastic DIP
MAX230EWP -40°C to +85°C 20 Wide SO
MAX230EJP -40°C to +85°C 20 CERDIP
MAX230MJP -55°C to +125°C 20 CERDIP
MAX231CPD 0°C to +70°C 14 Plastic DIP
MAX231CWE 0°C to +70°C 16 Wide SO
MAX231CJD 0°C to +70°C 14 CERDIP
MAX231C/D 0°C to +70°C Dice*
MAX231EPD -40°C to +85°C i4 Plastic DIP
MAX231EWE -40°C to +85°C 16 Wide SO
MAX231EJD -40°C to +85°C 14 CERDIP
MAX231MJD -55°C to +125°C 14 CERDIP
MAX232CPE 0°C to +70°C 16 Plastic DIP
MAX232CSE 0°C to +70°C 16 Narrow SO
MAX232CWE 0°C to +70°C 16 Wide SO
MAX232C/D 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP
MAX232ESE -40°C to +85°C 16 Narrow SO
MAX232EWE -40°C to +85°C 16 Wide SO
MAX232EJE -40°C to +85°C 16 CERDIP
MAX232MJE -55°C to +125°C 16 CERDIP
MAX232MLP -55°C to +125°C 20 LCC
MAX232ACPE 0°C to +70°C 16 Plastic DIP
MAX232ACSE 0°C to +70°C 16 Narrow SO
MAX232ACWE 0°C to +70°C 16 Wide SO

MIAXIN
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Ordering Information {continued)
MAX232AC/D 0°C to +70°C Dice* ]
MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX232AESE -40°C to +85°C 16 Narrow SO
MAX232AEWE  -40°C to +85°C 16 Wide SO
MAX232AEJE -40°C to +85°C 16 CERDIP
MAX232AMJE -55°C to +125°C 16 CERDIP
MAX232AMLP -55°Ct0 +125°C  20LCC
MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX233ACWP 0°C to +70°C 20 Wide SO
MAX233AEPP -40°C to +85°C 20 Plastic DIP
MAX233AEWP  -40°C to +85°C 20 Wide SO
MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX234CWE 0°C to +70°C 16 Wide SO
MAX234C/D 0°C to +70°C Dice"
MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX234EWE -40°C to +85°C 16 Wide SO
MAX234EJE -40°C to +85°C 16 CERDIP
MAX234MJE -55°C tc +125°C 16 CERDIP
MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX235MDG -55°C 1o +125°C 24 Ceramic SB
MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX236CWG 0°C to +70°C 24 Wide SO
MAX236C/D 0°C to +70°C Dice*
MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX236EWG -40°C to +85°C 24 Wide SO
MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX236MRG -55°C to +125°C 24 Narrow CERDIP
MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX237CWG 0°C to +70°C 24 Wide SO
MAX237C/D 0°C to +70°C Dice*
MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX237EWG -40°C to +85°C 24 Wide SO |
MAX237ERG -40°C to +85°C 24 Narrow CERDIP |
MAX237MRG -55°C 10 +125°C 24 Narrow CERDIP |
MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP ;
MAX238CWG 0°C to +70°C 24 Wide SO |
MAX238C/D 0°C to +70°C Dice® |
MAX238ENG -40°C to +85°C 24 Narrow Plastic DIPJ

" Contact factory for dice specifications.
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+S5V-Powered, Multichannel RS-232

Drivers/Receivers
Ordering Information (continued)
PART TEMP.RANGE  PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP———
MAX238EWG -40°C to +85°C 24 Wide SO MAX243CSE 0°C to +70°C 16 Narrow SO
MAX238ERG -40°C to +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX238MRG -55°Ct0 +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice*
MAX239CNG 0°C to +70°C 24 Narrow Plastic DIP MAX243EPE -40°C to +85°C 16 Plastic DIP
MAX239CWG 0°C to +70°C 24 Wide SO MAX243ESE -40°C to +85°C 16 Narrow SO
MAX239C/D 0°C to +70°C Dice~ MAX243EWE -40°C to +85°C 16 Wide SO
MAX239ENG -40°C to +85°C 24 Narrow Plastic DIP MAX243EJE -40°C to +85°C 16 CERDIP
MAX239EWG -40°C to +85°C 24 Wide SO MAX243MJE -55°Cto +125°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX239MRG -55°Cto +125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice*
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244EQH -40°C to +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice” MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CAl 0°C to +70°C 28 SSOP MAX245C/D 0°C to +70°C Dice"
MAX241CWI 0°C to +70°C 28 Wide SO MAX245EPL -40°C to +85°C 40 Plastic DIP
MAX241C/D 0°C to +70°C Dice* MAX246CPL 0°C to +70°C 40 Plastic DIP
MAX241EAIl -40°C to +85°C 28 SSOP MAX246C/D 0°C to +70°C Dice"
MAX241EWI -40°C to +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Plastic DIP
MAX242CAP 0°C to +70°C 20 SSOP MAX247CPL 0°C to +70°C 40 Plastic DIP !
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247C/D 0°C 10 +70°C Dice" ]
MAX242CWN 0°C to +70°C 18 Wide SO MAX247EPL -40°C to +85°C 40Plastic DIP |
MAX242C/D 0°C to +70°C Dice” MAX248CQH 0°C to +70°C 44PLCC
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248C/D 0°C 1o +70°C Dice*
MAX242EWN -40°C to +85°C 18 Wide SO MAX248EQH -40°C to +85°C 44 PLCC
MAX242EIN -40°C to +85°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC
MAX242MJUN -55°C to +125°C 18 CERDIP i MAX249EQH -40°C to +85°C 44 PLCC ]

Maxim cannot assume responsibility for use of any circuil
implied. Maxim reserves the right to change the circuitry an
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SN74LS122 SN74LS

123

Retriggerable Monostable
Multivibrators

These dc triggered multivibrators feature pulse width control by
three methods. The basic pulse width is programmed by selection of
external resistance and capacitance values. The LS122 has an internal
timing resistor that allows the circuits to be used with only an external
capacitor. Once triggered, the basic pulse width may be extended by
retriggering the gated low-level-active (A) or high-level-active (B)
inputs, or be reduced by use of the overriding clear.
® Overriding Clear Terminates Output Pulse
® Compensated for Ve and Temperature Variations
® DC Triggered from Active-High or Active-Low Gated Logic Inputs
® Retriggerable for Very Long Output Pulses, up to 100% Duty Cycle
® Internal Timing Resistors on LS122

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 4.75 5.0 5:25 \
Ta Operating Ambient 0 25 70 °C

Temperature Range

lon Output Current — High -0.4 mA
loL Output Current — Low 8.0 mA
Rext Extemmal Timing Resistance | 5.0 260 [89]
Cext External Capacitance No Restriction

Rext/Cext | Wiring Capacitance at 50 pF

Rext/Cext Terminal

© Semiconductor Components Industries, LLC, 1999 1
December, 1999 - Rev. 6

ON Semiconductor
formenty 8 Omision of Motomls
http://onsemi.com
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ORDERING INFORMATION

Device Package Shipping

SN74LS122N 14 Pin DIP 2000 Units/Box

SN74LS122D 14 Pin 2500/Tape & Reel

SN74LS123N 16 Pin DIP 2000 Units/Box

SN74LS123D 16 Pin 2500/Tape & Reel

Publication Order Number:
SN74LS122/D



SN74LS122 SN74LS123

SN74LS123 (TOP VIEW)
(SEE NOTES 1 THRU 4)

TRexy 1 2
Vec Ced Ceq 1Q 20 CIR 2B 2A

[16] [1s] [1e] [1s] [re] [n] [o] [s]
i__

Q CLR
> Q
crQ ro
IRHREROR GG REIRE =
W 1B 1 10 29 2 2 GND
CLR Cex  Rew
Cex
SN74LS122 (TOP VIEW)
(SEE NOTES 1 THRU 4)
Rextl
Vee Cex Cext R Q
[14] [s3] f_l l_l fJ?I [e]
NS
Q

. :
i

B U2ys D (e e

BT B2 CLR Q@ GND

NC — NO INTERNAL CONNECTION.

NOTES:

1. An external timing capacitor may be connected between Cey; and Re/Cey (positive).

2. To use the internal timing resistor of the LS122, connect Ry, to Vec.

3. For improved pulse width accuracy connect an external resistor between Rey/Cey; and Vee with Riy open-circuited.
4. To obtain variable pulse widths, connect an external variable resistance between Riy/Cey and V.

http://onsemi.com
2



SN74LS122 SN74LS123

LS122 FUNCTIONAL TABLE

INPUTS OUTPUTS
CLEAR Al A2 B1 B2 Q Q
L X X X X L H
X H H X X L H
X X X L X L H
X X X X L L H
H L X T H | |
H L X H T | or
H X L T H Tt S
H X L H T |n TF
== H H l H H = s m T
H l 4 H H ||
H \ H H H | AF
T L X H H L slafa
T X L H H JL 1r

TYPICAL APPLICATION DATA
The output pulse tw is a function of the external
components, Cex; and Rey, 0r Cey; and Ry on the LS122.
For values of Cey; > 1000 pF, the output pulseat Ve = 5.0
Vand Vrc =5.0 V (see Figures 1, 2, and 3) is given by

tw = K Rey; Cexe where K is nominally 0.45

If Cey is on pF and Rey, is in kQ then ty is in nanoseconds.
The Cey, terminal of the LS122 and LS123 is an internal

connection to ground, however for the best system

performance Cey; should be hard-wired to ground.

Care should be taken to keep Rey; and Cey; as close to the
monostable as possible with a minimum amount of
inductance between the Rey/Cex; junction and the RiviCGan
pin. Good groundplane and adequate bypassing should be
designed into the system for optimum performance to ensure
that no false triggering occurs.

It should be noted that the Ceyy pin is internally connected
to ground on the LS122 and LS123, but not on the L.S221.
Therefore, if Ceyx is hard-wired externally to ground,
substitution of a LS221 onto a LS123 socket will cause the
LS221 to become non-functional.

The switching diode is not needed for electrolytic
capacitance application and should not be used on the LS 122
and LS123.

To find the value of K for Cey > 1000 pF, refer to Figure 4.
Variations on Vcc or Vie can cause the value of K to
change, as can the temperature of the LS123, LS122.

http://onsemf.com
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LS123 FUNCTIONAL TABLE

INPUTS OUTPUTS
CLEAR A B Q Q
[ X X L H
X H X I H
X X L L H

H L i o

H l H I uwr

T L H I or

Figures 5 and 6 show the behavior of the circuit shown in
Figures 1 and 2 if separate power supplies are used for Vce
and Vre. If Ve is tied to Vg, Figure 7 shows how K will
vary with Ve and temperature. Remember, the changes in
Rext and Cex with temperature are not calculated and
included in the graph.

As long as Cexy 2 1000 pF and 5K < Rey < 260K, the
change in K with respect to Ry, is negligible.

If C.x < 1000 pF the graph shown on Figure 8 can be used
to determine the output pulse width. Figure 9 shows how K
will change for Cex; < 1000 pF if Ve and Ve are connected
to the same power supply. The pulse width ty in
nanoseconds is approximated by

tw =6 + 0.05 Cexe (pF) + 0.45 Ry (KQ) Cox + 11.6 Rege

In order to trim the output pulse width, it is necessary to
include a variable resistor between V¢ and the Rext/Cexipin
orbetween Ve and the Rey, pin of the LS122. Figure 10,11,
and 12 show how this can be done. R.,, remote should be
kept as close to the monostable as possible.

Retriggering of the part, as shown in Figure 3, must not
occur before Ceyy is discharged or the retrigger pulse will not
have any effect. The discharge time of C,y, in nanoseconds
is guaranteed to be less than 0.22 Cext (pF) and is typically
0.05 Cext (pF).

For the smallest possible deviation in output pulse widths
from various devices, it is suggested that Cey be kept
21000 pF.



B INPUT

SN74LS122 SN74L.S123

WAVEFORMS

RETRIGGER
PULSE (See Application Data)

QOUTPUT |

B INPUT

1

} tyy > QUTPUT WITHOUT RETRIGGER

EXTENDING PULSE WIDTH

CLEAR INPUT

QOuUTPUT

CLEAR PULSE

[] OUTPUT WITHOUT CLEAR PULSE

OVERRIDING THE OUTPUT PULSE

e e o el b R NN e s
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4



SN74LS122 SN74LS123

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \ Al Inputs
ViL Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage for
All Inputs
Vik Input Clamp Diode Voltage -0.65 -1.5 Vee = MIN, [y =—18 mA
2.7 3.5 Vee = MIN, lop = MAX, Vi = Viy
Von Output HIGH Voltage BN i Trith Eabls
0.25 0.4 % lo=4.0mA | Vcc=VceMIN,
VoL Output LOW Voltage Vin= VL or Vi
0.35 0.5 \ loL=8.0mA per Truth Table
20 ,,lA VCC = MAX, VIN =27V
iy Input HIGH Current
: 0.1 mA Voo = MAX, Viy=7.0V
i Input LOW Current -0.4 mA Ve = MAX, Viy=04V
los Short Circuit Current (Note 1) —-20 -100 mA Ve = MAX
LS122 1
| Power Supply Current mA Vee = MAX
ce § LS123 20 ce
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (T4 =25°C, Vg =5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
toLH Propagation Delay, A to Q 23 33 N
tPHL Propagation Delay, A to Q 30 45 CorynD
tpLH Propagation Delay, B to Q 23 44 o Clalsyr
tpHL Propagation Delay, B to Q 34 56 Rex = 5.0 kQ
torH Propagation Delay, Clear to Q 28 45 O 5
tPHL Propagation Delay, Clear to Q 20 27 ns
tw min AorBtoQ 116 200 ns Cext = 1000 pF, Reyq = 10 kS,
twQ AtoBtoQ 4.0 45 50 us CL=15pF RL=2.0kQ
AC SETUP REQUIREMENTS (T = 25°C, Vg =5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Pulse Width 40 ns

http://onsemi.com
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NOTES:
1.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL.

__INCHES | MILUMETERS |
MIN MAX MIN | MAX
0.715 | 0.770 | 18.16 | 18.80

0240 | 0.260 | 6.10 6.60

0.145 | 0.185 369 469

0.015 | 0.021 0.38 0.53

0.040 | 0.070 1.02 178

0.100 BSC 2.54BSC

0.052 | 0.095 1.32 241

0.008 | 0.015 0.20 038

0.115 | 0.135 2.92 343

0.2%0 | 0310 131 187

— [ w0 — 1 1w0°
0015 [ 0039 | 038 | 10

z:n-:n-::n-ncnm>§

NOTES:

Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.

DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

wnN

o oA

MILLIMETERS INCHES
DiM| MIN MAX MIN | MAX
A 8.55 8.75 | 0.337 | 0344
B 3.80 4.00 | 0.150 | 0157
C 135 1.75 | 0.054 | 0.068
D 0.35 049 | 0.014 | 0019
F 0.40 1.25 | 0.016 | 0.049

G 1.2785C 0.050 BSC
J 0.19 025 | 0.008 | 0.009
K 0.10 0.25 | 0.004 | 0.009
M 02 72 02 19
P 5.80 6.20 | 0.228 | 0.244
R 0.25 0.50 | 0.010 | 0.019

. DIMENSIONING AND TOLERANCING PER ANSI
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- DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.

DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

DIMENSION B DOES NOT INCLUDE MOLD FLASH.

. ROUNDED CORNERS OPTIONAL.

INCHES MILLIMETERS

0.008 | 0.015 0.21 0.38

0.170 | 0.130 2.80 3.30

0295 | 0.305 1.5 174

0° 10° 0° 10°

| DIM| MIN MAX MIN | MAX
A ] 0740 | 0.770 | 18.80 | 19.55
B | 025 | 0270 | 6.35 6.85
C | 0145 | 0175 3.69 4.44
D | 0015 | 0.021 0.39 0.53
F | 0040 | 070 1.02 1717
G 0.100 BSC 2.54 BSC
H 0.050 BSC 1.278SC
J
K
b
M
S

0020 | 0040 | 0.51 1.01

NOTES:

1

2.
3.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

CONTROLLING DIMENSION: MILUMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILUMETERS INCHES

| OIM| MIN [ MAX | MIN | MAX
A | 980 [ 10.00 [ 0386 | 0.393
B | 380 [ 400 ] 0150 | 0157
c | 135 | 175 [ 0054 | 0.068
D [ 035 ] 049 [ 0014 | 0019
F [ 040 | 125 0016 | 0.049
G 1.278SC 0.050BSC
J | 019 025 0.008 | 0.009
K | 010 [ 025 [ 0004 | 0.009
[ 02| 7°] o°f 3°
P | 580 | 620 | 0229 | 0.244
R | 025 [ 050] 0010 [ 0019




LM567/LM567C
7 Tone Decoder

General Description

The LM567 and LM567C are general purpose tone decoders
designed to provide a saturated transistor switch to ground
when an input signal is present within the passband. The cir-
cuit consists of an | and Q detector driven by a voltage con-

the decoder. External components are used to indepen-
dently set center frequency, bandwidth and output delay.

Features

m 20 to 1 frequency range with an external resistor

m Logic compatible output with 100 mA current sinking
capability

m Bandwidth adjustable from 0 to 14%

NNational Semiconductor

trolled oscillator which determines the center frequency of .

May 1999

m High rejection of out of band signals and noise

= Immunity to false signals

m Highly stable center frequency

m Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation
Ultrasonic controls

Carrier current remote controls
Communications paging decoders

Connection Diagrams

Metal Can Package
ouTPUT

QUTPUT

FILTER gNO
Loop TIMING
FILTER CAPACITOR

TIMING

VT RESISTOR

DS00E9TS-1

Top View
Order Number LM567H or LM567CH
See NS Package Number H08C

Dual-In-Line and Small Outline Packages

1 8
cp:{;g; p— QUTPUT
Loop _2 U
FILTER P ~ [
- VAN 5 TivinG
oETECION CAPACITOR
Y 4 [ 5 TIMING
- RESISTOR
0S006975-2

Top View
Order Number LM567CM
See NS Package Number MOSA
Order Number LMS67CN
See NS Package Number NOSE

© 1999 National Semiconductor Corporation DS006975

www.national.com
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Absolute Maximum Ratings (ote 1)

Storage Temperature Range -65°C to +150°C

Electrical Characteristics
AC Test Circuit, T, =25°C, V* = 5V

If Military/Aerospace specified devices are required, LM567H -55"Cto +125'C
please contact the National Semiconductor Sales Office/ LM567CH, LM567CM, LM567CN 0'C t0+70°C
Distributors for availability and specifications. Soldering Information

Supply Voltage Pin gV Dual-In-Line Package

Power Dissipation (Note 2) 1100 mW Soldering (10 sec.) 260°C
Ve 15V Small Outline Package -
Vs, —10V Vapor Phase (60 sec.) 215°C
V, V, + 0.5V Infrared (15 sec.) 220°C

Operating Temperature Range

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Parameters Conditions - LMS67 FMSWC/LMSWCM Units
Min Typ Max | Min Typ Max
Power Supply Voltage Range 4.75 5.0 9.0 | 4.75 5.0 9.0 v
Power Supply Current Quiescent Ry =20k 6 8 7 10 mA
Power Supply Current Activated R, =20k 11 13 12 15 mA
Input Resistance 18 20 15 20 kQ
Smallest Detectable Input Voltage Ig=100 mA, f, =1, 20 25 20 25 mVims
Largest No Qutput Input Voltage Ilc =100 mA, f, = f, 10 15 10 15 mVims
Largest Simultane.ous Qutband Signal to 6 s dB
Inband Signal Ratio
:\q/har:il;num Input Signal to Wideband Noise | B, = 140 kHz 5 i, a8
Largest Detection Bandwidth 12 14 16 10 14 18 | % of f,
Largest Detection Bandwidth Skew 1 2 2 3 % of f,
tection width Variation
'\:v?tf?rifn?peeraiure " 'l ¥ i wC
rgest Detection Bandwidth Variation 4.75-6.75V
“Li'? Ssuppfye\foltage +1 %2 +1 +5 %V
Highest Center Frequency 100 500 100 500 kHz
Center Frequency Stability (4.75-5.75V) 0<T,<70 35 + 60 35 = 60
55 <.T, <4125 35+ 35+ PRI
140 140 il
Center Frequency Shift with Supply 4.75V-6.75V 0.5 1.0 0.4 2.0 %ol
Voltage 4.75V-9V | 2.0 2.0 %N
Fastest ON-OFF Cycling Rate f,/20 /20
Output Leakage Current i 15V 0.01 25 0.01 25 pA
Output Saturation Voltage e;=25mV, lg = 30 mA 0.2 0.4 0.2 0.4 v
e, =25mV, lg = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee spedific performance kimits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.

Note 2: The maximum junction temperature of the LM567 and LMS67C is 150°C. For operating at el d . devices in the TO-5 package must be de-
rated based on a thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case For the DIP lhe device must be derated based on a thermal resis-
tance of 110°C/W, junction to ambient. For the Small Outline package, the device must be derated based on a themmal resistance of 160°C/W, junction to ambient.

Note 3: Refer to RETS567X drawing for specifications of military LM567H version.

www.national.com 2




Schematic Diagram
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Typical Performance Characteristics
Typical Frequency Drift Typical Bandwidth Variation Typical Frequency Drift
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Typical Performance Characteristics (continued)

Typical Frequency Drift Bandwidth vs Input Signal Largest Detection Bandwidth
- Amplitude
£ 5 L
= RARK AL 300 . —
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Detection Bandwidth as a Typical Supply Current vs Greatest Number of Cycles
Function of C, and C, Supply Voltage Before Output
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Ve = 5 N0 L0AD “ON" CURRENT, 500 I P
¢ 3 W T 1 'ar2sc
Yy 3 V 300 [N :Au?wmm LIMITED BY C; -]
5% \ ~ a 200
E53 \ o > - \ ‘K BANDWIDTH LIMITED BY
o = e 3 100 EXTERNAL RESISTOR
$
s 3 >3 \/(mmuuu cyl
B \\\\ 3 50 M\
< [{] ENT CURR
[ \\ = £ |~ QUIESCENT CURRENT % u
d N s ¥ ‘N |
L IN
10° ] 10 !
002 T gt 51 1 T () FAT ST S0\ oy &7 35 10 2030 S0 100
BANOWIOTH (% OF 1) SUPPLY VOLTAGE (V) BANDWIOTH (% OF 1)
05006975-16 D$o0s375:47 0500697518
Typical Output Voltage vs
Temperature
S W
09 Vee= SV
3 os 4
z o1
= g g 100 mA
5 Lot
S es -
S o4
5 03
& .. 1 =30 mA
5 02
e [T
! 11
275 S0 -25 0 25 SO 7S 100 125
TEMPERATURE (°C)
DS006975-19
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Typical Applications

Component values (typ)
R1 6.8 1to 15k

R2 4.7k

R3 20k

C1 0.10 mid

C2 1.0 mfd 6V

C3 22mid6V

C4 250 mid 6V

08 uf

0.5 uF ¢

05 uf ¢

INPUT
100-200 myrms O

05uf ¢

0.5 uF ¢

05 uf €

Touch-Tone Decoder

¢l

05 uf

DS00697¢-5
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Typical Applications (continued)

Oscillator with Quadrature Output

+

=
UL

Ry >10000

LMS67 N

-_E—-J

it
Z

Connect Pin 3 to 2.8V to Invert Qutput

DS006975-6

Oscillator with Double Frequency Output
+

1
i

DS006975-7

Precision Oscillator Drive 100 mA Loads

o

www.national.com

LM567 3
2 6 1 __I I._J LJ
veo
TERMINAL
(+6%}
RL
<
c2 I '"‘I_ a
k> N DS006975-8
AC Test Circuit Applications Information
The center frequency of the tone decoder is equal to the free
5V running frequency of the VCO. This is given by
y 1
0 = 1 pp
. M o 1.1 R C
e 24K 0033 The bandwidth of the filter may be found from the approxi-
mation
8 1 6 s| ~ :
BY = 1070 in % of f
3 4 fo 2
1
. Where:
T I i 1uf = :
ozl oes it B Vi = Input voltage (volts rms), V; < 200 mV
ﬁ_ C, = Capacitance at Pin 2 (uF)
T O SIGNAL +sv
G Q2 et
DS006975-9
f;= 100 kHz + 5V
*Note: Adjust for f, = 100 kHz.
6




Physical Dimensions inches (millimeters) unless otherwise noted

0.350-0.370
(8.890—9.338)

DIA
0.315-0.335
{8.001—8.509)
MAX
] 0.025
0.165-0.185 | 053] lLJEN:[;ngT:OLLED
(4.191-4.699) i
B T—Y *

REFERENCE PLANE X

— = SEATING PLANE
o L2 I T omsmone
770 ' (0.381-1.016)

el it

0.016-0.019
—>l |»<~ -—_(0106—0.483) DIATYP

0.195-0.205 DIA

0.100 Lo (4.953—5.207) P.C.
(2.54)

0.029—0.045
(0.737 —1.143)
6.028 —0.034
TR AR 0.115-0.145
(0.711-0.864) \,\/ 7 7
/< DIA
45° EQUALLY
SPACED HOSC (REV B)
Metal Can Package (H)
Order Number LM567H or LM567CH
NS Package Number H08C
0.135-0.157
14.300 —5.004)
| 1 7 1] s
& 1 ﬂ i ﬁ
0.228-0.244
(5.791-6.158)
0.018 wax
1 5:)———) 0251
/G858 t
teaong )/ 123 e f_f_
I0ENT 33;
0.150-0.157
™ s0-3.5e
20100020 L yee ol RIEL)
(0.254-0.508] l | T ""“;”g' 0.064~0.010
1 ALL LEADS lﬂ.“ﬂ;ﬂ 254)
R gt
" e R T
T o f e
' @) 1 oM, o
maieny wwews ]|, ooeum S et
; - (0.406 —1.270) T 0.008 i : :
TYP ALL LEADS e ) m.m)m-u« e

Small Outline Package (M)
Order Number LM567CM
NS Package Number MOSA
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\
\
LM567/LM567C Tone Decoder

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.373-0.400
SaT—10.16) |
_ 000
{2.286)
LT 0] (61 6 0.03240.005
(2337) { (08132 0.127)
Y 0.250:£0.005 RAD R -
PIN.NO. 1 IDENT\L‘ S (6.35£0.127) PIN NO. 1 IDENT
OPTION 1 | \'
[BREIRD|
0.280
g "™ 0.030 il o
MAX 0.039
0.300-0.320 (0.762) — _0'991 _0.145-0.200
(T.62-8.128 ‘ —>1/<~ (0.951) (3.683—5.080)
& T s A 01300005
[ ¢ (3.302£0.127) i |
st TR
bags Q08 @s=3ss) 1o
0.009-0.015 B W 90° +4° —
e {3.175) (0.508)
{ozz9-038n | A v e
+0.040 NOM 0.018+0.003
0325 _p 015 .45720.075)
+1.016 0.100:+0.010
("zss-o.w) | (2.540£0.254)
0.045+0.015
(1.143£0.381) ool
NG
0.050 :
(1.270) NOSE (REV F)

Molded Dual-In-Line Package (N)
Order Number LM567CN
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION.

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant

into the body, or (b) support or sustain life, and

whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

AS CRITICAL COMPONENTS IN LIFE SUPPORT
APPROVAL OF THE PRESIDENT AND GENERAL
As used herein:

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

Email: suppon€nsc.com

www.national.com

English Tet: +49 (0) 1 80-532 78 32
Francais Tel: +49 (0) 1 80-532 93 58
ltaiano Tel: +49 (0) 1 80-534 16 80

National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer
Americas Fax: +49 (0) 1 80-530 85 86 Response Group

Tel: 1-800-272-9959 Email: europe.suppon € nsc.com Tel: 65-2544466

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466

Email: sea.support @ nsc.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507
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