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Abstract

Someone said "This period is the era of Information". The
evolution of the Telécommunication, Electronics and Computer is the
cause of progressive communication. Especially, the computer in
communication is able to send and receive information in the long
distance by Moden. p

Modem is an equipment which modulated and demodulated
signal through telephone line. Beacause of Network of.telephone is
all over, the communication through telephone line_ is convenience.
In this project, the design of ‘moden for point to point
data comrunication use BELL 103 Standard, Asynchronous
connu;;cdfidnh with 300 bps for both full duplex and half duplex.

Software is able to transmitting and receivng data both each

character from keyboard and text file.



2.2.1

2.2.2

2.2.3

2.2.4

2.2.58

2.2.6

22,7

2.2.8

2.2.9

2.2.10

2.3.1
2.3.2

20:3.3

a1710

min
ngHiuaERanTS
nwsﬁaﬂwsﬁaqg
UREEREIEIRLIT

Eﬂuuuuaon1759617uuuagniu

o 1 v
"ﬂ?qul711uﬂﬁ7nWﬂTauﬂaqﬂuuuaEﬂ73

ngauugelagig

ngReRTRILIET Y lATIA

v o @ ° '
ﬂ17ﬂ1ﬂqu1uﬂ77aﬂlNaﬂqquL7Q1uﬂq7nqﬂﬂuﬂaﬂdqﬂaﬁ

wasdho T ladimany
ﬂsu%nﬁnwwuaenwséudﬁuiaga
iah 1 Luntad odagne

v )
WANNATAD I 1L Gy

T Aunauaaiideg
tinvos T fa

LNANANTT AN

wann13 Lun1aaeant andaene
(nalian1Tuandynn
ﬁnumsuaeﬁoniaoﬁqumﬁﬁaanW7
nMnanduunasan

nTaL Touyo s
daangunaw

a 1w ow v ¢
a9 Toanat 1fuana InTdun

IJnterface EIA RS-232C

o i v . ¢
naduinetida luTar Tl vea o

[BM Asynchronous Communicantions Adapter

ﬂﬁﬁﬁﬁuuﬂgﬂdauaq RS-232C

ay

U1

2-26
2-27
2-32
2-41
2-42
2-45
2-45
2-46
2-49

2-50



2.3.4

2.4

5.2
6.9 |
ATRWUIN N
AAEUIN N
ATAWUIN A.
ATAWRIN 1.
ATAWUIN R
fnTsanlssnia

WUFD1 44

TeAVdNNAYRY RS-232C

nw71iTﬂiuﬂfuTunwsﬁaaﬁiiaqg

N TERNUIIURLBNTTAT

] a
vaonlnosunsaves Tt ey

v v s wva 1 wu {
ﬂﬁﬂuﬂﬂ010ﬂUﬂQ@WNﬂW“7UﬂﬂﬂOnu RS-232C WoTM
17 Moduluto Way 1A Demodulabe

© {
Qluaﬂlﬂﬁﬁ
299TNTD AU
7@ Carrier Detect
AA9718°E

ao (
AANNITRUALNDT

nwsﬁwowuuapTﬂTuniuQWséaawsiagg
Tﬂsuniunﬁ7¥néoﬁagaﬁauﬁaﬁnus
Tﬂsunsunws%uéo1ﬂ5ﬁaqa‘
ANINARDILALWANTTNAADY

NATINRO SHARDURNA IR NALO IR L Nt
nﬁsnnaae%nﬁnamuﬁqumﬁnﬁﬂdwa 1 1992935 10
uanwsnﬂaacnﬁideiagasunideﬂauﬁdLna§
azﬂuanwsnnaaauau3a11ﬁ

41992997 01 aa
dduTﬂiunsuﬁqi1unwsﬁaaﬁ7ia§a

wwanne lunrarnsinenne

Tutﬁuuwnsgwu Bell 103

2497 Filter UUNANA 9
nwsﬂiTﬂsunsanwséaaﬂsiaga Proconn
1o%Tut fuununrig

pata wo¢lodnlflulasatu

2-64

2-69

3-21

3-21

5-2

b=l



01 v o { \1uu ﬁl u:tluu v v
uﬂqauuﬁauwatnai (computer) (ALYATLUREIMNR LuTIMl 78310 Las
Ve Wi v a [ 0 w [ n'
T Tl e uludnusing 7 WRIERIUY ﬂauwvLnaiuunuwnaWﬂqLﬁuaaﬁouwn STHN)

o a dv ) H a v a 1
ANTNIT LI UADNNI L ABT AL IUWI AN nanwoﬁnuqsnanwsﬂwnwsnﬂnauw7aws7u
] 5 D'ﬂ' - XY o W v o ‘II
uawaﬂsutnﬂsvunenﬂsnﬂﬂaaaaW71uvanﬂ7uq19u uau1uﬂqauuﬂauu0tnostuw
unuunuwnnanq:nweﬁuuauﬁanﬂssawauuaaﬂut71u1nuuTﬂﬂtuu1u1uTﬂ7ﬂauwatn01ﬁo
uuvunu7wﬂﬁnnaetsaa 9 ﬁotﬂuaﬂaounaununuﬂsuanﬁnwu auuunwx1ﬂawuw1nnﬂna
ﬂaawsu1axiauTuoneqasuqueaauwaxnafnvaqﬂnvmﬁaawsau Gl twanw11uu17aW1
o v & o " vd PN '‘a o o
nﬁiuantﬂaauuagaﬁanuuaunu1ﬂnau1ﬁunﬂftwuﬂsuanﬁnﬁwnaanﬂsaaaw1 uaefu
[Y) n'ﬁ o 4 o v o lﬁ ‘lll {
NNTUTEREA L UTIB L AT uTﬂsﬂauwvtnaitiﬂuaquaatwﬂo untunng tflrs Tatue
vag09 Tuaniu %enwsdaiagaﬁtvwt?ﬂnﬁuTﬂuﬁa1ﬂiw DATA COMMUNICATION WA
v Y va v nlllﬁ - O A A AY v oo
ae1aunw¢ﬂ7uﬂ§onw7mnn01nt utnfauwﬂannwanwsqﬁewuuaoqﬂnimnuswﬂﬁuwo WA
v ¢' a a o § va é 1:: o‘u’m PYRN ] '
wign i antreinganu ufa1uuﬂ1uTﬂﬁuqoqnﬂosuuuuLfannu7w1uuuTﬂvonwa
a { 72 1w ' a v
ABUWILAGT ¢ (COMPUTER NETWORK)  F9d1u170ULIANHAEYD9 AT IN8ADNN LnaT 16
viu 2 dnaelng q fio
' f p-f a v ' a I{
1)Local Area Network 7uuuutﬂunwiaaawiuaqasunaﬁaﬂauuatnas1u
segenolaiin 2 filaung TﬂﬂWiawﬂﬁonauauaoﬂoﬁuﬁ15§oaéwatﬁuawa Coaxial
. ' ' a ( v v w v 1 a oo
Cahle  MOTEUINIADANILADTLINILNY uauau1ﬂTn10uwaﬂauu1Lwaiﬂugﬂuuunﬁf
21917 (TOROLOGY) wuandnefiucily Star,bus wia Tree Topolagy L iufiu

2)Wide Area  Network 1uuuua31iTunw:aaawiuauasunuwa
aauwvtnasnaauﬂenuuwnnaw 2 Alacant dusuly TﬂﬂquaﬁﬂﬂTﬂieuwaTnsﬂwnﬁaowu
aqTﬂﬂn71ﬂaquav1unﬁiaonaga1ﬂaoﬂaﬁﬂnwo

5t o v [ a 'e a v

N1TAANBEDANTIONATEN I IABNI LABTAININRARD (1ink) Auldly 2

ANBULAD i i
: o 1 o o .'. lUﬁ.

-nnsﬁaawzuagasunqqenuTﬂa1ﬁaﬁaxnauna:unvnanuﬁonanuﬂnun7n1u

|-
nﬁsaciaganuagnuqmauunuaoaﬂaae

\

"



-n1733a17iagaTﬂadwuﬂﬁuﬁnq Foaansaimarasiefulalussaenis
Tnandaitg  ldansniduanedeuiliRedl il Tu Foe
TOPEREER udavﬁaotﬂun11§utﬂﬁaeﬁwﬁawﬂéuaéuﬁa

1unwﬁﬁﬂda§aaﬁ7ﬁagaTﬂﬂﬂnﬁuﬁd vrseannsansi iaTaedenng
\iouTasanet Srdaatiulasnte folmTaEanTaRaEut 3 E M T amadnuennT i
nﬂovauﬁa§a15 2 3880

D mrdviayauuun ﬁagaaugndoaan1ﬂﬁtﬁau%oiuﬁ 8YTE) Tngiin
(BIT) QnﬁnﬁaéWu 1 fﬁﬁquqndoaon1uw¥au q i Gedn dufasiool fdosdann
(cHANNEL) lunardvodnetoninnfiudavaninle 1+ 1o

2) midedoynuvuaunta dousdsandsavantifias 1 in doedagaly
n1dsanaastfiiies 1 dosdgnminitu

iaqaﬁqﬁTutﬂéaoaauﬁatnaé&uxﬁuﬁ@qwmﬁ%naa Fomafanodefuuasiy
Tussgenislng q fiorsseila 2 3adaetuie WNITRTNIBNINT T8 iR INDA
aefanadedaanaTagsitoenosdmedoiidmariioay  aeimadeTngldnesran
viuana Tnsdun Lol tuiﬂuLﬁaﬁsuasnwo1ﬂaﬁuanwwﬂawutﬂu515ﬁnﬂ%u§ﬁlﬁﬂﬁu1u
@18 (STRAY CAPACITOR) quﬁﬁ1itﬁaﬁﬁnw1i1unw7doiagaﬁﬁﬂoﬁuLquo 219381 1R
nﬁiﬁnuawnuaaﬁaga&uﬁu1ﬁtﬁa15uﬁﬁeﬂaﬁﬂnwa 3§nﬂ7ﬁaaenw1daﬁqqﬂmTﬂanws
wlaviaaianeal fudwnaeunaanion  madediiasildineSunasiasminiuiue
awdodunnalidniduiooll  Bandwidtn nIreNntiniReufumTadunnaiines uas
mrdsiannalaeiiiasinnrdelng HaneTnadwd duanedold wsnersunTnrduds
Lﬂ?aﬁﬁﬂaéuﬁvadweniﬂauaﬁaﬁw1ﬁaﬂé11iﬁwaﬁwuawaéaiaga wasnTRARIANERY )
agrsnavEE Il s T s 1 d e ui i RPE TP RO AT W SR I

t?uﬁwtaﬁsuunnﬁwannaut3udwoaﬂnw1uuut%udauuﬁ1iu?nw1ud§nﬁwLﬁaﬂdﬁuﬂéaoﬁa

d
UasdsAINTINLTD

- u o - 1 uw ¢
NTAND 04N INAIADR DA AT TnTfivm

b ‘ I'I “. o v  © o v ‘ ﬁu
?BUUTﬂ?ﬂNﬂTﬂﬂﬂ?1ﬂuQUNﬂaqﬁﬂﬂﬂﬁﬂﬂ 10] awaTnsﬂunauqnaanuuuuu

o bl . t'l o o hd v ( o b ﬂ' ' .d
Nﬁqﬁﬂﬁﬂ7ﬂﬁﬁﬁﬂ?ﬁuﬂlﬂﬂﬂ ﬂﬁ“?ﬂﬂﬁﬂTﬂ?ﬂWﬂﬂBNﬁ?ﬂﬂQWNDTBﬂQWﬂ 300~-3000 Hz @@

swliannsonovanasiodgana Awdasuasaaabinunng 14



uanﬁaﬁwuﬂawuﬁqg

a o - v aa oo - - i
LNaaNT L laBuwYa A ARANDS awnquaTﬂnua w5e uua1ﬂquunnwu

a ’ o ' [ ° v ou O o a & v
luaﬂ"nnlﬁuﬂﬁ’ﬂﬂaﬂuuﬂaﬁaﬂ']ﬂi')ﬂlf') n11ﬁﬂauauaﬂ1unuﬂﬁuuﬂaﬂtﬂﬂ’luﬂ\izﬂ 1.1

NAN1IATUAINEAT
o 1NAlinTAIAN LU Tagiawsatnedaiondy »Hiere  fodu
' 'K u S a 1w { " v daf vy o '
na A duaselifinnnionduaud  sadraneTnsdwin | dtuialy aldanmnTe
1w [ 4 “‘D‘:' u L] v o o v
nouaua snedaa ldaT o 1d uantnnuu@utﬁuﬂozﬂ t.1 i i fenshiawannlunnsdy
aeold
a (II ﬂ' ﬂ. o ) o
1““1ﬂﬂmﬂﬂﬂﬂﬂTRQQWNEﬂﬂLﬂﬂﬂNOﬁQNQﬁ1mﬁ1ﬁﬁﬁLﬁﬂﬂQ@ﬁm Sinusoidal
AYWRLNINMABTINAOAQ S Sinusnidal  filvWAARN9fWA  Haemonic fng 4 fu
v w {0 ow o~ o v
UABLUTIBAIE  Bandwidth u9v@ng InsAwniuiahinnien Heremonic sanlUSeinln

5qumzﬂﬁtuﬁuu1ﬁtﬁuzﬂﬁtuﬁuutuﬁounﬁu

H15H
neu?
LOW :
HIEH ¥ §
f : : T
- Low Oued

3

zﬂﬁ L.t uaﬂoﬁnumsﬁqumﬁtﬁﬂu1ﬂ (Hotwang Tnadw
aﬁnaﬂanﬁﬁﬂﬁqqﬁmaaﬂaaﬁuuuudatﬂﬁéLa?aiwagaawiTniﬁwﬁTnansa
asﬁﬁWﬁtﬁﬂnwftﬁﬂzﬂnsaﬁu5oiﬂLﬁuﬁasﬁaeLﬂ%ﬂuﬁqq1mﬁaﬂaa1ﬁaé1uzﬂuuuﬁLuuﬂvau
ﬁauéeﬁwu1QNﬁuaﬁaTniﬁwﬁ1ﬁTﬂﬂnw1i11ﬂudo1§1uﬁqumwwnu SnTuiniiendn
MTNVANLAN  (Modulate) dwdiggadion ame 1l unndoaadanann Tnade
fide ﬁqumgﬂﬂﬁu Stnusoidal  NsswINMIRINAAANMRAERS (Digital Signal)

1-3



t
t

vl ludugnavwme  ccarctor stgnal) (Funan  vmopuiaTiont  (Sadely
EREEREITR I ﬁé?uauﬁniuuaun171unwfﬁauﬁnnwsnanﬁq@1mﬁ%naaﬁdouwTﬁ
ENOONINAPY BN M FenTuraunaiasi Fendn "DEKODULATION®
1unw1ﬁaawviaqa&uquﬁaoﬁnwv%udqiaga fNuToNN1T  Modulatlon
tﬁaﬁﬁufuéaiagaaan1ﬂ WaBIBAdIAINTT Demodulation Lﬁaﬁas§uiaqatiwuw g3
qﬂniéﬁuuﬁa%QWinsuuaunwsﬁe 2 wuulide uooEM Taefidndn  wooew (Judniin
dunlovednaoeanlTenoufiufiodidn  MODULATOR fjufnin DENODULATOR ‘u

. H I av oa ' oY v
Uqﬂﬂfﬂaqquuqr\ufr‘“?ﬂﬂ MODEM 'J'llld]u BATA SET ﬂ\lﬂ

1-4



U
nn2

NN

2.1 nwsﬁaawsiagg

nqsﬁaawsiaqa Llun19d9417817R598  (DIGITAL INFORMATION) ER
TﬂﬂuwnaQWuiﬂﬂaataugwuaaa aﬁnuuéeﬁﬁtﬁﬂ1ﬂ§03ﬂuuwaﬂaﬁanwo ﬁagaaﬂnundu
] o ] L Y] ('] r-Y-Y v ulu d L} (i v an ) o
n1tuﬂavaq1uanumuaqumﬂanaa uaunagan7u1ﬁnauaq1uanumuaqumﬂqnaaLﬁutﬂﬂa
o O [ TN} ] v L) d o “ -Y-} d ]
nunouuvwiaqaquawuwinao151uanumuaqqﬁmauwaannsaaqqﬁmﬂanaannwu 1719819370
waatin  onsast duTnare ofasneT ﬁaLﬁﬂﬂ?ﬂtﬂ?aanuﬁaﬁaé1uzﬂuaotaujwuaao
) [ 7] o [Y) v ‘
VEWIHA  ASCIT wieqwd  EBcoic  guavavinlatliyigacted (MICROPROCESGOR
v uni ' v - o ¢
0P-CODES) , THAAILAX .1uanoquae@1u (USER ADDRESS) ,1UTuNTnADN)ined |
1199195141048 (DATA BASE INFORMATION)
“ ¥
Tﬂsoﬁnanﬁﬁﬁaaﬂsiaga (DATA  COMMUNICATION ~NETWORK) uuudnge
d o b 'S A a Pt a v
ntﬁunwstﬁauTaeﬂauuvtnaiavugﬂﬂa wSolulasraaininodaasiaTosluteasnolng
v v v v ‘v v v w ¢
AEAEgTTIAN L TN ulaenT 9 unnwtﬁu1uaunwe1naawaaunao1ﬁﬂwaanﬂwnunu
- v vﬁ‘ ' e v o v a I'4
wJafnas 1n pTﬂ?ouﬁanﬁsaaawivaganqoawn 91298 1T8NDUNIBADINI LNDT L UUL YT
i l: "' " L] o ‘ v Ld
(MAINFRAME COMPUTER)  wXataToewTounnnin nuqﬂnqmﬁawanwouagatﬁuawuvu-
T08 9 1AT09
Z.1.1 3§nwidquauia§a
ﬁaé 2 dgs1an
1] v v [ ] [ )
n7507u7au10gnavu1u7u dnusnnad sdosauunuy mlalaenisdete
a 'S M ' v ' o v o
yaoaninfiay 1 Byte qwnqﬂnsmﬂe1ﬂaaqﬂn1m1u AINANITENING 2 LATOIAENDIY
' Olvv a ' v ' T ﬁ Ilw \ll[a'
T naaainumIsedtsies 8 damy  laannasduangmunulinTeaaluihde
annninas L duinanerindu | 12997N3N1TRAND UL SFAANNL U2 93NIINAIMR NN
YOI TEAENIITENING 2 1ATa9R4 LalAaTAs LAY 100 n i fndunanTeasnng
) dda w 1 o v a ' ° v a a
VIFBNNNIUNAD Tsﬂuuaon717ﬂ1unwa1ﬂﬂ1n3n1uuﬂ1ﬂawn3ﬂao v fanngie-
warn tunsfudnandnnedafy

uanqwnawﬂﬁtﬁunwoLﬁuuaaﬁagauéﬁowaauﬁnwetﬁuuaoﬁqumﬂouquﬁu n



0 dududn pit fuen parity 199NN tﬁatﬁun11n71aaaun11nﬁnuawnnaonws
suammwmnﬂawanﬁa usaaﬁﬂnﬂauﬂnnﬁiTnmau(Hand -Shake) nannaﬂﬁnwuaa
qstuuoﬁnn:ﬁuuuunuwuaauuwnaun11uiuauWna 9 uaeaﬁnaunaauﬁao-

matfutasdagnainnan 8 @ uavqﬂnsmﬁnnnauuumuﬂunuﬁanuatnavntnuqu1n

W IR v
uniaTaetiin e lAndrannuas

v -
fIn7ua

] .. qUnIifY
gunsniiy . h

\ Mot usu crPu
17U .
mhiuaudn

REIE

o
]

t
|
i
i
|
i
|

U' (] v
zﬂn 2-1 MTAIDNARIIIIY

nvsnvu?auvavaauuaunﬁu qunwsnwﬂTauﬂauauunaunsu ﬂauannacaan
Nﬂﬂﬂvﬁﬂ THWQWQQﬂNGQREQﬂTH autuuawn17a0uauauuuuqsﬁwnoﬂuunﬂuﬂunnawo
uwuauaﬂwauuuau unawLnnnunﬁsuﬂu1nnw1aouuuununLuswunanawenWiWunﬂﬁaaaws
uﬂﬂuﬂ@ﬁﬂﬁ?LwﬂﬂﬁﬂﬂﬂﬁﬁLﬂﬂ?ﬂ?ﬂﬂﬁﬂlﬂﬂﬁﬂlﬂﬂ? ﬂﬁqﬂQWWﬁQ\H1uLTOGﬂOﬂﬂDﬂRﬁOnﬂ
ERTILIReT ﬂﬁﬂ?ﬂﬂﬁ?ﬂﬁTUHvﬂﬁﬂiﬂﬂ 1 Tﬂﬂlauﬁutuﬂl?ﬁuﬁﬂﬂﬂﬂﬁiﬂaﬂﬁTﬂﬁﬂ

v(\lﬁ'lw w0 ﬂ a' e w v L4
Tnsﬂun p] ﬁawuaguaaﬂauavt unwsaunannqsuﬁuuuﬁ1ﬁnﬁaTauuagauuuagn7u1n

2-2



v

agﬂuuumgnw '

in o4
qunaldu[—) wiuseanuim ( (e} pe
I waynn
1ﬂﬁuuv1nnqn1u
S IETITeITY [:]
1 [] -
wmBm ~{31
<L
1 aHsHeH7He 1 .

71l 2-2 madedonanuuounTy
Clué " w v ' Jtlvﬁ
nTduaas b un7d slonauvaunTY doyasnand saenni el
agniuLﬁﬂﬁauuﬁodaanﬂaaéeaanﬁauﬁn1ﬂﬁoqﬂ¥u o ﬁgﬂ%ﬂ@vﬁaoﬁna1n1unﬁ1tﬂﬁau
sauatidsanfiaslin T dndamnnuuusuiudoasiowafinfe Bit 1 adh Data Bus 1WA
1 waﬁnisﬁauﬁn1ﬁn17uﬂaoﬁqumawnagnsuﬁau%n1ﬁaewaﬁﬁuﬁﬁLﬁuauﬁacﬁnaTnﬁ
waneay iatasiunasiavannlunissy nalnfidndindesentde 2 wuy fe
L. nﬁjﬁaﬂWTuuu Synchronous
2. nﬁiﬁaaﬁsuuu Asynchronous
2.1.2 zﬂuuunaqnwiﬁaawsuuuagnsa
a | [} (Y ‘lv
n11mnmauuuagn1uaﬁﬂwuuuoﬂwuzﬂanumu T
a a { v o o Voo v d
1. WUUTH\WANT  (SIMPLEX) ﬂaﬂﬂﬂﬂﬂ1ﬁquﬂ10tﬂﬁ7lﬂﬁuﬂﬂﬁﬂﬂTﬂn
- I | ..D o # ﬂ' g ‘
LFENNTANANNLAEY ¢ Unidirectional Data Bus ) 1unﬁ1aaa11uuuuqﬂnsm
C' [ ﬂk " w I V's T v v 1 w LA B "2 ]
Aod1TAUMLY Qsaeuaga1ﬂ1uﬁaoaqum1ﬂLnﬁuu umqssuanaQﬁnuaoaqum1u1nun
la a v o v W ¢ w v 1 v w v '
uaugﬂnsmaaawsanﬂwunuqqusuuaﬂaaﬁnnaoaqum1ﬂanuu uauauaauaqanuw1ﬂ1uﬁao
dacalaila
¢ g ¢ o ) v a
2. WUNBAMALWANT (HALF DUPLEX) nuwanonwsaaawiﬂaga1u 2 1iAN9

g 'n. w e a P v o ™ o v v v v v ou
uﬂ1uﬁ7il7ﬂqﬁuﬂ1ﬂluﬂOﬂﬂﬂqﬂlQHQl“quu Qﬂﬂimﬂaaanﬂ 2 AIUSBHIANUTUNAANUAY

2-3



[l »
mrdedrsuuniidnlmaudaaslfrsuvane 2 1w (2 wire

d ( £ Il' » o
3. uuuﬂathanﬁ (FULL DUPLEX) nuwananwsaaawsnaga1u 2 nd

1] [} 1 3
manTadin  nrfomrunll Fldereniane 2 (dunasane 4 odu 4 wire) wily

TEUNENE 2 i seRevndsinalianTutenaafiiintae Gesvdeluaiaiin e

uwasas5uluantonta amiie

i, -~ m7insvesdoyn i o
i n709de —| inT0siuds
|
3 . mﬂwaumi’nga, . i
wissdvas - Gt
) n'lﬂummoim“m
b A e At i >
“inTogiudy wiaadu
‘ .
§

zﬂﬁ 2-3 zﬂuuunws%aawsiagaagniu

a 1
2.1.3 ﬂ?ﬂ”1711uﬂqfﬁqﬂTQUiagauunaqﬂ7u

WUUT e ng

wuuofrgwindg
“
uumﬂm‘]mﬁnvﬁ

a ' v 1w a 1 a o
ﬂ?qul77”0ﬁﬂﬁ?ﬂﬁﬂTQﬂﬂﬁﬂﬂ“ﬂﬂﬂEﬂ?N ﬂRQHQﬂKﬁuUﬂﬂOQuqn (bps)

wirfivisensismsifisulasvasignaly 1 Sund Gendaenian (baud rate)

WT0ONTIY0A

J a a@ a { d
anaan ¢ e A1 §enlunliesaanamsadanand ofias i

W3R (Bit rate) = MTIWOR (Baud rate) x Talu 1 yon

nawuﬂuﬁetiﬁTqﬁuﬂu1uuiwa5n1ﬂuunuanaﬁonwidouaegauuuagn1u



2.1.4 prvaeumFelasia (SYNCHRONOUS TRANSMISSION)

Tunisdonnndelasiia  (SYNCHRONOUS  TRANSMISSION) lunnTdouuy
CRGERT! iaqaauqnintﬁunéuq uasﬁﬁnﬁséaiagaﬁenén1ﬂw?auﬁu1uﬁtﬁﬁa L3 TEn
néunaeiagaﬁiw 'Block of Data' uau1upwsdedwuﬁaqauuﬁ%canﬁaﬁize1unstanw
yosunaviniiamrdeasi it foafy savlunrdeinntefadner  Fadnyionanusy
iinlvarlifoslandy cneludenideatn ﬁa&uiaatdawssniweﬁngﬂﬁﬁﬂuaeﬁaéa
ﬁwuquﬁaaﬁﬂ1uzﬂuunuaesuuuéodwuiagaﬁﬁuuuTﬁuﬁquﬁﬂnﬁnﬂfdedﬁuiagaﬁaé1u 7

L] H L v t
Y997%8 1, 0 wiolavEu 2 duiey Tﬂﬂniaﬂawuﬁﬁaonwsﬁouuauagiuiﬂuaeunn

1

wUNDY
an y
A
figmntda udoya
<&
S| . clhlalr]l k| k| x
zﬂﬁ 2-4 uaﬂanwﬁdatﬁaonaaﬁaﬂaﬂuﬁqndadﬁuuuu%qTﬂsﬁa
v d '\ v v v awv Vo
qqnzﬂuanoWunuunﬂitawnqnnaanvs (I9ANNADINATAINAN) &
~ v o o ' a d " v w o e " e
L1uedanutuatnsﬂudcuﬂuiagaunumaTnsﬁa vrasuislaaamadnerhinandety

o o0 v "' LN T I T} o ﬂ' L 1
Geetatulaglaifioneseni1amonesiag #Ton1anna1anIna”211291 28717812191
v v ) v o v v v ' v (J ul
qnﬁwnnaenaanusmausnnuunusnﬂaonaanvsnn1ﬂLnﬁnuquauulae Tunnazﬂuun
] ﬁ " & v v v \lo > \lucs
TR IHNTBNAL utﬁuuqﬂnsmsnnagaqunaonsnuau 7N F9sT8Ya0 1andantiug
A 't o v v o ¥y v wu o o (v v v Gm a ﬁa
Lﬂunqnunﬂaonaanusngntnwsnanuuﬁ asmgUnsafutanadsiomIunfg Inlaiduin
LTINS NHIRINTN  1untana ST (wuinhlfununiiemdnen) uaedndssnng
o do - [ v {v v ~ v a ﬁ- o
wianAe nanut111unwfaauwunagaqﬂnsmzuuagaaqauannqunaounaant unay 4 3o

' [V v v 1 n:u ' 1 da: n'l L] 1
unumnamﬁumanvimo | n‘im{hm ametﬁunmn'i'ian.anaomumaq'\u‘zﬂ'ﬂa\1



ITWARDAN  (ASCID)

22N o/ J. .
ﬁv5nusuﬁau§%@n‘J!r”sﬁaquzﬂ 8 INUNuRuIRIaNYT Lnelin

o uz ‘u v o 3 o ﬂ. ° of
usntﬁunnn10aaau n3UU gﬂnsmsuiagaqvnﬂnnaantﬁuﬂquau B WMLUINWNINAINY

Vi snuTunasiatinios

dﬂﬂ?ﬂ%ﬁnwsﬁausugaa1ﬂ1551 inlacfulinusnveshasnusionininias

v o J\luu vy + v 4 11 & aa  n v u uﬁ
k1R flan ﬂﬂﬂﬂ?ﬂﬂ“ﬂ??ﬁﬂﬂﬂﬁﬂgﬂﬁﬁﬂﬁ“?ﬂﬂ?ﬂﬂﬁ?ﬂQTﬂTuﬂQBQHQHNWTQNﬂul U

’ [ . ﬂl ! d i v b‘
ﬂQNﬂOGNBQQ (Block aof data) uaunaauﬁuuaeuaaﬂt1ﬁ1aﬁaanu18 SYN ﬁﬂtﬁu

5nﬂ1uﬁtﬁuﬁ151unﬂ7ﬂ7uqunﬁ1éodﬁuﬁaga Tnenonuss3e(SYN Character) ﬁzﬂ

a a ao o v w
WULY99INAY 00010110  (NUNNTIVADUUUULAUA Odd parity) uauqﬂﬂ‘m‘swaqaw

o oa "ot v v v a v v 4
F\aﬂm’ﬂquunmW'l')’mmu‘lﬂﬂ‘i\‘muan'u‘w SYN 119 LyoudonuTe SYN llﬂ')izl]ﬂﬂ\l

%nﬁaqaaunswn1ﬁﬁuﬁiwﬁogﬂt?uﬁuﬁquﬁnnéuuao%nnéuau B in iliounuidnes iR

v v v s vl v 2 ' ' a ) WY
wasiindneraneg  fafiraalaffe  doaanafiondenn luudasudon winnaldiadnuy

' o ) y @ ao o
SYN tuﬂeﬁatnaz1a15ﬁa1uﬁuuaouaaﬂﬁatﬁuoﬁnﬁ1n1ﬁqnﬁao s L anTdyuan

vosinfiunuiadnuriinneiasiling siuglununacimye sdnass SN 1a

anil anil
ju . <= ) | ds
SYN Aannnsdsdudioya
. et 4.
a b a n d o n \
101000110 }10000110
L————fmasmaeu (parity bit)
fmn 7
imit 1

1 = -l' - x v - o W :
(a) nauumu nﬂmuuamgﬂuwmqnnanm 93

SYN|SYN|L | A

Nl=|Llo|c|a]l Ar\

- . - » od - J L] [} .
(b) nwlEdnvizds 2 dnhuiinioausideyandwiluizuudlans

71 2-5 uaﬂozﬂuuunﬁ1155nv1u SYN ﬁwnﬁwnéuﬁa5n&1

2-6

(127849



a7l 2-5a auLﬁuiﬂﬁwéoiaﬂywuﬁﬁﬁaﬁnus B uas 8 ANk 4 LM
WO b fafu 4 TuTnuoeRainus a aTeRuSnuTe SYN uaﬁqvﬁw1ﬁqﬂn7&¥n
iagaﬁﬂawuﬁn1ﬁ fai S8naudluderavanafias inldinnadi fuinilaenn sl 8nuTe
SYN 2 ﬁa1é1§%éauﬁuuaougaﬂﬁouaﬂoTuzﬂ 2-5h uasqﬂnsﬁ?uiaqaﬁﬁaoniwuia
nnaoliifuadned  TneftufRnsawmusnyTes N Jsadn 8 indald3n Judnurss rndae
wiold ﬁﬁliqutéuﬁu¥uiﬂqnq frfmnaande fadnurunasia nalaldfer Sumaaamn
SnuTu sYN aol u?andwa156wtﬂ?aaquﬂ¥uﬁ1tiwénﬁﬂnﬁ1ﬁun15nu1u SYN (Look
for Sync mode) LawiSoNUSNYTHSTNaEneteE 2 ﬁoﬁautéutiwéuuvunﬁsﬁﬂnéuﬁn

néuau 8 ﬁnunuﬁq5nu1n?aﬁaqaﬁ15¥u

unasdadoya
SOURCE Y RL M 2

Twadail 1| SYN | SYN

unasiudioyn
Receiver

.
o - s

. o o ‘0 v o o o
‘il] 2-6 uﬂﬂ\ll1175]11LﬂElUQ\JﬂTm‘im‘l"ﬂqaﬂ‘i’HﬂﬂOﬂ'ﬂ‘Wﬁﬂ\l‘WUﬂ'ﬁﬁTﬂ‘iuﬁ

Ll PP Jafijifof

unas wWnguineunufIdnys

Unag
dadioya [0[0]2f0]0f1]1]0

(Character Assembler) 4

[
—
o
(@]

S

ANUIIUuEn

Source I fgnwidan 2 |
: \

[}

t

De D¢
pu)

=1.5¢
=

I
-l

Bit Counter
plnadivduyn (Receiver)

Y a 3 u' o W ldu w L
71 2-7 usman'\'mﬂun'waaunaannquau 8 ‘ﬁntwaunumanv‘maoqﬂmmmuagalu
1

1vuunw1dodﬁuia§auuu%eTﬂsﬁa



gl 26 was 2T ﬁauuounw7¥uiaqaﬁdadnuuwTusuuu
Synchronous  |WUNATEUUNNT 1H0NYTE  SYN ﬁwuﬁﬁnéuﬁagaaﬁa1§5nﬂss SYN fi9
3-aiafln tﬁaﬂawuuﬁuau1unﬁiﬁodwuiagauuu Synchronous ﬁaugs&uunéoﬁu

0138Na120 9 nwséadﬁuiagauuu Synchronous &uﬁaéﬁaﬂﬁunaqﬂﬁqtéaq
#aunounanaielunnenaia Linasnwrfisaninofy 2 ﬁvtﬁugﬂuuunn1&ouuu%aTn1ﬁa
Kot tﬂéﬂo?uiagaauﬁaoﬁﬁﬁnumuuaaﬁaﬁnuiﬁauvn A omanue i ondnud ] Te oy

naw qwn&uauﬁaetn?ﬂunﬁaaqnéu%nnéuﬁa1ﬂ Ldﬂ1ﬂ171l§uﬁ?5ﬂ370817 Tussuunns
éoﬁwuiaqaﬁtﬁuﬁnﬁauq caota lianlasanTsuava sininanfuas dus Snuawioli:
TiLY8 IS ynchronous gL Funin Win(Flag  anamanefine  Sdunanields
daqnat Sutfsafunig saants Tungs ud1uqnnsﬁautﬁu1ﬁiﬁ WANU2INTA
ﬁqumuuu%eTﬂiﬁﬂ&u azﬁaaqﬁtﬂéaa§uﬁagaﬁﬂaﬁﬂnwotinQﬁoﬁnumuuaeﬁnﬁLﬂuﬁdu
quﬁBTﬁfiﬂﬁuﬁa Qﬂtéuﬁuuaenéuﬁaﬁnus (Blogk) RfadedelFeetutinan

Hidetinadiugs  (Buffer Terminals)  \§8t9MANTAIR SN
wane ﬁaTﬂassuuﬁﬂnéuxﬁwtﬂuu%aﬂmﬂusuuuuaenws%eTaiﬁa foin amavuas
nwiéeiagaﬁetﬁutéaa%ﬁaeﬁﬁﬁoﬁaaéwouwn LTMTINURDIN Qﬂauﬁagaqsﬁaaﬁuﬁ
iagatiﬁnwauﬁuﬁuﬁaan&uiaga%eqnéo1ﬂnﬁuaﬁada Lﬁa1ﬂﬁoanwﬁﬂaWﬂnwaﬁqatwqﬁﬁo
fefimarianan 2 fofe

1 QﬁuﬁiagaﬁautiwLﬂéao1ﬂawnw¢n¥nuw7vﬁunuwuﬁwaﬁuuiwoﬁvﬁnUTTﬁ

2. naﬂuL?ﬁWunW7éoia§anwuawado asiﬂaﬁut?aqeniwﬁéﬂauﬁagaquﬁuﬁ

LiniaFasnnin

5aatuquaﬁe 2 4o Semosadromludadinatiueatu Femanefeiadas
(nosiuoaseRoeimionaaudr ey dutrauraniaSnurin fegil 2-8 Fouanali it
ﬁatnaéﬁuaaﬁﬁuﬁaaﬂuwniwaéﬁaﬂ wiga s lTe L ansesi et v Fanan  Tlulad
(Buffer) iﬁatﬂut%uﬁéﬂauiagaﬁauﬁuﬁﬁaﬁnustiﬁtnéaatnaéiuaa15nwuauwﬂ o
ﬁuﬁiaﬂkuﬁﬁaenwsdota?quﬁoaenﬂQuﬁoﬁunwséoiaqa iagaﬁouunﬁauqnussgtiﬂé
awadoWﬂﬁaanw%ﬂawanweTnﬂﬁuﬁu?a1uuﬂonsﬁtﬂaﬁﬂLﬂaftﬁa fag fansd i Tae
saluiin Gafuiionou uﬁaﬁwoﬁﬂLﬂﬂétﬁﬂ?@?ﬂiagaqnﬁda1ﬂ mMatreTenuinliled

{a & o v v - v
Lna‘xuuaauqaﬁa0”“'\709““““%0“7lﬂ‘ia\i (Hardware) uasﬂ'lilh'uniuﬂ')uqu?lfuu



NTA9 (Software) Liu i iufaatrednuTe sYN winnaudouaina liinyry syn fiy
'\ o ' v 1w o ' ' a v v Ggu ¥ a
naun‘auaom“ﬂ Qﬁ'\ﬂﬂﬂﬁq‘!'\muﬂﬂﬂﬂﬂ'\ﬂﬂﬂ\lﬂa "GCREGE ( lﬂTOQTH’]QI&ﬂ) NEIND A

o ‘ ] © v l:' 1
uﬂtﬂaiﬁaa1unﬁ77uuaganu1nﬁuaWﬂaa

Tived
#200HIAM 1
' AIVNHINM 2
AIBNHIAM 3
]
, ,
. - : UrineT
- - L 4
d o
IRIBITLUBYA SYN(SYN[SYN| M | da

Uaruna

11 2-8 mirliilulediaelsrsuniad sigaanundeTasiia
nﬂﬁéodwuiaqauun%oTﬂsﬁaqu1ﬁ1ﬁﬁTun1&ﬁ§nwsﬁeiagaﬂsqvauuﬁnq
uasﬁaawut§01un11éoiagaqo
2.1.5 myiesnsuruosielasia (ASYNCHRONOUS TRANSMISSION)

MIdouY  Asynchranous 3 WRuAN9INNITAe st uasieneu Snvas
uaeﬁqumuﬂ&e151uzﬂ 2-9 tﬁatﬁuna1n1unﬁ1¥nﬁoaéﬁognﬁaa dooin
Asynohronous  aeiTenaudasiniGuduwniolnamdn (start bit) uaaﬁn%uqﬂu?a
fnahol (Ston  Bit)  wmefiaonsvesmsaet dusruing Crdre) fod o Tufiduo
desonunasiiduananiofins sincrfanseud aaoniaan  ieanuuiladndredusoinsie
atifiudngdy Lﬁatéuaadaiaqa #nay Asynchronous asifu "on wiiviasdaann

lr [ 1 o d L] v L
i ?mut'wn'n Start bit MMANRINDY Start bit n%nﬂuia:‘{ammu 1 fa7-

2-9



oK %eaﬁaasiﬂuwngaud § 1IN JURY 8 UM Tﬂﬂﬁﬂ%ﬁdwﬁaﬂ%Qﬂ (LSB) auqnée
aanuwnauiﬁ1ﬂqunounnunwuwnnan (MSB) nwstiwsﬁa5nusuﬁé1uuwnqaﬁﬂn1isﬁa
ascil winiaamiamrluonuvosTnstniinnlisie  Beudot 501 5 3 lunnsunu
SnuTe 1 M0 nwunaeuauanqstﬂuwwsnun T, PPy B AL wn3esatawing
nansuqaauﬂawunnnaeuaeammamn1n7u wSeananaas L duun ACaven) w301 Suuny
Ac0dd) ﬂNWﬂﬂ?WN?WﬂW“ﬁﬂlﬁﬂWﬂTﬂﬂ dwauiniidu 1 1u%70nnnonanuunwW1n77u
uaaqunaotﬂuﬂwuuuﬂ uaoaunaanwuuﬁnnsvaaaunauauaa1auwimLae dhedu oty
uaanaunaonsaaaauﬂaﬁtﬁuaseﬂoanﬂunwsmnnataﬁ11n1a1u yAnRANAINR
uuwﬂna1n1ﬂammwmnsuuunnuaﬂn1ﬂawnanﬁuaoaaaanuﬁ 5qiﬁo;uaunaawﬂtﬂu51uauﬁ
iy dofeld 1 In 3 G w39 5 In wioufudeasnsasaatlfinin ypaLfindng 0
awnwuﬂnﬁuawuauﬂ nasanuaqiwuauwuanaetﬁuﬂaannaunouu‘uTﬂnNﬂﬂﬂawaaq
wA3facodd Parity) qun:aaaaunwsuﬂuawntﬁuawuauﬂﬂaﬁaaseuaan1aaaauﬂ1w
amawmnsunuwuawuauﬂ nn71aaaunqwuaﬁuauﬂnsaLﬂawaawaixnnﬁuTanﬁanasunuawn

2 unusaunuuuaamn

néylumandng

|

wS80n 4 /.gmiunwo«h

A & gnuIfalnl - .
s fis 8 Havosdoys——-| -

I =y o o e o g e e ...'._T...._
I Lnur A ] !Msn] J vaﬁml
0 [ (S A (R PEESY I NES

-
finsanin

e et e e 2 TS

1ﬂn 2-9 LANINATL I8 9IN LuuAas LUTNTDY Asynchronous

ﬂaunauuwnﬁmmwm Asynchronous Tnal naeﬂ\nunwwinuaznaunaon Stop

Bib  F91UAINNINLDY Stop bit awaautﬁu 1,1.5 W70 2 SMUATNANTUURENA IR
 § 1 §
M o aqw ° L e w '
ANAINY nﬁftsuiﬁuasnagnsa 2e911 Juaefo maannng " awuxuxﬁunwsao
uuuagntuﬁu‘ﬁuﬁ
-4 '
1. AEL5alunnTd
2. ANENITAE 1 ANYTE

3. Innga9d0y



. g

4, 41M7M Stop bit '
(l IT nlaT u'l,g“lu. G '
wngasInstsmTangianifionaulilaanangowe 70 von uas 110
v a d ey o Gt
yan  amfuAoaiameTAIMLTY lunTavd lWiRanAsun 110,200,300, 1200, 2400,
13 n. o (c a'ul
4800,9600 won  uavaslindviu  desnndl 1o wansiwediminfifudouny
~ [} o 9 o ‘
Asyncheonous W1 madsuuneunndsasnanaunadmivanoanuuumeInoUNTN
d - o
asuiudmnalnlunts synchronous waINTREANT  Asynchronous 3
o o v v Ld u‘ LY tl.l v o []
anvae dulifasiadnuss Srudwiadvesinafideaond sl sdaulflunisaday

' ‘o ' ° d '
n11aaaqau15un Bit start, Bit stop Was Bit parity 171%A2INLTINNTAS

o t o o ' d o [ hd [-]
Snuseroduifinesacly  nsdedggianaeaniias 800 von dwduniTiineie 7 In
ildwangaiandeld 300 wradae 7 SnuTedaduni

" o d ° - N R
2.1.6 nﬂfnvuqunwiaﬂtuaaqﬂutsa1un17nﬂﬂwunaqdﬂnsuuaudﬂaaaTutnwnu
Lﬁa@qwnnﬂidwaTauiagaawnuuuagnsquntﬂ?aanﬁo1ﬂﬁo§ntﬂ?aouﬁo1unﬁen?o
ad v | o c: ° f veo ' 1w a
autSnedies il s swenastneumangagt s nudade ¢ Liu U, uanona, Lo,
a ( aoﬂv&lv\l .T ey n"l a
v a4 393 iludaelinalnnnsasuaanisang lon FainauAlun1TANANAIINLTY
Tunrsaenteiin 3 anvus fe
a o a v v r's
l.nﬁitnuﬁaqaﬁiﬂiﬁa n7087291M1W05 (Temparary date storage mechanism)
2.nWTéouaaiagauannﬁsaauaaﬂnﬂiﬁﬂequ (on-off data flow toggle)
3.m7 11117 1nAea
‘ 1]
nvsﬁﬁ#t#oq?unvvﬂoﬂvqiagn
* o " o o “
1u18uunauqun17nwawuuaa1uTﬂ1ﬂauwatn01 YU IBM PC Nnalniives
U‘:'" “ - - ] LN ] "l'.&" [*) ‘: vy ¥
Fudsuodua TﬂsunsuiusuﬂuaoaoLwﬂounnﬁuuwnaenauaawnnﬂLﬂaﬁu1ﬂ1ﬁ 41821
t101unwsaaaetnunaw 600 Baud nwuw1usuﬂuao L% ANETLUAD Ay fvligaunTn
nausnvauaaﬂnwa1naun1u1ﬂnu qaaunaeiﬁaunnassuntuﬁﬁaaLuauuauatuﬂuﬂnwaﬁn
aunsutua1s suuunounuquautnasswnnwsnﬂaﬁu tuaﬂouaua1ﬂ1auﬂnﬂassunun Lua

1u1unaqan1quwﬂ1ﬂnauuuaunv1uuaouwnunua7nagn1u

nvenvuqn?ay7i XO¥/XOFF
t
oo ' awv do v o v d Y '
AadiTasiilatamdimsfeansuaannay lurneafnsanalow

v d o o ' o v don
EHCORELARETEREE washazsae swlimasiimate Tonlivinalraninidilasdeans



Tanwaﬁiagaéunwa\ﬂﬁaéuwn RPINANIWING 0 ansranian T 2 lunadae Tow
ﬁaqa 9600 §nnodui Stop it (Ju 1 G ioun 7 i uauww?ﬁtﬁué Tu 1 d
Snws aedaeld 11 n

Lwiﬁuau&udﬂﬂ¥uquﬁaoéwuiagaQﬂnuaénagniuqn 11079600  \Ana
drsanm 2001 Swid wio 1 Swh dviFeuifieu Suiad dlaeana s000 sadunilnn
(N Sualinnees IBM PC = 4.77 MHz wiolTeanm .2 Talasdunfinontoiiad
10007,2 = 50000 lwiSietluletliifiaous n1ﬁﬁ£wtﬁuquﬁaoﬂvuqunw1¥ude The
nwsuan\ﬁdﬂaéouqﬂéogoﬂsqq (XOFF) qun218187u9L90nNT tawiagaaanawnﬁﬂtﬂaé
g oanandonan Sevonlideasiansdonely xom luaa ascrr xon A
17 XOFF JAmnfiu 19 LﬁuuﬁwﬁnaoﬁnLiﬂuTﬂsunsuﬁauﬁaoﬁﬂnﬁido X0FF ganly
1udwuﬂ01ﬁ1n1naunuﬂtﬂa1aaaw1quLnunaﬂnau

aosda et Ll Tndrunanasdiveuy  xon/xorer 1 dwdunT. Jaado
nﬂeﬂﬁuﬂaﬂuksq (speed Matching) uiliTuniuiemaffinnedwiy 18w pc Tad
XON/XOFF i3 TaanTirunTaf SeulneauoausanaseiiTisunsn  XoN/XoFF
% unTﬂsun1unsuauTﬂanﬁvwLuanauunwﬂounaTﬂ7uﬂ1utnwuu Tdsunsaiiiaulne
nﬁﬁwuaauﬁuuﬁﬁaawutsauaﬁquﬂaﬂnsaqaanq XOFF  frdsananndredy uadn duann
vidn At Sa019ar i S overianiansaaday XoFF e
11919 U5 TnAoa

. Sntnﬂﬁﬂwﬁo1unﬁ1ﬂ1uqunﬁ7¥uéeﬁﬁa miasTislnAea  (Protocol

Transfer) tnﬂ%ﬁﬁiﬁtﬁuauﬁaeﬁLuﬁauﬁuﬁodwﬂ¥uuaudwﬂée TnanwsTﬁﬁnuiuﬂauqu
Tuang19w09 AsCIL ﬁwn?uavuqnnwséaiaqaaanuwtﬂunéuﬁﬁnuwnﬂaﬁ

“m1liysTnaeasrsss Fnumeno i TunﬂiﬁauqunW7éaiaqaLﬂunén n
ETH End of Transmission block

ETB  Janumafiy 23 luansae  AsCII Lﬁunqsuandﬁa¥uiﬂvmuﬁ§uqn

nw1éoia§anéunﬁou57
ETX End of Text

ETX Naninany 03 lupnTne AscIl Lﬁunﬂiuandﬂﬂ?ﬁiﬂﬂmuﬁéuqnnwwﬁa

o
wan



ENQ Enquiry

ENG SAninnfy 05 lwanine ascln | lusnatehdonnanndredy valndhe

doedatonau
NAK Negative Acknowledge

NAK @iy 021 1un1919 ASCII Lﬁunw¢uandﬁadeiwiagaﬁ1ﬁ¥n

fuRawann
ACK Acknowledge

Lﬁunﬁiuandwﬂdoiﬁiaqaﬁ1ﬁ¥u§uqnﬁaau57 gty 06 lumnTae

ASCI1

Trlnaoadldly 1o pc dosnaws Sulislnaoatisdosn xwonex 3o
ansanimineruuansl3lunl 2-10

dwudaau§o1ﬁdeﬁa§aquniﬁau1ﬁ¥u ACK  anndhaty  dhedessd e
qaoon1ﬂ1ﬂuﬁzﬂuuut§uﬁau 8OH AN BONYTE 2 ﬁvﬁnw?vuaﬁnéuuueiogaﬁdouau
padaEdulAlAY 1 ¢ 1's complement ) naanéuda1ﬂﬁquda faanniiuas u
doya 128 1ift - mamdsdaeniTasaassuiofnuatnlag3iniraaounanan checksum)
AN7 checksum AIWINYNAINANTUINAY  ASCII uaoiagaﬁéaaan1ﬂ%onun 128 1o
WamIIA2E 258 VY KBORARAY  checksun $nefMeSuiTouenian SOH wasvane
\avUaaA(Block Number) ﬁaaaoaan1ﬂuﬁaﬁqvLawiagaﬁc 128 TuyngaufiuLfiavnen
checksun 197 checksum FuvieiSauifafiuanflngy mﬁnnsqﬁuﬁﬁaiwiagaﬁ1ﬁ¥u
aiaeddedann  ACK 1ﬂ1ﬁdwaéo1ﬁ§5wumuﬁ1ﬁ§niaga1fqnﬁaouﬁudanéunaeiaga
foldunld  dmndn  checksun Tdandas dhatufaede  Nax Tidhedeiiionfung
uan1ﬁiiﬁia§aﬁiﬁ¥nﬁﬂuawn iaﬂﬁonéuuaoiagaﬁutdwu11ﬁﬁnﬂ§auﬁo dadefasda
fovanguinlibul - madsluiaedninll o oy wndenclffuundiane  Nak
dwﬂﬁaasuqaﬁﬂnwuuaﬂoiwﬁanawenws%aawsuéuwn

TR XMODEN TQLﬂuuannéu (Block Number) 2 fi7 <ﬁ3nﬁouannéuﬁ
dovaeh  Sndamiiouudanfudn 1 naenéudaTﬂ) LﬁaﬂawuuﬁuauiﬂnéuLﬁuuﬁu1ﬁ
Qnéaaan1ﬂaaoﬁ¥e ﬁﬁunnSnu:uﬂauqunWTéoLﬁﬂ@@ﬂﬁﬂ1ﬂ7uuiwon11do AaTuse
niaaaauqiwnéunaoﬁagaﬁéouwLﬂunéuﬁd1ﬂ¥uﬁaon11u?a1ﬁ ﬁwuwnnéutthﬁﬂéauw

,
]
i



oo W a ' v o v v o e
Tnsidndozaaufowan aan ACK fu NACK wourhedy datubsesutouahsuun
|
g\l o I e o ' o v ¥ a " @ '
Tawnolyl tuaqnaawaQWtuu1ﬂaﬂwotsﬂusaﬂquauqnuﬁunquao drgdenqsds  ETX

unnruendhesuimanteainafiard sud

fofu ’ . RS

ok ddoyn
nle

m angadudald

. ’ . 2 >
: URIUS
. - :
OK ATISROU B\K*"B‘K *2!08\8'0’\“5\»‘
chksum UAIYN SOH!

f09 BK 4 fip e o
Tnlé : m - -
. ANRY Bik KD
Tusebiuds -
ToyRinnae —— 4 iDatalchksu®
chksum Tafivh ,
i Bik t,d
ukan | [_Nax ] ! ity
' 2" o] Bikii v

— < Wea: Asdn
SuUm

oK QNAT9 SoHiBIk ¥2/B1% Do | wIeuldn -
unuucnksum )

ufy gnias \.\ '
Bk 3 violy m : } :
e . nundanim

udss
OK nusuia
mie Quse

1oem -
. 4
pthebu

Eﬂﬁ 2-10 TislnAoa XMODEM

XMODEM \ My s# M5y IBM PC \wRo 11T 1nA0atuAd% 3 19 fo

1 1i5nufun7uquﬁﬁaéu501u ASCII

2. awuwsnquTﬁnﬁ311uiuﬁu§oﬂauqu1ﬁ LN ANLuan anwaana
v v {m ' ¢

3. Ao TivideddeanTun 256 lum

-} [} [} [~ ‘ ."
TsupTnTIdTeeaaawatnes aand Wldlisnaea xMopeEx

2-14



igﬁna018uunﬁiﬂauqnnﬁ1¥uéoiagauuuagnsuTﬂﬂnﬁiqﬁiuuunw¢1ﬁTﬂ7
Tnaoano

1 TﬂsTnﬂaauwoﬁﬁﬂaﬁuﬂsntﬁanuuwﬂuaonéuiaga1ﬁ

2. awuwsnéeiaqaﬁ1ﬁ1i ascit 10 Taslidaondainaatnas Ty
THAAINANYAY ASCII

3. NNTNT7990U1RE3T checksum  FAYNANNNTORTIVRDUAIINAAWAIN
Yrandn imngnlvesiolarialuasitnmninaanalflseininald
95 (odiaud uh checksum aunTnlWlssindnatia 99.5 (lodigud
N Radaaeagmnga Tt i Aannsd el fatiusdoinuana
30 checksunm v liifan17dediayaunln

2.1.7 U5 ane0in1Ta98 1N 0NA (APPiciency of Tronsmission)
L ]

1]
4 5 4
1ATDY 1199
i o[1Jo[1[2]oJofo]1]of1]of0]3f1]1]1[0[0[1[1f1]O}
FrSnpadil 3 E FadnuIAd 2 : Fsowidi 1
(a) nudwiudeyaugalada
4 4
1AIDY 1ATDY
ds 1[o[1[1fo[1fs}—{s[o]1]1fol1]1]1]0]s|{s[1j0] g,
FdnuiRal 3 Frdomiat 2 f0NHI
it 1

(b) nudwiudeyauvuersslala

ann;ﬂ 2-11 nw1tﬂ?auLﬁﬂnnn:dodwuiagauuu%aTﬂiﬁaﬁuau%oTﬂsﬁa
qnnzﬂ 2-11 LﬁunﬁiLﬂ?anLﬁﬂuﬂsu%n%awunwsdadﬂuiagauuu%oTﬂsﬁa
v a o v & ] a P
fuosdalaTia Tﬂuzﬂ 2-11¢a) uaﬂoqnLwuuwanaonwuuogauuumaTﬂ1uauua7uuwn

» ' vi o v -3 v ' v @
uﬂ')ﬂaaﬂ'ﬂ"Qﬂaﬂﬂ'\ﬂaﬂq{lﬁﬂ\’ﬂqu'ﬂaqalﬂ”ﬂaaﬂﬂ\)a'\ﬂ ’d')u'{l] 2-11¢0) uﬂﬂﬂ‘l'ﬂlnu



udauéounaunﬁsﬁedﬁuﬁaﬁnuiudauﬁauausuuiwoﬁaﬁnuiﬁdodwu1ﬂﬁ 148109219
1uu51oﬁzﬁnv¢1ﬂﬁva1un7ﬁﬁéoﬁwuiaqaﬁaéTusﬁanaoaaaﬁ aenlTEnaute sasnYThne
8 1n ﬁwsauﬁqumLéuuas§QQﬁmuqﬂ1ﬂﬁaaﬁqssuuLﬁu 10 n uavanyiinlad
¥OIINTEMIVNTAMMIINRTUAREAILGE ﬁaiﬁsuﬂutqawéuqﬂﬁaﬁnusﬁau7nﬁugﬂ
Gunui i 2 aéﬁﬂﬁun?ataaﬁtﬁﬂ1ﬂ =0) ﬂsu%n%nnuWunwsdodwuﬁauauuu
auﬁaTﬂiuanqu1ﬂaaaﬂtwﬂo 80% uatﬂsuutnﬂuu1u17unanﬁiaouﬁuuauauuuﬁoTﬂsua

nwtswaa1n1ﬂnwstﬂsﬂuxnﬂuaﬂweﬂswa " domaTInL S Luan
ﬂsu%nﬁnwunwsécdﬂuﬁaganaassuu%aTﬂsﬁaﬁuas%eTﬂsﬁa Tnﬂnwsﬁoauuﬁgﬂuaﬁunws
donéuuaaiaﬁa 240 $adnus Saemildriauedh lunsfizesmrdernuanndeTasialae
ﬁaiwﬁaﬁnv:iiﬂtﬁwLﬂuunaun?anéuxﬁaaﬁu (Block) WaeiNuUIUNTHA SYN  @1Nd1

o [ad o “ I"I ‘, ::‘ ¥
DﬂHTL§uﬂ3uﬁ YUY aonﬂsunauvaouuauiogaunonuauauﬂsunaunaﬂ

240 fI9NYT x B IN/NIDNYT = 1920 N
SYN 3 fi2 1Ay 3 x 8 1n = 24 1m
HATINYTIINNIND IR M INUA = 1944 M

w ¥

ﬂouu5n71ﬁ7u1uuiwon11ﬁeﬁagaﬁﬁoonﬁ1ﬁaa?oqﬁuﬁwuvuinﬁawuﬂﬁ
$n fudosdefio
192071944 \mnulgsanm 99%

ANANTALA1 dﬂﬂsuﬁnﬁnﬂwgoqnﬂaanwséodﬁuiaqaunnau%oTﬂiﬁaﬁ
29 80% v 1un1ﬁﬁn17éodwuiagauuu%aTﬂsﬁaad 19 % Cuas Lol iuasas
gnnin 19 % Snwwssnisdsuuvesialasiia 8931997197631 INNTAIHAUAIDNYT
udauﬁuivuaéﬁaﬂ) 1unsﬁﬁ1iﬁmmwmnnn (stop pluse) oe@deln dsedngau
ﬂaqnwiacwwuuauauuuavﬁoTnsuﬂnaauqsanae1ﬂn11Lﬂuan

Tﬂan71ﬂuaanw7aouwuuauauuumoTﬂiuaaa1ﬁﬁaonﬁonwsaaaﬁi
(Communication Channel) 1noa1auﬂivanﬁnﬁuaonaﬂnﬂi1ﬁﬁaon1oaaawiuaenws
aenwuuauauuuauﬁeTﬂiua auunaﬁﬁaenwunWTaaawinlﬁaﬂawuwsnaewwuuaua1ﬂ
4800 un/auﬁn ﬁoqunw\nnwiaonwuuanauuUﬁoTﬂsuaauuwunaaanlusﬂuuunaeuaan

1ﬂ 600 ﬂ?ﬂﬂﬁ?/?“ﬂﬂ 1uiﬂﬂﬂﬁ0197“ﬂ unavaouwunaanvsquzﬂuuuuaouaan1ﬂLuao

280 fanui/5und lussunesielasia (Taeaua@inld stop Pluse (Hgo t im)



aauuaﬂuao:uuuavﬂeTﬂiuanﬂa LaaﬂWTﬁQﬁﬂuaauasaﬂn7mn1ﬁn1uq1tﬂu
~na01ﬁaﬂnsmnuﬂ71uauLaﬂﬂaauaoun antal FlasunTdeinusanaanui i et
Vi 1i1un1mn User %3o Operator uuwuaﬂkuaouﬂu1ﬂnﬁuanuaeuaqaLwiwu
5n7ﬁn11éodwuiauaauﬁuaéﬁnﬂdwut§01unﬁsﬁuﬁuaoﬁli57ﬂ UAEE9971 95811907
snwah Lininoudn Luaeaﬂnﬂutﬁuuuuu pnluwang 4 NTRINITENLNNITAMUALIRY
uwqsuuaﬁenwiaonaanu1unaun7111wauut7awnwa1ﬂaoaﬂ\nﬁ1ﬂ T q Tiwds i
aswaaﬂn1m1uﬂeuauauuuauﬁaTﬂsua ﬂauautaﬂﬂWTﬁQWHuaﬂn%waﬂn1m1uaquauauuu
ﬂaTnsua tuiﬂuaaﬁeuaaaﬂniquﬂszLnnuaounae1nnuaaﬂaﬂua1Luaiduuaua1ﬁ1n
Lﬁunauuwnuaauﬂa1 uaaaoaouwuuanauuﬁﬁaTﬂsua miagRIwdnte L Fandn

Buffer unﬂuwuunnnﬁo1uﬂwuﬂw1ﬁawaauaﬂaetuanaquxqzmnweLnﬂTuTaaaauu
(LU ﬁwqﬁTﬁﬂwuaeuﬁaanoﬁuiwﬁﬁwuwﬁwuﬂLﬂasgnaaunﬂsuﬂnﬁnﬂonuu) Tulidahe
2 wuranaiTIA A

& oduwurTinlunnrand ofi s fmnalog emad e ndevananieTasia
ﬂaatnnnawuuﬂtﬂastuaauauuaua tua\iTunwsaaaw1nauan91ﬂ1ﬂ uiodn e lshmafias
acuqﬂwanuunauﬁeTﬂﬁuaxaanun1u1ﬂ kuaeawnuaﬂnimsuaauaua wunardelaTia
Lﬁuﬁﬁuaunawﬂﬁwutaéacﬁ%%aéuwui LwsﬁuaaﬁouaﬂnnaouamauWnauﬁ1§1unw1
iauumuﬁﬂzo?nuw1ﬂquniﬂquuunaqu111ﬁowu
2.1.8 ‘Ii‘a?']‘\ﬂun']‘ia'q&_t!']m (Transmission Codes)

1uﬂaqﬁu§t1waﬁquﬁon17éaﬁqum1unw1§aaw7aan1ﬁtﬁu 2 dssianlaun

1. iﬁdﬂﬁiw?aﬁmmwmﬁtﬁuuuuauﬁﬁan (Analog Information) LfuNNT

uﬂnunnoinsﬂun. ﬂﬂsaoammﬁmanﬂ—Tninau LHudn

2. mam‘smaammmﬂwaa (Digital Information) -nuﬁuu'nmm’ln

ﬁﬂuunsﬁaTQLﬁunuuuauoawonuo

nw:ﬁﬂdadoiqaawsﬁuTﬂﬂ1iﬁqumﬁLﬁuauw%an&u dnnlug dunirhndars
MiAneautuAuAoEfY  (Man  to Man Communicstions) ldun nirldm, ATND LA
Foanaainlaiorranne q  1alasid daumansoiearsuuyl fannadi
A3noain équudtﬂunﬂiﬁﬂﬁaiuniwetﬂéaain1ﬁauﬁu (Muchine to Maohine

Communications) Lﬁﬂ1idﬁﬂnaﬂia§auwoaéwo%oﬁuuauﬁu



q . R H ' w a " v 1!0 ﬁ
usuuunﬁfﬁaaaﬁ1ﬂaqauut1ﬂquwu7ﬁ 48RRI NIANYTAILONA NI 19u L
AONWT,MILAY,  HTOANANHUM LAY awngﬂuue1ﬂﬂeanaﬂuue LAEWININNTABAITNI
uuaﬁuﬁﬂﬁoﬁuuaTﬁuﬁautﬁﬂnﬁsﬁaawsﬂaoﬁaﬁa %eaé1uzﬂﬂoesﬁa1uuﬂ?uwniuqnﬁ
° v o o a dw & M Adw o '
Tagfialdudr91aa 9 aTosrantLnesant fuld 1A ?ﬂuuuunﬂa N9 138310112
' an M v wu - v oW - d -4
aw1auwaan1ﬂ§uw1aﬂ1ﬂqnaauuLae amniadneslag  wilasiadnustiirauo o nulatiay
' ' oo o w - v « o a4 ') o -
ldananToderunnignngieantla Luaaoﬂozﬂuuuntiwuaoxuuaq-ﬂqzﬂn 2-12 39

{ ' H { .
n11ﬁoenﬂ7ﬂau§agm1ﬁuﬁLa?aenouﬁzxnas Tnuﬁuuuagnuudwunweuﬁuﬁawﬂootn?ne

a ( v v o a { v v o v e vV v v e .
W ﬂ')anfﬁnl"\ﬂ““lﬂq1ﬂqsﬂ90uﬂ'\7l'ﬂ'\’“a AENL1190d  (Encoder) Q'\n'{ﬂ

a‘ d N [} ﬂ. 1, [} o
wnifiragaaiiuudai il edlurfanansedslinuanededaanald  waslii
a' uﬂ' a‘ v o o ﬂ. ) o 8‘ n' ud o
\aFoedrieaToefrasinnamansva sinati dran i futu anuniATosfunasinng
v v - v u ' o a v v ]
nonTwadas L ATasnanTiacDecader)  Tinduanedlustinfi s diudidniinlala
v a ﬂ.u v a ' aGy M w RCH o v ' v
Togiufidnufudnesioifu winofinlalfnonsialied luguuii s in lausnenmiia
' a v G vy - a {u o
[unaﬁatﬁuzﬂuuunawuﬂsnﬂﬂtnun1nﬂ1atﬂiaoﬂauwatnasﬂazﬂ 2-12 i

o L4 ] a' ﬂ' o ‘II d »
m‘mamna‘luaq‘luzﬂuuun LATDIABUNILNOTINL nn‘ln

1S RRCTRRE VTR

rJ—U—U—U—U—Lﬂ_ﬂI fnoRIVA L —— ABUR = nod

J - ld - e »
GGV RTH LG

1MunAsuR AADT

T 2-12 mTdednudageiaen L insRawasnonTia
sian1§lun1sdomrfonaronunasas Lugduuasssunlung  Taefiluin

a ' o v dq v a ' v
(Binary) JAANANEINADY uaU‘l“ﬂ'\iﬂaﬂ'\‘fﬂagafﬂ'ﬂl\10“11“'0“97'\”“““7\'\\10“1]30

2-18



v [ 1) v [ 1] [ TR | (] o lh' »

o 2 TeauluniTiingia  A298791L 1y tswunaaﬂ1ﬂﬂwaguuonae o dnld
v @ ' ow ﬁ v 1In|uv ﬁ v O vy v Ga
wdaboididomnidy 1 uasirln biudadfenlaasiy 0 AN MTLINTHANAD

ﬂ' v v ] ¥ 9 o 1 ﬂ"
m7agunuiniidnTsnng 1uaq1uzﬂuaonu1umatan 1 wag 0 @rururunlduny
2 e . A v & e o . v
wismsneTasgnaimls  canafman uuaqnnsuuuﬁequtﬂuiannaonngva1ﬁnnaenu
1497 7emueeais1aelfnudatay 1 wae 0 g19fMANLINEND T wAn MR

L4 L i, W
pi19ageRaTmI LIt IIINiILaY 1 uas 0 Ianansustilidduias  Anay
dﬂ [N ) o W o [ I 1) 1 o
oo apatoliiiity 2 enfide 7 swFouinfy 128 wwansastuduir liluny
[ 4 1} » L4 ) ¥ »
donesla 1 @2 el suuunLiﬁﬂ?ﬂanuuwuauﬁaeLﬁuntiw1qnuneaaod13negaa
[} »
washfy Ly atanulavunuiasnes o dudy NNTdi0EN afiL TIaNsRTIIN
{ ' :
funsvuuruynoranes 7 win - lunneansfiainnd i Samdingn Bib failudrdoves
o 1 v e - ) uv‘nn [ :
ATIufuAD binery  digit WI91AUFIU 2 UNLDI LAELTINGIN N AD wuaanLan
nanun 9N
1 1
o o z v 20 o [ 4 v v o [ 1)
aadaaTananAte  01tand 1 I vin ldunumisnwsasldiliae 2 @
viulidnioe 1 unufa A WaBdnNIE 0 ununa B sttty 2 In e
v v v " Qe / . ¢ ™
wuled 4 dadnws  ofulw oo = A, 01 =8, 10 =€, 11 =D qstnu7ﬁ1nugﬂ
\1 xu n:wuu'nv fl» u v v v
wiTiuiag T mannI01LT) L1AYeINILAY 1,0 813 1 WANUAD LTIFBUNIAD
[V ¥ 1V v o ® U v v I?F
st 1ninAnueInTn (2 gntnde ) ADon¥TNNLDY
Lufnsuduiin  wndenguiunnend it lan Aelu Aol
L 1] -v a' dl I'l’l [ 7] o' v n'
Snvrendenqy  lumafoansfidonaslildvalaniiuin  Sadauneriaunlily
o . D o R o ¢ v yve
nwsaaﬂwsiagaaqwawazﬂuun (A TRdInTATIniinge Jannashuusd lannasfnl du
- [
199 wasliad 2 Tupufiswmannfigana adaueln (Baudot Code) WABTAALDAN

o o v L,
(ASCII Code) F9aslAnanafieTneasidanvasnaninssiuny 2 el

aisyeln (Baudot Code)

* ¢ . a ol o - . o ol
Aravelat dudoesinanslisuidocdseraa Farymraaui il owis
I') . -y U ] ] 1 1) z
TnTiaryoedTotaasnada.d. 1874  wasREonuuoLNEAWIY  WLT  AINN  F93AU
]
) & 1] y o .
uwonéat?un1uauoTnu611ﬁagt1nﬁ dﬂﬂ?ﬂﬂﬁiﬂoﬂw1awnaunmun11un11eéqnnﬁc

ﬁ%ﬂiﬁ “The Consultative Committe on International Telephones and

a am 1 o & v b
Telegraphs” %T0NYOHOIN CCITT meﬂmunssunwsgnu1ﬁﬂfuﬁunnaanunouwns:wu
A -



' d o o de . s
ﬁaﬂﬂq7ﬂﬂiﬂ7lﬂﬂuaﬂiﬂ7ﬁWﬂ uﬂﬂ1u”m8lﬂﬂQﬂuﬂﬂﬁﬂﬁTﬂq“uﬂﬂﬁﬂTEWuﬂaOTﬁaﬂa
. v 1 4 1 L1 | X ) [ L. 4 o
ﬂﬁ7ﬂ0£a1ﬂﬂ7ﬂ ua”anﬂauﬂuqﬂiﬂiﬂanTﬂfaQqqﬂ CCITT uﬂQquQﬂﬂa”1ﬂ757“

v
Y929 CCITT 1ﬂ57ﬂ aﬂﬂ’ﬂ’“ﬂnaiﬂuuﬂaaqlﬂun1ﬂ131uﬂ00 CCITT 9wy 8LlaY 2

v ady e d (o o
(CCITT Alphabet NXo.2) uﬂsiﬂﬂu1ﬂQﬂu1uﬁ1iqu78““t“lﬂﬂﬁﬂ?iaﬂ WU IAY

o ] v d {
tFand1 THaInLand
(M v (7] o [ ) 8 r': 1u Y ")
aun lAlTEnNauRlg  THAYEIA 6 INC 5 MAND AINU 39 [HUNUNIONMT
v o @ Wt "o o ¥ v v v vy & 6 v
16 32 ouy Foavtiulaan g ovahae l fdammonuse lomonan fatin 1173913007
[ ] 1 1 ' " v '
Snuteliawingn 2 @ (dietduiaueniaFeetunn nwaﬁTinqunaanv1nqu1n 71
2-13  1Tsndw) qwnzﬂ 2-13 unv%waﬁaﬁn Lﬂunéutaugwu 2 YU 5 1N ¢ 5 wan)
(Houanenn Tt llunuiasnsedug  lunssfiatinsefn  dauunan 2 tﬁunénuaoﬁnuss
ﬁaé1uzﬂuaaﬁa5nux (Letters Characters) @7%NOIN 3 lﬁunéuuaoﬁnu7sﬁtﬂu
&' ] [ 1] dun (X1} ﬂ' [ 1]
1oawqa§1uannmuﬂnazﬂnwunnao1nsnﬂa SnysuTilawe  (Figuras  Charactars)
ﬂ' ] v v ) v [ ] v o v l" » ﬂ' v ] [ ) (7]
nfnaELaImo I a0 I e8nuTslias 2 77 tovenlRLATe T IMTIIIANNE
v v v v ) o 1] ] o v u' o u' "l (']
1ﬁ1ﬂﬂﬂ80ﬂ19ﬂﬂ78ﬂ§ﬂqﬂ ¢ aovandamdeld umf 2 wFoumaf 3 Amias ) M
ONYTEN L ANNANINIUAD "ﬁatﬁautiwénéuﬁa5nv7" w19 Letter  shift
character (38ulAgge31  LTRS #58 LS §7uBnAIwuene "ﬁztﬁautiwénéuzﬂnﬁu"
w39 Figure shift character Ligulegdedn F1Gs wia Fs Tagh Ls Grwafo
1] o [ 1] :: (]
11111 7% FS N9Md 11011 WAso1aunu FS 5oﬂ§ﬂﬂac§na1vnu #4714 LS ununae
zﬂnaognﬁs%ae
v wva v a o do o~ ' & )
5ﬁn7uqntﬁﬂWﬁLnsaawuwﬂnuaasunnwuaanvﬁnmsntswanN "shift

" 1u va (v v ﬁ v v 1 ' & 1 ° - v & 'y ld1w
lock AUAIRAHNINBTALNANH L YUNIDNYT “Qﬂcﬂuﬂ “ﬂﬁ“aﬂ[ﬂﬂqnuuuﬂuN”Wﬂ ]

[ d ]
Tunasfonnshesiinatiranundnenfeoty Loy Quﬁﬁﬁaﬁnuc "ZP URELATOINNNE "

"y ' a ¢ a P ' ' ' o ¢
Bgﬂﬁlfﬁnﬂ LS ﬂauuﬁiwnwlﬂiaﬁﬂvﬂﬂﬁﬂuiﬁLﬁu A “ﬂﬁthqnﬂ FS ﬂauuﬁ’uuu

LATavatnAr M Ity men
A29819

tﬁatswﬁaoﬂﬂ7éoiaﬂ1wuiwaéﬂaﬁiﬂﬁcgnuuwaﬂaﬂﬂnwo

444/55 SILOM RD. BANGRAK BANGKOK 10500

2+20



IAaIavUg LAY

(Binary)

" W W
NEURIBNYI

Letters Characters

naupdnm
Figures Characters

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01301
01110
01111
10000
10001
10010
10011
10100
10101
10110
10111
11000
11001
11010
11011
11100
11101
11110
11111

11 (Blank)
E

>

SP

¢ N g X O0MmMZ WD OACHO

< XN T > OB O O T < I

R

1M (Blank)
3
1Aouininin (Line feed)

SP «¥631W (Space)

8
7
< {suad (Carriage Return)
th Who ars you?

4

S 1Auanis (Bell)

%

.

'\J\DD—'OG\!"NV-;QA

>

§ {LS)

1 2-13 mMTuisiansgsela (Bavdot Code)
!

2-21

'




v o (v &
L7196R0 INARTUHAIWRA 01

(FS$)444/55 (LS)SILON RD(FS). (LS)BANGRAK BANGKOK

(FS)10500

Lswaoasawuwsnéoiaﬂku1ﬂ1ﬁgnﬁaenﬁuﬂvﬂuﬂssauﬁuaoLiw LTas L
iﬁdauﬁauﬁuﬁﬁatauauﬁaonaﬁu FS  (danow u?aa§ﬂ1ﬁiwLﬁaﬁaon11ﬁuﬁnéuﬁ75nui
#307nW %aaé1unéuﬂaw§ﬂuaozﬂ 2-13 quR0INA  FS uaunv&ﬁaonﬂsﬁuﬁnéuﬁa
5nvs%eaéunanawqﬂaazﬂ 2-13  qsAaINA LS

Gosansravelaliiine 5 Inunwdemadnesiies trliliaanTonsas
aauﬂkuqnﬁaauauﬂsuﬁvuuaoﬁagaﬁﬁwnw1ﬁodwu1ﬁ goliiufReadiasinan v
ﬁaawsﬁagauooﬂauﬁztnaé tustTutﬂ?aiﬁﬂn11§aa17uaonauﬁ%nna%ﬁaonWTiaqaﬁﬁ
AYINONAD 3 udaéwo1iﬁnwu7ﬁau0Tﬂqnﬁwuw1ﬁquﬂﬁiéaTnsﬁuﬁ (Telex) Wb
Tniay ¢ Telegraph )  ANBENINININN dduriavalanl Flufansdsanse
Jrsinatne gEnarian i e 6 n leliinsiadasnerifinavefiasdedonana
10 o Ingwasarnd engsting oo

Qﬁaauﬁuaﬁﬂﬂuﬁaoﬁaiﬁ 3o s dataciies 5 In (eun 1 i
St ittty 6 Smuny o dadnensdaian ﬁoauﬁq1i1ﬁﬁnenaunﬂ4u rs
uaE LS wenInngde tuquaéotﬂuéﬁnau1uiaﬁﬁﬁa shavelalavmunfuan s
t§11unw7ﬁaaé1uiae 20-30  impe7um (20-30 bps) uauiwaaw1ﬁqnﬁwuﬁéoﬁaﬂ
7ﬁauaTn§ ﬁautﬂunﬁuﬂﬁiiuﬁﬂﬁ (Natural Language) qqnnqsnﬂaauuuiq
5ﬂ11nﬁséoiaﬂ1wuﬁaé1uL?aﬂaﬁaﬁa 5.05 UANOADONYT (ﬁnfauﬁonﬂsnﬂQN FS was
1S fam  feanirraateramidanassnianisds  uiiei limsdsiniasleeld
nideinnaTingliia 5 inudandnfaslisia 6 fn
SNAUOFR(ASCI T Code)

ﬁﬁiﬂ ASCI1 éaqunnﬁﬁLaniﬁ American Standard Code for
Information  Interchenge  wjananddniewiehan 1ﬁau1nigﬁuatu%ﬁuﬁ1i1u
myaetnait i durtarnna 8 i Taeld 7 Inciasvaunuidnesuasin 1 S i

Snns19d0y  (Parity bit Check) uauﬁaLﬁuiﬁﬂuﬂﬂnﬁnﬁW§1uﬂ17§aa11iagaﬁu



ainaninernsuas ladun1susosuniguann CoITT Tﬂﬂﬁaiﬁtﬁuu1n15ﬁuuao
CCITT W¥N8LAY § (CCITT Alphabet No.S§) Tu19a595158097 International
Alphabet No.S§ warlussensdeaniseninelasinaun suiefi 3and1 " international
Standards Organization wio 150° H% uaunénﬁa5nuiaﬁa§ﬂa%uﬁdﬂsﬁauaaﬁﬁ%a

‘ o [ ‘
LANLTENIN "[{S0 seven-Bit Caoded Character Set for Information

Processing Interchange"” uanaﬁnﬁﬁa aun1ﬂunauﬂﬁutnﬂtaanﬂﬂnuﬂ1ﬁiua
e i anuA st TE AR 1 R20Ha LTy Tutlrs vnad anqufias
fwunawan SusnuTei %aﬁonqu‘ﬁ1iu57tawtﬁéaonnwﬂt?uﬂaué‘ﬁqdunuﬁ1ﬁ
asniraoatidumig 7 Smunn L fadnurdanToatneiadnyg
1850 128 fodmer cuiafu 2 endade ) s Fotan i aialanorasnyTin
Trguariosfinldifie swouasdolddnems yoans il waeindnyTelAui s
AU (Control = Characters) i lilfae ﬁ?ﬂéﬁﬂﬂﬂﬂﬂﬂ?kiﬂ?ﬁﬂuaﬂﬁ AN
Dlu1ﬂﬁ ﬂﬂuﬂﬂﬁquTﬂ 2-14 ?0ﬂ18ﬂ9ﬂﬂ?ﬂﬂﬂﬂﬂ?9ﬂﬁ7 10” 8 un%nﬁuuuﬁﬂo uav

16 UTINANINLUIUDY Tﬂﬂﬂﬂ I oo 4 DﬂﬂﬁﬂﬂﬁuﬂﬂﬂdﬁuﬂﬁﬂOOUﬂﬂ 5 Q9 7 aa

auun Aol nwsnaaﬁoonﬂsunauﬁuﬁaﬁﬁumﬁﬂuasnﬂuuu A208191 Hu Lsﬂnaonﬂinaﬂ
v L

W S auaantﬁut1ﬁ11 unQﬁnunn 4 B9t quxuuawﬂ1unaunuu 0111 41NUUAH"

Snh 7 e s Andn slTenaudag 101 Sotu W asiiTvanednidn 1010111 98

ﬁatnq1ﬁiwaut?ﬂoqwnﬁnqouwuw%nﬁﬂ

v

5wu¥un175woﬁaﬁnusudavﬁaﬁqanw7ﬂoﬁ ansamlanel i 11
ADINNTANNNY  A20N¥T R %oﬁsﬁauaaﬁtﬁuxaugﬁuaaoﬁa 1010010  @131T0L 8%
ANEARENNTO909ANT1921 5702 & uAESe ud  (Columm) B 5 UTTHA (Raw)
72 iy

nngl 2-14 qutquﬂawaaunaaiuuna 0 uauund 1 (Column O and
1) tﬁuaauuaenaanussuLﬁuﬂ1i1unﬁ7ﬁauﬂuLaﬂtﬁua3u1nm & o snuTriL AN
1ﬁ1unﬁ7ﬂ7ununﬁiaquﬁuua¥a (Control the transmission of data), ﬂququ
1ﬂuuuuoououa (Cantrol the format of data), ﬂquﬂuﬂqwuﬁuﬁuéﬁﬁoﬂﬁiﬂ
uaenaga uauﬂauﬂuﬂaﬁuauwuﬁnwonwﬂnﬂwuootﬂiaoiuﬂaﬁﬂnﬂe wavhouiLan 6

Husulad Jusoaldlud
uguli fudaufirasiniasnasefida dudeslilusmue e wiavotioshu



vivsraunu i il lumnaeld  encdusdaves  oEL Sedewnsan DELETE  wSe

Rubout  Feldlunsaumidnes  Feldumielumereio 7715 Soidumasnusediay

|
1un17n7uqu %ctﬁﬁrﬂusﬁanwnsgwuuwuia

0 0 0o Jo v nh h |

0 0 Vv jofof]n

[ : 0 1 of v of 1 of 1
5'ts [ b7 | be | bs |ba | b3 b | by [ 0 1 2 134|567
0jojo|0] o0 |NUL (TC;DLE | sP| 0 @ [P [ [
0/0]0 1|1 |ITCISOK |DCy lj1jAaja]a|a
00 |1 |02 [(TC,ISTX |DC; “1218B|RIb]|Tr
0]0[1[1]3 |[(TCHETX |DCy # |3 |c|S|ecs
0f1/0/0]4 [ITCIEOT |DC4 $ |4 o |Tid]t
0f1]0[1]5 |ITCLENO [(TCyINAK | % | 8 | € | U | e |
0|1 ]1]0]6 |ITCACK |(TCaISYN [ & [ 6 [ F [V [t [V
01 [r]1]7 [BEL (TCWETB| - 1 7 |6 |[W|lo |w
110.]0]0]| 8 |FEq(BS) [CAN (I8 1H | X]|hlx
V[0 [0 [1]9 [FE\HT) [EM NERNERAERY,
1[0 [1]0]10[FEILF) |suB JVERL N =4 | K
110 {1 |1 {11 [FEstvT) |ESC + )y U]k ]
1110 ]0 |12 [FedrFF) [1S4(FS) NNV |
111]0 |1 |13 |FEGICR) |155(GS) -l =M1 |m]]
1]1[1]o]14]s0 I1S3(RS) >IN |afn |~
Viv 1 f1]1s|s 1568) | / [ 2 o |_|e |oEL

e e i o . e ol e

!
|
f

zﬂﬁ 2-14 ANTAINANITHA ASCII

5ﬂﬂ78§1ﬁvﬁ1§1uﬂﬁiﬂ7nﬂu (Control Chracters) 3Tl 2-14 177

quwuiwﬁSnu1uﬁnﬂuﬁaé 32 ¢ lasfignure a2 ﬁaﬁgnuﬁanﬁnniﬁﬁnﬁsﬁwawuaantﬁu
4 nau Tﬂﬂﬁudaunéuﬁuﬁwﬁﬁeda1ﬂﬁ

~Transmission Controls ﬁuﬁwﬁaauqnnwsxﬁunwanaoiagaumutﬁu
malinwaned sdaann

-Format effectors ﬁnﬁqﬁnauquzﬂuuunwonwanwunaoiaga

-Device controls ﬁuﬁwﬁtﬁuéautéuiuqﬂns&ivunaomaéae?uéu

!

2-24



1 4
ﬂa¥ﬂﬂaﬁﬂﬂﬁ0

-Information Separstors ﬁnﬁ"uﬁﬁwuﬂéwﬁwq 'tli)\‘l'l.l'i)iiﬂ niu 'ﬁ'e)
o1 ae ' r's ﬂ v
ganaeuneun3ﬂ1uuna1nut uny
SHF BCD

(usrdannann Binary Code Decimal tJushanuuilfnasidnssanyy
a v v o owv voe v oﬁ v '] v
6 UM unu 1 AanMg QQﬂﬁNﬁ7nuaﬂﬂ781ﬂﬂ0 64 N7 wasI ua”ﬂaﬂaﬁﬂﬁuﬂagﬂ
e nTsINNTRoANTANAE LUNINRTI9d0n 1 1IN

g4§ EBCDIC

| '] v L) o Y © [ v L .Y Ve
Tdidnmia 8 Tnunu 1 Mones frmawaTauinTalnge 256 zﬂuun
dafpantainantdnatfanfinnsasanudn 1 S Ty 9 Sn

i
1

. d
2.2 ¥ANNTTUD 1L AN

e/ 4 2 R
Tlllﬂlllﬁuﬂ'lﬂﬂﬂll'\?l’\ﬂ Modulate/Demodulate 1INT Modulate
autﬂunwsuﬂaﬂﬁaga Digital %oaé1uzﬂuuun17ﬁaan7uuvagn7u 111 Sudanomme
o @ v & v v o
Al enalog (HiodsliluanaTnadun  dou Demodulate aefuind Modulate
v menrel  enatog  uwdandaunioudasiann  enstog 1ﬁmﬂuiaga Digital
ieﬁnvmsﬁtﬁuﬁaununoeﬁqumiaga Digital  (miffiz-15) autﬁuﬁwﬁunwiénuae
] 1 14
pulse LAbAIIMMBLTDANDY power spectrum (11lfi2-16) way Spectrum (wanY
d o oo { v & o ﬁ v ' v
ﬂeﬂﬂﬂﬁﬁl7a100ﬂ1ﬂQUNﬂ77Nﬂﬂquﬂ AIULDIVNL uﬂﬁl“q1“l711“ﬁﬁu77ﬂa0ﬂagﬂ
. o« My a2 Y /.
dgigital  #wlinednsTnsdumlduseauinlilunasioarsinuiafotnganaing
v { v =& oo a ' ;0 v ( - . a '
HNﬂQBﬂQﬂuﬂﬁﬁﬁﬂﬂ1§1uﬂﬁ7ﬂ0ﬂﬁfﬂﬁulﬂ?OUﬁﬂﬂWﬂTﬂTﬁﬂﬂQﬂﬁﬂ0”@11”“3%78“7W0‘300

f9 3400 Hz

- I ‘
S Ny

5 2-15 Digital Input Dats
q

2-25



v

/_\/_\'

e
Y A
-t

Eﬂ% 2-16 Power Spockrum of digitaol datu

2.2.1 Tuxﬁuununanuﬁlinc (Voiceband Modems)

$i2 {udatraanTouentaviansestutinlng  womuannuidy  uas
a3innT  Modulote TaaTuiBuaannidadn laivhu 1200 bped quendeinaienis
modulate WUy FSK Tt Baauianane (1200 fie 2400 bps) B1A8INANANTT
modulate WU  PSK  wieunsfianaliuuy QAM éauTuxﬁuﬂuﬂuL?qqoasﬁﬁnws
Modulate WUy QAM  3§n17 modulate KfaELIALANAY IR nﬂ7tiﬁiﬁaiagatﬁa
asududnena  enalog  (FSK,PSK,ASK), dggdngaruraanisde,  vaULIA

vaf v v a A& e v a Qv a
ﬂaﬁﬂﬁﬁﬁﬂﬂiih ANIAUTUTINUBIINNG ﬁﬁﬂ@ﬂﬂﬂ“ﬂ“ﬂ%ﬂﬂﬂ?ﬁuﬂﬂﬂﬂﬁiLwaqﬂkﬂﬂ

>
o (]

0 2 . g . o o dy
AINANYTAE 9T aaandnsresunyANhaE inediunT L inTidToyRuAL dRT AN
wstion  Modulste Wagwlas  Fedninnsilfauwlaciine m7lasuniasunae
19400805045 (Symbol interval) wWid beud rate @WTUAINMINENDIN
v ﬁc;n o GYw
Snuroreast duwkovonane q Iailld

tetneingg  drenoulifennuaeiianioisliname  meffelli

o | XY u‘ ' o Y o O u:

ianlafuanalnteut  dausonanefiednsnuencBaud)  UABAULEAINIIA  AOUY

Sniln  (bit rate) auquﬂﬁanwwqmﬁusuwiwo SATION(AWINTANDIU) N

Squanvoodnluniiovan (Auni luTouiionw

2-26



o d ' vu o
2.2.2 siavedluthy  wieaaniaqel
' . v e v ¢
aemunngRe L Iafuay Ingim
d u: o
T bnuuudlamneiiee (Accustic Coupled)
d o 4 1 v ow a v ¢ -4 o
TutEaiatasnotdntuiagos Insdn laensdhidmnaiags  awnTonay
SunoiSenuasinn1TiFendn i (Auto Disl/Auto enswer) 151u1ﬂﬁ 2-17 WAt
sﬂn 2-18 qutuu1ﬂaﬁuannaﬂnnwnaﬂﬂﬂe (foem cup) aquuasxﬁuﬁaanqosuLaﬂq
LuﬂuwuaanwnuwnnuammwminnaunuwnuammﬁmLaaonaa
o 1 w u‘ o
ﬁanvae?utﬂuuuuuﬂa uswaqu uaearsnTanot Srfivana Tnsdwn lunali
ad o ' v ( v v ¢ ' ) v
& tgnnsanoaraineunt drfuTatfanuunalngnss  (Direct Comnect) 10 T80
n'w ~ o g lllﬁ a:ul . 2 'y
29 ¥ ulat dunuukidowlvaas (luTsunnisenin - Tele-Conferenceing wiomalTsda
1uanumunaeﬂﬂssﬁuumauﬂuaanwoanﬁunnu LE aﬂﬂuauﬂsuLnﬂw1aauauqou7ﬂtﬁunu
usauwaﬂaﬁaavWﬁnuawunwanqunnana1uswunaua SonautinLnatuAnfuinat i
aauwenu a1n1u1uuununwsuantﬂaauuananuaanaaﬂxqawuauunwsaooquﬂsunsu
atiton 1 unqv1uuﬂulﬁTuLﬂuuuuu
TuanLﬁaunauunuﬁﬂuanaTniﬂunLaoaunwuuwnnﬂu Duplexor %3007
alnesanans 4 o odw 2 i el ilanuTn fAunuy FsK WMty dednainTRe

1iiAu 1200 bps F duenivane ﬂﬂvuaulaTﬂ1Tﬂu1uTnﬁﬂwnuﬂmnwwnw

—— — i —— [P




Ptudo ol

VL Pl
niatwr

lzﬂﬁ 2-18 uaﬂonﬂiléauﬁauuu Acoustical Coupling
“TuihuuuumeTagnse (Direct Connect)
Tutﬁutﬁﬂﬁﬁoqnuﬂaaantﬁu— 2 yuufio Internal ua¥ External 39
Internal qyiudnunsveemdniianidaly siot maluiafas d2u External 4

f909N37N Serie Port. AEuIN

] &8 a v v {
Tuaunsaasuuutingt drfvane Insdun laens s028n1900nuuu997  DATA
ACCESS ARRANGEMENTS (DAA)
[ t v
2995 DAA aslmudnigifeanumavansi
v i ' G v v {
t. 1§ 0c Isolation sewinelutiutuIngdun cr )
4! [Y] o ‘o u(
2. lﬁaoaiﬂioaQuﬁqumttﬂn Lﬁanwnﬁ7ﬂ7uqunw7 ON/OFF  d3nign
o 4 dy w
(Hook Seitch) T481938 1 dunyuManual nle
3. fAun v idnseuanTo lvan umue 0Ff Hook (e HOLD @1Eaog L
& v w { v { o w Voo P
nsuuﬂuauqnsuzTﬂannaaaﬂnﬁsTnsﬂwnLuavunswnawNWQSﬂuuuana
Uluu (7] v ll‘°
Tnsdwnuinfuanauds TaoladasanuTnsduiade
] voi LY vy o "
4. fmunnan1sioefin Transient 498 Fiuadlalon

~—

' o e M o { '  a v v
aouvaq1oauuauﬂnnwnﬁwnqtuantﬂa1 oA mavanliunudeviontas
Hybid degl 2-19 wlowlas Hybetd (1)) asldiniaanewdana Tranemttter

Carrier fN31 (U@ 20 dB) uﬁiﬁﬂﬂqvqoniﬁnws1iaauuauﬂ

2-28



i atcuve
R L ||£J - e ) TS DIWOO =0 hasara

“tDia H
EL_ TRANIMIT
(o ————— T »Q0 Yoo

zﬂﬁ 2-19 wioulay Hybrid

uﬁonvu??nvséqévuiaga
ad [ v o ° a r Y v ow
lunstitiisnaenanatelaseadnenasseuy  naewnianlaaxlinoinuds

| 4
ﬂﬂﬁﬂﬂﬂ?ﬂﬂﬂﬁuﬁaﬂa (Communication Liner) uueaan1ﬁﬂau

a d {
1. RUUTNLHang (Simplex)
I'4 a (
Z-uunaﬁaﬂthanﬁ (Halfduplex)
¢ !¢
3.uyuvaniwand (Fullduplex)
T %

uﬁovﬁﬂ10v5n77n7€doiaga
-5n71ﬂ17é0ﬁa§aﬁﬁ (Low Speed) ﬁ5ﬂ71nq7doia§a1ﬂtﬁu 600 hps

-5ﬂ7wnﬁ1doia§aﬂ1unawo (Medium Speed) ﬁ5n1wnw7doﬁaqaiuuiﬁo

1200 19 9600 bps
'-5n71nwfdoiaga§e (High Speed) Hinsannsdedonaninnin 8600
- hps
UUNATY INAUANIS Nodulate
1. Phase Shift Keying : PSK
i2. Frequency Shift Keying 3 FSK
3. Phase Amplitude Modulation : PAM

e wv ao v a a a o X v v
AMM9U8NNT  Modulate gRIINAUALNY aNNAEUUY uﬂﬂﬂauﬂﬂaﬂu1inu

UOHANIITOL UL INNANHAEAN tﬁuinauunsu1ﬁﬁozﬂ 2-20

2-29



Modenn

| Medium-
Lowspeed epecd Highspeed
I'meq @n Phase fhase phase
shift shift shift amplitude
keyed keyed ¢ koyod modulation

o o\ g
3ilfi 2-20 nNTutetinYe s luLax
cﬁ e a
st i Ty Ruriia 2 @7y wae 4 @
uv:dﬂaun'-“l ) N [ ' LAY - ad v
Sataf dudtviie lunsutarfinves lu i Aunanintioannnataaig nlananaun
ude Sanvanaslflunsidoninmisaslitia 2 @ewas 4 A wduinan u
¢ a
nwsﬂﬂunawuwaonwsquiﬁnunﬁiaouuuﬂaﬂxwanmuﬁaaﬁadﬂLuan1 Tuluihutinasny
LﬁunwunuﬂaﬂunﬂaaammwmﬁoaaTunaauﬂnq 1gi8u 3000 Hz @nangoliiafy PSTN
(Public Switch Telephone Network) wSa1asetnrans Tnrdtansanane 1d uan
nimuaaiutﬂuﬁuﬂtSQﬂwunaawea uauﬂvﬂutﬁaaa & 141 nAtiannT Modulate uuuauq
ﬁuﬁaanwsununkuﬁnuwa 3000  Hz Lnntwanqunw\nnq1aauwuuananw‘aLsunu
v
[T Y) [ [ | ]
RN 1unw71ﬁowuavulumﬁwﬁaonw:aqnusanLiuuautﬁunﬁsaouwuﬂaanuanumuuae
ﬂaﬂ\uanﬂ uaqunqulﬁTuLﬂuﬂdwutiuaeuuu 4

matreuueelniantia 2 ane uuTﬂieaswauaauﬁuuuanﬂiaowﬂuuauaqa
wigoanilin 2 wyuwNa aoluutunuaf 1 auannnﬁuuvuuuaﬂun11aawnuuagalunﬂ

nwe1nﬁﬂn10uﬁoiuuwuuﬁoq dHuntuuan 2 quqn1itﬁuuﬁuuuaﬁﬁi%éww%néoﬁq

mwmﬂaunnw1aammwmuauﬂtﬁn (Hand - Shaking) %oauéoﬁmmﬂmuwWﬁnﬁo
grudangnuan nﬁonﬁuiuiﬂiunauanaouﬂtiﬂusaﬂuaa uwaﬂiaawaastianuﬁuuuan

2 %41 Reverse Chamnmel dawlwiluturia 2 s aeliluonuinnsds

2-30



iaqaaan1ﬂ1ﬁﬁﬂnwetﬁﬂqﬁu1uumunﬁa 0 aduiunToonaas i Fanan L lun1Tdeuuy
{ 2 {dv v
aﬂaﬂqtuanﬂn1ﬂ
6 W o a [ . ° u ﬁ e ¢ v
awn1u1unﬁ71ﬁawunnw7aauﬁuvaganaaniunﬁ1uanumun wlanuand  uwi
o d o o o o a r- o | ]
arTastBonldlucAagin 4 ane J9asLfindTsiniauasan TasnftaTasnenngae
d o a v ' v w ' o a 1
TN‘ﬂu\mﬂm)"qqnﬂa\mﬁl'lﬂmm'\ﬂHﬂ (Private linae) 'N\ﬂuﬂ'ﬁmmgtﬁmaﬂlnﬂ
T 1ou N o o o v { ' ad 10 ﬁ v ' ' 1 v
ag unaeuwuaanuﬁonguawaTnsﬂwn w9 lanian laidn dusasna 1as sine Luansues
v v dY v v a o . 3 vaa ' o oav 1o v {
gonananta AT feane LTy Qmauunwtﬂuaﬂwouuan1uuTuawﬂTnsﬂwnGWﬁwsmu
mq Tide awnsonsstastudanusunaulii
é o v v
T 1udmiugeselng (Short Heu! Nodem)
d o ] l.' v L ] [ ¥ v ﬂ'. lul ﬁ d &0 ‘;u
Tuutlianneg  nlanaradelwidefiduunin Julu Auvliandnsasnny
Suinodiila QunaenauwuaﬁaTniﬁunuaunuawaTnSﬂun FovTulasednedl fnnelaly
1uuu1n»siuﬂqqtﬁuTu&ﬁu1iﬂﬁu1u1uau1na (Longhaul Modem) wibuntiiveeTa iy
1ﬁﬁwa?usuﬂe1n5ﬂﬁﬁnu7unq13utnastﬂauaoTutﬂuqstﬁunwsﬁﬂdaﬁuTﬂuéaiaqa
) a XY o w "o a ° ' a { a
AuanE AL alneng 1auﬁaqwnﬂaqnsuﬂunﬁinnnaqsnsunﬁ1ﬁ1ulnu 10 luanda
a ' a t.a ) e a4 ) a '
16 flaluaT Tﬂsauwanwsnanamauiﬁoquutnuﬁuﬂua7u1nqautﬁuﬂﬁsnﬂnauuugﬂna
4A(Point ta Point) %aﬁmswnwiéodwuiaga1uﬁnumvtﬁuﬁauuﬂsxﬁuﬁﬂéauunﬁu
ﬁu7uaunwosuniwugnéoﬁuan?u udﬁﬁTuiuﬂunweﬁﬂdaﬁ1n5ﬁu5n1ﬁn17éedwuiaga
aﬁqquqqﬁa 1 LunsInRalun
a - o va vao | v v
\nA%ANNT  modulate nlfluluiiuTeasndtiasliignneq  fuonasw 1y
M7 modulate WnwMna1aBedtedu  wFeersasliiimidedanaiinaalnanielng
1] i ﬁ' d 1o g o ] ﬂ" (]
1af0ers D78 Feastnudndad nasnInan Ty 1AEININNITAINAINILEL DY Diff-
v awva ' a vo ava
Amp 3714 1unﬁoﬂgnnaku1wTutﬂuiﬁoﬁusuﬂu1nauqu151usuuuﬂvuqun17ﬂguﬂaﬂu
o v a I'4 v Y u o v
naatﬂwaoans1ui1aaﬂuqnaﬂun77u waEn1TuLReT LldLIMEi N HaaT1e TATe
) a { a a ' lov a 1 a
R T T S, N 9 Tﬂﬂu?vﬂuﬂWﬁﬂﬂ?ﬂﬂﬂBSVMQWQLﬂBTNﬂﬂﬂ?QQﬂ (node) laifiu
o o v o v o W d ¢ o
100 Vg ﬁoanunwsaouwuuaganiunwﬂaﬂﬂowutsvLnun
d [ (-] )
Tu (nuavulisnouuwni (s (Bus Couwpatible Hodew)
d o &4 aw M ' d o o ' ™
Tutautiniastansasnunnat e 1lsan Tu Anriafina1 e uin (TN

v ﬁ o o { v s o 10 T d a a $ a 1 ' 1
ANBAY LUUTILNRUITA  UaA2IUNNNLUANIT LU LA LANUUUTEILNAUDTARAIY ﬂ@ﬁuwu %

2-31



- a { a I's a v ' v v a -
wadoslulatrentioined  wasn1TduimeT ulaiie lfeuTanuTevuiatia  S-100 Ma
') v N u qw v (& v va
padaafiuTenulagstng Ingdun Ianansonen Tnadun Laadn Tuin (Autoanswer) ,
o ”‘ [ ] voa |
VFenTnadun TnadnTuid CAuto dial) 14
2.2.3 INALANTTWANENGNG (Modulation)

Frequency shift Keying (FSK)

wintifiemruasioge  towte  MWomnvantumzdsinnlilvang

Tnidwn 138017 rek % AeldadnubuostiiosansnnubdmTvwnudon s Logic "1

way Logic "0" dhafufueneniuiaraosnadfintinulas dudwna Logic niudu
a C Y v W o u\l a @& Aé

AaRYD 0L oo ean et Busdosin aftwwofasuunananfiuli TnaeasdiAnnroling  uay
d w ' o v (o ° Y o

favhosLivino L Avaunnueuvasanasunaasosaa Insfuniasinn llld - 10 2-

21 LARIMANNTTNIIUYDY FSK

o
YIRS +12Vo

RS232C cv

-2V

fyavinludy !

4

—— e e

o 3 ¢
31 2-21 mawlasdianavasTuia
n' o a o v ¢ X v [ oo
tuaaﬂﬂnunUﬂﬁﬂunaaunawaTnsﬂwnﬂau1wuwu1ﬂ1ﬂaq1uﬁau 300 Hz 9
[} w ] L]
3400  Hz \fr@nwnTaniendnalugtuiueanide 4 efwidseiidrda dwduanni
AR AL IADUTUAD A A0 Gosanaamesnibiniafedes duwuy fult Duptex
v [
a8 stnardolalutaan aeafudn dussdosuananniioont dudasde  dhaviieiFenan
originate  wiodhpiTumiTRede  wasdndheiFenin  Anewer windhasetu dhe
Originete  9uldAwiAvARIA NI WMTudMNG  Logte "0" uwas "1" e
[] [ ] 4
answer  qsfiadlfA1nndnaesrdnaanuanie llaandreds  CisatasnunnsTunauny

e dmiuumidana logic *ov uas t*  viwdmatueelafuasdeluiom

2-32



ooty et puptex 18
oo ve ) o d ' o
uwn:gqunawunn1nnuaqn1mﬂawnt171utnu 300 Baud 199 BELL 103

@7 CCITT V.21 wandlugl 2-22 uas 2-23
]

ORIGINATE ANSWER

wanfl
0 1 0 1 n.
ﬂ?"u“ﬂﬂ.ﬂ\‘ C— . RBN
3 1070 1270 - 2025 2225 o
. RN : AN
¢ Pl
1 v T !N
300 Hz 3000Hz

ad : -~
o p——thunruiivesniy nydnd ——

TN 2-22 ANONNTIINLDY BELL 103 Full Duplex
 § ]

o —— vt v e i e, e g VR R R, — e som v

ORIGINATE ANSWER

1 0 1T 0 — il
ANUIVEI : ; ao%n
Ty 980 1180 1650 1850
/ nwll
P
AW

I ’ |
300 3000 Hz-

zﬂﬁ 2-23 aqwuﬁuwnsﬁwumao CCITT V.21

angl 222 uay 2-23 uun aniiuuaraoniaelfanuianetuly
N7 modulate ﬁqquﬂm Logic "0" uay "1" N7 Demodulate yYuy FSK gounn
Wﬁﬁw1dWﬂTauiagaLgvniﬂnaquﬁﬁu1ﬁ1ﬁuﬁuau Uiosamsariuasfiaaiinnliiaing

AL dREukla L NRtY aéwoﬁaanaﬁnﬁauﬁavﬂiﬂnQTﬁtﬁu 2 6 3 lefia sy

2-33



[ ) L] ﬂ': ﬂ' d o o v ® ¥
ATUNMARTY 1 ﬁawunnﬂqﬂn1i1uTuLnuﬁun 103 @fa 1070 Hz fa¢ldognotey 2
a ) ' a d ' v é ' v
14ifa aan15 modulate 1 fn quLnuawnwsnwaTaunagaautsanaq 600 bps 1g7N

g lfinalia - FSK  iwRoniAnuAuenanbvosdad dsenlduny "o~
Qv v o o af v a v aq v
wag "L squuwanu ulTnanly  Modulate N3BUDEAY LTI9EUENAINA LN
[ u\tudv ] vo '] o ﬁ . v nun.t'
wonulannesdelafiasinmiowly Half Duplex Tsyy BELL 202 ldinaladuilu
[ . vl d v l"
M7d990NaNIEANLTY - 1200 Baud Taaldanad 1200 Hz unu Mark was 2200
Hz unu Space uauLﬁaLﬁunﬁiﬂsuﬁuiwdwa¥u§o§uaé dngTuasAIA1N0 387 Hz
[]

ﬂaunﬁuuw1ﬁiaw ' "wmuﬁﬁwﬁeﬂaoé" yATIANR 387 Hr  Noneldlunatuen

dnedenn iaﬂawuﬁéouwﬁiaﬁﬂwaﬂnaénimﬁdeuw1nﬂ 1l 2-24 wanvaLlnnTaYeY

Turhn 202

y 0 /03N
o
g 1200 2200 mwil
387 '
\ P
; anwh
1 ]
Ao 3000 Mz

TN 2-24 A ARNINTTIUYDY Bell 202 Half Duplex
] -
NSk ccITT  fmsefly  BELL 202 asiiw  v.23  @refiuhd

mode 1Mi(3aN 2 mode A9 600 Baud WAy 1200 Baud |AEN9A9Y mode 1¥AIMND

A1 9NUAD
made 1 (600 baud) 1300 Hz (mark) 1700 Hz (space)
maode 2 (600 baud) 1300 Hz (mark) 2100 Hz (space)

o ‘U’ (Y] '] (V] [ + '] (V] v
want Soldennin V.28 ﬂaawu17n1udwaiunwnﬁﬁaunaganauuw1ﬂ

v é v
AEAIANLTY TH Baud Tﬂﬂ1ﬁ FSK 390 Hz unu mark 450 Hz Unu space 1u
NTL TuR L MNEA M TN TARADNY terminal ﬁ§1iﬁauia§aan Keyhoard

ﬂ' d a ( ‘ 1o o ¥y o Ld ) o )
luﬂﬂﬁﬁﬂﬂ?ﬁul??ﬂﬂﬂﬂﬂiﬂﬂwﬂa0N¥Hﬂﬂ01uﬂ1ﬂ7ﬂﬁ1ﬂlﬂu 100 ﬂwmauwntﬂuuu

2-34



@inRE 1 A 4 fadnws was 1 masnurld 8 Smuan stert b1k 30 2 )
Amp !l ftude Shifrft Keying (ASK)

\luinaliednogniienoant  modulate  dugnms dnedduananme
%etﬁuﬁ@qwmiﬂ §ina ﬁﬁﬂvﬁuﬁqeﬁw1ﬁﬁqgwmﬁdﬁunws modulate WAINANUABNNT
tdﬁauuﬂaoﬂaaﬁqumuﬂusnwuuauﬂagﬂ <ﬁ7wu§euaon§u) vovdnana Se ousiaanad

vovdmu s nafiniagy 2-25

4 o 1. ") o 4 PATA  S161AL-
(TxD>

\

MoK SVWOGNAL

1IN 2-25 uAn9 Amplitude Modulation
|

NAARUINT  modulate uuuﬁﬁa@ﬁ "uauﬂﬁantﬂéuuuﬂae kAR D
asie lunsiias Linanaisaunnsaiinanand

uaﬂﬁﬁﬂiiﬁﬁﬂ8l5ﬂﬂguq 100 Amplitude Modulate fadanunnunede
Tignasenana tivanlui  1ou nﬂ11ﬁtnﬂﬁﬂﬂaonﬁ1ﬁnﬁqq1mw1uuaan1ﬂﬁL?ﬂniﬁ
suppress Carrfer (§ulUN17@0N78910A3ULYY Double Sideband Suppress
Carrier (DSB-SC) W@y Single Sideband Suppress Carrier (S5SB-SC)

dwduinnimiomwe e Tuuiaf 1 nefianns  modutate wuy Ask §u
dnmven T atwansasioninsstasianne  pigital  Tiiudons  Analeg

[} v v ) ' =4
nonlagld b/A converter WAIMIWYLIUNNT modulate g@veanld ddululuiqa

2-35



v u o v v v [ ' v
menuT i NadudnmL iNaNNSERINIIIUNNT  Demodulate  KENLDVAQNINWNEDEN
Wi230d9H 09T A/D  Converter  (owlasdamna  Anslog il dudanna
. . v ! ~ . ] +
Digital WA2d9Ld1 Terminal lferusoly
Phase Shift Keying (PSK)
C'l ' [ aw » o [
un13draToudayandias|dAa1u5a8s M3 Modulate Tag FSK Luae
)
Tl iaglfeninliignnsiifanan psk  ununesldadnailunsunudng o
Logic naul¥dannaidasanafiied waldulananofuoanlddmivunudann Logic
4 4 '
mrldalung modutate 1 fuadnels 1aasaTl91s19 s e g

g mamih 2-26

-4

45 90 138 180 225 270 315 -]

o ° o { 1
11t 2-26 nﬁsnﬂnuﬂaauiﬂﬁwauuastﬂanﬁaq

o o ﬂ' - (d o hd d ﬁ v o

nwsnwtuﬂﬂauzﬂﬁﬂauntuuaununﬁsuguuaaLuuuﬁﬁnﬁ1ﬂx uiduTowny M

[V d o (4 ﬁ. ° o o

stvnﬂvwagauaatuuuwﬁnwtnaunuuuauauumu1ﬂumuuua WA Plot  ifigufiy

\1v \ M i du tl.a a { o \1

MU RNC SETACE HERRRCEL T AT RS kL AT TU L B 1

ot \ e s ﬂ. ‘ ﬂz o

Fand old sviuolaesdgamgiafumedssiiiown o e 360 v AMINLTI98
a [ e a' §]

Genldulaluntt Kodulate daana Logte (Tfiktsidafivanasdoaniiin 2 vl Tu

M7 modulste #AUW Logic "0 was “1* A3lFuld 0 unu 0" uaeula 180

wio 3 v TurExiast dugeaif 2-27
wny "1 Aneesrovdnginan luiaunas L dudeg i

: 2-36



-15

RS232C

g - —

T W AWAAWAN WA
B VIV W

W ¢ wij 180 ww ol s 180

1 2-27 danw PsK
dwneautasians sk ooy 4 Wi Ra o, 90, 180, 270
| g k..] " [} ¥ “'
parnTatTiunuidano 4 drevaugnuaes 2 wikw3e 2 B lunadiciuinigoliew
¥ o 1w \lvv o ¥ v v " A o ﬁ )
waatadlstinfudnaatadoss 2 Inudnlduds Tudnus iuiidnsaiinas L uanaunin
1998137 Baud  \NT1wENTY  Beud Resnirmiuldsuniasdmnaly 1 Suh udnng
o v ¢ v o a ] Vo S ﬂ
Cassulasamne 1 ATY veuaLlaguklas 2 am ﬁaﬂut711un17Taun1ﬂﬂaqaaet !
@991N11999051 Baud
¢ a v ' ﬁ o
Tutinelin 210 B we9 Betl 14 psk Tammirudsusiaiiy 4 wda s
Ve ' " w G ' ]
NA128n771UN17de 1200 Baud uirfinlsiasnunalunisdraloutona 2400 bos
frisuivdaannaoniiy @ wla fe 0,45,90,125, 180,225,270 uas
’ ' v w a @ a ' v
315 991 laauiasaunudogions 3 In asciwirarwnalunadnelaudeya
@ o v a o ' v o dwv G
4800 Baud/sec \NLMaYUA 210C Y@y BELL 1ﬁtnﬂuﬂnwnﬁinwaTauuaganw1ﬂ177

Q9 4800 bps
a 1 - G 1w ' u ﬁ N v
ARRIIEY  ASELIND N TUL LD A maan iy 2 wiatsasla
d i ] o o Mo l!ulﬂ'
ﬂqwut771unﬁ7nwﬂTauiaqatﬁu N in1998nT7  Baud aaaaTeludngadnetuiiios
nfdariannafuann  nsuendggneeanasininanun i N=3 wFa 8 Lia

Gu 1 v W -] ;.‘] . o y a @
NUUINEINUAY 01 N=4 neuiyy 16 ‘W TB”’W‘“Q““ﬂnﬂq‘!’“uuﬂua’]“ﬂ\7"“5“““"

2-317



, (Loui
01 .
? o
001

10 00 100
© -0

11
101 °

110

700 2-28 719 modulate |n@?%8 PSK w89 Bell 201
[ }
Phase Amplitude Modulation (PAN)
ao A a f v N — - a
aﬁnnsntwuﬂawuL111unwsnwaTauua§a1n§auuTnanasLBWﬂdﬂuQeusa
Amplitude  YBIAQIMITNMY  Modulate  g9sfiui3andn  Phase Amplitude
o a a0 ¢ ot v [
Modulation %73UNINLISEHNIN Quadrature Modulation TutﬂuﬂaqﬂvﬂﬂQWNtTQ
) '
9600 bps Lwwtsdasaniy 12 il ﬁaé 4 wla Tleniall amplitude |
aaodwi1nu57ﬁonuﬂaﬁuﬂ701ﬁtaujﬁuaao 4 Inunuidduay Amplitude Y9 16
v . w B a v d '
anuavdnanwluaneliananss 2400 Baud  fagananTaliarmfalunnsareTow

1difs 9600 bps gi 2-29 uanslasvunTane vinaa

0111 " 0110 0010 0001 =

0100 0000

wWinufvuine
- o o
(370 4 Dagaiwilaiy)

1100 1000 -

1011

i ' 1001 1110 1010

l" s ' v L4 d o I o a
11 2-29 wiavesinaalunsdsdagiadaganaits 9600 Tndadund

2-38



dllﬂl.l v o ] o
uanawnuﬂnijﬂunaaTutﬂuﬂannawvuﬁaauuwms:wuaanuﬂ 1ﬂuﬂ on

' " v - d "o v a a ' a v
NANHIEHY “Wﬂﬂquﬂaﬂﬂq7quﬁaTNlﬂN1i ﬂﬂqauﬂqﬂdWHWTOﬂquﬂﬂun8ﬂﬂﬂaaaﬂﬁ7ﬂana
1

] ] [ * d "
nawd i i laaxneiala

d a v
Tutaunnesiafiu

nuas laananoanetiug ey Tdadn swiwau

Sawandac i

Lo o
ANTIIMIBUINNINYUNNT Modulate mﬂun1n15wu BELL u®w CCITT

- [e—

o

¥ila - PPEMILE $8n17u0p 100 Sarawon | puwbnd
103 300 bps FSK 300 baud | Full/FDM
202 1200 bps FSK 300 baud HALF
212 1200 bps DPSK 600 baud .Full/FDM
v.22 1200 bps DPSK 600 baud FulliFDM
201 2400 bps DPSK 1200 baud | Half -.
V.22bis| 2400 bps QAM 600" baud Fuli/FDM
V.26ter| 2400 bps DPSK 1200 baud Full/ECT
208 4800 bps . DPM “1600 baud | Half
209 9600 bps . QAM . 2400 baud | Half
V.29 9600 bpsa MQAM 2400 baud | Half
V.32 4800 bps QAM 2400 baud | Full/ECT
V.32 9600 bps MQAM 2400 baud | Full/ECT
brM = pPifforentinl Phaso Moedulatlon
e FSK = Frequency Shift Keying
FDM = Frequency Division Multiplex
DPSK = Different ?hasq Shift Keying
QAM =9 Quadrature Amplitude Modulayion
(' BCT = Echo Cancellation Technique .

2-39




103 URS 202

212 URS v. 22

V.22 bis

Y Y Y
0o -] -] -]
: L
FEIR o o
X
-] o o [+
° [ ° o o .0
‘ol ad [} o od e . . > b
rarunnuenareiulay i snuRuuudsy 19 3 uoumdga
-l - /-
1ufimdaouuyeg 4 e uas 12 Ww
V. 26 ter 208 209
: -
, Y Y Y .
-] -] (-] [ ] o [-]
-] -] [-] (-] (-] -]
X
] -] . @ [-] ® o
[ ] .
-] -] [ [ (-] ©
15 4 vl 15 8 e wilowiu V. 22 bis
V.20 V. 32 (4.8 k bps) V.32 (9.6 k bps)
, Y Y Y
. ﬂ oo
(-] (-] (-] o L o
° . * L
H 9 o -] (-] o ° 4
-] -] © [-] o
0 - X oG >
/ L] o -] (] ¢ - (-]
] L [ ° e ° olo °
; ° o o o ¢ ©
L -] o
- - ~ S ol .
8 UUNAYA iy v. 22 bis lAmsfiund
URS 14 Wy p Trellis code

10 2-30 FEnTuequanuuLing 1

2-40



2,2.4 WaMT18NNT Hodulate dge

(ot ldnaruinatiana it ovunasdnuased1 9912910938015 Modulate
Wuine war e lliaasnanimannit lunsadnsdaanairanilagasnanitoun

ao ¢ 8 ¢ v - v o
LAUNEIENNTUDY FSK LnﬁuuiﬁTutﬂuﬂ%ﬁoaqqﬂmtuaﬁuﬂuuﬁ1ﬂaﬂﬁa11

L]
Analog oulput

-

A5232 1270 He
input owitistor

11— T

@

1070 Hz
owiliator *

‘ Eﬂﬁ 2-31 Taseafrolunsiniindaana FSK

Qﬁn?ﬂqstﬁuiﬂquTNtaNQuﬂiunau1ﬂ51H80ﬂ%ﬂtalﬂaéﬁﬁﬂlﬁﬂﬁqqﬁmwﬁuu
(Carrier) @a8AI7Me 1270 Hz waw 1070 Hz 1agh 9083ALaInaIMUNaLiIaN
tfaﬁmqwmﬁtiﬂuﬂﬁiuﬁuTaaantﬁu 5 Toan daugeaiatalnainiansasinany uasi
uuavuqnﬁwawutﬁa1uﬁuTqaLnaunoﬁqumﬁtﬁwuwmﬁuniw +5 Toam tﬁﬂ?ﬂtawﬁqnﬁ
20N9NMNDIN RS-282-C xiwuwﬁo%uqnuaaaaa%axatnaf Rquanunaatia liooatiainad
fadaaman il
Lﬁaﬁqumﬁdwuwaén Rs-282-C tiwndirsiulaainaiiofy 12 Toan
aaa%atatnaéﬁuﬁnﬁqqﬁmuﬁuuﬂawuﬁ 1270 Hz hasinanm udaaa%atatnaéﬁuﬁnﬁqum
WIMBAING 1070 Ha LEDURERY crmrudadnreiuTaaine -12 Tawtesuny Loyte
1" yapidaRunT Modulate udomanad 1270 Kz mysduTuifamanalininad
Raguny Lo%ia"l"‘ fuioq ﬁoﬁqunsﬂ 2-31  svkansfianrrwavigunenn
wodn Rs-232-c funu Logic "1” 1ﬂtﬁuammﬁmnauanunu Logic "1 (fufiy

aﬁn1u1un7mnammﬁmuauanauaousuﬂuTaatnatﬁu +12 Toan ooadaiained
Auanaanul 1070 Hz fasiienuuny wasiminandagiadivny Logic "0*  aanun

YH NI MM TINENG Output A Oscillator  vedasiaindaeiulaes

2-41



u*»l ] ’j d ° . yu a: 1!.’] v
v ldEY  Input  poxuay nqvnﬁ1ﬁ1naqumn Output | Judan W Modulate
“ o8 d ] w . du o o 1 o H a'
nun awnsﬂautuuvwammﬁmiauanaau Logic fu "1 y3p ror LEuL AN YRy
. & P’
TﬂuuuawnsuﬂuTqaLWQ1ﬂaﬂluvﬂuaaﬂvﬁununu fofutln Logic  "1v Eqsdanny
nnaaammwmtﬁu 1270 Hz uaunwtﬁu Logic "0 qefaanii iy 1070 Hz
2:2:5 maunm‘:uanm'\m (Demodulation)
‘™ o d [

tﬁaaqumnaoaanuﬁawnTutﬂunweﬁwuaeuﬂuuuvunﬁs Modulate W49
ﬂl o d v o 1 'ﬂvd L] o
vRaunfe Ta famnafnudy ﬂ@qutnaﬁunauuwuuuaunﬂiﬂTuqtanuﬂntawﬁqumwﬁnu

4 L4 L4 ) Y v L4 J
aanawnaqumﬂagauaawwuaqqﬁmna§a1ﬂ1ﬁowuna1ﬂ

W it g
o S S ud wbad
| 2225-Hz
l t-uncbau
‘ l tuer U
. M 222 L) 7t/
Analog jlparg-rejectich  filter RS-232 \
; t.ter network | Outpu!
VERVER
BV -dL__""_______j b_
N P, s - v Drtector ] ]
| rrreranl S
basdpass
I l tilter '
| T
FY (J8F 1 l
b\.'\djrt_p.‘cuqn £idier '
: lL v LA "“W
{
|

-..-j".....__._..l

3ﬂﬁ 2-32 TAT98§790191119141999997 Demodulate
o oo v o AN 4 v ¢ v
qwnzﬂquuaﬂonaaﬁnwsqunﬁsuﬂaaaqumouﬁaan (NAINIUAE InTAwn L 1n
(7] ﬁu ﬂ‘ .4 * VW [’} o ‘ . ] ¥
w0 ndvlddludananasd snasnn i i swodnrs-2az-¢ agly LTINTIUURDIN
d v [ L w o ") .
Tutﬂunwcnﬁusuauunuﬂqum Logic "1" @8A21u0 2225 Hz KB LNUANNNN Logic
v o v 8 v " - v ~- @
"0"  AIEAIND 2025 He ﬂouu1u1ﬂ 2-32 1190 39 lauanefouionlnosunTaes
aoas1uTuLnnnﬁaﬂwu1uastnquammﬁmnaownuawaTnsﬁunuavnatuﬂnauunuaeTuLﬂuuu
Lﬁuammwmnﬂ1unauﬂaaﬂ71unn1enu ﬂauuaonacnwnw1uanﬂuwunﬂaaﬂqumuaan
g v d { o
nfunen  Tnedur991l81n0s  (Filter) @997993 FoMiN1892 99508 L naTuTo
adda ° v M v o f v
293TNT99ANAUNAD mMMIkEnagNATlTENauRIEAADNANE)  A1Dananiu
waadong 119 ur092 9997 s unavaND Ao BAI RN TE R LB asa T
1] [} ‘, « o
ATl 2-32 9aTdrmunlisnaudne93TilatnedaneasTuantn  1ner

NIN709139AAA 3w eanld  anududianaaanafl 2225 B2 WABLOYAINOLAYY

2-42



Alndifiaefy 2225 2 Fomanemwandanndiiuidranindrdaanat dudndug wen
v ¢ ' - £ { {
3N 2225 Hz WA nquNﬂuﬂaLnasaauuuaa1uaaaqﬂn7waﬂ1ﬂ CLaMUN YA INUUA
o v & s ' I'4 e a1 " w -
3 i9atulainad wAgAIIANTIN  19TT0LTaNdn Noteh Filter) daudgunaadnad
. 'H o v 4 M “ { I'4
2226 Hz fenrmmarnoddoniinla  faswanctrllgswundwnadlained  (Bandrass
] ' o ° ¢ {dda ' aa a
Filteo)fold  T9n9H197000 0huuAMT ARG L ROT RNAD asﬂau1uaqumnuﬂ11un 2225
'ﬂ'i v ) e o v w B { o
Hz  oiddidwlild dadanwadnatiduiasanntesianld deuudeasilatnaddanuun
a ° a v ~ Y { {
AN ULHONDINITNTOILNFRNMAINE 2225 Hz 1ﬂdwuaanﬁnawnqnuaauuuﬂ
0
WIANALNDTUUL DY
' f v 1 8 da ° v . oa w o v )
aqu1un§u1oasﬂatﬂasaauaweuununwsnﬁoquuanumvnaawanaonu WA
mafiuiinainonoranasodanwAsii iy 2025 Bz Remaietunaska
¢ a v o o 16 v v gt vu o
qﬂﬁwantwanaonwsniaet01ﬂ7wunauq wlald 2025 vz TdudiaesWiunaadnai
' a o ¢ ¢ {
2025 Hz 1ﬂu1uaannnaﬁntawnqnuaauuuﬂuwaﬂatnai
(N9 1AnT09101A2 M 0NARINNTAS AN 2225 Hz (Founu Logic "1*)
o e Sd®; [ é { {
WaLA2NR 2025 Hz  Cunu Logic "0*) landn naunatawnqnnaoﬁatnasuuuﬂwwa
' M v v o | ' o { v o
WAABATLUMNUIIITONAIUMUITILTENIY  ALNALAET ¢ Detector ) WUMUDIDIAT
‘dﬂ [ (7] lﬂ' o o ¥
finALART  NADNIIMN  Demodulata  duyn LHOUEN LA WY kAU M I0N
v v oa v v v a au $
29N3NNY uRQQONWuLBﬁRQQﬁmﬂ8¥ﬂ1ﬂ1ﬁ awn1uqeqszﬂ 2-33 LNBN&Q@ﬁmEﬂﬁﬁﬂu
' v v o~ i @ v m v I3
(Sine Wave) M1uLY711E92937RnALNDT nquaswesunuusoﬂutawngntﬁuuvnaan

' oY 1o v { v v v { o {d  a ﬁ
d uﬂquﬂm8ﬂ1uuﬂqqqm1ﬂuﬂaulﬂquq TuﬂuuiﬁﬂulaqﬂﬂﬂﬂaﬂﬂiﬂﬂlﬂasﬂQUNﬂﬂL U

‘ .'l" (] “
fAug uuﬂanw1nwowuna1uzﬂ

-

nodni
1' '2 3 4 56 7 8

oing
1 234567 8

L‘I' © £ ‘

Eﬂﬂ 2-33 N1IMIINNIBNRLNALRDT
-, VAl o o o u (1
10%8“N1ﬂﬂ7ﬁﬂ11ﬂﬁ?0ﬂ@@ﬂm 1,3,5 uay 7 ﬁﬂuﬂ?ﬂunﬂaaﬂqq1m11u

I a @ { ¢ o v ) ' v
lﬁu 2225 Hz L49HW1IRTALNALNDTE0NNINILNTLAY Logic "1" ﬂququﬁQQaQQWN

2~43



-. ) o ‘ o (1] “'
2,4,6 UAE B LADHIUALNALADTOONNNILUTEAY Lodic vl "on g nTif 2-32 190
]

v 4 1 o { v o . “ v v 0wao A "
AHLANLINITR L NALADTUAREMIIN TN LHEaT1vdNAAnaa Laad i Wave vaan
t v o o 4 [ Y] [ Y] d l-' LY ‘ﬂ'ﬂ
A19NABIIATAINALADT  MIUNABATIIHM  Logic “1 sanuni Siadanno L auhdy

o d) a w loa
wiunuanuy  Mark Wi logic 1" oanufingt dodannal Turdwmunuanue
- o ’
SPACE %39 Logic "0" w90A21uR 2025 iz Judu
[} 1] d [ ¥ an (
1ua1uuaouaqvnwama1ﬂnqunﬁunwssuutawaqumnanaanﬂntawnqn 109
o { v v v v o v o
& natnoriaretulneldoosuom]  (Operational  amClifier)  Fowinfives
gda o (1] r-Y-1 1] v o a'
aouuauﬁunﬂgnwnw::auaqumﬂﬂnaaaﬁnaaouwaaanﬁaunu uﬁvxﬂauuﬁqmﬁmqﬁa@
o o " é - oo
1uzﬂuaoaqumuwnsgwunawuw:naowwuwasn RS-232-C  (+12 V) 958017 lung
tﬂaﬂuaqumﬂonawaunTﬂﬂn17datawnqnﬂaoatﬂa (Space) ALNALABT (MTaRLNALADT
1
Faane)  wiafuen + wTorneuduidnfe ¢ Non inverting ) 199 Op-Amp UAEAD
\@MHNEaY mark  ALNALAGT  (RinALABTAIIY LINNNETDRL29TNRY NTDUNALVDY
K = / o\
Op-Anp 99 Op-Anp qua7woaqumxaﬁnqnuuuanﬂ
po é o é o » w v ot
tuatawnqnuaealﬂaﬂtnntmai LaAtY Op-Amp ABATNITEAULT IAUAN
rd
¢+) fufitannun
a { { o I's o v v
WigLenMuNIa NI NALAGT LaAnY Op-Amp ABATIITEAULTIAUAN
I,
(=) Tufiiemun
ﬂ" o r-3 d ) [ 1) o
wonanionaaeiniglfinaianisilaulin - (Feedback)  lagnafiniunau

d ['] o { a! n| o Y| w o R nd.!
SanaLtuouduisdnietes Op-Amp  (Wemn ldnnTdFuinu  (Gain) vavTEUNRYY
annToadredagnuTedues sfuangantiepan ¢ peak to pesk ) (nfiy 24 Volt

(3N -12 89 12 Volt) lanestl 2-34
]

i

B

mmctsasend & i

zﬂﬁ 2-34 N1TNONIATUNNY Feed Back

o o 1w v vy o { ves e
'ﬁ\mNﬂﬂﬁﬂﬂ?ﬂﬂﬂ@f!’\%i)::ﬂﬂﬁﬂﬁN’\wai RS-232-C 16\6\111&

2-44



niatienn e ﬁ1ﬁnéﬁ1uwu57ﬂowaauﬁﬂqﬁééquﬁLiw1aﬁowﬁnnwsﬁw
muroolnidurin  Bern 103 ldfwears  wasluiadionaldaelAndrafiondnnnanin
owuuaoTutﬁuvﬁﬂﬂvﬂux?aﬂﬁunawouauﬂawutquada1ﬂ
2.2.6 SNUGEIDININTOLMMOAADINTT (£ilter requirement)

insodluluidalivgnng 2 windh Ao

L. $ININT99AINALDY Qutput §i Modulate wda ko lududniin

2. fananTasaIiuesAammERL SN faufiasinTwandaan

ﬁansaqnwoﬁwudqau1iﬁw5ﬂnaﬁu31unws Modulate luwnuusiuin "
assuRangamasiaudaet dunuy Low Pass wFa Band Pass

dudanTamaduuininfuimraeminife  fvda Noise qwnﬁqumﬁ
FunasSnuiinfindsfdnfauanfo ﬂﬁiﬁﬁﬁﬂﬂﬁ?Nﬂﬂﬁ@@ﬁmiﬂﬂuqﬂaéﬂlﬁﬂﬂﬁﬂﬂﬂﬁﬂﬁ@@ﬁm
WIRBAUTY

2.2.7 AITAIANEKIBAENDY (Echo Suppressor)

Wunwsdaiagatﬂuﬁqqﬂm'Analog Lmnaang Tnsdwnidaa funiswivaninas
ﬁaetﬁﬂ5QQﬂm§uﬁau (Bcha) U0t utuOY udautﬁﬂuwn?aﬁaa&uiuaéﬁuﬂiuﬁﬂﬁnww
109753 e I 1A ﬁoﬁutﬁaxﬁﬂﬁqumﬁﬁﬂﬁ%uuﬁ tazingamnisfily augnios
1091833512 99AA 101 JWUDY nuﬁuaoquﬁaatﬁussuuﬁawuﬁsnﬁwﬁﬂﬁqqﬁmazﬁauﬁ
Tinan Ty nﬁnnﬁsnaeQﬂniﬁﬁwﬁﬂﬁqqﬂmﬂuﬁauﬁﬁﬁa o (DureuufonlFiana fnkay
Wlhamolafian oviaiiinoesne e lnmeniie q uinine 1 A dedaganden
Tie B 1qq1ﬁﬁ5nﬁqumauﬁauﬁaunouTﬁﬁqumawn A doinlife B aunTede
A nqnqﬂuﬁouﬁaﬂwnﬁu B ﬁtéﬂ%ﬂﬂau 1unmu§1oasﬁﬁﬁﬂﬁqumasﬁauﬁautﬂ%ﬂuﬁﬁnwo
mrtrewinesalun Tresanlifana 8 dwlilduidann & daulals Dui
fo1aaniasarindndannaastonios liadan smasealidaaindd  aeldiom
drsanm 300 ms Fedreraarieesiannadadunnlussuy Hae duplex dwduluzsuy
Full Duplex i nw11iawuqﬂns&ﬁwﬁﬂﬁqumtﬁﬂaauﬁauaaWiWuﬁaetaaﬁguq \UTE
msoinT funsdesnsumamns ﬁa&uﬁqumqqnnwuﬁwut§anuauﬁwunau¥uqu
ﬁaodﬁu1ﬁnaaﬂL1aﬂ&uﬁaﬁﬁ1ﬁﬁaonﬁ71ﬁoﬁuqﬂnfﬁﬁﬁﬁﬂﬁqumtﬁﬂoauﬁauﬁﬁwiﬁTﬂﬂ

nTleudannnadnan 2100 Hz tiuiaan 400 ms i TiTur sasluaneniinnsiavediv

2-45



aéauniuﬁoﬁqqﬂmﬁﬁaawsﬁﬁeuwéuqaae qﬂnsﬁﬁwﬁntﬁﬂoauﬁauﬁquLéuﬁﬁawuﬁuﬁ OF
&u%ﬁnwsaéﬁenﬁaﬁast%ﬂonﬁa1ﬂTiqﬂniﬁﬁonéwaﬁﬁawuw1nﬁw1ﬁTﬂaaanuuu:uuuTﬁ
tﬁuﬂﬂiéOQWTRUH Full Duplex 4 Wire
2.2.8 AT71AL TONIDIEN0NG
1unw1§aaw1L711ﬁawuﬁ7nﬁquéauﬁoeﬁuiagaawnqﬂnﬁo1ﬂﬁa%nannﬁoTﬁ
Wiy 100% tﬁaoawnwﬁoowuuanﬁqumauﬁaognannau Qnﬁﬂtiau1ﬂ KaBONTUNIU
ANFETUNIVANAAWLIATBNI U 1A ﬁoiuﬁqumﬁau?u1ﬁnwoﬁwu%u%aawaﬁﬂ
danlivdofulalidnian 1w f o8 dunrfeantlursaemiclnag nw7qqm§aﬁqu
garAntuannmudndy
wiaefl #lunnsTannaling Touve o
\A%Lu8 (dB + Decible)
uﬁvﬂtﬂ%tuaﬁ\ﬂuuﬁaﬂnﬁsﬁﬂﬁwiowuﬁuuﬁnTuewuﬁﬂuéaawiqnﬂiutnn
{RednHue 10 M2 8 L ATLUAIBLANITOTEAIIDIMAA  N1TMIAINAT V0 IR IWIEN

16 990 t0lag | (SaTidanyaawdognuniednu Output Aaudeanun1u Input)

gefudAI (dB) = 10 log  x (P

ourtput input

ANNNTULAAINIINTNENE  (gain) n?aSnswnwiqqtﬁauaoaeaﬁﬁuq
) L4
iudndondmnamnn 0.t waet it iserleg - widedgneming osteut

] '] 5 - )
uaoaeawﬂ11ngawinﬁqq1muuwa L Wabt LWT1EREANAEATNIM AT
10 log, x (1/0.1) = 10 dB
V99T UNDATILLNEWRI9NU (Power gain) = 10 dB

gﬁﬁwlunsﬁﬁﬁﬂuﬁoowuﬂaoﬁqumnﬁoﬁwuaan15 0.01 Watt |lunTiiuse

dmalidmdesmiansagdalua sasiiniy

IOIOELQ x (0.01/0.1) = -10 dB

2-46



O a v atl a G '\ o wu ' o
uuﬂaﬁﬁaniﬁﬂﬂﬂﬂﬂaﬂﬁ0@1Nﬂ1ﬂﬂau ﬂuﬂﬂQQWLNUﬂQQﬁmﬂquQQ7uQU

L] ) o 5 d o ﬂ.
Qﬂaﬂnauuaﬂﬁﬁuiﬂ 10 dB ﬂuQﬂlﬂﬂlUﬂUQGﬂfﬂQvl“uHWTlﬂﬂu1uzﬂﬂ80 dBm dBw g3

Cs L\ “w v o w o hd o v (-3 l’l r-% ‘
dBm ﬂﬂﬁﬂﬂﬁﬂﬁ??ﬂuaﬂOﬂuaulﬂﬂiﬂuTﬂﬂlﬂﬂﬂ?ﬁﬂﬂﬂﬂﬂﬂﬁuaﬁﬂﬁﬂﬂ 1 aaaan A

aung

JeRudQy ™ dBm = 10 log _ x (Powar/imW)
|

Qﬁﬂ@ﬂiﬁﬁﬁuNWﬁﬁqﬁL1ﬁﬂ71u155ﬂ wﬁeoﬁuautﬁunﬁuaaotﬁquq +3dB

uasuﬁeaﬁuquanaaLﬁuaaetﬁquq -3dB TagArwnldann

TERUWRIICAB) = 10 log,  x(2/1)

10¢0.3010)

n

3,01 dB
BONANN LUNNTIASAT INENE  (Fain)  HIONITAANBUUASINUYDA299T LA

(AN9INTEAY Voltage WT0T8AUNTEULA qmsﬁﬁuam gain wian1Taamonaen 1aann

it

YAy Voltage (dB) = 20 log _ x (V

outout tnput

20 logto % (Inu&put tnput

Tunaiiseny  Voltage u?ansuuauaoaaaiauLﬁutﬁuaaotﬁquq 6 dB

Tagdnann

JeAl Voltage W59 NTeud = 20 log _ x(2/1)
= 6.0 dB
o o ' ] a v {8 ) '
dnadid sl luanadevs s LaFatne Tnaduniiuas anaanauatin swiinou
wass Dunain 1 fnnnriia Sonvs sdumanasniudie Tl 9ve i adid sanasia e
Tlanndnasunt g %aLﬁuuaﬁw1ﬁﬁwaaﬁ7ﬁ¥n1ﬁuﬂnﬂawuqnﬁae1ﬂ n17inLiauray
donaiay Ll dae sanvarde

1. ﬂﬂT%ﬂlﬁauﬂOﬂ Amplitude (Amplitude Distortion u?a

2-47



nN17aANaU (Attennuation)

"2, mM9ialdeutineaindaananniia s (Envelope  delay
oW '

Distortion)

Tunsflusn  Anplitude wFommrnvaddaaraavinnindannasnndunae e
wanadndanaanannova s nafidos maia Sauvasdaana e fosaan 1 hams
nﬁvotvanuaen11Lﬁunwauaeﬂéqunqﬂée1ﬂﬁa3ﬂ¥u &uﬁa?uﬁnaﬂawuﬁnﬁoq YRRIE S
vosduafiuneasdinlined $1ie (Fadne %oﬁﬁnaﬁwiﬁiaqaﬁ1ﬁ¥uﬁnuaﬁn1ﬂ1ﬁ

TunrsfernaianalilataineTnsdutdaniursuunsdoansalas oo

' ¥ 4 ' e w &
dontluresennilnan  niThavananeaasnsiidnofuasifintivodnouinon  dwdud

=0

nrasdaqnalussuylalaTinlasds lufnusnsuna  fuanany  wFouuwd duase ure

v ' L4 L4
NQB““QU&ﬂﬂﬂWT?@lﬂHluDGQﬁHQHQQuTﬁQHO0N7Tﬂﬂﬂﬂﬂﬂ AIUUNITRANIZOIUTUURE

ﬁa%aﬁaeuwﬁﬁuuﬁauaogﬂéouavqﬂ¥u1ﬁ9é1uuuaLﬁun101ﬁ15 wALaEfgINAganTl
ndas  (Repester)  Uilwidugaseiutesdugnandiolalivg snune sdaane

‘ n' v oo ) | Ga e a
aauaﬂuqﬂlﬂu1ﬂ LU L A8V ITHUURAINRIINAD nﬁ1ﬁuﬂﬂﬂ71unuﬂavuﬁuuuaaﬂa01ﬂ
d" “" o " ") n'“'v L) )
lanuod lugﬂﬁqnﬂq7ﬂ1QquﬂOQQﬂﬂTNnﬁﬂq Uq0ﬂ70uﬂua71“nﬂ1ﬁQ80%78“7q0 500
o "o av a & a o v a
Hz ¢ 2900 Hz (nuu l“quﬂnﬂaﬂﬂﬂunUﬂQWNﬂaﬁﬂlualﬁuﬂqiqqﬂﬂﬂ77tﬂﬂﬂﬁ7

Tnilouyey Amplitude IMN0HAY %auaﬂaﬁozﬂ 2-35

3000-Hz

EmemensmiE—
bandwidth
m i
© ol .
§ L_owwpd High-end
8 _gh- distortion distortion
):
L
]S
é
< ~12p
300 , 3300°
Frec sency, Hz

| 7% 2-35 n7in Touvosiganalukauaaad
UONLMUDIINNNTUALLOUYDY Amplitude K32  N1TUALToUAKAEAN
ﬂ. d [ *] o g » ] w o ﬂ‘ - o o v
uauﬂawunqanﬂoLnﬂuu1ﬂtvunu Aot 2-36 udnafanTia L Toune sdunaly

-~

a o o aa v ¢
LauAlua 300 Hz §9 3300 Hz ﬁﬂLﬂﬂﬂ?ﬂﬂﬂﬂ1iiﬂ78ﬂﬂTﬂ1ﬂNﬂ

2-48



— ru—

Low-end High-end
distortibn distortion

i 1
390 , 2000 3300
Frequency, Hz

gﬂﬁ 2-36 NITRUIILIAIVO IR

NatﬁﬂﬁlﬁﬂﬁﬁﬂﬂﬁiﬁﬂLﬁﬁﬂﬂ@ﬂﬁ@@ﬁmﬁeﬂaﬂﬂiﬁﬁﬁOﬁﬁﬂaﬁﬁ1ﬁHQUQQﬁNéﬁ1i
mvanas el moenlfnaesmaliioe  widounidesdinanfisnta
wilaliTaeldinafiaves  Equalization  Tae38mmsdenanniiameniaminisuens
Amplitude uaaﬁqum1ﬁﬁnuwn§a%uuwnniwﬂnﬁﬁauﬁquaﬁﬁuawaéoaan1ﬂ fotu
¥N10e smplitude favaens  &nSonliiminsanuda emplitude 1odu NN 9
ﬁﬂu?uuﬁoaﬁnqnﬁﬂtﬁauuﬁaﬁqaﬁnuWﬂtﬁwﬁunﬂaﬁﬂuéouaﬁ ﬁﬂ1ﬁqmnﬁuuaoﬁwaaw7§o
118 wenanniitnefintes Equalization deanansamilalnalf3snsannnyes
Amplitude 'ﬂooﬁqmm?iﬂ'rm?iquzfnmwoounuemnﬁﬁ‘lx"muaaﬁauﬁ'quaiwi'm
aedsoan iy uanaﬂnﬁﬁoawuﬁsnﬁaaﬂ?uqﬁﬁqumﬁqnuﬁuoLvawﬁdwnﬁvotaaﬂﬁﬂaﬁnaaﬂ

muAndniinvay  BELL awﬂTnsﬁwﬁéanaﬁoquﬁaé 5 UA unasAUAILADN
qﬁﬁnﬂsﬁﬂLﬁaumaoﬁqumaéquiooﬁunnﬁwoﬁu
2.2.9 EWWTUNIU (NOISE)

ﬂqnw1u@5naéwoﬁtﬁﬂ%uWunW7ﬁaawiﬁﬁa dgndayannunauandy
awrunuineq  feoressutesonidiily 2 winfie Rendom notee way Impulee
noise lag Random moise auﬁéﬁ@nﬁuﬁﬁivaunwouaoawnﬁetﬁuuﬂnﬁu WA
Impulse noise xﬁﬂﬁuQﬂnqﬂnsiﬂauqu line switching fldlussunTnsdudt Folu
nﬁoﬂﬁﬁﬁnﬁTﬁqaﬁwﬁﬂﬁqqﬁmﬁun7u1ﬁuuﬂ1ﬂtaa&u1£aﬁuﬁ1nﬁw1ﬁ \Hig uRonaaan i
fnnforasiriniuies  wenanidededug fiademaaineeluifafife ehase
Jitter, Harﬁonic distortion WAV Crosstalk Lﬂuﬁu

Phase jitter  RanmTfudanTedagimifianigulaeuutas i Foaq

4-49



ot anatfoaTngas inmaiBonclaldidnindug anemaiiian
Harmonic Distortion u3an17inilausnilnia B L NAYURIIIINNAUN WU
' ' v o a0 a o ° ' oo
NTUEINTD 92997 U NDINNINA?) TﬂaawﬁTnuﬂauntﬂuaﬂuautnwuaaﬂawunwugwu
& a o ' o o
(fundamental frequency) (du ovilafiafi 2z § 3 uaeduq Hydinevosdune
] ]
ciaewly vinlidoanadeusiidulfinwanaly
o o & . o : 0
Crosstalk fudangnirdficfetu Sosannifamndinaihsoanaa
] v a0 ] ] ' v v
witan b lisunovdganadoustid e inllluaneds  du awdoinaldann
L ( v o vo o al ] o aon o
nawnInsdunanensas  dvndinaelAfiui e oiuasndenseanaiBesnnananiing wie
o ; a ° v o "oa@ o o e v a '
9199 |4 Ge 0v99Ingin929 v Feawanaasnliihfordizadn s tasds
L] v a o [ o v L] U aao |4 L' ) u" L]
warin Lilisingauna il s feedesasll  dwfudgnasunimidaunusasii aansoni
v v [ A - a ﬁ a a { m qgw w o N .
ilagldalnaa  switching fuiludiaanTotiad vialdiduladiuae (Finer ontice)
F9a1N1T0ABAANATOINITTANINLRANUR 9 1 ABEA 937D

n‘ ] » “ “ ‘
2.2.10 A7 YouRaL INNAE InTAw

v N v be » wr d ﬂ '
nﬁiaanuuuiunuuasnﬁilﬁssuuaaﬂwiuaganqunaaqﬁlntnut wamlTenay
= Wl b v » v dao Mot Voo ) &
vovieny  dedrdufiasdas]fliondasite  lussusiiimadoirsuiniyiadeineans

v ¢ v a wa v v v
T"?ﬂ“ﬂéliuavéaaﬂuUUQUﬂDﬁﬂﬂUﬂﬂquﬂQHQUQﬂﬂﬂaﬂ FCC (Federal Communicatian

Commission) ﬁ1571015tﬁuuwn1§ﬁu wananug 1Tl 97 maw L Baat fmafuinlu
- ' a u a v £ v u o o o w
mcTaamoTucin dfmafoinainsdun  seduresdagafiasiniieniaiinlsunau
u u ¢ v a v a oo v " w
anaoalwing Insdunasasdssiniad lunnssndidmualas - Foc Meuiuiy

audonmunes  FCC 1ﬁﬁnwsﬁﬁwun1uﬁuﬁwﬁoonuWudﬁuﬁuwuﬁﬁqeniw
¥79 300 Hz §i9 3300 Hz 1iﬁezﬂﬁﬁoﬁweﬁ

Frequency 3,995 to|4.000 to}{10.00 to}|25.00 to|Above
(KHz) 4,008 10.00 25.00 40,00 50
Max imum -18 -16 -24 -36 -50
Pawer level(dBm)

Tﬂﬁ 2~-37 FCC Phone line Restrictions
L

2-50



2.3 Interface EIA R5-232C

Qﬂﬂiuaoéﬂaauﬁnsgwuﬁaﬁ ﬁatﬁausiﬂwaqmﬁnumvnWTt%audaqﬂnsﬁ
?uéoiagaﬂawanwe (Data Terminal Equipment DTE) ﬁuqﬂns&ﬁaaw:ﬁaqa (Data
Communication Equipment DCE) %oﬁwuﬁﬁuuﬁTﬂﬂ Electronic Industrial
Association (EIA) Tﬂﬂﬁ RS ﬁauﬂaﬂn Recommened Standard 232 tﬂunuﬁﬂ
tauﬁouanuaguwnsgwuﬁaﬁ c Lﬁuuuwatauuaeaﬁuﬁwﬂqﬂuaeuﬁn1§1uﬁvﬁ

[ ] “ r- ‘ d [- [ 7] o (
a1n7u§151uTﬂ7ﬂauwvtna1 DTE  fmanafoni lalaTaestia tnoTuas DCE

[ o d
aanefy Tuiay

OTE DCE DCE DTE
Micro Modem Modem- Micro
Computer Computer
RS232C
Interface

- v A ' {
71l 2-28 n71l4 RS-232¢ eusaiinaa

N L] |'ll nn:a [ 1]
RS-232C awuwsnnwanaﬂiaqa1ﬁnoun 0-20,000 1M 4148 IMINUAINY
d ' a o o v &
(32 lun7de 110-9600 In/Buntt 1aaldane fosdannalgsanm 50 Wn
o é I's
2.3.1 n7duLnedidalulns LilsLsattos
N1 Interface MicroProcessor ﬁanﬁﬁﬁﬁﬂﬁufiuﬁu1vﬂiﬁﬂ CPU ﬁu
o v W ' ¢ ' o
aiUnTdduy 1un11Tauuwuuaqa1uuawoqﬂnTmmwaq UULHIIFTUUL D
WON9IN  CPU  QuAdINNNNUAOAAADINY ROM,RAM WADHINDY Interface
v W { ¢ o ¥ o a o o . tlw ln'n'-"l
vindugdneaduwn conmiuninen Snfoe (lieiilalssinGaunaarin o liaayTad ol 1u
' . e da a ¢ f e w Y
MMM 18N TN 9N TS LaNnToTing aunaxuaanutﬁuanm LY

) » o ‘ll‘ ﬁ [
Tunwsaenagaawn CPU 1ﬂﬂoqﬂn7mau Lluny

2-51



waniLnaga

1 2 < > .
AN aremie
- CPU ; - ade - CPU
- WUEAININ - DATA - RU2EA2ININ
{ v { v
- qﬂn1msauuwa - qﬂn1m1auuwa

L} 4 ‘
zﬂﬁ 2-38 N1TOULNDT\WA Microprocessar

2.,3.2 IBM hgynchrbnous Communications Adapter
Adapter éaﬂﬁsiagauuu Asynchronous auﬁnﬁwﬁ1unwsﬂauquﬁ@qwmuau
Voltage MINANADINTT |4 Adapterqedl Jumper Mpdules 88 2 i Tgdn
Jumper Modules SEfiwinGlunsiion Medunatidanuy RS-232C w30 Current-
loop @2 éumper Modules 5ﬂﬁ?ﬂﬁﬂﬂ8ﬁ1ﬁﬁﬂﬁt§an addresses @1W7U Adapter
wivluaae Address ﬁﬁaé
Adapter Sastiwing Support ﬁwu?unﬁiéaaﬂsiagauuu
Asynchronous tﬁﬁﬁuéﬂqvaﬁuﬁintﬁuugalﬂ%ﬂuuﬂaa Start bits,stop bits Uaw
Purity hite Qua1u11nTﬂ1un1unw1ﬂ1uqu Baud cote 1ffowd 60 §9 9600 Daud
Tu Characters fawisastmunlie 5,6,7 w30 6 Snuay 1,141/2 w30 2 Sndwdy
Stop bits |WA1T Intercupt quﬁwnwsﬂauqu N1TA9,N1TTU AINNRAWAIN, ANUE
VCILRETER LI wiasians bilondumedamnaluns  fu-de was m3  tnput-
output %aTuﬁﬁ1ﬁﬁ1n11nﬂaaaﬁaﬁaﬁaawsiagaﬁdanwsﬁutmaftﬂaﬁaﬂ RS-232C fomn

1 o 4" ) ‘ L
qsrananafetiglfun1Touinasulanie Rs-232C

2-52



dwfumaduimed el fdamnaann 8250 fomdnm Introt ,outt,
out2 lmriionmadedann 1% s259 Feiminilumain intereupt Fodridn
ae  1RQA4 qsLﬁunws%utnaéfwﬁnﬂiﬁaﬂwsﬁagauuuagnsuTﬂﬂqi comt f1uflu 1ras
QuLﬁunw15utﬂﬂé?ﬂﬁnﬁisaﬂﬂiiaqauuuagniuTﬂﬂ1i CoM2 mTfiwedanTiadnTasth
miduinetiun ldserasld  Trfi3uge modem control registter gnt%n1ﬁﬁdwnﬂu
I wagarduraan1Tduinadiuiort Junanos interrupt enable register

s lalunminemansosunlinatiae lo%  1Ns8250 Ls1 nnTriranuvas
auunﬂtwaanﬂnq1Tﬂ1un1uiagadwuﬂauﬁatna%nwo 170 fumkel nesre §o HauEr
AmtuasunliAodiaf 1 waBMe 170 fumiel  HAZFE fo He2FF dwiuasundinod
W 2 tﬁa1ﬂﬁ0uqunw1ﬁweﬁuvao 8250 Um A0 Al uav A2 uuiumue ts0 14
dmiuifonTinined ¢ Rewtster ) f1g q yu 0260 lﬁosﬁanzﬂuuunﬂwﬁwkuuoa
8250 uasindmiuiBonn1mAT  (Divisor Latch Access Bit (DLABY) Foufufin
7 nu?%atnééﬂauquaﬁa<nine Control Register) Alfawmiuiienidainainas
snvaennTideniaainadun 8250 M9 170 duxieine q aﬁuwan1ﬁa1nnnswo
2.1 WABANIUEYDIINAN I 10530107 Jomanainoisiam  (Master Reset) yag

8250 anﬂ%ﬂutﬂuaaﬁn "1 gunTaalfanman 2.2

2-53



ﬂ. o an ‘ © ) )
ANTIIM 2.1 UARAINTITIADNTIALNDTUY 8250 119 170 fIURUIATY

170 funuefl HE3FB 19 HEIFF WaLiIuMueY H&2F8 {3 HEZFF

Aol ABIAT|AG|AS5|A4|A3|A2]|A1|AM|DLAR REGISTER

1 117008 11 |1 |1 |1 X (X |X

b [v o (v RECEIVE BUFFER (READ),

TRANSMIT HOLDING REG. (WRITE)

6 |o 1 |o | INTERRUPT ENABLE
o [t {p |x INTERRUPT 1DENTIFICATION
o {1 |1 [x LINE CONTROL
1 |0 |0 |x MODEM CONTROL
1 le |1 |x LINE STATUS
1 {1 o |x MODEM STATUS
3 1 1 1 |X - | NONE
2 {a Q' 1, DIVISOR LATCH (s,
e lo |1 |1 DIVISOR LATCH (MSB)

.

a v o & o o {o e v &
winog  n 8 diilieeln 1t winefianTiRenoruminoddiah 1wty

a0%n 0" wanslianig L Ronoeumlinodding 2

§ 2_54



. a ) - 1-3 ‘ ﬂ' ‘ﬂ o
ANTIN2. 2 ANUBUIIMANY 1“7Qﬂkﬂ07uu 8250 lﬂﬂﬂﬁﬂﬁﬂtﬂﬂTTlﬁﬂQﬂTlﬁﬂ

' KEGISTER

anue

RECEIVE BUFFER (READ)
TRANSMIT HOLDING REG.(WRITE)

INTERRUPT ENABLE
INTERRUPT JDENTIFICATION

LINE CONTROL
" MODEM CONTROL

LINE STATUS

MODEM STATUS

-

DIVISOR LATCH

i
)
|

AV LR

FI9 LRy

qnﬁntﬁu "0"  (In ©-3 QN3 L,
tn a-7 ffu vor paom

o fiw 1,80 1-2 (i "o,
fin 3-7 1w "0 naon

qnﬁntﬁu ngn

qnﬁntﬁu ng

o

I 2-4,7 1l vov,3n 5-6 (ffu e
in 0-3 1fu e,

ta . & (39 ' cx‘.
in 4-7 Yuosfudyyuduum
v . e .

NG

2-55



2.3.3 nwsﬁwnuagadauaq RS 232C
Tunwanwanwuuﬁauﬁnsgﬁuuao RS 232C NMuAYONUUY DB-25 UAAsYN
'] ) o "Uﬂu
vodtaneanmun 1 3n ok

- A o ) " . P -~
A rowQIm ELETE TRV YRR (U RETLRE I Tl
o114 Protective ground TO DCE
TODCE Secondary Tk ——1 14 /
. o |2 Transmit Data TO DTE
TODTE ~—— Tx clock —215| ©
’ o {34 Receive Data ‘' TODTE
TODTE Secondary Rx et 18| O .
. ' O |4 Request to seng, . TO DCE
TODCE ~~——— Receive clock —17| © )
0|54 Clear to send TODTE
Unassign ———t18] © .
. O | 6 f=——==Dala Sot Ready .. TODTE
TODCE Secondary AT8 ——t 9| O,
f e 10N 31 G
70 DCE === Dato Terininal 20| O 177 oA
. Avady O | +}==——Carrier Dervct TODTE
TO DTE «—— Signal Quality ———+t21] © #
Detect O | 94 Reserve for test
TO DTE Ring Indicator *——=-1221 O,
' J . O |10-+——-Reserve for test
TO DCE —f— Data Signal Rate——123| o
. € Select O 114 Unassign
TO DCE Tx clock —t2) O
o |12 Secondary Carrier TODTE
Unassign —t25\ O detect
\: 134 Secondary Clear TODTE
¥ to send

OTE = Data terminal Equipment

DCE = Data Communication Equipment (Modem) - Y
P
-~ {

Eﬂﬁ 2-40 nITNIMuAYONa RS232-C

doganinen anwowng b winid e
PROTECTIVE GROUND (PG '!l']?; 1)

tiuanfinofuiafie  cFRAME) naoqﬂnsé Folnednfudaeriofunanag
A18NAN  (External Ground) uaudaaéﬁu§aéuaaa1ﬂtﬂlﬁatéaudassuiﬁa DTE iy
DCE tﬁaﬁaaﬁu1ﬁ1ﬁ1ﬂﬁ1aﬁnéuauauﬁnuﬂtu§ﬂ1ﬂq A fngy AHANTENUNDA BRI
A9q wAnrTRaRIId e tuAdTaERaRuRa R s e uladuia iy
TRANSHIT DATA (TD i 2

($uiagafideoonann  o7e TudeTusBuwFonosdnTnentofulularaosi-
wofiady  wie  iaFoofud tﬁa1ﬂ§ﬁquméaaananﬂunwwﬂaaaaﬁnﬁnwiavﬁdﬁtﬁ1

N "t" wJalNsuLNINY Stop Bit

2-56



RECEIVE DATA(RD 17 3)
ﬂ v v v o a { o " v v
lunnaugedaanniyade  DTE wioluTasaautiainoT N lailidunnaiy L i
¥ 1iasSiantua unneaednt iy w1
REQUEST TO SEND (RTS Y 4)
‘1:;0 v I v v A o o o (¢ ﬂ o v o " v
ﬁﬂwu1uﬂoﬂqum1ﬂaeTutﬂuusatﬂsaowuw vlunnTLTanTo NAEA daNN
v ﬂ. '] o ‘U ['X T} (']
s 2 dagnaildafy o1s wie clear to send gunmawwnldtudguw rTS

v A “ o v L4 a’ A d ' “ ﬂ'
asnTaaaavin L e wdonssfudannaliiods  winwfeufiasfundsdnanaaanlifiang
CTS

CLEAR TO SEND (CTS Y1%5)

) ¥
asafinglilu rrs (dodgyniiot luanuseoinagative vottage Wi

a ) {dw o v ] v v v v
RN "1"INAEAITNIIN qﬂnsmiunﬂaeuanawusauﬂqusuuagauaa

o
3

Oft
RTS

o
3

i

CTS

Mark state

i

T____
b d

N

TXD Serial data

) .1 Mark state
co{of—

J

ot = e e e = pn o ——

b

Eﬂﬁ 2-41 Tining Disgram Y9IMTA950NAYLIN CTS,RTS Waw TXD
Qﬂﬂiﬂqvlﬁuiﬁﬂﬁiﬁﬂ Handshake 199AWIM RTS Uag CTS (uiay A
pTE asidowdugn RTS uaaald  DCE minudn DTE ﬁaenwséoiagaéontﬁﬂ%uﬂau
nantae DoE  awdadetoenemidemiuardouduann crs il o Fouanald
DTE Mi1w31  DTR awuwvutéuﬁudoiuqa1ﬁuﬁu Wi TXU 4wl ond LNAI MARK
Tudae B iagaauqnéadwuﬂwetﬁaéﬁn Transmitted  data Lﬁﬂiﬁﬂﬂ%ﬂﬁﬂ

ponlusumuAuar wn  TXD Quﬁaa§1uaawvv MARK aé Tutao v iaguaugndodwuuwo

{a a ' u
\go4fin Trensmitted Data (dodaxanndsoanldawnuunuad OTE 98 OFF dnana -

2-57



RTS  \Wowon W oer n9vwmn OTE 1ﬁﬁnonw1doiaqa5nﬁn1ﬂ Tuire ¢ oS0 oex
" W ¥ " a v {a o '
aawaqaneuuﬂaan1ﬂae Communication Link (393087 (999nNR TXD qanautﬁwa

|
anN9t MARK  lu¥29 D DCE yd9l% DTE ng1u71 DCE w?auuﬁaﬁfuiaga?niuﬁtﬁa

dsoanlyTens oFF danna cTs

1
|
|
|
|
|
I
i
|
CT§ ‘

I
o
1
I

B -

J d W,
3”“ 2-42 Timing Diagraom NUANIAINANWNTYY RTS was CTS
&/ ' . ' v @ 6 o
3B LN Tudae & ot Taanwnra on donna rTs TwiBnasonlie
v v . L
16 o1e dosrosuntuile oce dedouatiuniooanldawnm Tne oca suladgan cTs
thouana1i 018 neudndiwedesfiaufudeyayaluaiudaludaes oTE @vwnTa on daana
Clln'lld\lvc‘ o ﬁ ° c;ﬁ u\lltlwa
RTS |nalidlanlniiosann CTS ¥an1as vl OFF pasnnviniiunnsdoenulalnifn
- “uﬁ.dﬂ '] 1] o B‘ v | W
OVERRUN ERROR 1% T90A9 DTE nwnwsauﬁagaqa1nuuwan Tuwueh oce fedefona
.
oLl Faudos
DATA SET READY (DSR 9116)
-lu ﬂ"l [ o ﬂ o ‘
tuaaqumaWHuaq1uanﬂusaau (w70a03n "0") (dunrsvenlalaThoawoined
P Vo ' ¢ v wu v (o v v v o ' v v é an
ﬂ?ﬂdﬁﬂﬂﬁ?q TulﬂunatﬂﬁﬂuaﬁﬂiniﬂwnL1ﬂu76ﬂuﬂ7uﬂuwiaunqua01ﬂua0 Tnnnunu
v vo P v & v a w4 ‘w Muve 6w
nﬂiwquunwﬂLauanTuunquaaaqumaﬁﬂu1ﬂuan1nﬂauuatnaszannaTnsﬂun1ﬂawquuav
SIGNAL GROUND (SG 17 T)
56 fiminms Dusedvurofudrode dmdimn q argvesdannn wiuT oy

vlu mov 1SodRefudagadas

2-58



CARRIER DETECT (GO v} 6)

Tutﬁuaudoﬁmmwmﬁaé1uanwusaau (aa3n 0" livenluTasaoaiinined
tua1ﬂ1uammwmaﬁnTutﬂuﬂaeandWHuue ammwmuquuq1ﬂqn LED 19n37 [ATudnaaann
Tuiudndheniiouds 1o LeD auaauunuwﬂﬂuaoTNLnunao
DATA TERMINAL READY (DTR Y3 20)

ﬂauﬁatnaétﬂﬂﬁmmﬁma1ﬂ51ﬁaau<aa%n "0 | Gewdasfashnnofulu b
Tutﬂuaauuﬁnau1u7wﬂowuanwunﬁwuaendtau (CD,DSR Was CTS) Tnﬂauuotna11
nwnﬂauuatn011unﬂﬂammwm DTR

RING INDICATOR (RI ﬂﬂﬂ 22)

faaaiiluTucmufhi SussuunauudnTudd  cavto-snswer) fannaiiasoan
tﬁa55qumn1uﬁetiwuw WABaRMTENI 0\ S R evoenTeiia
RECEIVED LINE SIGNAL DETECTOR (RLSD w39 CD 117 8)
daaaiideann  oce Ve ore (o oce Ii$udann carrier (Gofag
divldnnadedmuanos oo dam fdnan 0cE Sndrunie (remote side)
W Recelved Line Stgnal Detector Sufian1dutiu on wansdn oce Sudaqn
1u Communication Channel %GQuqnﬁﬂ1ﬂ Demodulate 1ﬁu51 1uTuLauuuuﬁﬁo I
awatﬁuﬁauqﬂdaﬁu LED Lﬁauaﬂe1ﬁ€iwnmeﬁﬁﬁqum carrier |19 M3s i
%ygqmﬁﬁ%aﬁnésuﬁoiw bats Cerrier Detactaor (DCD)
dwdinfesnaafonoled Tunliem  rs-zazc s ialas-
aautamod 31 ladn fussdoold circuit vasvnimrite
SIGFAL QUALITY DETECTOR (SQ 1R 21)
saafinnd g oce uanein 5qqﬂmﬁa§aﬁ1ﬁ¥uuwﬁTan1atﬁﬂnwi
Ravatadonia i fiiuanius "on® wanvinTontaifiansRavanaasin undniidone
"off" uaﬂe5ﬁﬁTanwagaﬁau¥uia§aﬁﬂuawn \Ws1e DCE aunsaaaauﬁﬁﬁqqﬁmﬂéuuﬂﬁ
InenawinTa i idgamunannnedelilan
DATA SIGNAL RATE SELECTOR (Y1} 23)
tﬁunwﬁmmwmﬁ1iﬂauﬂu5n7ﬂt§71unﬁ7éuﬁaua nw1uaﬁu17naouauaﬂaﬂ

$n1udy 2 Sanle tnaaﬂ1uanwuv "on" vmiw&131unw1aou0uanaanqwqunnLaan

2-59



!

14 uwﬁqumﬁﬂwu17nﬂouqu1ﬁawn DTE %@ OCE ﬁuaéﬁunwsﬁwuw?iqnu
TRAVSHITTER. SIGNAL ELEMENT TINING (TSET y1fi 24)

i ore Wlunrdedoana tﬁa1ﬂﬂ1uquﬁauaunw1ﬁﬂawu
(Clocking Signal) ¥99 DCE lun17dedoya
TRANSNITTER SIGNAL ELENENT TINING (TSET i 18)

viwanfi e 1i1unﬁ1ﬁaﬁqumLﬁa1ﬂnauquianaan17ﬁ1eﬁuuae DTE |u
nﬂidaiagaﬁmﬁwmnduqu%euaunW1ﬁwowuﬁauﬁ1itnwquu Synchranous Modem {1i7iY

RECIEVER SIGNAL ELEMENT TIMING (RSET ﬂﬂﬁ 17)

v oce e edana tialdRrvardamasmaiteweas 078 lumafy

v

doua
SECONDARY TRANSHITTED DATA (STD Wi 14)
SECONDARY RECIEVED DATA (SRD 1% 16)
SECONDARY REQUEST TO SEND (SRTS Wi 19)
SECONDARY CLEAR TO SEND  (SCTS wah 13)
SECONDARY RECEIVED LINE SIGNAL DETECTOR (SRLD 1 12)
vids  Secondary  f 5 i awlfiwiufesianatost 2
(Secondary Chennal) \udmueituifaafutosinnnaf 1 widosdannad 2 Soviia-
montefudafudesdannad 1 waedociannad 2 ﬁqsaénﬁa1£nﬂ1ﬂanquuaauwﬁqum

DTR uay DSR A0g

2-60



A177192. JUANINITINIULD9UDADAN Y Y89 RS-232C

pin Description GND DATA CONTROL TIMING
' From To |From To |From To
DCE DCE DCE DCE DCE DCE
1 PG X
7 SG X
2 TD b4
3 RD pd
4 RTS b 4
5 CTS b 4
6 DSR b3
20 OTR X
22 RI X
23 DSRS (DTE) X
23 DSRS (DCE) X
] RLSD X
21 sQ X
24 TSET(DTE) X
15 TSET(DCE) X
17 RSET(DCE) X
14 STD' X
16 SRD. X
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pin Description GND DATA CONTROL TIKING
From To |From To |From Ta
DCE DCE DCE DCE DCE DCE
18 §RTS %
13 SCTS X
12 SRLSD X
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DRIVER OUTPUT VOLTAGE,LOADED CIRCUIT
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DRIVER OUTPUT SHORT CIRCUIT CURRENT A

DKIVER OUTPUT SLEW KATE'
RECEIVER JNPUT RESISTANCE R,
RECEIVER INPUT THRESHOLDS

RECEIVER INPUT VOLTAGE

i

c
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15 m

20 kbps
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45 TO 1215 V (min.)

R§-232C

R, = 3wo chm (min,)
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39 V/mi;rpsec tmax. )
3 T0 7 kohn

=3 TO +3 V (niax.)

-25 TO 425 V (max.)

!

INTERCONNECT ING CABLE TYPE

CONDUCTUR S)ZEs

COPPEK WIKRE (SOLID OR STRANDEDY

OTHER (RES!STANCE PER CONDUCTOR)

CAPAC I TANCE:
MUTUAL PAlK
STRAY
PAIR-TO-PAIR CHOSSTALK (BALA“CED)
"ATTENUATION AT 150 KHz
.g -
i ,

®
>
S
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TWISTED-FAIR WIRE OR FLAT

CAHLE CONDUCTOK PAIR

24 AW OR. LARGER

K ¢ 14 ohm/10¢ m

C ¢ 66 pF/m
C ¢ 130 pl/m

A 3 4ap dB
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MOTOROLA
m= SEMICONDUCTOR
TECHNICAL DATA

MC1488

QUAD MDTL LINE DRIVER
RS-232C

16,

QUAD LINE DRIVER

The MC1488 is a monolithic quad line driver designed to inter-
face data terminal equipment with data communications equipment
in conformance with the specifications of E1A Standard No. RS-232C.

SILICON MONOULITHIC
INTEGRATED CIRCUIT

Features:
® Current Limited Output
+10 mA typ
® Power-Off Source Impedance L SUFFIX P SUFFIX
300 Ohms min CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 632-08 CASE 646-06

® Simple Slew Rate Contro! with E xternal Capacitor
® Flexible Operating Supply Range
® Compatible with All Motorofa MDTL and MTTL Logic Families

D SUFFIX

PLASTIC PACKAGE ?
CASE 751A-02 14 ~ S+
3
1

(S0-14)

PIN CONNECTIONS

vee[l]

S

4] vee

TYPICAL APPLICATION
LINE DRIVER INTERCONNECTING LINE RECLIVER B AE 13 newt OF
MC1s caBIE mCl4y
Output AE 12{ Input D2
ST N N J
— D- - " (joutsn D
L AL

-

1
INTERCONNECTING
MOTL LOGIC iNPUT —»‘-— cante

i
—o—|—e—— MDTL LOGIC OUTPUT

Input 81 E
input B?E E'np\n ct
Quiput BE @Bmpm c2

| | Gnd E Eompul c
CIRCUIT SCHEMATIC
(14 OF CIRCUIT-SHOWN)
Ve 1 O
® 821 821
PINS 4317082
wr
" _ 'y
whyl O——————4 . - - |
NS S, 10,13 5" S T 5 " -
!! ,5‘ PINS 6.0, 11083
T X -
R 7T >
N lo—l ] = 7 3
05
K n n
VEE 1 O

MDTL and MTTL are trademarks of Motasols Inc.
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MC1488 - -

MAXIMUM RATINGS (T, A =_+25°C unléss otherwise noted.)

. Rating Symbol Value Unit
Power Supply Voltage Vee +15 Vde
VEE -15
Input Vohage Range VIR ~15=Vvg= Vde
) 7.0
Output Signat Voltage 3 vo =15 vde
Power Derating {Package Limitation, Ceramic
and Plastic Dual-In-Line Package) Pp 1000 mwW
Derate above T = +25°C 1Rgja 6.7 mwWrC
Operating Ambient Temperature Range TA 0to +75 °C
‘Sloragc Temperature Range Tstg ~65t0 +175 °C
ELECTRICAL CHARACTERISTICS VCe = +9.0 =1% Vde, Vg = -9.0 2 1% vdc, TA = 010 75°C unless otherwise noted.)
Characteristic Figure | Symbol Min Typ Max Unit
input Current — Low Logic State (Vi = 0} 1 e — 1.0 1.6 mA
Input Current — High Logic State (Vyyy = 5.0 V) 1 im —_ — 10 uA
Output Voltage — High Logic State 2 VoH Vdc
N Vit = 08Vde, Ry = 3.0kN, Voe = +9.0 Vde, VEE = -9.0 Vde) +60 | +7.0 -
Vi, = 08Vde, Ry = 3.0k, Vog = +13.2 Vde, Vg = - 13.2 Vdc) +9.0 [ +105 | —
Output Volt;gs — Low Logic State 2 VoL Vde
(VIH = 1.9Vdc, R = 3.0 k0, Vee = +9.0 Vde, VEg = -8.0 Vde) -6.0 -7.0 —_
ViH = 1.8 Vde, R = 3.0k, Vce = +13.2Vde, VEg = -13.2 Vde) ~9.0 -105 —_
Positive Output Short-Circuit Current (£1} 3 108 + +6.0 +10 +12 mA
Negative Output Short-Circuit Current {1} 3 los - - 6.0 ~10 -12 mA
3 Output Resistance (Vg = Vgg = 0, Vol = =20V} 4 o 300 — — | Ohms
Positive Supply Current (R = =) s Icc mA
VIH = 1.9 Vdc, Vee = 48.0 Vde) - +15 +20
) (Vi = 0.8Vde, Vce = +9.0 Vdc) - +45 | 460
i (VIH = 1.9 Vde. Vee = 412 Vae) — +19 +25
: Vit = 0.8 vde, Vee = 412 Vde) —_ +55 +7.0
(VI = 1.9 Vdc, Voo =+ 15 Vde) - E | +34
Vi = 0.8 Vdc, vee = %15 Vo) = - .1 =+12

Negative Supply Current {Ry = x) 5 lee

l;lr +

(tH = 1.9 Vdc, Vgg = -9.0 vde) - -13 -17 mA
(ViL = 0.8 Vde, VEg = - 9.0 vdc) -— —_ - 500 BA
{(ViH = 1.9 Vde, VEE = -12 Vdc) —_ -18 -23 mA
(V)L = 0.8 Vde, VEg = -12 Vde) F 4 — - 500 HA
VI = 1.9 Vde, Vgg = 15 vdc) —_ - -34 mA
tViL = 0.8Vdc, VEg = - 15 Vdc) & —_ ~2.5 mA
Power Consumption Pc mw
AVee = 9.6 vde, VEE = 9.0 Vdc) - - 333
(VCe = 12 Vde, VEg = ~12 Vde) g - - 576
SWITCHING CHARACTERISTICS {Vee = +9.0 = 1% Vde, VEE = -9.0 =1% Vdc, Ta = +25°C.) .
Propagation Delay Time {2} = 3.0 k and 15 pF) 6 tpLH - 275 350 ns
Fall Time . {24 = 3.0 k and 15 pF}) 6 THL —_ 45 75 ns
Propagation Delay Time {2y = 3.0 k and 15 pF) 6 tPHL —_ 10 175 ns
Rise Time {21 = 3.0 k and 15 pF) 6 tTLH — 55 ° 100 ns
(1} Maximum Package Power Dissipati may be it all out are shorted simultaneously,

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC1488

CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT FIGURE 2 — OUTPUT VOLTAGE
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r ] X 7
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FIGURE 5 — POWER.SUPPLY CURRENTS R / FIGURE 6 — SWITCHING RESPONSE
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MC1488
TYPICAL CHARACTERISTICS
{TA = +25°C unless otherwise noted.)
FIGURE 7 — TRANSFER CHARACTERISTICS FGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT
versus POWER-SUPPLY VOLTAGE _ versus TEMPERATURE "
o T T - +12
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FIGURE 9 — OUTPUT SLEW RATE FIGURE 10 — OUTPUT VOLTAGE
versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS
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APPLICATIONS INFORMATION

MC1488
The Ei ic Industries A {EIA) RS232C specification
detail the for the interf b dsta processing

equipment and dats icati quip This dard
specifies not only the number and type of interface leads, but aiso the
voltage levels 10 be used. The MC1488 quad driver and its companion
circult, the MC1489 quad receiver, provide a complete interface system
between DTL or TTL fogic levels and the RS232C defined levels. The
RS232C requirements as applied to drivers are discussed herein.

The required driver voltages are defined as between 5 and 15-
volts in magnitude and are positive for a logic 0" and negative for
a logic "1, These voltages are so defined when the drivers are
terminated with @ 3000 to 7000-0hm resistor. The MC1488 meets
this voltage requirement by converting a DTL/TTL logic level into
RS232C levels with one stage of inversion.

The RS232C specification further requires that during transi-
tions, the driver output slew rate must not exceed 30 volts per
microsecond. The inherent slew rate of the MC 1488 is much 100

FIGURE 12 — SLEW RATE versus CAPACITANCE
FOR Isc = 10mA

1000 =
N
% N
% 100 X
5 F= 30 Vi -
S -
= A
e
s LN
3 : N
Z w0 amziiie
H -
H -
141333 pF
|1 H
I
10 Alll )
10 10 100 1000 10.000

i

C. CAPACITANCE (pF)

fast for this requirement. The current limited output of the device
can be used 10 contro! this slew rate by connecting a capacitor to
each driver output. The required capacitor can be easily determined
by using the refationship C = 1gg x AT/AV from which Figure 12is
derived. Accordingly, a 330-pF capacitor on each_output will
guarantee a worst case slew rate of 30 volts per m-cvqsecond.

The interface driver is also required to withstand an sccidental
shor1 to any other conductor in an interconnecting cable. The worst
possible signal on any conductor would be another driver using &
plus or minus 15-volt, 500-mA sousce. The MC 1488 is designed to
indefinitely withstand such a short to alf four outputs in a package
8s long as the power-supply voltages are greatet than 9.0 volts (i.e.,
Vee29.0 Vi VEEL-5.0 V). In some power-supply designs, 8 loss
of system power causes s iow impedance on the power-supply out.
puts. When this occurs, 8 low impedance to ground would exist at
the power inputs 10 the MC 1488 effectively shorting the 300-0hm
output resistors to ground. If g four outputs were then shorted
10 plus or minus 15 volts, the powwer dissipation in these resistors

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER.OFF FAULT CONDITIONS
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woultd be excessive. Therefore, if the system 15 designed to permit
low impedances to ground at the power-supplies of the drivers, a
diode shouid be placed in each power-supply lead to prevent over-
heating in this fault condstion. These two diodes, as shown in
Figure 13, could be used 1o decouple all the driver packages 1» 3
system. (These same diodes will ,allow the MC1488 1o withstand
momentary shorts to the 225-volt limits speciipd in the eartier
Standard RS232B.) The addition of the diodes also permits the
MC1488 to withstand faults with powersupplies of less than the
9.0 volts siated above. "

The maximum shortcircuit current allowsable under fault con-
ditions is more than guaranteed by the previously mentioned
10 mA output current himiting.

Other Abplis:niom

The MC1488 is an extremely versatile line driver with 8 myriad
of possible hcations. Several f of the drivers enhance
this versatility :

1. Output Current Limiting ~ this enables the circuit designer
to define the output voltage tevels independent of power-supplies
and can be accomplished by diode clamping of the output pins.
Figure 14 shows the MC1488 used as a DTL 10 MOS transiator
where the high-level voltage output is clamped one diode above
-ground, The resistor divider shown is used 10 reduce the output
voitage below the 300 mV above ground MOS input level limit,
- 2.=Power-Supply Range  as can be seen from the schematic
drawing ‘of the drivers, the positive and negstive driving elements
of the device are essentially independent and do not require match-
ing power-supplies. In fact, the positive supply can vary from a
minimum seven volts {required for driving the negative pulidown
section) 1o the maximi'r specified 15 volts. The negative supply
can very from approximately -2.5 volts to the minimum specified
~15 volts. The MC1488 will drive the outpyt-to within- 2 volits of
the positive or negative supplies as iong s the curient oulput limits
‘are not ded. The combinstion of the current-limiting and
supply-voltage features stiow 8 wide combination of possible out-
puts within the same quad package. Thus if onty a portion of the
four drivers are used for druvmé RS232C fines, the remainder could
be used {for DTL 10 MOS or even DTL to DTL transiation. Figure 15
shows one such combination,

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR FIGURE 15 - LOGIC TRANSLATOR APPLICATIONS |
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i = MOTOROLA
I -SEMICONDUCTORW

TECHNICAL DATA
AD LINE RECEIVE . QUAD MDTL
QUAD LINE RECEIVERS LINE RECEIVERS
RS-232C
. The MC1489 monolithic quad line receivers are designed to inter- SILICON MONOLITHIC
face data terminal ‘equipment with data communications equipment INTEGRATED CIRCUIT
in conformance with the specifications of E{A Standard No. RS-232C.
® Input Resistance — 3.0 k to 7.0 kilohms
® Input Signal Range — 1 30 Volts
¢ Input Threshold Hysteresis Built In
® Response Controt 18
. 7 L SUFFIX P SUFFiIX
:’ IL‘"-"C Lh'.e’h'f’.'ld Shitting CERAMIC PACKAGE  PLASTIC PACKAGE
) Input Noise Filtering CASE 632-08 CASE 646-06
D SUFFIX
PLASTIC PACKAGE .
CASE 751A-02 14 =
' {SO-14) 1 R
TYPICAL APPLICATION L
LinE DRAIVER LINE RECEIVER nput A [T E vee
nLiegy
N il R N i3 input ©
X > W72 ouleAE«_QL} Bloeard
tnput B E Eompui =]
! ' Resoomse 10} input C
! mucuunumn N : Response
VDL LOGIC Pyl —.-:—— --:—-—— MDTL 10GIC OUTPUT Output B E ) cqr‘":ml pd
GvcundE E Output C
L} . - -
' EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN}
s ==k u
~—0 Ve
Sor $n STk
< ‘ <
RESPONSE CONTROL ? O —AAA- l/ FOUTPYT
38k
INPUT | O——AAA ]/
H x 210k
P P ‘
6.7k T : ——O 1GROUND

MDTL and MTTL are wadernarks of Motorola Inc.
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MC1489, MC1489A

MAXIMUM RATINGS (TA = +25°C unless otherwise noted)

Rating Symbot Value Unit 1
1 Power Supply Voltage Vee 10 Vde
Input Voltage Range ViR + 30 Vdc
Output Load Current Iy 20 mA,
Power Dissipation (Package Limitation, C ' !
] and Plastic Dual In-Line Package) Pp 1000 mw
Derate above Ty = +25°C aA 6.7 mwWrC
Operating Ambient Temperature Range TA Oto +75 ‘C r
Storage Temperature Range Tet, -6510 +175 °C

ELECTRICAL CHARACTERISTICS (Response controt pin is o

pen.) (Voo = +5.0 Vde = 10%, TA = 010 +75°C unless
otherwise noted)

Characteristics Symbol Min Typ Max Unit
Positive Input Current (Vi = +25 Vdc) [IT8] 36 - 8.3 mA
{ViH = +3.0 Vdc) 0.43 — =
Negative Input Current {ViL = -25 vdc) i -3.6 — -8.3 mA
Vil = -3.0Vdc) -0.43 — -
Input Turn-On Threshold Voltage VIH Vde
(TA = +25°C, Vo < 0.45 V) MC1489 1.0 — 15
MC1489A LY 1.95 2.25
Input Turn-Off Threshold Voltage viL i Vde
{Ta = +25°C.VoR =25V, I = -0.5mA]  MC1a89 075 [ — 1.2,
4 MC1489A 0.75 0.8 1.25
Output Voltage High ViH = 075V, 1| = -0.5 mA} VoH 25 4.0 5.0 Vdc
{Input Open Circuit, It = -0.5mA) 25 4.0 5.0
Output Voltage Low VIL= 3.0V, 1 = 10mA) VoL - 0.2 0.45 Vdc
Output Short-Circuit Current los — -3.0 ~4.0 mA
Power Supply Current (All Gates “on” loyy = 0 mA, Vi = +5.0 Vdc) Icc - 16° 26 mA n
: Powaer Consumption (VIH = +5.0 Vde) Pc - 80 130 mw
SWITCHING CHARACTERISTICS Vce = 5.0 Vde =1%, TA = +25°C, See Figure 1.)
Propagstion Delay Time {RL = 3.9kN) tPLH — 25 85 ns
Rise Time (R = 3.9 kM) TLH — 120 176 ns
Propagation Delay Time (R = 330 k) tPHL —_— 25 50 ns
Fall Time (R = 390 k) THL — 10 20 n§

TEST CIRCUITS !
FIGURE 1 — SWITCHING RESPONSE

5 vac

FIGURE 2 — RESPONSE CONTROL NODE

ok g

" n L v. n§Y Ve ad
Al diodes 7

.IN3054 =

or equiv -
o] o3 — E:
- C ‘}
v L - o . M

. - 114 RESPONSE NODE 4

¢ S0y 50 MC1489A i
" TLH and 1T Vin vo s
measied -

€p 10 - 90

C, tapacitor i3 101 nDuse Hiltering
R, resistor is tor thieshold shiting

CL = 15pF = total parasitic capacitance, which includes
probe snd wiring capacitances *

Leaae
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MC1489, MC1483A o ’
TYPICAL CHARACTERISTICS
(Veg = 5.0Vde, Ta = +259C unless otherwise noted)
FIGURE 3 — INPUT CURRENT FIGURE 4 — MC1489 INPUT THRESHOLD
VOLTAGE ADJUSTMENT
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MC1489, MC1489A

En. AMPLITUDE {VOLTS)

APPLICATIONS INFORMATION

General Information

The Electronic Industries Association (EIA) has released
the RS-232C specification detailing the requirements for
the interface between data processing equipment and
data communications equipment. This standard speci-
fies not only the number and type of interface leads,
but also the voltage fevels to be used. The MC1488 quad
driver and its companion circuit, the MC1489 quad re-
ceiver, provide a complete interface system between
DTL or TTL logic levels and the RS-232C defined levels.
The RS-232C requirements as applied to receivers are
discussed herein.

The required input impedance is defined as between
3000 ohms and 7000 ohms for input voltages between
3.0 and 25 volts in magnitude; and any voltage on the
receiver input in an open circuit condition must be less
than 2.0 volts in magnitude. The MC1489 circuits meet
these requirements with a maximum open circujt volt-
age of one Vgg.

The receiver shall detect a voltage between —3.0 and
- 25 volts 8s a Logic “1" and inputs between + 3.0 and
+25 volts as a Logic “0."" On some interchange leads,
an open circuit of power “OFF* condition (300 ohms or
more to ground) shall be decoded as an “OFF” condition
or Logic “1.” For this reason, the input hysteresis
thresholds of the MC1483 circuits are all above ground.
Thus en open or grounded input will cause the same
output as a negative or Logic 1" input.

Device Characteristics

The MC1489 interface receivers have internal feedback
from the second stage to.the input stage providing input

FIGURE 8 — TYPICAL TURN-ON THRESROLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND

hysteresis for noise rejection. The MC1489 input has
typical turn-on voltage of 1.25 volts and turn-off of 1.0
volt for a typical hysteresis of 250 mV. The MC1489A
has typica! turn-on of 1.95 volts and turn-off of 0.8 volt
for typically 1.15 volts of hysteresis.

Each receiver section has an external response con-
trol node in addition to the input and output pins,
thereby allowing the designer to vary the input thresh-
old voltage levels. A resistor can be connected between
this node and an external power-supply. Figures 2, 4
and S illustrate the input threshold voltage shift possible
through this technigue.

This response node can also be used for the filtering
of high-frequency, high-energy noise pulses. Figures 8
and 9 show typical noise-pulse rejection for external
capacitors of various sizes.

These two operations on the response node can be
combined or used individually for many combinations
of interfacing applications. The MC1489 circuits are par-
ticutarly useful for interfacing between MOS circuits and
MDTUMTTL logic systems. In this application, the input
threshold voltages are adjusted (with the appropriate
supply and resistor values) to fall in the center of the
MGQS voltage logic levels. (See Figure 10)

The response node may also be used as the receiver
input as long as the designer realizes that he may not
drive this node with a low impedance source to & volt-
age greater than one diode above ground or less than
one diode below ground. This feature is demonstrated
in Figure 11 where two recéivers are slaved to the same
line that must still meet the RS-232C impedance
requiremnent.

FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND
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APPLICATIONS INFORMATION (contmued)

FIGURE 10 — TYPICAL TRANSLATOR APPLICATION —

MOS TO DTL OR TTL
+5 Vde
R -
r \
[--1 ’
| S 4
vos | e OTLor TTL

LOGIC

[ il

J l ']‘ ed
1T
VGG @-VpD = BATTY I RATTY B

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1483,A RECEIVERS TO MEET RS-232C
vee

12 MC 1489

CuTPUY

RESPONSE-CONTROL PiN
INPUT B S
Vv

vee o—

ouTPUT

IRPUT . ooy
'RESPONSE.CONTROL PIN :

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

f
213




Yy TP

i :
13

MC1489, MC1489A

APPLICATIONS INFORMATION icontinued)

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C
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E= SEMICONDUCTOR
TECHNICAL DATA

: MC14412

CMOS LS!

{LOW-POWER COMPLEMENTARY MOS)

UNIVERSAL LOW SPEED MODEM {0-600 bps)

The MC14412 contains a complete FSK {Frequency-Shift Keying) UNIVERSAL LOW SPEED
modulator and demodulator compatible with both foreign (C.C.LT.T.
standards} and U.S.A. low speed (0 to 600 {bps} communication net-
works,

® On-Chip Crystal Oscillator with External Crystal
® Echo Suppressor Disable Tone Generator

® Originate and Answer Modes

@ Simplex, Half-Duplex, and Full-Duplex Operation

® On-Chip Sine Wave Generator 2 L SUFFIX P SUFFIX
® Modem Self Test Mode CERAMIC PACKAGE PLASTIC PACKAGE
® Single Supply: CASE 620 CASE 648

VDD =4.75 10 16 Vdc MC14412FP, MC14412 FL

RDERIN F ATION
VDD =4.75 10 6.0 Vdc MC14412VP, MCi4d12vL QDERING INFORMATIO

® Selectable Data Rates: 0-300, 0-600 bps 171, mcraaxx Suffix  Denotes
® Post Detection Filter <57 y -t L Ceramic Package
® TTL or CMOS Compatible Inputs and Outputs S ¥ ) P Plastic Package
' NS . F 4.75 1015 vdc
€ "‘:‘:"\ < f} N
BT
A B4R V 4.75 10 6.0 Vdc
PRV =AY
AL
ng s{,&cxb AGRAM
] ' [ SEaN,
1 B AT S s .
7 Oscoyy 3 1 @ ‘4 ~ . 260 kHz
E Oscin, 4 %‘3"“ ) gmde’
] VDD - i
rI,,_. ﬂ,... E L._ ﬂ [ 7 Stage | SineWave | o Transmit Carrier
Transmit e j | Frequency Generator (FSK Output)
Ensble 120— T 1 Counter
Transmit o— e
Data I ;
Mode 100— ¥ Modulator
ode Frequency vpp
Type 14 O— Decoder ~
Echo 130~ .
TILPUlUp 154 J il |
Dicable - 1 Receive .
Vop '! l s | I X I Carrier
. r : Dsta Rate Demodulator Level
Receive Data Rate 6 2> Generator Counter Change -
Detector
v 4 -
0D =g r -1 ol
E l 4 Y y
Reser 51 Butlered " Post- o Demodutator N
Receive Data 70 Output e Detection Da?:oder I
v Register Filtet
Do Ry ‘ -
T Vpp = Pin 16 "
er Vgs=Pin 8
Setf Test 2
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MC14412

ELECTRICAL CHARACTERISTICS |
P

o . .t VDD** ~40°C +25°C +85°C Unkt
’ Vde Min Max Min Typ Max Min Max
Output Voltage Pin 7 Only 5.0 - 0.05 - 0 0.05 - 0.05
“0" Level | VoL 10 - 0.05 - 0 0.05 - 0.05 v
Vin=Vpp or 0 15 - 0.05 - 0 0.05 = 0.05
1" Level 5.0 495 - 4.95 5.0 - 4.95 -
I Vin=0or Vop VOH 10 9.9 - 9.95 10 - 9.95 - v
15 149 - 14,95 15 - 14.95 -
Input Voltage®
“0" Level .
(Vg=4.50r05V} ViL 5.0 - 1.5 - 2.25 15 - 1.5 \4
(Vo=9.00r 1.0V} 10 - 30 - 4.50 30 - 30
(Vg=1350r 1.5V} 15 - A0 - 6.75 4.0 - 4.0
“3" Level
Pin 15 510 15| Vpp-0.75 - Vpp-08 |VpD-2 - Vpp-0.85 -
(Vo=050r45Vi 5.0 35 - *3.5. 275 - 35 -
(Vo=1.00r 8.0 V) VI 10 70 - 7.0 5.50 - 7.0 - v
(Vo=150r135V) 15 1.0 - 11.0 8.25 - 1.0 -
Ousput Drive Current
Pin 7 Onty
Vor=2.5) IOH 5 ~0.62 - -05 -15 - -0.35 - mA
(Vou=9.5) 10 -0.62 - -05 -1.0 - ~0.35 - '
{(VoH = 13.5) 15 -18 - -1.5 -36 - -1 -
(VoL =0.4) 4.75 23 - 20 4.0 - 1.6 -
VoL =05} oL 10 83 - 45 10 = 36 - mA
VoL =15 15 15 - 13 3 - 10 -
'"‘(’;i‘nc;gf'\‘,‘m] n e L ik, - |to0000m) 101 - 1 s
Input Pull-Up Resistor 3
Source Current
(Pin 16=Vgs,
Vin=2.4 Vdc) ip s 85 - 250 460 - 205 - nA
Pins 1, 2, 5,6, 10, 11
12,13, 14
Input Capachance Cin - - - - 5.0 - - - pF
Tota! Supply Cusient 5 - 45 - 1.1 4.0 - 35
{Pin 15=Vpp! I 10 - 13 = 4.0 12 - 1 mA
15 - 27 - 8.0 25 - 23
Modutator/ Demodutator
Frequency
Accuracy ACC | 51015 - 33 - 0.5 - - - %
{Excluding Crystal)
Transmit Carrier Output v 5 - - -20 -25 - - - dB
2nd Harmonic 2H 157 - - -2 ~32 - - -
Transmit Carrier Output 5 - = 0.2 0.30 - - -
Voltage (R =100k | Vo 10 - - 0.5 0.85 - - ' = |vams|
{Pin 9} 15 -% - 1.0 1 15 - - -
Maximum Receve 5 - 15 - - 15 - 15
Carrier Rise and Fall [P 10 - i 5.0 - - 5.0 - 5.0 us
Times (Pin 1) 15 - 4.0 - - 40 - 4.0
Maximu
Frequ:; gscﬂlalor Ymax 5 -, _ 1.2 5 _ - _ MHz
M«xrlzl‘.r:\ Clock Pulse " 5 _ _ _ 50 250 _ _ ns

*DC Noise Immumity (Vg , Vi) is defined as tha maximum voliage change from an'ideal 0" of 1" input level, that the circuit will withstand
before accepting an erroneous input.
**Note. Only 5-Volt specilicauons apply 1o MC14412VP davices.
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MAXIMUM RATINGS (Vohages referenced to Vss, Pin 8) , This device contains circultry 10 protect the e
Fating Symbol Value Unit inputs against d?m:godsd:: to high static ‘:‘:"
voltages or electric fields; wever, it is ad-
Dc“imé::' ;Ees Vv vised that normal precautions be taken 10 % __ =
g bo ~051015 v avoid application of any vohage higher than’ -
MCi4412ve, vi -05106.0 N A
. B maximum rated vohsges to this high im-
Vpp+05 10 pedance circult. For proper operation i is
lnpant Voltages, Al | ts, Vi
0es. nputs, n Vss-05 recommended thst Vin and Vouy be con-
DC Current Drain per Pin {except Pin 8, 7) 1 10 mA strained to the renge VSSsiVin or -
OC Current Drain (Fin 8, 77 I 3 mA VoutlsVpp. .
T ry T o % o Unused inputs must always be tied to an
Operating Temperature Range A —to + 8ppropriate fogic voliage level fe.g., sither
Storege Temperature Range Tsig | ~6510 +150 °c Vss or Vpp).
PIN ASSIGNMENT Eo
Rx Car hvop :
ST ITTLD -
Oscoy IType
Oscin [IEcho
Reset JTx Enable ,
Rx Rate JTx Data
Rx Data IMode
Vss A Tx Car
' DEVICE OPERATION

GENERAL

Figure 1 shows the modem in a system application. The
data 1o be transmitted is presented in serial format to the
medutator for conversion to FSK signals for transmission
over the telephone network. The modulator output is buf-
fered/amplified before driving the 600 ohm telephone fine.

The FSK signal from the remote modem is received via the
telephone line and filtered to remove extrangous signals such
&s the local Transmit Carrier. This filtering can be either a
bandpass which passes only the desired band of frequencies
or & notch which rejects the known interfering signal. The
desired signal is' then fimited 1o preserve the 8xis crossings
and fpd to the demodulator where the data is recovered from
the received FSK carrier, al

INPUT/OUTPUT FUNCTIONS
Figure 2 shows the 1/0 interface for the MC14412 low-

speed modem. The following is 8 description of each in-
dividual signal.

TYPE (Pin 14) 2as
The Type input selects sither the U.S.orC.C.LT.T. opera- .
tiona! frequencies for both trensmitting end receiving data, ——— &
When the Type input="1", the U.S. standard is selected 31,
and when the Type input= 0", the C.C.I.T.T. standard is T
selected: o

TRANSMIT DATA (Tx Data, Pin 11) 1

Transmit Data is the binary information input. “Data
entered for transmission is modulated using FSK techninyes,
When operating in the U.S. standerd (Type="1") u“iogic
“1" input jeve! reprasents a Mark or when operating in the
CCITT standard (Type="0") a logic “1” input level -
represents a Mark. )

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14412

FIGURE 1 ~ TYPICAL LOW-SPEED MODEM APPLICATION

Transmit Data
——
Parallel Format - _ ) R Deta Fiow
- 1 -
Terminal | Tx Data | . | = |
A »{ Modulato > Butler Duplexer  j——p- Telephone
Transmitter "I |9 Car uplexer Network
| MC14412 ] ) FSK
l | ' Format
Terminal Rx Data l | Rx B’n.d””
Receiver 1 Demodui € ior
7] 1 Cer and Limiter®
U S W,
Receive Data
Parallel Format
Since the modulator and demodulator sections of the MC14412 are
functionally equivalent 1o those of the MCEBE0, additional applicatign
information can be obteined from the following Motorola publica-
tions: .
AN-731  Low-speed Modem Fundamentals
AN-747  Low-speed Modem System Design Using the MC6850
EB-43  Application Performance of the MCE850 MODEM.
i [
FIGURE 2 — MC14412 INPUT/OUTPUT SIGNALS
*CRYSTAL SPECIFICATION ’ém:'
Crystal Mode — Parallel
Frequency — 1 MHz 4 0.1% .
Rs =540 0 1yp &
Co=7pF typ - RE
Temperature Rarige - 40°C to +85°C 4 3
Test Lovel — 1 mW - 5 3
Suggested Crystal Suppliers —— gqa"‘. SCout
Tyco. CTS Knight and 12 ]
Motorola Crystal Products 1 TxE Tx Car[=—> Modutator
——ecno oo e f oL
Rpw 15" mh 4-20% 10"“""—""—" - .
To —p——Mode g To
Data Terminat —->——1§i Type “Controt Telephone
Equipment —— B0 Network
—_— 2 ST -
S
] Data Pix Carf—e—— Demodulator
—-—b—? Ra Data Rate
\ Reset J
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MC14412

TRANSMIT CARRIER (Tx Car, Pin 9)

The Transmit Carrier is a digital-synthesized sine wave
derived from a 1.0 MHz oscillator reference. The Tx CAR has
an AC output impedance of 6 ki typical. The frequency
characteristics are a5 follows:

United States Standard

disabling line echo suppressors. During normal data
transmission, this input should be low =0’

RECEIVE DATA (Rx Data, Pin 7)
The Receive Data output is the digita! data resulting from.
demodulating the Receive Carrier.

H Type= 1" RECEIVE CARRIER (Rx Car, Pin 1)
Echo="0" The Receive Carrier is the FSK input to the demodulator,
Mode Tx Data Tx Car This input must have either 8 CMOS or TTL compatible ?g‘;‘c’:
— g pren level input (see TTL pull-up disablel at a duty cycle of
g:::::: : sMp::; ":)" :gg :: + 2%, that is a square wase resulting from & signal limiter.
* .Answer “pr Mark -1 2225 Hz RECEIVE DATA RATE (Rx Rate, Pin 6}
Answer g Space -0 2025 Hz The demodulator has been optimized for signal to noise
performance at 300, and 600 bps.
C.C.LT.T. Standard
Type="0" Dats Reto Rx Rate
E Echo= "0 0-300 bps wyer
Mode Tx Dsta Tx Car 0-600 bps Q"
Channel v Mark -1 880 Hz |
No. 1 oy Spacs g 1180 Hz SELF TEST '(ST, Pin 2) . o
Channel gy Mark g 1650 Hz When a htqh Ievgl {ST=""1"} is placed on this input, the
No. 2 g Space e 1850 Hz demodulator is swncheg 1o the mpdulator frequency and
1 demodulates the transmitted FSK signal.
- Echo Supp(éssor"Difable Tone RESET (Pin §)
1 ;::: : ? This input is provided to decrease the test time of the chip.
! In normal operation, this input may be used to disable the
Mode TxDeta | TxCar demodulator (Reset="1"} — otherwise it should be tied
Chan. No. 2.0 A1 2100 Hz low="0", The reset pin does not reset Rx date pin 7.

Zigke

Lo vy

TRANSMIT ENABLE (Tx Eneble, Pin 12)

The Transmit Carrier output is enabled when the Tx
Enable input=""1". No output tone can be transmitted when
Tx Enable="0".

MODE (Pin 10)

The Mode input selects the pair of transmitting and
receive frequencies used during modulation and demodula-
tion. When Mode= "1, the U.S. originate mode is selected
{Type input="1"} or the C.C.1.T.T. Channe! No. 1 {Type in-
put="0"). When mode="0", the U.S. answer mode is
selected (Type input="1") or the C.C.L.T.T. Channel No, 2
{Type input="0"). .

ECHO (Pin 13} -
When the Echo input="1" {Type="0", Mode="0"", Tx
Data="1") the modulator will transmit a 2100 Hz tone for

ot

CRYSTAL {Oscin, Oscout, Pin 4, Pin 3, respectively)

A 1.0 MHz crystal is required to utilize the on chip
oscillator. A 1.0 MHz square wave ciock can also be applied
to the Osciy input to satisfy the clock requirement (see
Figure 2).

When utilizing the 1.0 MHz crystal, external parasitic
capacitance, including crystal shunt capacitance, must be
<9 pF at the crystal input (pin 4). Pin 3 is capabile of driving
only one CMOS input.

TTL PULL-UP DISABLE (TTLD, Pin 15)

To improve TTL interface compatibility, all of the inputs 10
the MODEM have controllable P-Channe!l devices which, act
as pull-up resistors when TTLD input is low {"0”'). When the
input is taken high (1"} the pull-up is disabled, thus reduc-
ing power dissipation when interfacing with CMOS. Pin 16
should be teken high (1"} with Vpp greater than 6 volts.

FIGURE 3 — MB800 MICROCOMPUTER FAMILY BLOCK DIAGRAM

MCE500 . R -
Microprocessor — R
l ] : -
¢ Read Only .
Memory °
Random - -
Access e -
Memory ey
interface -
Adapter
Transmit
MC14412 Telephone e
' 4 ACIA Modem Rm:e Duplexer Je—> Network £
y =
Address Deta
Bus  Bus

P H
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FIGURE 4 ~ TRANSMIT CARRIER SINEWAVE

Ry =100k Vpp=5V (TxCar)
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FIGURE 6 — TYPICAL TRANSMIT CARRIER FREQUENCY SPECTRUM
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MC145440
—_—

BELL 103 300 BAUD MODEM BAND-PASS FILTER

The MC145440 is 8 300 baud modem filter designed to be used with
the MC14412, MC145445, or MC6860 modems. These modem/filter
combinations fulfil the major requirements of a complete Bell 103 300
baud modem system. The MC145441 is also available to fulfill the
CCITT V.21 equivalent filtering function. Features of the MC145440 in-
clude:
® Low Band Band-pass Filter
® High Band Band-pass Filter
® Beli 103 Frequency Compatible
® Spare Operational Amplifier
® Answer or Originate Mode
® Self Test Loopback Configuration
@ Single or Split Power Supply Operation

CMO0S

{LOW-POWER COMPLEMENTARY MOS)

. 300 BAUD MODEM
BAND-PASS SWITCHED
CAPACITOR FILTER

rd
® 18-Pin Package J LA ZE [ — P SUFFIX
%‘\ SHeE CERAMIC PACKAGE PLASTIC PACKAGE
té\ 4 \ . CASE 726 CASE 707
A% .
St Y et
\J A\
, O A Y @V‘
‘é; % BLOCK DIAGRAM
?Qm Transmit
Input Output
<JH 2
I3
= Ba-
»-{ Low Bang
Filier B0
6 4 X 17
Clock Select—~— L
7 Clock
Clock 1——8 Circuftry . B s [N
Clock 2=— and z
Oligmalelxnsweru— Mode FL . VaG P S
1 Contro! LA VoD
Clock Qut—— - - -
_1 4 5 Viel |~
,
vLSL_] High Bang
> Filter > —d
vss
Vpp= Pin 18 g :'.
Vgs=Pin9
Vag=Pin 1
4 13 ] . )
Self Test Receive Receive
input Cutput N
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4 Mc145440

T
’ MAXIMUM RATINGS (V55 =0 V) PIN ASSIGNMENT
3 B Rating Symbol Value Unit
DC Supply Voltage Vop -051t018 v
'_\J B Input Voltege, ak pins Vin 051 Vpp+05 | V
L iCulﬂenl Drain per pin (Not Vpp or Vsg) | 10 TA
Operating Temperature Range TA —40 10 85 C
t [ Storage Temperature Range Tsig - 65 10 150 °C
t
0s) : RECOMMENDED OPERATING CONDITIONS
H : Parameter Symbol | Min | Typ | Max | Unkt
. OC Supply Voltage Vpp-Vss {45 | 10 [ 16 | V
. H
4 3 DIGITAL ELECTRICAL CHARACTERISTICS (Tp= —40 1085°C)
! Characteristic Symbol
- ; Operating Current, Vpp =10V, Vgg =0V, 1 MHz Crystal I35}
i Input Capacitance Cin
. i Mods Control Logic Levels
i Vis TTL Mode - Vss —~ [ vpop-40]| v
H 3 CMOS Mode Vin | Voo-05 - VoD
+ H Clock Select {CS) State 1,4.0 MHz Vi4 | VoD-0.5 - VDD - v
i State 2, 3.684 MHz Vim  |tvpp-Vssi/t - |(VDD-Vss)
. 2-05 2+05
! State 3, 1.0 MHz ViL vss - Vgs+05
- O/R TTL Logic Levels (Vpp =5V, Vss= -5V, V 5=0V)
. Input Current “1"level i - - +©0.3 A
H “0 Level | Iy -03 - -
input Voliage *1" level ViH Vis+2.0 - - \Z
“D"eve! viL - - Vi g+0.8
. ST, C1, O/A CMOS Logic Levels IV 5= Vpp. Vs5=0V)
E . Input Curient 1% level hy 4 - +0.3 rA
E : “07 level W -03 '} - -
Input Voliage *1*level, Vpp= 10V Vin 7.5 5.75 - v
- ‘4 “0”level, Vpp =10V Vit - 4.25 3.0
4 & CO  Output Characteristics (VDD =10, Vgg=0 V}
TTL Output Vohage (TTL Mode} “1 level, Ig=8 mA VOoH 2.4 - - v
4 R 0% level,ip=2.5mA VoL - -~ 0.8
CMOS Output Cutzent Vpp=10V,VpH=9.5V 104 -13 -2.25 - mA
Vpp=10V, Vg =05V ot 11 2.25 - 9
' ANALOG ELECTRICAL CHARACTERISTICS (vpp=10V, Vaog=5V. V55=0 V,‘TA-O 10 70°C)
¢ Cheracteristic Symbol| _ Min Typ Max Unit
DC Input Current {VAG) [} ~50 - +50 pA
‘ DC Input Currem (Tt Rxil [ —10 — +10 aA
1 i AC Input impedance (Txl, Rxt} Zn 0.2 1.0 — MO
- j Input Voltage Range (Txi, Rxl) R Vin | Vss+1.b - Vpp-1.6 v
i & ;
i OP-AMP CHARACTERISTICS (Vpp=51010V, VaG=Vpp/2, V§s=0V, TA=0 to 70°C) i
I Ch isti Symbol Min Typ Max Unh .
Input Offset Voliage (AO) o - 50 - +50 mv
H Open Loop Gamn (R( = 10 k02 AoL - 45 - dB
3 input Bias Curent (A+ , A- ) [ - £0.1 - A
$ Output Nowse {900 ) PN - -3 - dBinC
: Stew Rate SR - 2 - Vigs
i Output Votiage Swing (R =600 0 to VAG) - 15V - |vop-16Vv] Vv

4 e oo s

SOV
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MC145440

DIGITAL SWITCHING CHARACTERISTICS {VDD=5V, Vg5 =0V, Ta=25°C)

Characteristic Symbol Min Tw Max Unit
Input Rise and Fall Times i C1,0/A, 8T . Y - - 4 s
Input Pulse Width (TTLModel O7A | 1y 200 - - ns |
(CMOS Mode} €1, 0/A, ST tw 125 - -
Clock Frequency (Driven by Extemnal Ciock) (C1 Pin} ({CMOS) {c - 10 4.0 MHz
Crysta! Frequency C1,¢2 fx 1.0 - 4.0 *MHz
LOW-BAND FILTER CHARACTERISTICS Vpp=10V, Vaog=Vpp/2, Vss=0V, Ta=01t070°C)
Characteristic Symbol Min Typ Max Unit
Full Scale Input Voliage {+3 dBmO) : VEs 2.13 - - Vp.p
Gain 8t 1170 Hz, 0 dBmO A, . 9.0 10.0 11.0 dB
Idie Noise, Input= VAG. 900 0 load PN - 2 26, dBrnC
Dynamic Range (Full Scale Output/idie Noise) DR 72 78 - dB
Total Harmonic Distortion THD ~ 1.0 - %
Pass-Band Ripple 1070 Hz 101270 Hz | = - - 2 dBp-p
Pass-band Response, Ref. 1070 Hz, 0 dBmO 1270 Hz - -~15 - 1.5 d8
Rejection (Ref. 1170 Hz) 2025-Hz to 2225 Hz - ~55 - - d8
Differential Group Delay 1070 Hz 1o 1270 H2 - - - 600 ns
HIGH-BAND FILTER CHARACT.ERISTICS VpD=10V, Vag=Vpp/2, VSS=0V, Tao=0 10 70°C)
Characteristic | Symbol Min Ty Max Unit
Full Scale Input Voltage (+ 3 dBmO) Vs 213 - - Vp.p
Gain 812125 Kz, 0 dBmO Ay 9.0 100 1.0 dB
Idle Noise, inpute VAG. 900 1 load PN - 20 . 26 dBrnC
Dynamic Range (Full Scate Output/Idle Noise) DR 72 L] - d8
Total Harmonic Distortion THD -~ 1.0 -~ %
Pass-Band Ripple . 2025 Hz 10 2225 Hz - - - 2 dBp-p
Pass-band Response, Raf. 2025 Hz2, O dBmO 2225 Hz -~ -1.5 - 1.5 d8
|_Rejection (Ref. 2125 Hz) 1070 Hz 10 1270 Hz - -55 - — dB
Diffsrential Group Delay 2025 Hz 10 2225 Hz - - - 600 #S
Vref CHARACTERISTICS VDD=5 10 15 V, Vref=VDD/2, V5= 0V, TA=0 10 70°C) )
Characteristic Symbol Min Tw Max Unit
Viet Output Voltage IN o= 15mA Vref. - 250 275 +250 mv
e .
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MC145440 -

PIN DESCRIPTIONS

Vpp (PIN 18) — Positive power supply.
Vss (PIN 8) ~ Negative power supply.

VAG (PIN 1} — Analog ground. In single supply applica- .

tions, VAG is driven from Vref.

Vrsef (PIN B} — This pin provides an output DC voltage at
approximately (Vpp-Vgs1/2 for use as an external analog
ground in single supply applications. In symmetric dual
power supply appiications, Vief is not used.

VLS. LOGIC SHIFT VOLTAGE (PIN 10} - This pin deter-
mines the input/output logic level compatibility of O/A and
CO. When the voltage on this pin is greater than Vpp = 0.5V
and less than VDD. these digital inputs and outputs are
CMOS compatible. When the voltage on this pin is less than
VDD -4 V and greater than Vss. these digital inputs and
outputs are TTL compatible, and Vs is connected 1o digital
ground.

C1, €2, CLOCK 1, CLOCK 2 (PIN 7, PIN 8) — These pins
connect to an internal crystal oscillator. In operation, 8
parallel resonant crystal is connected from C1 to C2 as well
28-8- 10 MQ resistor in parallel with the crystal and 20 pf
capacitors from C1 and C2 to Vgs. Crystal frequencies of
1.0, 3.6864, or 4.0 MHz may be used. Alternatively, an exter-
nal CMOS level signal at the crystal frequency may be ap-
plied to C14n lieu of the crystal, capacitors, and resistor. The
inverted clock signal will appear at C2 and will be a CMOS
output from Vgg to Vpp.

Clk Sel, CLOCK SELECT (PIN 6) — This pin is 8 three-
state selector used 1o select one of the three crystal/clock
options. When at Vpp, Vag. or Vss, this pin selects the
4.0, 3.6864, or 1,0 MHz crystal/clock option, respectively,
for C1and €2.

Clock Clock Clock
Select Frequency Output
Pin 6 * Pin 11
Voo 4.0 MHz 1.0 MHz
VAG 3.6864 MH2 . N/A
Vsg 1.0 MHz 1.0 MHz

* Use either an external clock 1o drive C1 Pin 7 or external crystal
across C1 and C2 Pins 7 and 8.

CO, CLOCK OUT {PIN 11) — This provides a 1.0 MHz oul-

put clock signal when either the 1.0 or 4.0 MHz clock is

&

&S

selected and is typically ‘used 1o drive the clock input to a
MC14412 or MCB860 modem. The clock output is not usable
when the 3.6854 MHz option is used. The logic family com-
patibility {CMOS or TTL) of this output is determined by
Vis.

O/A, ORIGINATE, ANSWER (PIN 12) — The'mode of the
device, originate or answer, is selected with this pin. In the
originate mode, selected with a fogic “1”, the low band
band-pass filter is switched into the transmit path and the
high band band-pass filter is switched into the receive path.
In the answer mode, thé filters switch position. The input
levels of this pin are determined by V g.

Txl, TRANSMIT INPUT (PIN 3) — Tx! is the'input 1o the
transmit band-pass filter which is the low band filter in the
originate mode and the high band filter in the answer mode.
In the self test mode, this input is routed to the appropriate
band-pass filter input so as to pass the modulated data to the
demodulator.

TxO, TRANSMIT QUTPUT (PIN 2) — This pin is the out:
put of the Tx output amplifier and typically drives the
modulated data into the duplexer or hybrid circuit (see ST
pin).

Rxi, RECEIVE INPUT (PIN 13) — Rx! is the input 10 the
receive band-pass filter which is the high band filter in the
originate mode and the fow band filter in the answer mode.
In the self test mode, this input is disabled.

RxO, RECEIVE OUTPUT (PIN 14) ~ The output of the
receive band-pass filter, whether low band or high band, is
provided at RxO. Typically, this signal is capacitively coupled
to the input of the external carrier detector and limiter. The
AC coupling capacitor is required because of the variable DC
offset of the receive filter.

ST, SELF TEST (PIN4) — A 1" on ST puts the device in-
10 a self test mode which routes the modulated carrier from
Txi, through the appropriate filter,and out RxO back to the
receive carrier input of the modem. TxO remains at VAG dur-
ing a self test'operation. This pin is a standard CMOS input
regardless of the state of V| g.

A+ (PIN17) — Thisis the noninverting input to the spare
operational amplifier.

A- (PIN 16) — This is the inverting input 10 the spare
operational amplifier.

AO (PIN 16) — This is the output of the spare operational
amplifier.
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MC145440

FUNCTIONAL DESCRIPTION

This device is capable of four basic analog configurations
determined by the state of O/A and ST. The normal (non-
sell test) and self test modes in both the answer and
ofiginate modes will be discussed.

In the normal originate mode, O/A is a 1" and self test,
ST, is @ “0". When in this mode, the Tx carrier from the
modem is input on Txi and routed through the fow band
band-pass filter. The filter output is switched 1o the input of
the Tx op-amp which typically drives the Tx carrier off chip
into a duplexer circuit which could be impiemented with the
spare operational amplifier. The output of the duplexer
drives Rxl which is switched to the input of the hiyh band
band-pass filter. The filter output is available at RxO which is
typically the input o a limiter and carrier detector.

FIGURE ¥ — TEST CIRCUIT

The normal answer mode is established by a "0 on both

O/A and ST. This mode is identical to the normal originate”="=

mode with one exception: the band-pass filters SWap posi-
tions, i.e., the high band band-pass filter is swifched into the
transmit path, and the low band band-pass fitter is switched
into the receive path. <

When used with the MC14412 in the sea!f test mode, the
device will function as follows. A “1" on the self test pin of
both devices enables the sell test mode. The ‘modem
switches its demodulator to its modulator frequency and
demodulates its own modulsted carrier. The modem filter
switches the transmit carrier of the modem from Txi through
the low band filter and out the RxO pin to the limiter whenin
the originate mode. When the system is in'the answer mode,
the modulated signal is instead routed through the high-
band fiter. TxO will remain at mid-supply (VAg) during self
test operations. -

P

High Band_ Band o
Analog In > Low Ban
BV Analog Out
MC145440
Vop/z 1 18
Analog GND ” Vag > Y 0.1 4F
—=—Tx0 A+ I
Low Band K| 6 1= .
Analog In > 3 ¥ A0 E @
TR |\ 2>
'
) 5 14 High Band &
Vv, - g =
01 4F [ re! Rx0 Analog Out .
6 13
I + §e——JCik Se! Rxt
7 =2
O/A -
19 . Dignal -
co » Clock Out .
1 MHz :
X=4 MHz Vis LJ_
R=10MQ . .
C1, C2=20 pF — — -
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\ |
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-sit— w T W * =
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