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Abstract

This thesis is experinent based on optical fiber tor
telephone communication. The objective of the experiment is to
develope the telephone switching for optical fiber in telephone
communication. The terminated equipnent composed of analog to
digital converter by PCM (Pulse Code Modulation) method,
digital to 1light signal converter by intensity modulation
technic énd telephone set. To link the light signal between
call and called terminated equipnent is achievé by operating
©of crosspoint switeching 4 inlet X 4 outlet. This switching
designed for connecting the digital singnal converted from
light to digital convertor. The epuipment. operated this process

is controled by Contrel Unit.



a3l
UM L UM o ee et eeeee e seee e e eoesneasesessnsaannanas

UNR 2 RRANITDEI N RTLAANLEUN LAY « e v vvvreeereeeennns,
2.1 zoaﬁﬁaWHTﬂsﬁuﬁﬁaiu
2.2 #RNNITRIAIINOLATILI L FU THuR)

LB

UYWL 3 FVTEBTLLL + e v e e vres ot ee s s enssnoassasesneneesnn
- & 5 e 6y s € .
2.1 WITLAT eme L au lauae
<~ o -5 Ve, e =
3.2 taspaduuavdedygnnuaaninul dulauas

& L&
PIATRIRTUE

W

:

3
3.4 jqaﬁéauﬂdnqu
WM 4 AITNORDIURELRATTNARED v ennn .. LI (.G am | LA ).
P PN i R
MM B IMIIVTWUBERTY oo oevtteiiiinee i eniins
MEUUIN
AFENTINYTENA

[ 5 * <
#iaRaR1989

o w 0y Gt

N
Gl



@ o < [ < 2 . .
Luuaguuﬂwsaaa171ﬂL7uLUaauTanmuwawnammwmauwaan(Analog Signal)
4 o b . - - w é’n y - Q 0
| Tudngndidnaa (Digital Signal) fusnnzu  Lilasvinns WuSnsuntisié
. E a < < o v i -
WABTULLIINNTY WLREY 2wl aniagauing doun waw GneguaimLing
' ° o g < & o e o~
URI AT ﬂﬁqﬁéL51157Uﬂ11Nﬂzﬂ?ﬂﬁﬂﬂﬂquﬂﬂﬁgaﬁﬂﬁuﬁﬂﬁdﬂu uaslinduas 165y
a v ¥ asoLe . o @ A ,
AUELIN mouuTunsmwugTﬁusnwsuwntuﬂﬁuwmﬂvwwﬁuwuuunaeﬁﬂsaﬁwaﬁ
. : .
8 A LFu s as e lunumasnennn lunnsSunase i nsuniinru 191
s * * g - 2’- “‘ [}
AN RONRE 196U maneaaIn ey ealrwsde L e dowwuma lugsy
P o , y 3 $
nuna1n17nuw1ﬁ§n17§aawsﬂwqTﬁuaaﬁaugim
gﬂl ' -~ 4:' 1 ' o q’t ~ W g
NIMARBIUTE MUTENBUSNG A Foguh 1 Tosudarauiminneg « fuseu
a) ’N’«J‘SQL'&} (Subscriber Circuit)
3qa7§Lﬁ7§mﬁnﬁ%uuasﬁaLﬁﬂ@g@ﬁﬁﬂTﬂﬁﬁwﬁ bt Fulenaede
< ] < -y ' s o & %
L HUAURERI2DITTULRAN T uaduﬁsznanﬁaadqasgﬁﬁﬂLﬂsnun, WITLTWMRY
nae9%id (CODEC: Code and Decode) . Wati@3IBISuaIUEd
s 4
b) paUlea3@%w s (Opto Switch Path)
a v q’u -~ ! b - ] i - Q. \19 t:
VRUMNT UARLEIIINAUNTIY  LRSAGRD aoﬂﬁaqﬂawaﬂwoﬂvsytz W
TUzRIRRY ML L TUTY

c) éduﬂauqu (Control Unit)

-~ e

oy o s a & € 2o a [
UWU?ﬂﬂ?U@NﬂW?WW37uﬁa@a?aﬁuﬂﬁLﬁﬂqﬂwugﬂmadﬂjuﬂaﬁﬂji waruse

S IANARNNUE T BIAENY
d) &ueT73aauAa s (Test Equipment)

'
&

ﬁwﬁwﬁmsua&auahwusaaoéawaﬁwq a Lwaﬁamaﬂﬁﬁuﬁauaanqu?vnﬁwu

° a ¢ [ '
uazanﬁn17ﬂ7u@uaaanu1§Luuiﬂaawegﬂﬁao



OPTIC FIEER GFTIC FIBER

N, N
EsC G/E 7 A 0 0/E
ok A /' 0/E E/0 |
\ = i N
\ N/ \ N DIGITAL
0/E 7| SPEECH
CODEC conee
B PATH
\ - N . E.0 A v /
p ¥ ) 7
- N L d WA N
s EZQ
LT o
D ’
S e )
) TEST
EQUIPMENT
CONTROL

\\\\\ UNIT

AT
1

. o i Tlonef e e
UM 1 snzécmwﬂystszmzsmauaLAEQQQEigw
u

a



mn 2

RINNITRINITLADAL FUNIIULFH

2.1 7owi§awﬂTﬁsﬁuﬁﬁa1ﬂ

s o doe ve P A R - “
2T Insdwn lefuseuuin ludis IWHITNITINENTEURGITUT 2.1

o
e

v <~ ' a & -1
Zai3eni dlouuIeddaian ¢ Stone Bridge System ) WITUTENOUGIY
K “ o v £ -~ < @ & <
URRIINEIWATY  SHAnuRunaY TﬂsﬁuﬂgtﬁwuasmatnuU1x§ S un Ul
«&7 o« & _ﬁv ' e N é'isp..,
vnann lunsid nsdmonsm twsear L tud e dnauiean e lREnen
' ity . - o & ° )
sinfsa InsdwideUseann 6-8 Trat Feituda i Instwiminisodeuld asen
(e < é 2 éad . .
ﬁTnsﬁwnaxﬂwﬂﬁauﬁuauﬁaaaTﬂsﬁwnﬁﬂwﬁaﬂ dseun 600 Lo 51714E7w7
© < ¢ [ ' o~ ’ v ) & :
Fuhdasiuautds peiuasidnn ﬂﬂ@ﬁﬂnﬂﬁaunuazﬁﬂwgqﬁa 48 Tan  Tadzuna
INUREITE 1
- - o v o . fo b
ﬁwawaﬂnwsaaqﬂﬂmwnumﬂmnanumwu&nwuzTﬂﬁﬁwnﬂﬁﬂﬁaduﬂ3uqu

(Control Unit) awn15n§u§an1uz§awaiﬂLﬁuaﬂ1011

AAA
v

Subscriber ég ~48V :%Z

It
il

T 2.1 uﬁma30@5n15éwanssuaﬂuaqaﬁzmzaﬂg uent

2.2 wannsaaunLdsentuL duleusa

nsdasnmaiulaudsdnueadgyn tifdnea

< y . 2 . 6L aa © f v &

tipannsiea1 e fulouda TS nidesatuntsdes  Hediunas
defngn oo ituauaan  douifulouse Tapmseonsein s sediaeding
vun1s LRsuonnn R W uddasa fenau

< q - Q [ 1 z

3809 Uarudingnan Feo i Tudleaaidtnssesn i

X .
- WANYay (Sampling)

- aeuledBy uari379%s (Encoding)



voice 3
T e _ Sampler . |. .. ]| Quantizer PCM
input, ; 1 and Encoder out,put

a o : P G an
Eﬁﬂ 2.2 UABN L@5IUNTHIAINATLURTUEUNEENL TURInaa

b 3

2.2.1 MUt

ﬁ ' v o ~ < i 2 i

thinsErunITaaseEuRgOORTL AN @ wat IBRINANTURILA
ax 1 udrsedudionadinsmas bisading wavay lid1eamnagamoni 371 duay
N9%4 (Serial)

v X P . a ¢ « | de N

fm3nsutnimsIanEgee luaa® (Nyquist Theorem) 3aufn
Y o o = o & o kY P -
fnfgniiliaatigeaadafioclins ¥ Hz vindggedionuzanas Wiad (pulse

; & ) ) o €1 % i y ' Qe
train) viFlunsuzuRREldfnsnsliay 2 W diateanduan %GLﬁuﬂﬁﬁBQTUUNﬁ
Q‘ 2 o o L4, P o e <
reas o fggnunduna - 18 I8 A fuSona &
’ | ; ] & ,‘ o ' ;
Lﬂaoannawuﬂawnﬁt3aonuguﬂawuwsnﬂigaaﬁsnuTﬁLiw?aazagTuﬁ:o
; ] x . A

A7NR 300 - 3400 Hz  &wlfudasinisuduaessiianlé scoo dataadu t 80
e v o % -V &4 S qua Sy X .
WA migodnoaafnnat AsalA1 1609 4 KHz - uah Wirannisuzsanas ssaanin’lu

'Envmxﬁa'ﬁuanﬁﬁ‘g@ua@miu (Pulse Amplitude Modulation) o“'xozﬂﬁ 2.2

Amplitude

o

T 213T 4T _..... AT .
Time

< . X o
Jun 2.3 uaﬂqaﬂﬁmxﬂaqﬂwsuﬁuanam@1mL§ﬂq

x .z D
uaﬂaen17uﬁuﬁaoumazﬂﬁqazgﬂﬁqma1ﬂﬂoﬁduﬁaqnwsﬂ1au1aﬁ



2.2.2 manipwled (quenization) uay MILE1THE (Encolding)

uaﬁiﬁmwnn17uﬁuu§qTuﬁnymzﬁaﬁuauﬁﬁgﬂuagLaﬁu ( PAM ) azon
mawladisnszuunisiiuanslugy 2.4 uanBeemasiggaswnia liumdoe
TERURIY 5 ﬁuﬁoi%uﬁaﬁogﬂ Fa5i & Teiy

zuvﬂﬁu@néwaﬁuﬁsﬁiwaéWﬂ?au1m€ud@zéuﬁuﬁwawnnﬂﬁufuuéo bl
1 Aeputieuansonisaaouled (Quantization Error) Teseaiufiswanens
Fnmmipipstuiusmouss i iuTe BT s urunanasuimatnae | Aetny
SR W lssyTnsieiia 256 sudu (2° w32 & Binary Bit)
WREAINTMARINAN Bt Sundnatna it uard (Noise) vin edouleiiuped

(Quantizing Noise)

11
1y ;T evvor
110 -
101 4
100 4
011 .
010 ;
001 4
000 -

T error

\ 4

drglinaaurudas

o ) a I's
SN 2.4 ugaan13eau et waseunewaenpIn1TAIeL 1e T
U

& © “ ’ - w , 0 e
wavnnsateu ledasina L i TRg Tosusiae seduaeisranafuly
X 1 ° < «r " 1 [ a
WduBY  NISUTNURY 1 A5 avtwntessdiuainuled 1 @1 uassFRunusséiy 1
L vﬂlun o < - b ":b
g fdasmIEimiognaanyy I wnineae HEREFRINNTUG Y
} 3 o © Lo/ 5, 4 < YR
AINURABINITLE1TRA ﬂﬂqﬂaﬂ$7ﬂ1$N0ﬂa§auﬂ1Lﬂ?ﬂﬁaﬂﬁﬂﬂﬁﬁ
g “ © -~ a 1 x ar - )
wranoaafiuIwuine et du wrae 8 Kiz (1% 8 In EmTnnTdene
1] V g 1 1, -
381 64 Kb/s ﬁLﬁutﬁuuLus1=7wn17aqﬁmm1mﬂ3ﬂaaazdoLﬁuiagaagﬂsu
o« ﬁ«e aay v - X
1¥I9INUURI L RBvpuaant Tuddesan 358 196 o nsInaaulL

xﬁuﬁuﬁwLﬁmnaqn17ﬁoia¥aﬂwoLﬁuﬂauaeéa1ﬂ



< 1 g P 3 - 'l
sruunRenadons laglH fulouse uiisnaotiu Sonoabindige -
s D é { Y
ANQUNTASN @ 1Fu Instn Tnsdns Tnanw axgngﬁnsmtﬁ%auTNﬁwnﬁuuﬁo
< qbﬁv. . [ \11«
( E/Q Convertor > yssu ML duanm g Tmaﬂoﬁuuiqaaaa@mwm.uwﬂ d
Qﬂkﬂgau‘ﬁuﬂiﬁvﬁjﬁﬂ”ﬂﬂ‘ﬂa Apunrart U311 A lsu g %Qaﬁnié

‘ 4

LYasu ﬂu?LﬁuuaJﬂﬁtﬂTﬂ @Urﬁmﬂwxumu 3 oinu LED, (diapufalendialte

aha

( Semiconductor Laser )

2.3 nﬁnnws%nﬁngmlaaowﬁnLﬁuﬂﬂuao

U vve s o 9 T o ﬁ
LA ".‘ﬁﬁ@ﬁdfzﬁi‘:.ﬁ FLRIMN C U AR BT UNDONG lLﬁEN LluﬁQQQ
i

LY tl

n

o suad uFage 2.2 ?aaxgﬂaaﬂsﬁaawn?uuw?zﬁuszéuazwugoza Fonn B
IREs < ﬁuTﬁmwwsﬁaﬁqmwm Lﬁa'gﬁodnﬁaaszénémmwmaawa@aLuaanazﬂﬁ
B N L € e e < x>
EUammwmnlnatﬂaaﬂuamwwmtmu uoaquWLnunﬁaaqﬂaﬁunaqﬂs TNRYBYN Y
swvammwmnna@sﬁa1@uaﬁum~Lﬁuzuuuiqba ﬂaﬂLn@uaa@aqunamgﬁmuwdwunwﬁ

l
7uaa@@7mﬂwﬂ37una§1uawu1ﬂqwutﬂwuu TusaUIDINI TR B UNAY  udng

ﬁogﬂﬁ 2.5

(N At : voice
PCH DeeoGal Filter =733 —°

sput. ocut.put,

710 2.5 vdpn lepunsuzosnisudasdnnadInaat i fes

. o a € L < P Y o ¢
a@fyﬂmuﬁ INLauNIIUN ].'li i Nu‘lﬂllf‘id LB2UIBINY muiunsgﬂgﬂﬂ‘fm

bl

\asuusa il ¢ 0/E convertor ) vuReundu L Sudoua bl st
ﬁeiﬁﬁoaﬂﬂﬁdﬂNWﬂﬂwqLugaunﬁuLﬁuﬁmmwmLawnaaaﬁrsﬁﬁaﬁﬂnwouéasﬂiﬂ g~
nstUABuua L Tl 16 Tee 1 1aTosuds ¢ Fhoto Diode ), vIwddiend
wa3 ¢ Photo Transistor )
2.4 WENNIBRIEIFTUE

nnoLﬁaogﬂdﬂuﬁ1§qunﬂsﬂ@aaoﬁ afemAnnsoavesadua et
(Crosspoint switching) ToedlTasea¥1ouarinmuentaving nusos

2.4.1 TanedivrasnTadwatiadata

ﬂiaﬁwaaﬂaaﬁ?onTﬂLﬁuﬂwoLﬁaou@uwunTﬂﬁamsvoﬂaiﬂ 2.69 71w
quawuﬂnotﬂwﬁaeammwm (Inlet) 4 n19 wuasmban (Qutlet) 4 n #iel

- ' ° bl z g
QﬁuiuﬂadﬂﬂdLﬂﬁuazﬂﬁoaaﬂﬂdﬂﬁﬁﬁ ﬂﬂqilﬁﬂ?ﬂﬂﬂﬂu 16 ?ﬂ uaztﬁaunu



-7-

LY ' + ] { v ¥ oo «l Lare) 3, i [ v @ a
?ﬂﬁlﬂuﬂ ?ﬂﬂ')ﬂ‘s (a8 (Relay) @uUINUIUT laim‘lﬂ 123N lY\'\ﬂlm"luTlL?ﬂﬂﬂYl L No

3’. < L A s . © A < £ -
o I.WE]“hﬂlﬂﬂ?(’Wl@ (Crosspomt,) AIUMIURUINGOBINT ‘5&5)21“513)851'3'083?’]
ﬂaugwadizdaﬁu
1:\-
R IR
R <
AN NN
\\' N \\ N
t+h
: TSI A
N N N N
1 4 2\-.d E:rd 4‘» hh
out. let.

™ b - = l a A
W 2.6 UEA TATIE5 19209 ASDAUDEMTIRT

o ‘
2.4.2 NTNIIUDBIRTERMDENTE IFTI
val o 1+ o ] ) PYRE [y
n17ﬂ7u§u1ﬂstaﬂmmmaammwmmwo e HUIMMAIL TN 1UFmnanan
b % ° ¢6y 3 ™~ , 2
MERPOR awuwsnnszn11@T@ﬂﬂ17ﬂwwuﬂﬂsaauaﬁnﬂﬂﬂﬁogmﬂLmnwsau LU ®a9
v a 1 o .dtud‘l ™ vﬁl vy o ]
MslE A Gesafiu €' FiadfaMBIMOIN 1 WANM 2 AWFDINNUADDAIIT
- Qg L t ar o ML
uazymm@aﬁuwsnlnﬂuuimno 4 il o fiu nwsﬂdn@uﬁﬁﬂnsnnssnni&anﬂﬂws

ﬂdUﬁunaeﬁuuwﬁaaﬂauQn



2.5 nﬁnnwsﬁwowunaqueaﬁnauqu . e
o Vv a a 2 oy - . . .
FIVIAWAUAN UL REN EUN TR 99719 B aweti g Teedue
f f 3 . f f 1 ' o a e f
@uaxﬂaaawuﬂ1ﬂ1$1%qﬁuﬂuu@axganaawLru321415 uﬁunwﬂﬁiaaﬂswzwvwgawa
b © © ° av -« < o Y o a
dupg luanwln  vhnseaifan wis (Anlfau (hdu Liiadwadnmstuii
< = L) 0 1 &' [
ﬂiwuéaon17ﬁaQQNWﬁvwﬁaonwsasTs Tuﬂ17L7&nmmmasxu31q§awauua7uﬂan@u
a re v a 2E o e VoA M v o~ s ay

LuaimﬁuﬂwsquLsaﬂﬂnﬂaxuunngtsﬂnL? ua 3B TUL IR E IARETFD N3
o } d < ' ' ] “ 1
fefa  LianTuLRIvIATlaIEnIaLAY AT RRBUeINAaYaIEN eI Ie

v < < a [l .’, o . ¢ & [N
A1l nE N AnnTruaun e aRanNan S anEu e 2y nwsﬁ%qwuﬁaqgawa
6 al < 5% . . < & L a 1 6s v o o o«
ruam  usILaTEIRIENIe I N L RBNL AUnTenTaede . wEmnnstiudin
€ % & £ |2 «~ o . % . -
RP Rt AR vinsr Togulunsesivmay - uar pefun1sdesatiouluntemia
o T a Oy ) < . a e <
W3 BNTUIUNTT LURBULURIRAIWANT LZ9T% 12U NISLANIEI N n1seasesaing L

L * . A % ar @ | < ME Qo & oY L «

M FRyaLRRNR A IAmEIRaaiuTinnaTe (Mae SNGTR  NaTHgnRaan g

. [~ © o ' o~ Y
USEAIA R LRUITNLSMMENNITUINE e B a2 vy Insdwrinn i 1y



ad
AINTEDMLYY

g r'd i .
3.1 293318309 Tnhwinun 7 S leuda L tuaneds
4 X o L4 & o ~ (61 G o as
L3 BN T RN Agauasin InsBult 18 L Suliguadtsaa
#u3tiat TWewaialiu (PCM : Pulse Code Modulations  u&>3adensni fuliy
&

AR U] G RTR TN CNEA e nduiiuisSuignaddnsat dan iyl
X o s, o a < Sve a L L €
uaquﬂWﬂﬂsnamswuLﬂuLﬁaaEmﬂoLmu RN ENCIRRNE
.
fusauaInIIWURI S dsaweann Insdwi uligydinea uas

< « “ v avq v 5 X .
nis Lﬂf\‘ﬂuﬂm‘l\iﬂ'\dﬂﬁdﬂu'ﬂ ']N@'\«JJT'lvlﬂaaﬂlLUl’ (Un1sreRDIR  UR®IE J:JJIJYI 3.1

Clock | Clock | [Sampling o D;SH"
Gen, Devider Gen, ,A/D ‘ 8 P/S Encode Cw*vol‘—m*
y
Analog inpu'l
lX Line
Civeorl ) Telephone Status
Avalog ouvlpud
Rccovcvy ‘.n’wf
Syne.
detecfor

Q‘ o \o( -«
I 3.1 uEmaudan lenunane a9 3993 nsdwinuy 1 & lauas

dansouiaaniiu 2 dleg o Ao

1 - (
- wWagde Indhm
- uaasuﬂaoLﬁaogmtﬁuﬁgmwmﬁﬁmaa

- aoasuﬂao§@q1m§%maaLﬁutﬁaog@

26846



* £

3.1.1 doaﬁgawaTnsﬁun

- - (’\'/ Vl <t 1 ) o -"’( ﬂ’ - o :4\ Q. - ‘,’1 .QI

st o TuselideasBsuauige ooy uaslifiueuta e

« a ' <t s (4 { ° e o “5&»

s #nefiatenddeaelidn 48 Tram uar 8 17aM e &%y Avinn1913s
. 4 $ < o o .

foemss lumssouwewilsguleniaan e Wase 24 T LiudndvnseualinuIng

o & v ‘4 o (Ce ° “ e < <
AW LWT "I‘s‘."ﬁ']gﬂﬂ?‘mi@ld agnA uNSTTlTﬂ'Nﬂﬂ?JG NATONTIIU G MUDUL A

*45\'
L
¢ 1K
< 172 W
l 1
2z ufF _{_
400 V T 0 0 EX0
TIF ¢ r 3.8
RING & - A et RN
N l 1,3K
3 —O TXI
4
;160
} sy
V03, T
C.1 uF *’5 . Z"" ;
. - % 1h 1K () 70K
—é— —:x_— 11 ——0 CONTROL

-
m
2

Ml— g

. lll———‘K—C—\f\/\ —3
L d
\——

€

. . ,
Zﬂﬁ 3.2 uaﬂc?aaﬁga1ﬂTn1ﬁwﬂ

's o ~
N9337Y 3.2 Wiwnssudese 24 Taavi Tuunaesnenseus BRyL
y 't o i ° ay
O] LﬁaTﬂﬁﬁwnawqgﬁuﬁuﬂuénaqvqaﬁTnﬁﬂwnﬁﬂwga Far e 24 Taavien
l r's ) o § [ YY) 3 .‘.:
ATEN9AT NS usisnsTiang Insdwn nIvuder AL EE 9 TTNNG 32
£ Y aa 2
ITUFNIFO LT A N waz29IAuANNI R AN RATnaAc
' ' e & - ‘
afnaenas ou Insdindaan19da 6.5 Tian lusneh Insdhwinatdui
é é v ¥ ‘ v ? e
WouTUSENAN 600 lawt  SelunszuaneasniTdmSuioul¥ L adne Insdwmeufs

o o« I's
10.8 Janupuus



=1t

»~

1 ‘
L. NVIUFNERTUY LAY IITANAY . Aaamrsadine 5 Taan  JalE
¢ . v . ¢ . & s
Zuiupdlelan  (Zener Diode) a513fnenzute 5 Toah unu  Soluadndiu
; o . . X
nw R T Thidutieinanse Ny sy s
(24 - 5.8 270.0108 = ( B + 600
3 §
R = 1100 Tz
. , 2 % 7Y
Fnanldantuiuesd talas i W89y LED Yo 2 69 favida Tfusmaanue I
" P o ‘ -~ v 4 & §
Umsw  dudndiwia ¥ dussluBansnddined Tuoau1&fiivasd ¢ opto
Coupler > iiiminluruaunsdedignniineasad2993t i warnansia CRIvo
fpolfealddimed (w91 3fRam s I W us0v9ese usea9vatEy nans¥a
< a
WENaFETTHRNIINAY
¢ (an u NI . '
NI UMEIRLBSN 1F u93s Imint iy S8t E1-aansen 319 Tns
v ¢ o ’ -~ oy ] : e
#m fua99318/0009%d Tesugnn RXO war RXO MR n233318/neasia
g o ' [V v ' a v -
Bodlidamsafiugw g nadan W Tes Lisunauvdaifen 95w asfoyni 1
dnofuas TX1 28909931 8/nansiatan  dwdonou Seatiunain nsduiinetin
pan 1U§a 935127/ 0anTHamTe X1
3.1.2 3oa7uﬂaq§@qwmtaaagﬂtﬁuﬁngmaﬁﬂaa
o e} #y o ‘1 2 o E#
amudantaaunsy Juf 3.1 ssnasiudnu q Saids
~ WIMNAARY U Rna (Clock Generater)
1thiae veaS o v Rinwisn W5 TR 29338u 4 el
X ‘ ' > A7 . o
ndnylEadanaaawh 1.8432 Mz (tufdasupuas il inefl Fedenad
© 1 4 d‘ E % + Q‘ - + 6‘! é
A lERN9TNeNULRBINTAIA I 1.536 MHz wsliilaaanvipunan

2 " ey ' Q. y & o W
sueaan1In LA lda a7 00 1.8432 MHz - Bandw o tineunuiiulé

7.5 K 7.5 K
— W e L
clock
= T »—
60 pF . 1.8422 MHz

M 3.3 udn eI ledagnnuling



-12=

- qaavw1$ﬂ31yﬁ (Clock_Devider) _ .

ATIAPWERBBNALY  UTEnalapianTmis 12 uar WA

16 dwmonunling 1.8432 MHz ondlowidaen 14 va9leBws 12 wwed 7arsez

Wewas 2 W 921.6 Kz vnen 1 A En 1813 Tuggaundna iy

Tedhmiinf Uieuautaent udSeaa (Lupd ADC 0809) il lafawnsarna

awnsrrunT Al 1.536 Kz wnniamas 12 foa 8 W Tukonrau-d

mdwIunrdeiinndines  uarniTie i o S sy Feae
16ndatasaly

arad 152.6 Kiz WHNMIIAY B uar 16 Tasnaf 19.2 KHz

War 9.6 KHz T2 & uaven 11 swdady 5@@1m%o&aqQﬂﬂauﬂﬁﬁuaqasﬁgﬁa

. :
¥omntWantsuTulae (Sampling)

1.8422 MHz

6 7 1o 2 3 10

2
&

zﬁﬁ 5.4 UEASIVITRITAIND

- 2eE5 10 00 aMTIAY (Sampling Generater)
Vud s oz Wi 1e? Abc 0808 #¥eReTasi
AUINLeBS (Synchronous Character) Lﬂauﬂsﬂtﬁwiﬂﬁuﬁagaﬁﬁaqnwsdauaz
ﬁmqwmgu o 3 Tusanaine mluguiy q dwaaaﬁggwmﬁudaxnﬁuaﬂeéozﬂa.6
TuTusieila 7415123 ‘Tuaea7§ﬁwﬁ1ﬁﬁ%woﬁqwﬁmﬁaﬁﬁﬁﬁWﬂawuﬁ
9.6 KHz e3uniesasiiatasudsendn R C ﬁéaag TamdA1 R 1hinfiv 10 K
C il 3300 pF arldruun3teaeiiafisran 9 usec yavszded lumsl¥

. E o
ApgnatIEnaTY luksasa 1y



|

wnl

w

9.6 KHz Q,
o —1 _ L]

S s 1]

(] - 16

9.2 KH= i
1 K Start. Siznal
St——0

“]“ T4LS123

s A x
7 3.5 UFNINITHTNFE BTN

W[ el 2 o 175 929K A Paye Weon X Nl \ w I

<~ (< < X
U 3.6 uday ndiia laaunsunsa29a3 1 sFan L danias

o < aaq
- NIV EANBU AN TUAIRDA
. .
291 e apc 0809 v laTamIviuRenFonneuaan:
aa < ~ oy o ¢ ﬁu v ara v oA '
Mesaruin 8 I Fa'lHi A thuwzuny Sormauaaniiiauaséinaliaagsy
' § v ¥ oo { - 0 ', - '
3N 0 - 5 13an feiudggmautasnainnsdmsssasyFyliog ludredandn
FaEIRITIN 3.6 1usvseenanduiug (Inverting Amplifier)  3o'l&%y
o o (¢ vad ¢ Qo a
nsfuin T Bl hieseegn 2.5 Taan warignuaunannay bg Tusinwueni u

msoﬂsznanag



=t

560K
v
TA *x{ tooepF 180K
ol 7 [ | ——vw <
+ . "O ADc 0809
30K
Sy © —HVY ) -L

30K Io-:,uF

ALSYY W

eal

M 2.7 wdnesseeawiuiauniula? ADC 080g

< sc & o o ) a oy
SunndiIns uens i ADC 0809 uamaugyl 3.7 (ial¥ ADC 0809
M9 MTIR Imgsrand - T nafadiuyinufination w0anwdgan  Lile T
° € < G oMo < o, 6 Mo < al
tevnunne e ladi v lusieenus o3y Rggoan e start swlanmau
; ; N\
20 illp9Rnnli ADC 0809 Nt e inetuaIelninangu  (ws¥ ADC 0809 I
< < <, ' a‘ « <§ < $ za & - Yhe ) < ©
I SiaignaRenain 1 i 0 fanrenSasiaande i Tua e i
L% % <
LRIV

Out. Enable | l " 74 [ 1]

Start Signal A [ [l

™ . = - <
7% 2.8 uas Inaise laaunsamilau %y ADC 0809

- 3aa$uﬂaaﬁa§auunzuﬂuLﬁuagnsu (Paralell to Serial)
¢ g <
LI Te L s nﬁwﬁﬂao10asﬁauﬂaoﬁagauuumuﬂu1ﬁtuuﬁa

vaupupunsudmon 8 I Heedasansdu 153.6 Koz Fggnfisitulunas
oo 3.9



CLK INHEBIT | ] ] L_________J ____-l

Shifl./Load

c:lo(_:k ”l””””””

T 3.9 udna nlleawnsnzasBggwauen 1af 74165

- WWLEITRE
o v T o~ {5 v SRRV ”
nwuuwnunﬁnﬁqLﬂﬁuaﬂwuﬁnlmasaotunug« Toerneaiuiivea
« 4 = < £ :
A warLiigithwuy i (Bi-phasey 6w Laﬂﬂz%NBaﬁ (EX-OR) <94

J ; ' : ¢ « MY e
winufiasdseandiadasduds  Inllaaungy was gURnR I Sudaafa sy 3. 10

153.6 KHz
Data -
- ] I::::>—————4 Bi-phase
D o y
Date+Sinc
Sync
Q0 e
Dat.a T (TN [TTTTIT7T
QD
Sync |~. | J _vl

e [ L LT

patatsyne [T [ THOTITOL [ [TITTT

q‘ - (
W 3. 10 ud@A9TLEITRE uaz Indlaaunsy

(L33}



-16.-

IV 7 .SK

1.RaR> Map

]

D
60 eF
v A

$n
e

PO
rOC2

=123
<B
P

o

d
2

>

AW

-5V O

1reut O

—&fecc 2z
o€ o
o stant |—vJ )
L1 P 2 4
ez ‘i——‘
A% ner— ad =
A REF o a0 CER
” R 24 &
—§— INT o n
—3 Ine o6 -i 5 3
= ina s [ ¢
1Na o4 b= -4
Nz 9 =1 r. .
INZT gz i A
i eaph T e a1
AT f o PRI ) L
£ L____Ji.qnu_ 7412S
e suAT
YIS
N Sy A
eyt -6
I 200 »F A}
REXT #CEWY -
3 -3 &
]
° a2l L
A2 IER-N g 7A1 2% ” |
e ) -
s m } 10- 7oLsa6
T "
~av 7"'57
cuteut o< 2

TanNna

2> CONTROL

P
JUN 3.12 udavivaTula ﬁﬁ@ﬁmtﬁaﬁgwtﬁuﬁmmam oR



©§7-

- WIIAWEUNTRG - - -
auaumsasinnaluiafidenangnnzuan Ten 18 imudush
P N { o < < o ¢ "
AILAN  LAD INTAWNINNY AROQOAMISINgL INEGONNT U (Cround)  UaLlBEN®

<

Sl e pnas santiun

Bi-phase

o o mutput

Control from o 4

Line Circuit

W

Zuﬁ - 11 WEFI2IIATILENNITHY
Q‘ < ' D :: 1 ar 3 Y f
LuauwLaw10aﬁumaxaauﬂamu@uﬁmai7unuaz1&70asaugaﬂﬂazu 2,12
3.1.3 aqasuﬂaqﬁmmwmaﬁﬂaaLﬂuﬁmmﬂmLﬁao
d L
Daasutduaoasuuaaammﬁmm”ﬂaaniesu“wqLﬂ a¢auudol B LLURY
o & . o B .
QL A9 LR e Trisfi uaauﬂsznauawuuaanlmawuﬂsugﬁw 3.1
- 23U sNEELL NN
[ :i a v v e; D
LuuveasﬂuﬂnamgﬁmuwﬁﬂWﬂunag a9 (ouwﬂusﬂamnmeULuaaa“

'h

o ™~ v < i
IINNY awngﬁﬂ 3,13 WAAY LR L RUEIUITENEUL B9 IU

L ko |SOOPF

LS

bi-phase | o — E:§I::> , T TR
N 74 %6 :
— 5. A
® "T 1
74\ 2\

¢> BRI q.£L425hda

n . .
® [—> THLSTA

JUT 3,13 udmI 993U ENFuy NN




-18—.'

a o . a & .
WaFomnluisioy EX-OR  tazad EX-OR niiupaumasse Lty
X a I's v o & + ° e ' alo .
ToTudindaiued 7415121 g5 0iiadourandemurimundefa RC figuanls
;¥ a}y 3 < ﬁ -~ -« - \‘:
Tazaun3ensiaanisacsinsiia ity 3 u 4 283A Ry RN Fauay;
L4 o £ o
N31928IHaRAITNA
17153.8 KHz *# 3/4 = 4,8f nmicrosec.
Q‘ 1 e 4 N hod B [

RC Timuieayainielat 5 Nlalawh uaz 1500 pF Taan e Ty tuugnun
% e o, . « © o 4 o & < - ;
MY a-vAiapY (74LS74) 9919 uRoounite  $oliu S-wEMREY uFas
ﬁaaznﬁsﬁwﬁﬁwuﬂﬂqgmﬁqﬂawanaoﬁﬂ fiv ety ludzaein aonuetivsingi

< toa. .
81 D zadusasfinroninemasnanufion Q gnﬂsonamgﬁmuwﬁﬂwLﬁwnasasﬂqag
3uﬂﬁ1ﬁ=§§@@1m§ﬂ1ﬂﬁuﬂ
e <, - ° k2 Q‘ [} ~ )
O-URLUADY  AALTNWNIMUMINADUEDDI UIWE  MOULSNARAS
d - -] - " .
was 1 3Upui v EX-0R fiu luis wawiinua lunssduly 7415121 Yine i
#atBn  WR9IN EX-OR W2DUTRSTIINNARIILRNE
PPN v @ & [V o o v v -
fA-Watiaeny  Smang yiMmUINIeI AT RN IRn é-
Wanwasy Hwsnda Q 39 eeed 1 13udn Ty ﬁwﬁﬁi&ﬁqumiagaﬁgnﬁao
3 X ' < g €
1ﬂu1ma1un7wuaq7oasuL§auT&maEUn 3.14 wiwusn WEomnnuafing

W < 3 4 ’ a ' - :
uazﬁazgauﬂﬂaanmnﬂu TN /EIHNANRAL ﬁumm‘mamﬂﬁama INEN NN

ERYAY

oete |1 ANGW , Ml |

TIPS T e T o 8 pipinEnlnl
FuippiplplREyinipiyyiicippiplipeiignll
o) ‘ i1 Iy LS 1
o) | g o o R | T
O IR R R RnREnmnin)
D q U T Y T Ty L Ly [ W T T
o immpRGRLGRGEGEGEI R
® o] 1 AN Tl
® @& |1 T L ] LT

1M 3. 14 uana Inills leaunsuzarevsusnduynu-din




[+
= NITUYRIBUNTULINGUL (Serial to Parallel)
* Q.l, bﬁ - vsu fos
wuavzauaTR U uNaYNTH I sy Taemina wiiiud oy
gmu RN eny 18 nkE atuda i lHEauannian SeeaanunasdFusson
i$) L e o -] i
vt eV lgamSiminiuAe 7415164
-217e7 9 3udigy s Taslis (Synchronous Detector)
TwinfieS 1 foynds TastiaTasnsnaasidande Tnsild adusn
3 © a 4 <
et aadenIIineueasBuL s IARd (741S04) uvuimm 8 Buwm (74LS30)

Tludiada (7415123 uar 29998udy (4017) fafudiaguh 3. 15
3"

sv 1)
; i3 ig__flok

iy 9 23 —1 14 |-T 3300 pF
cLK msg 4 13
’53" :* b £ ‘\ ’ £
. Hz ‘ .
?lﬂélf 6 v o -Sy“( 2

2430 i
DO-L SYn(Z 1
| 16 e
/5= g a0 e |
Hf R A

bata [ 1° a% SR\ TE A coxan
Sync2 / L]
Pl
Syne 2’ Tl 2 2 4 5 6 -3 .\ :
ARG, CLx ﬂqo'?‘;'u
Syne 2 K’ 1

I 3,15 312995 war Tndliivlezunsn sp939sas aniulngnaunin

[ v e v < Vgl § o a
W9 aNAuV2UUMEAD  Bulaadainadaenduanureas 4 In
g.éns.'ﬁ - v vy v r o S e o 3
wanen i "1 wae uSsausan i wuuem wiaandy 4 Tvminga  ¥ialy
< o « o ¢ 4 o (ausX  a Lo
Farnenly (1 58UUWINY) L REMARINLUY L TMBY Yiaan llavipannoea 14
eanannI A aniasts wlumeida %0 B = 10 Alalawd  uae
v‘d' l L uz
C = 3300 pF ¥aanisianet @ dauiingeaSimmeaclad 4017 1Bk
d o6 o . o dy o 2 v o
Lty Mo a9 a9z RanNT LT NITNAB LUNA IINNT 198 DIRY NS L2
Wi din ldggnd L anideuneannan o i fuliggiaundinn 1ed 4017 v
- g “ -« ) t .
heeswivausuuarlivatowatn  nisiulwleas 1a3 4017 avfeutiesn 7 34
& & i Y ~ X ; o . ‘
it awmnen 6 uﬁﬁ@@ﬁmnn1u1ﬁ?51uﬂ15namsnaiaga twiﬁzlﬁuﬂ30ﬁ§a¥N
L T2Ias IR UM IUDA
—39vsutaedineat tusunaan (Digital to Analog)

naﬂsﬁaiagaﬂﬁxﬁuszﬁnﬁnﬂwiwﬁwﬁﬁdwq qa Tezende 163



74374 Fovsrnavdog A-vAmaay 8 §h  LideeRTRE 1S wavled 1408 Foi

a

4 Y . ¥ o [ o e v ﬂu.’
WMyl hueudiwnussiiuinle  faws 8 Inf¥uildaenan Tussdy
o 1 < ¢ } © o
fow uddnammen 4 uunﬁu?ugﬂnaanﬁzuaﬁoﬁaonwﬂﬁaanuw;ﬂuﬂnﬂwiwﬁw

< . 6
Btiunaipilneuy

oK ¥5V 5k

ANALOG OUT8LT
e

L]

71 3.16 uaea2 s aa i Inaat dusunsan

-2139NT83AWESNU (Lowpass Filter)

& 2a : v % | | Ao ,
V@G‘\ﬂfnﬂai}@ju;ﬂa@?ﬂNLL:'Q’J G IPNHIUNIINTERIY

‘

hod

Se < 6w « va @ oA o < & a a
penru ke s leliawenliae  eacialinyan 80 Taind Tiga 1 fupan
o € <t o~ 4 < .A,. . B :
S Beoueniutunn - Feaoubiinonu (Cutoff frequency) b 3.4 KHz
6, { . X . Sy , Iy
Tozaan(d 29vsupambiaiaad ¢ Active  Filter ) @A iAWULTE VLAY Laves

(Sallen and Key Lowpass Filter) ‘m’qzﬁ‘?‘l 3.17

zﬁﬁ 3.17 1ITNTDIALDAUIY

-



P ° v -~ o P v e \
u§91ﬂ17ﬂwuaun1ﬂ71um1un1uuazm7tnuuﬁxynnwiﬁiﬂﬂ1ﬂkunﬂﬂﬁaw

< . X - - e
NHEDIN1IHIN
f = 1/(2%3.14)RC
.,2,’ -8
FUU RC = 4.62 + 10
& a . a .
\8BN C = 1000 pF &alu R = 46.5 nDlalaum w3008 47 flalowt 2
[ e )
LA 18 luhsasse

w i 2 X c 2 < - < < .
Syonnleussan sy il 2 wuy @ Bulvd (In phase)  uae

€ L

(v Nt

-~ e

LBWBDUIUE  (Out of phase) 1 walutautwiimsuues Lues

L 510802935 w16

4@UF
It
+
H on
ANALSD SiENAL
Txam A L4
(cdec
W
) S¢ok
P
180k Rxo
4WMF b————0

: C. Yo
T 3.18 JUavsuanliiellou nsudns Lo

' 2 o s 6 g U -
nI%6BE1Y  RXO . RXC L&y TXI 13IMMIIUUDSLNRT TINBUWYAY

¢ 1 . T v
Weut 600 lawk wanadaTIN 3. 19

Eﬂﬁ 3.19 UFINITEDATITN I INIITLEWMAT0aaSTE KM uwas tued



&

: ' 4190 ~ o o a
o CRE VLD 18 ) 5
_ B WHCRE IULRBENT 1 9G L ENL DY COANLE 0L Mg NS
. 60
4 IO 30
: .m 20
. + 3 =
50 =
)
“ 303 s -
- 70 2
. 5 10 oN3 P )
—ad o
00 x4ty
apd
e
2 °
’ v0DL
oive
A 5 .\o‘ )
K .
5 pObL
) .
b : .
H dd I
_ 4
PLILGH T pObL ]
CX I?qll._ >\« veve mr m
= >
/ oy o i
A
11 G __
> 33
A§= 10
130p: 3 8T
ﬁmu#w ﬁﬂ...... Kls A
(Y oE
v 00t 1T . Y a9y pevs &
ES NI 2 91 v31p} ° W /- '
S bk 0 Loty HO 41D Pr— Nid : L
S % s 9 A w £ At
5 30 %15 %9's ¥
N (P e ¥d » > % d Qry 0 /1
i 713 . 1432/ 1X3¥ 7y . .
3t i fo 1gHe il 3ty L 4 oosr v
¢ 00 04 ¥ % Y ¥ 0
v 3 ¢ B t . 113 )
D
) AS+
= AS

Ase

L

A3+ -



3.2 Lﬁsaesnuavdquaou1utauiﬂuﬁe
3.2.1 29vTLA3podause
P 4 t . Y g

Turseniadnedeld LED (uad MFOE 76 FadoFgmt TuseRua

- Q' ’ d‘ [ d’d £ o < ~
A NEWANEIMEL 600 w1 TulumT LYu LED veouiuaiendatiiviusiom
3 t ’ 0
vrosat o Rl lanae l6¥un LED  Scuiminhusenfonon bhmisfanaan
1Hin9vs B waeneasiia Ui tulfignnands foufiede Tofantaduias Tnedi fu
< . o . . - . ~ J .
Tlonas iduniaeudge  (Transmission liney s nwasnponuuylingwia
imasived  2N2g04  Temnnsn ¥ lefulgguaauigete 200 Mz Teefpanis

| 2 2 [ 1) [ «

WldgarvaunIniunmsdefmn - 1,542 Mb/s  aTudsdgn o TaenTeeg
afurnanwidings  (Intensity Modulation) wiwdaiepdaerimiafide
waedaneas Wnseudlvati-n  LED  enudinpafidsasiiton s siiud vt LED

L YFIUEIRTUNTEUEN IhReuF 23

“cy
I
1uF _‘[ i MFOE 7€
+20 =— h
: A3
i S 27
i g
. 4 I.9K
- ' P & V«/-——4& ZN3904
~ 2
irE vt Qre——— {
ineut ' 7aLS 13z
TALE 12

700 3.20 uama9Tde AU fulaud

3.2.2 NITLATEITILAY
for o Di -l s é
punsuFuiggausa s TWledlinaimas  (Photo Detector)  twad
U d ar
MFOD 71 %anﬁuunuiﬂTamtaWﬂgﬂ (Diode Output) 1787 U VIApURURIHNY
QW (Response Time) wmasiftipendn 5 wrludum ilaSuipyuidoninig
Vulaugeuds  wehnsoifmundu ufogn tvimeftneadoldy usiiillas

MNUAD DI TR mniﬂuﬂwmwaamaquw?ﬂuwuavasnawaammwmﬂouoassuﬂ 3.21



-24-

CHMBIMEIULEORNMLULULELL MURN I2°E UL

~

NS+
[
1 T T
I ‘ £5g41 nm\
ze187b A %5 AT
£T 9 - Vo ViV M :
Nding ¢ 5 %L T
A Aot AT
_ el POBENZ L
. w T2 Q0N
: ! a2
NS+ 2
~ A\

AQ0T



AN 3:21 LaMinmsdeligntinunvseenes i (Pre-

amplifier) aBasNIzensdinaliin (Voltage Gain) 11y 10 V/V 3q

R TRk ia R N R

<

~

<
[

=R, /R,

out in

10 Alalawt 7/ 1 Alaloa

10 V/V
-, q’ »2 . 3 o < . “ v &
MNGNTENELA LU IUSD 1939372818 DnR AN 297393588
I's 1 © y "
aouawd (Op-ampd w4 LF 357 BN %oawnnsnannuTﬁﬁﬂdwuﬁgq “
< f 1 a {a &7 o L © -~
lopsipttu Butsnsdouant  TenEasn1seenn 10 VAV §aeasdunuySuen
° ) P [ o v o~ & \ v o
emmianlunsuSuaatan Wdgmnd 168 bl sensediviionnaFeg Tusefusiadu
(Threshold) 83710% TTL 1%a W I6Fnu niinaadit &y
¥ o v o ﬁ faiat '4 o 4'1 @ 1 3
fissiadoudouaséinFy  tilpunsafitiren uaeaddmFusial Faufiu L fu
Y < o o 3 P I's s .
leousad 5o lusn war 17y du'lsudouvmaadin liiuasd - (Plastic Fiber

ESKA SH 4001) Fedauianagnas (Cored 1000 luasau

I
3.3 NI WNTUID
¢ o X, o < < a
sIsdwisTinanuuitiaenis hsgnaft i thddses - SetRan1iladlu
QS 5 X I° v ) = ar J -
JIUNWAINDINORL (BB MU IS dulfefuad@in 7418125 1 e Moy nsus
© v ¥ & < far Eq
N9 U2 DI UL T LR US L ataNA
é « '
fin ON &at somuastiuls
’4 a ‘o 3
01 OFF &3a% %38 293318a ﬁauuumuﬁgo
E% < Wy . < -~ ' o~ &
wardunsoaduan i losaso i tudia o Ty dwfsaiiied Fofnudzasim

R TIEON fagh 3.22

JL

input

JL

out.put

H
control

JU7 3.22 udaofginuizaaiom

- & . y
aﬂﬂgﬁLnﬂmuuazﬂauﬁﬁﬁagauwu (Nazeaunsaddoue i 0"

‘ g 1] ”"”
uazﬁuﬁuﬂuﬁgqLﬁaﬂauTniaLﬂu ]



T - - - - - e e

. . Ea * - ¢
WIINNW L5ﬂ0¥ﬂmu‘naaﬂl.l.uu'luﬂ’l‘mﬂamuufﬂﬂ557‘1\1 LYUDURTONUDEN

R,

5859 (Crosspoint switching) nuwanaozeasnwotﬁaoéﬂawuﬁ 4 'nﬁotiﬁ
(Inlet) uar 4 m3IBaN (Outlet) LwﬁwzﬂuwﬂﬁtﬁuﬂuﬁﬂﬁwaLﬂﬁﬁzﬁuuaénﬂdu
a Favna untemia ﬂwsﬂauquLﬂﬂud@zﬁdﬂﬁzﬁﬂT@ﬂTﬁTﬂ% 7415139
(Dual 2 to 4 line decoder> %anﬂsﬁwo7unaq13§uﬁmoﬁqmwswq§ 3.1
Ta%Lnaéﬁﬁsznanﬁjaﬁanaﬂiﬁﬁag 2 99 UARY AN WITRAUANL NS 4§
ANBUENITADTENING 74LS125 iy 74LS139 ﬁu&moﬂugﬁﬁ 3.23 I3y
Quia%uéa:&uazawﬁﬂ%ﬂgﬂﬁﬁﬂuﬂﬁﬁﬂﬁ1 EN, A, B SABUENITNN9IUIDINTT

gﬂﬁ 3.23 3¢ﬁweﬂutﬂﬁauﬁ3aﬁﬁyu (Rotating switch) Mm191ann 4 s

70\5125 7415125
__L} DS
N 108’ feons 5 A
e e ( \& ok
TOL FRUNL ™~
2 Py
- > Tob N Q
TALSWN RLICNE
1
oM o—_tn N o e YL
— A Y Conmol —* 4 fond
frateon i MEER A'A w i1
uny LS s A
71585 TFALSG
1 A
. < : T ,
- fRONE,  TOL - A
O/F e o A
1 feone o 1 e
Tl Rone W
L )
—<1 feund  To <

71 3.23 wdenNIseRTEnINe la? 74LS125 iy 7418139

ENABLE | B | A | Y, | Y, | Yo | Y,
1 X | x| 1 1 1 1
0 |0} O 1 1 1
0 o 1|1 0 1 1
0 10711 1 0 1
0 1 1 1 1 1 0 i

f15790 3.1 udsenns1ueasla? 741s139

o



e Y a ¢ s Y a ] N
IINUATBININAS TULANBUN IR M HN3L dousaTenitan9Laen
- : . ~ A ¢ '
Liwuazanaﬁanaantﬁuﬂozﬂﬂ 3.24  ZovFuawdautul tuasasupeiaSate
« i & < o “ v a { 6 a ' d’l!/ l
ﬂws@@ﬂaaqumnLwaousuiwaaaﬁwyuagLuﬂﬁanntmuwsau Lfu LUBRBINITAE A
o ,'u ¢ X Y . ¢ .v '
fu o' nuSulRadateey A M ¢ uar &dafess ¢ TR A BrBeteenTag
AITN19UBRY 74LS139 a0 urnaddiinonTHs A faalldn (EN, B, A) O, 1, O
Uar ®0UEFINERTRETEY C' 9N 0, 0, O
r i X o . Y . ~ .
SN EWINRANLUILAINIToNIN1Ra L Sau e 4 gw%au q fule uavae
LY l’é “r ( ‘/V")V D
‘it AensaeiFoul Tuduz e ﬂawuawuwsnﬁaaﬁ%aﬁwWﬁﬁﬂunnnﬂ17ﬂ3uquawnavu
o © % =Y a & < 4 i 3 o~ W
AaAN  Busein WUsEania e asadatunsinangu wavduaduaNaznd1 i ala
@ lu
¥ < 8 -y
asnndipensinstesaiiulife 2 Fiemne  (Full  duplex)
. - y \

fatlu LY lE@RaN IINg 2 ViAnaene

wa ~ & : vg
ﬂmﬂwﬂﬂﬁDdaﬁﬁﬁwjﬁﬁﬂﬂﬂuﬂﬁﬁﬂdu

fa IR Ifwianiu 4 ¢
- L RenvTeetausTioutuAY

AARDTULYY 2 NANI9

ﬂduqnnwsﬁwawuﬁﬁaﬁduﬂ3uqu%q1ﬁ1uTﬂiTﬂiLﬁatﬁaftﬁuﬁdﬁsz

A3/UANT

- . pr
3Un z.24 uﬂhﬁanﬁmznwsL?ﬂNTﬂvnaoaaﬂ%wﬁﬁ



it
i tr_am.t_,(k?CE:.FPFF?P?EE,: o Ujle
o I
s T3 37 e 5S4
[T noJ
Y : : %
q ! ] 6 f g
! 1]
o ] s .
" +
s P
53167 &4 I RIRRR ]S
g . " o z o §
“ ®l u -.~ n v
P 2
N3 H 6 s "_ Y a N3
" 9 M e
~M\ mw § " Lk
£31 AYSYW ° 3 3 d L] Clhrer ¥ E
§c1 g1k s eR £ 51 04 6E1ST ¥4
AT % ~.. " ) .u_ “%- Sot 11 ol sl
1 m h ¢
2 ) / t * D
M : : ! ¢ ¥ f
- * i v
N3 —1 8 t— Y iy
PR RN susral .
[1 ]
... H] " M.
! 3 ol
] [
.u.l.lm_._ P v4 ' M.Mt »
d,
%6 PN S ¢ 1 U
STIgY bk st ._p
Hi ' WM
L\.. uw. 1] ( “ wm
.malfm. N ¢ 9
u ! - § o
o 5 3 '
o
sk SUSI VL
A " < —t ¥
| e ' & B v
Z<& M 3 ] v N3
.8 [ c 9 ...MIILQ
fte L3954 i ¢ ! ¢ GF “ isse rac
' ST ST 61 SV
sei st FEes 3 i bA UL QS
Math cabul g mn. " "m %
H4 3 v c ]
14 4 v
s : SR re— N P .
« 13 ,
vﬂ-oll. ot 13 J ol ll (%1
LELRA L3 (R IR TS
¢ 7 " Y
a s, ¥
o 7 /.I . ". v
" L]
v I]m" s . ¢ M Iy
94 3 T ¢ .




3.4 2933mANAY
3.4 FIRAA e ,
Tumsuilaena1afenasouey 2993101 Mumnaus Tow

o 11 , v j‘\L . - . w© Py I's
aziage  3vsAsumnlptanaduen i dusad o A dsumneduandauat  uax

ATUNIIG T UL Tuaauauomﬂujw*ﬂdusuuw~ﬂwwara;ﬁn:ﬁ LB ONFETUIIRINA

22

[
LBTIS ﬂ ?sfﬂW.LﬂaﬂLRuﬂWQBﬂﬁjiﬁ m?ﬁﬂ?JQWHNDN é ﬂ&???’EUQBM
<

©

AITHISIUIZEY LUSunsy
é é
3.4.1 d19eu3 (Hardware)

la?lﬂ“??ﬂﬁ?ﬂ 7&*30Q7Laaﬂlﬂuﬂ7duaiﬁﬁ Mhﬂﬂﬂ?ﬁﬂ)ﬂ?alwaﬂtﬁu

l
ﬂ?dﬂemaqﬁii1ﬂaﬂ“JL7 wsrartiubs 3317ﬂ7uﬂm ubﬂvusﬁmanru RIATEN
1% quPﬁuﬁﬂ ANFEAINULEE UTY vﬂQQQLmaﬂ‘ Z-80 war 8285 Liuiivledn
o ‘ 5 G /

FOlueeTENL VRS 1®uwuﬂ7NOQ7ﬁn 2.26
SELECT  PATH
LaTc H
ﬁ 1t ‘1%- {282 ]
3caud
. 8255
DATA BUS ’
Iy
M
E C: % LINE
M £ peTECT[ UL
o
0 P :
L U

T35=cs #gs ’_‘

DECodE,
L

P < .
gﬂﬂ 2.26 uﬁ@auaan1@awun7uaaqﬁuu?oaﬁﬂauqu

d = » | e o oo X
Lﬁawawsmﬂveasﬂ7u§uasﬂﬁxnanmuaauunaﬂﬂ@aau
1) CPU ¥ Z-80 ,CLOCK RATE 4Miz

2) dMIABNIAUMIURILTY  FoUsTnauény  S255A uav LATCH

7418374



3) OPERATING PROGRAM uat MEMORY 1#f EPROM -2732 uar RAM-

6116
4) LINE DETECTOR awVUsenaués D-FLIF FLOF 741374 uav
BUFFER 74LS244 (378831 BUAGIINIIVIATUAL)
3.4.2 RINNIINNNU
[3 4 5 4_ —_— ’ t 2 &
B13eu I TPULA AN ONAILAN 10D Z-80 Tomassaiayants L an

1Euma 9391 aen L Hune e une 8255 wasasdulude LATCH 7418374

22 D

Soeonts  1auIat¥ PORT 4 & €255 YandsiAsntfurie Hvne@iu A-B-C-D
&7 PORT B Y05t 8o funis hnieénn £°-B'-C'=D' ua& PORT C wninis

- 1 ' © LN B ° Q0 u-w&’fl
WEanBhaugnedansleninisdedn b6 laeimueineny « desn Ly

PORT A A B ¢ D
(PR D

PR?| PA6 | PAS [PA4| PA3 |PR2| PRL1 | PAD

PORT B a’ B’ ¢’ D’
(PB D

PB7| P 6 | PB 5 [PBa| PB3 | PR2| PB 1| PB O

PORT € A 8 ¢ D a’ B’ ¢ D’
(PCH

PCO| PCL | PC2 |PCT| PC4 |PCE| PCE|PCT

muyfinfasmsfesiasyning A fiy D awdnadenn1uHT PORT &
Teel¥en TvR 6 uar D 7 1fuAy 11 B PORT B WA In 1 uaw in 2 i
# 00 B uavasaraugnens el PorT ¢ Teals I 0 uas In 7 L Yu
&1 00 B @l

ﬂ@uwagﬁiwLswaznswuiﬁaﬂw31751§57ﬂ1m7§41u aanelalilgen
usz éﬁ?ﬂqﬂLﬁQLaﬂquﬁu win donglemiaianeifons 197182999 LINE
DETECTOR Lﬁuﬁvdoﬁwﬁagaﬂ151§¢1uqﬁ cru Tesfneamisenauéng D-FLIP

FLOP aoguﬁ 3.27



+5V

T4LST4

Jun UNE-IN

,

~7
s
~

o Y a ey
zﬁﬁ 2.2 RﬁﬂJ?JQ??UIﬂW?kTﬂﬂLﬁOW“

CPU R8¥N15 F1T9  WASDIUAINIT W9 uNne  BUFFER 7415244

- QI 2 € t ¥ v [+ %) < B + . i 3

IMMENNIINLS YIS luuniaun 89N 5 1H9 e CLOCK &3uisun &9
o 6 2 (=4 o J [ AN 4 o P

Tains 7 yune 1) CLOCY. &yun WLRUINAAMINIS S8 FLIP FLOP

27 Q Wity Low (dwp (Talin3l%ay uarseiv BIGH ausiieloiinsis

" Qs . él (3 o € 2 LA ™ %
34U T@ﬂaﬁﬁﬂﬁﬂﬂﬂﬁﬁulad ﬂ?sﬂﬂLWN?Hﬂ?D@Mﬂ??UﬂS%&ﬂW?qﬁJTuLﬂ

PORT No HARDWARE ~ FOR  USE

60 H PORT A 8255

61 H PORT B  825%

62 H PORT C  B25%

63 H PORT D 8255

€4 H LATCH 7415374

68 H _LINE DETECTOR

70 H BUFFER  74L5244

3.4.3 7aWu2y (Software)

édz 1 d&@ o
Tﬂ?uﬂ?”ﬂlﬁﬂﬂﬁﬁhﬁﬂ)ﬁgﬂ ﬂ?dtaﬁdgﬂuju LDEUDU (OYITINBINTT

© 5 ? ~ & - & é
NI MUY MULBITEUY MTAWN @ LW



Ly e

b‘i_;
Lﬂﬂ[ﬁﬁ?ﬂ

b2
Has

ﬁwﬁﬁﬁaga
1] ¥
AT e bl

|9 -y Y] 1 g
Han Tends s thonn
Liki] 4

-

:g.b's;' 1
Ana 18euad

~

@5

ke

dauthinn g LY

47

4

A 1 g
AA9n156D L 383

Gly <A
1@ 111 Ron L amm g

WS RTURNIENIY

IINASUDIN
FR E ¥
1ﬂ5ﬂuaq

AV I B |
1123981y i

Ltapieadatgns
3 5 <y [
119719158 W
219

EQTﬁﬂnﬁ

£, & ;
Tﬂaiﬁﬁﬁﬂﬁﬂﬁ?ﬂ?7ﬁﬁuﬂ?UQN

AT

< t
ﬂﬂﬁﬂﬂﬂﬁﬂﬂg%?ﬁ1ﬂ

dnL Tondnnn

|

mnnT e




nLHsM RRICLULRLLIONEBLL (L LN 32 °E Ut

o 10D 0idIendd

ceeed 14
A . N?. .
A £ e FOR
. . .
e k = .
- @ g Ve
o) e | {1 3
P o ] VLS
R-H
. L2 &2 2L jlu
w. _ /
(2373 Ih L]
9 ] oy -
Tu < il .
: V;._\/ T 34 _ b o _— %2 y
L) [
. S '
L
K )
o | I !
N t1e K K — .m. A
? ) reu :
)
i 2
L2
. %
— v 4
o
vire —_ v.w*ﬁlﬂ
e v S
N it e W=
PRI e Rt L e s b s )
. 3 2y 2een) fs &3 . sm——
. 1.” 3
m E] "
| { e
4
1 o F i 3
v 32 H ut
iy ok % P =
o mit e .d; FiE s o
3 2 S8 41ear
e emame SHIY NRT
s s S0
s 1)
% M a1y
1 auuﬂl..Aql
v _ ¥ o wid
H
{2 T xﬂ NV m ! j _
\ . - 3
(R 1) e St & 3 "y
s SN o 2y ! T,
v ! I By
Fre e o0 T
133 LR
s 1
e L i oIp
] g th— B
e T v o
T3 4 g
il : ioF
. Mo
[ ag 1] 5
il ’ pryued 4
" b oinfee
veeo 5 wt g e & .
EE& = i +|1n
A Vo
[t e s
7 T .
> 2
. .q
.




mm 4

mImeany uae

- o

HanNIIMa|NeN

© < < (4’5 [ P "‘
NITNaRsS LWYITTIUWUTU LUUNTNARAINYSENEYTY

FINEULSENBUR
. E7I o q', & . 0 i 1 0 - . : € o
naudluumin - ZeadEndsenauvg @ 4 @ weardandslandnanieiuby
b 3 < . o Dy . [ « A
31NN I E W luurh 3 el IonNsRaLaay 19389l
) G - - { o N &,
AVTRDIERIN IhThwn Ty 3¢m7§a187w7ﬂuﬁ
f————0
- NI’ |
’g\ [} /i H d [
0
ﬂwsdaﬁsw$7¢7JQ$§61ﬂTﬂ1ﬁuﬁ it 2199 LT WAL NEAS R
XLE RX0O RY O
&\ Rx0 K% -
fe o, 9 CODEC o
$
Th"‘}h"";’ contyol contyol o 4
G Gk ————0
ANSARTTR I LEWALANTHE TY LATD I URILES N
: L. .
OP‘I'C Tnber
o—i 1
- O/p o/
, o
o | CODEC @ND éND E/O )
o ¢nND GND




ﬂwsdaszniwadaasLSantﬁunwauaqﬁuaqasaauqn ﬁﬂﬁsdaaé 2 &

' §
—NIRBWBINAIUAY

—nwséaﬁﬁwa

ESW]%CF\ Ra%’i

CMEEE /dhN

+ C; e ) o« & 2 Iy,
NTADLATOITURIUAY NU WITLIANLFUNIIMLES

i
I

A Swilch Path |

Digidal ik
anp
bigital o/

GND

E A
FURDUNVINERDIURTUANIVTINGR D

& L] 13 2’, -
1)ﬂ17t?auﬂasvnawoga1ane 2 §u



Toel% A qafiy A’

- a— =

. i s an T
LOMMIEM A (W2l T8N 1Heu Lasmnedaimmiane A

(i ° 1 N : ' 1 K g Y '
FRINAEIETIUNUGITS WY A B A 1u1§1%qwuagﬂaunﬁwuu§3 (ia A Ny
1 b % )

ﬁauﬂauguﬁﬂﬂwsL?auwatﬁunwo A fu A e

i
o & Y N

p 13
1.2)Mméeean 1.1 Tﬂalﬁaﬂﬂasswaweqaﬁaﬂo 2 6 oue
< Dy o v ve <& ) y Yo &
LemuaTMNNg TewinadiTen vl Nl Jau l@F9mnInS
. < 4 e Qv
2)M3L5ent Fansafiuganed bidng
.
Toe'i% A 2pfesafiy D' usdenriiy D' f&sdesaiy D Bel
2
2.1) yn8a D fiy D' enutusputs 1.1
~ ° < € 2 K &‘

2.2) A ﬂﬂﬂ??ﬁalﬁﬂﬂﬂﬁﬁlﬂaﬁuT@ﬂﬂﬁﬁﬂﬂﬁﬁu LianeLagUans
< ¢ { o . . y 2 N [ <
NIIVUALUBTONGWRUY D azuﬂaugnmsdaﬁau1ﬂaw D' hitne n9i3mnoag

A ronanian ly
;1 4 ° N6 Y !: )1 Q o
2.3 81 A wiimszacien miti Fendiasnentauieianng
LFenl#au I 18
aQ ALTAN Q‘H.Quu '
3)NITENLANNITANADNAUL NIV L AN L WARARDTUL az v e W)
= 1)/ AR\ /% Prevers 2 1.
3.1) 138 D i@nwsaiiy D AYNAUMUTULGD US D' HBans
“© ) e . ¥ 3 2 S o < ' _tM e d.'.; ©
@Bl A D mao7woﬁnauuawaqnwnwsnat7anmaﬂwu1mTﬂﬂangaﬂﬂsq‘ Toenin
<l % v a < ) C¥%
MINEATLATALATNNIY A D1 A 379N Sanaal fuvae s
o a4 a a4 a . a ] o~ .
+ lugnen D' 9L NETREResaiy A MNIM99Ma3EY D fiv D

i 7 @ v v
1ﬂgnaﬂLanLUuad
2 qn}u ~ &
n17nmaaoiuMﬁuqmnwwﬂaqLaaon1ﬂa1ﬂTnsﬂwn

o < ) < X o v favre Y
RIINNS L 2 DUFD L F5FL N@@WmlgﬂdE@QWﬂTﬂiﬂwﬂﬂlﬂ?n%ﬁﬂﬂu

nsuardatemivEisoNatiu e 31 ﬁ@mnwwaaatﬁaoa uazgmgﬂﬁu1ﬁ Ldu

-

LaefunaT 18 Tagiy 1y



_37-

a4
AIMINTE U a7l

FTUuANIINGRDY
~wan1neans Tuduzaaniadefomn faevn nsdwitnuL fuleus
AN TNeRBIETY 1A (318 TORIFRYINL REINORIN
Tnsthaicuna fulouselinge  Tesademinniszas  PCM el vRendigonn
Foouhidgnnddase wardedopmddnost hifumnuaed-owinnia s uBa
LaFUNIIA WL B
~uan 1 nenas TuAIuA AN karaININIE
INUANIINARBINTY 1N tﬁﬁ&ﬂﬁnﬁnﬂawu@unwstgawﬁa
2DIRIFEUND %qi&ﬁwaaq%ﬁn17u1¢éduﬁaoizuuﬂwsL?DMéaszniwoﬁaWﬁﬁuss
vy Inad ﬁwﬂﬁL%audassniwoﬁﬁwa%qaaoﬁwu1§gn§ﬁ1ﬂ15aé&wuLaﬁaﬁu

- y ] ’n’ 2 a 1 4 t AN 3', o~
Ppefiuns L ZansinT 1 Eau UAEANS LRBUL AU NS LEausa w16 YRNTTU

e e

anurzaRasiisetniaanisdidgyndiineaza ta3astaiem

a '
et
Y « & < {}kw»c) 2
nsveanatl tunisneaas Lipuaaatioa Lty ld Tunnsadag
Y Y < 13 T
srvugaed v duloudo L MensRes gy nainaens L du lenda il usidle
A [ N - e P 1 B
g g uruaie e (s rdonedRen hidmwatedan gy g
Juifnae  dufgyneugisniawiu (Dial  Tone)  Hyywilid19(Busy Tone)
Fmnnnssaa LTudu
2 - & Ay o o .o o v o o
YEU9TAIREWNE  DE TR lunsEaLEay  AasuL At
v .Y . . . . a o MY o MY r @ o
(7w A, B, C, D usx éu A',B',C",D") wassaiululs & lenauarluk
[ a ¥« o ad a e - % °
2 BN1TBANLYY Sefpedin 1 viiann L L AN TH 3995 18BN L AUNITRILEIFE N TN
Yo 4 ! < v v & e . , : P4
S wnrtoutu 16 aﬂ1q15n53a1ﬁ11Lﬁuﬁwvﬁwﬂqﬁazw@mwaa1ﬂtﬁuguﬁﬂaﬁaugsm
16 uarlFusmafaans imaneguuyi uifienfiuiaIan 18u3n199 38 Integrated

Service Digital Network: ISDN)

o ] {
iaLﬁuauuziuﬁwsuamwmaTHTﬁﬁugsmuuu
[ P v i v o = o A.,E
n3iiannda IRay sl Fp N TEnaY L N L Fan Nt fukay
L] ‘ -l
- Insfiiasdannadieiggunsds ldias Tngan

Hunsedusussignaudafidentangudne



—ﬁquﬁ1ﬂﬁaaﬁgﬂﬂ1&ﬁ§weﬁqgwmﬁiﬂLﬁuﬂussuuTﬁiﬁuﬁ Lo
ﬁgﬁwmgéﬁwaﬁwf;yu- _%@éwdﬁﬂégq'“%Suﬂahlﬁuﬁmmﬁmaﬁﬂaauﬁa #9pDMMN9 L Fu
Tenias <1qa§tﬁﬂjﬁﬂﬁ?ﬁﬁtﬂ?ﬂdﬂ&ﬂﬂﬂwq> snfgyansyisorva Tuonw
Sinan 18

—ﬁguﬁwaﬁaaﬁs:un%nédtazﬁétgaﬂﬁouﬂ Fadoun Tukms T
A ﬁqﬁuguﬁwaéaoﬁaeasuﬂaoﬁ@mwmaimaaLﬁuauwaaﬂﬁoa

Y YR e T Py AP Tﬁawuwsnv?ﬂws51uvu§ﬁ1ﬂ1ﬁuwn "o
uaxdaLﬁauﬁuiﬁqngawa nnnsil

—ﬁwwwsnLﬂgauQUﬂsﬁgaﬁ7$a1ﬂTﬂsﬁuﬁLﬁugﬁnsﬁgaﬁwsﬁﬁmﬁuiﬁ

~vhdgauasiann Tusunsuld uleslusiodiged  fraqui

éaa ad K o 9 ue
BUN TN LB uE 1960 16



&z d‘ ¥ o o ¥ - = & 1 Y o £ .5 £ 1%
wnanstluenasnanulidwiunisidnuienisfinwwiniu leugralnhluliusslevdmunism

Lidnsdilaensdu Snvavnuiilvdaudadiient wazdesddedudivaaenaisynasaninisluly



“

MFOE76

- E——

MOTOROLA

== SEMICONDUCTOR
+ TECHNICAL DATA

'
v
———— e

Fiber Optics — FLCS Family
Visible Red LED

This device is designed for low cost, medium frequency, fiber optic systems using
1000 micron core piastic fiber. It is compatible with Motorola’s wide variety of detector FLCS FAMILY
functions from the MFOD70 series. The MFOE 76 employs gallium aluminum technology, FIBER OPTICS
and comes pre-assembled into the convenient and popular FLCS connector. VISIBLE RED
® Low Cost - LED
® Very Simple Fiber Termination and Connection. See Figure 9 660 nm *
® Convenient Printed Circuit Mounting
® Integral Molded Lens for Efficient Coupling
® Mates with 1000 Micron Core Plastic Fiber, such as Eska SH4001 - /ﬂ
T (]
v (P

MAXIMUM RATINGS

CASE 363B-01

r Rating Symbol ' Value Unit
'6\.‘ Reverse Voltage S - VR 5 Volts
\'{ Forward Current — Continuous (4 60 mA
- Forward Current — Peak Pulse g 1 A
Total Power Dissipation « Tg, = 25°C {1} Pp 132 mw
Derate above 35:C 2 mwWrc
Ambient Operating Temperature Range TA -40to +100 C
Storage Temperature Tstg ~4010 + 100 °c
Lead Soldering Temperature (2 — 260 °C

Notes: 1. Mcasured with device solidered into 2 typical printed circuit boara
2 5 seconds max, 116 inch from case.

100 PHOTODYNE
mA 1 METER 83 XLA =
E! = IZZZE WITH 350
L e SH400 INTEGRATING
[— e ' SPHERE WAVEFORM
[ATAS ANALYZER

Figure 1. Power Launched Test Setup

Figure 2. Optical Turn-On and Turn-Off Test Setup
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ELECTRICAL CHARACTERISTICS (Tp = 25°C unfess otherwise noted)

Characteristic Symbol Min Typ Mex Unit
Reverse Leeksge Current (VR = 3 V) R - 100 -_ nA
Reverse Leakage Current (VR = 5 V) a - 10 100 rA
Forwsrd Voltsge (I = 60 mA) VF ; —_— 1.8 22 v
Temperature Coefficient of Forward Voltage AVE — -2.2 — mva
Capacitance { = 1 MH2) c - 50 — pF
OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Chsaracteristic Symbol Min Typ Max Unit
Peak Wavelength (If = 60 mA) Ap —_ 660 - nm
Instantaneous Power Launched (If = 100 mA, Figure 1) L 200 540 - W
Optical Turn-On Time (Figure 2) . ton —_ 200 - . ns
Opticat Turn-Off Time {Figure 2} toff - 150 — ns
Hall-Power Electrical Bandwidth (1) Bwe - -8 - | MHz
{1} g = 100 mA pk.pk, 100% modulation
TYPICAL CHARACTERISTICS
22 T 1
n ‘ , it
J 2 o8
£ | _Puseomy --—-- A ] Fialal
u PULSE OR DC ——— 7 z = ]
= £~ L 06
S o1 JHEA—4 ] £ ] -
4 U] S 05
g : E 1Y
< s -1 1144 2 04
£ Pg s 04 A
9- 17 ] { g 03 / \
= ‘_;.«/ < 02 s
16 = o
[~ 0 e e
18 [ :
1 10 100 1000 600 640 0 12,4
Y. LED FORWARD CURRENT (mA} A, WRVELENGTH tnm)
Figure 3. Forward Voltage versus Forward Current Figure 4. Relative Spectral Output
(L e 3R
3113
S i S |
| - — 117 13 N
Y—ruscomy —--— 113 a8 3 o > ]
—— o
§ PULSE OROC § ‘\‘
g 4 g 10
/ = -
E 100 - o R
3 £ n
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E X
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Figure S. Power Lsunched versus LED Forward Current Figure 6. Power Launched versus Fiber Length
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Ta. AMBIENT TEMPERATURE ( C} Ta, AMBIENT TEMPERATURE ()
Figure 7. Instantaneous Power Output versus Figure 8. Power Dissipetion
. Ambient Temperature
The system length achieved with a MFOE76 emitter and current {Ig} and the responsivity of the detector chosen.
various detectors, using 1000 micron core plastic fiber Each detector will perform with the MFOE76 up to the
(Eska SH4001 or equivaient), depends on the LED forward distances shown belew.
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Figure 9. MFOE76 Working Distances
CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS
i 1. Cut cable squarely with sharp blade or hot knife.
-lOCTUNG NUT 2. Strip jacket back wit_h 18 gauge wire stripper to expose
CLADDING 0.10-0.18" of bare fiber core.
DEVICE // /, LACKET Avoid nicking the fiber core.
. [/ LENS L 3. Insert terminated fiber through locking nut and into
MO:;ILEING ; the connector until the core tip seats against the
\' molded lens inside the device package.
f Screw connector focking nut down to a snug fit, locking
Moynting . .
“};: 0 the fiber in place.
¥

Figure 10. FO Cable Termination and Assembly
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TECHNICAL DATA |
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Fiber Optics — FLCS Family MFOD71
Photo Detector
Diode Output
AML
... designed for low cost, short distance Fiber Optic Systems using 1000 micron core FFi‘é(:ESRFC)Pﬂ:.:YS
plastic fiber. PHOTO DETECTOR
Typical applications include: high isolation interconnects, disposable medical electron- DIODE OUTPUT
ics, consumer products, and microprocessor controlled systems such 8s coin operated
machines, copy machines, electronic games, industrial ciothes dryers, etc.
o Fast PIN Photodiode: Response Time <5 ns -
o ideally Matched to MFOE?6 Emitter for Plastic Fiber Systems l
e Annular Passivated Structure for Stability and Reliability /
® FLCS Package /\,;&
— Includes Connector un
- Simple Fiber Termination end Connection {Figure 4) ’\
— Easy Board Mounting | bg
— Molded Lens for Efficient Coupling | @\
— Mates with 1000 Micron Core Plastic Fiber (Eska SH4001) X \E‘\
~
CASE 3638-01
PLASTIC
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
[ Rating Symbol Vatue Unit
Reverse Voitage X MFOD71 VR 100 Volts
Total Power Dissipstion @ Tp = 25°C Pp 150 mwW
Derate above 25°C 2 mwWrC
Operating and Storage Junction Temperature Range T3 Taag -40t0 +100 *C
. ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Dark Current (Vg = 20V, Ry = 1 M) Ta = 25°C Ip & 0.06 10 nA !
. Ta = 85°C > 10 —
Reverse Breakdown Volage ({Ig = 10 uA} V(BRJR 50 100 - Volts
Forwatd Vottage {If = 50 mA) Vf — —_ 1.1 Volts
Series Resistance (If = 50 mA) Rg - 8 - Ohms f
Total Capacitance (VR = 20V, { = 1 MHz) Cr — 3 o pF
OPTICAL CHARACTERISTICS (T = 25§) ;
Responsivity (VR = 5 V, Figure 2) . R 015 02 | — AW !
Response Time (VR = 5 V. R = 50 Q) ” tresp) - 5 - ns- 4

\ 5-2
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TYPICAL COUPLED CHARACTERISTICS
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Figure 1. Relative Spectral Response
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Figure 2. Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length
The system tength achieved with a MFOE 76 emitter and curtent {Ip) and the responsivity of the detector chosen,
various detectors, using 1000 micron core plastic fiber Each detector will perform with the MFOE76 up to the
{Eska-SH4001 or equivalentl.depends on the LED forward distances shown below.
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Figure 4. MFOE76 Working Distances
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MFOD71

CROSS SECTION OF FLCS PACKAGE
-

\LOCKING NUT

LENS CORE

| 7
v
A\NNN

TERMINATION INSTRUCTIONS

1. Cut cable squarely with sharp blade or hot knife.

2. Strip jacket back with 18 gauge wire stripper to expose
0.10-0.18" of bare fiber core.

Avoid nicking the fiber core.

3. Insert terminated fiber through locking nut and into
the connector until the core tip seats against the
molded lens inside the device package.

Screw connector locking nut down 1o a snug fit, locking
the fiber in place.

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING

The following circuits are suggested to provide the desired forward current through the emitter.

MEOETS +5V
| ;’ "
I R
LTS —] MFOE?S
0mA | 300 T a9
50 mA 56 ™~
100 mA 27 ~N

\
\ NONINVER‘DNG\\—"——\—-—-—-—\. e INVERTING

—— —~—="""""_ Figure 6, TTL Transmitters

[

OUTPUT SIGNAL CONDITIONING

The following circuit is suggested to take the MFOD71 detector output and condition itto drive TTL with an acceptable

Y

bit error rate.

"'MS-‘f 5y
(@ 1

/

/ §1E 343
MFOON

/
/
i
|
‘.
\

—AAA 01,01 N440Y
Ny 2k U1 MC302 (%)
-—
— 1 MHz PIN RECEIVER
. A
Figure 7.;!11. Receiver .
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OUTLINE DIMENSIONS
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. . . .
Specifications and Applications EIGHT-BIT MULTIPLYING
. Information DIGITAL-TO-ANALOG
CONVERTER
SILICON MONOLITHIC
cui
EIGHT-BIT MULTIPLYING INTEGRATED CIRCUIT
DIGITAL-TO-ANALOG CONVERTER
designed for use where the output current is a finear product
of an eight-bit digital word and an analog input voltage.
® Eight-Bit Accuracy Available in Both Temperature Ranges
Relative Accuracy: 0.19% Error maximum L SUFFIX
{(MC1408L8, MC1408P8, MC1508L8) CERAMIC PACKAGE
® Seven and Six-Bit Accuracy Available with MC1408 Designated CASE 620-10
by 7 or 6 Suffix after Package Sutfix
Fast Settling Time — 300 ns typical
® Noninverting Digital inputs are MTTL and
CMOS Compatible P SUFFIX
@ Output Voltage Swing ~ +0.4 V 10 -5.0 V PLASTIC PACKAGE
® High-Speed Muliiplying Input CASE 648-06
Slew Rate 4.0 mA/us
® Standard Supply Voltages: +5.0 V and
-50Vio-15V
FIGURE 2 — BLOCK DIAGRAM
FIGURE 1 - D-to-A TRANSFER CHARACTERISTICS
mMsaB LSB
A [=3 27 A, i
_ " A1 & 2?6A3]7A4T8h5T956 'OA T‘, 8?,2
g o conTaoL -0
- 10— Curtient Saitches 4
z
& T IIT] 1
x
2 P 2R | adder Buas Crrcun 2
Vo l GND
- .
2 Vietis )
E 140 013
0 15 0 vibies vee
62.0 Veetio) Amplifier
= L o016
COMPEN
veeda
(00000000) [SARRRRA RS NPN Current
tNPUT DIGITAL WORD Source Pair
TYPICAL APPLICATIONS
® Tracking A-10-D Converters ® Audio Digitizing and Decoding
® Successive Approximation A-to-D Converters ® Programmabie Power Supplfes
® 2 1/2 Digit Pane! Meters and DVM's ® Analog-Digitsl Muttiplication
®  Wavelorm Synthesis ¢ Dipital-Digital Muttiplication
* Sample and Hold ¢ Anatog Digital Division
® Peak Detoctor ® Digital Addition snd Subtraction
¢ Programmable Gain end Attenustion ® Speech Compression and Expansion
® CRT Character Generation ® Stepping Motor Drive

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1408, MC1508

MAXIMUM RATINGS 1TA " +25°C unless otherwise noted |

Rating Symbo! Value Unit
Fowe: Supply Voltnge Vee 55 Vde
VEE -16.5

Ougital Input Voltage Vg thry Vg 0104556 Vdc
Apptied Output Voltage Vo +05,-5.2 Vde
Reterence Current 114 5.0 mA
Retreence Amplitier Inpurts ViaVis Vee.Veg Vde
Operating Ternperature flange Ta °c

MC1508 -5510 4125

MC1408 Series Oto+75
Storage Temperature Range Yerg -65 10 4150 °c

ELECTRICAL CHARACTERISTICS (v - 450 vek, VEE = -15 Va, X%' * 2.0mA, MC508LE: T4 » -56°C 10 41250

R
MC140BL Series: T * 010 4757C unless Otherwise noted. All digital inputs at high logic level.)
Characteristic Figure Symbo! Min Typ Max Unit
Retative Accuracy [Error relative to Tull scate to! a E, %
MC1508L8, MC1408L8, MC1408P8 - - 2019
MC1408F 7, MC1408L 7, See Note 1 - - - 2039
MC1408P6, MC1408LE, See Note 1 - - 20,78
Sertfing Time t0 within +1/2 LSB | includes LMY A= 125°C) See Note 2] 5 15 - 300 - ”
Prepagation Detay Time 3 PLHPHL - 30 100 ”
Ta = +25°C
Output Full Scale Current Drify TClp - -20 - PPM/OC
Dwital Input Logic Levels (MSB} 3 Vde
High Level, Logic 1" Vin 20 - -
Low Level, Logic "0 Vie - ~ 08
Digitat Input Current (MSR)} 3 mA
High Level, V)3 = 5.0V ) - o 0.04
Low Level, Vi{ =08V he - -0.4 -0.8
Reterence Input Bias Current {fon 15) 3 h1g - -1.0 -5.0 uA
Output Current fange 3 Ior mA
VEE--50V o | 20 21
VEg = -15V, Tp = 25°C 0 20 4.2
Ouwut Current 3 o mA
Viet - 2000 V, R14 + 1000 11 19 1.99 2.1
Ouwut Current 3 10tmin} - L] 4.0 bA
(A1 bits low)
Cumput Voltage Compliance (F, <0 19% a1 1 5 » +250C) 3 Vo . Vde
Pin T grounded - - -055, «0.4
Fin 1 open, VEEg below - 10V : - - -5.0,+0.4
Relerence Current Slew Rate 6 SR 1,e¢ - 4.0 - mA/us
Ouout Cutrent Power Supply Senutivity PSRR(-) - 05 27 . mAINV
Fower Supply Current 3 Ice - 413§ 422 mA
(A bits low) eg - -5 -13
Powes Supply Voltags Range 3 Veer 4.5 +5.0 +55 Vde
Ta=4257C) VEER -4.5 -15 -165
Powe: Dissipanon 3 Po mw
ANl bits tow
VEE * -5 0 Vee ~ 105 170
VEE = -15 Vde - 190 305
Alt bits high E
VEE - -5.0 Vi - 90 -
VEE *-15 Vdc - 160 -

Note 1. All current switches are tested to guatantee st least SO% of rated output current.
Note 2. Al bits switched

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1408, MC1508 K

TEST CIRCUITS
FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUIT

vee
. 17 i
1SS Topiew vawe, R1a= mISe i
i Vit *+20V !
- ha C=15pF Vy and t apply 10 inputs A1 P
R4
At [ 12 e— Veat (o1 theu A8
A2 02 ' The resistor tied 1o pin 15 is 10 temperature compensate the
a3z ol N8 o— s bias current and may not be necessery tor sl applications.
[ ] 1 RIS —
Digitat } 4404 ycia08 2 = Al A2 A3 A4 A5 A6 A7 A8
1noun ) AS Ot Gerins o= K ._.4_4._.__4_0_0_4._}
a6 orY MCi1s08 |4 = Vo 2 4 8 16 32 64 128 256
" Qutput Vet
A7 oA 16 -— where K 2 %0
as o A4
. —— A
“ty ) c ‘ and Ap = 17 if Ay is ot high leve! I
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FIGURE 4 ~ RELATIVE ACCURACY TEST CIRCUIT
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-MC1408,-MC1508 -

TEST CIRCUITS (contituea)

FIGURE 6 - REFERENCE CURRENT SLEW
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MC1408, MC1508

FIGURE 9 ~ MC1408, MC1508 SERIES EQUIVALENT
CIRCUIT SCHEMATIC

DIGITAL INPUTS

MSB Lss {0
§0 A1 GTAz 7QA3 371\4 90 AS 10046 11TA7 12048 47
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: 15J) 15&) 13 o1 éz
{ COMPENSATION  Vig1() VEe OUTPUT GND
RAANGE
CONTROL
F
.r CIRCUIT DESCRIPTION
3 : The MC1408 consists of s reference current amplifier, sn 8 low impedsncs termination of equal voliage for all legs of
). R-2R tadder, and eight high-speed current switches. For many the ladder.
t‘«.‘ fications, only a ref resistor and reference voltage need The R-2R Isdder divides the reference amplifier current into
R be added. binarily-related components, which are fed 10 the switches. Note
~ The switches are i ting in operation, theref: @ high that there is slways a remsinder current which is equal 10 the
; $tate on the input turns on the specified output current component. least significant bit. This current is shunted to ground, snd the
i The switch uses current steering for high ©eed, and a termination maximum output current is 255/256 of the reference amplifier
i amplifier consisting of an active iced gein sisge with unity pain current, or 1.992 mA for a 2.0 mA reference amplifier current
g feedbtack, The ermination amplifier holds the peresitic capacitance if the NPN current source pair is perfectly matched.
Z_- of the ledder st » constant voltage during switching, snd provides
b -

MOTOROLA LINEAR/INTERFACE DEVICES
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" MC1408, MC1508

GENERAL INFORMATION

Reterence Amplifier Drive and Compensation

The reference smplifier provides s voltage at pin 14 for con-
verting the reference voltage 10 s current, and & turn around cirevit
O cutrent mirror for feeding the ladder, The reference amplilier
input current, 114, must always flow into pin 14 regsrdiess of the
setup method or reference voltage potarity.

Cannections for 8 positive reference voltage are shown in Figure
7. The reference voltage source supplies the full current 114, For
bipolar reference signals, as in the multiplying mode, R15 cen be
tied 10 8 negative volinge corresnonding to the minimum input
level. It is possible 10 eliminate R15 with only a small sacrifice
in accuracy snd tempersture drift. Another method for bipoler
inpuis is shown in Figure 25,

The compensstion capacitor value must be increased with in.
cieases in R14 10 maintain proper phase margin; for R14 values
of 10, 2.5 and 5.0 kilohms, minimum capacrtor values are 15,
37, end 75 pF. The capacitor should be tied 10 Vg o8 this in.
creases negative supply rejection, 3

A negative ceference voltage may be used if R 14 is grounded
and the reference voltage is applied 1o R15 as shown in Figure 8.
A high input impedance is the main sdvantage of this method.
Compensation involves a capacitor 10 VEE on pin 16, using the
values of the previous paragianh  The negative raference voliage
must be at least 3.0 volts above the VEE supply. Bipolar input
signals may be handied by conrecting R14 10 & positive reference
voltage equal 1o the peak positive input level ot pin 15,

¥¢hen adc relerence voltage i used, capacitive bypass to ground
is recommended. The §0.v logic supply is not recommended as
® reference voltage. 1l 3 well regulated 5.0 v supply which drives
logic is 10 be used a3 the reference, R14 should be rtecoupled by
connecting it 10 45.0 V through another sesistor and bypassing
the junction of the two resisiors with 01 »#F to pround. For
teference voltages preater than 50 V. » clamp diode is recommen.
ded between pin 14 snd ground.

1'pin 14 is driven by » high impedance such as s transistor
Cutrent source. none of the abowe compensation methods apply
and the amplifier must be heavily compensated, decreasing the
overal! bandwidih,

Outpit Voltage Rangs

The voitage on pin 4 is restricted 10 & eange of -0 55 10 +0 4
volts at +25°C, due to the current switching methods employed
in the MC1408, When a8 current switch is turned “olf”’, the posi.
tive voltage on the output terminal can wen on” the output
diode and increase the output current level When » current switch
it turned “on”, the negative ousput voltage range is restricted.
The base of the termination circuit Dartington trensistor is one
chode voltage below ground when pin 1 is Qrounded, 50 & negative
voltage below the specilied sate fevel will diive the tow current
device of the Dartinglon into satswration, decreasing the output
cutrent fevel

The negative oulput voltage comptiance of the MC1408 may
be extended 10 -5.0 V voi1s by cpening the circuit a1 pin 1. The
negative supply voltage must he more negative then -10 volts,
Using a full scale current of 1.992 mA and load resistor of 2.5
kilohms between pin 4 and gouad will yield & voltage output
of 256 tevels between O and -4.980 wolts. Floating pin 1 does
not alfect the converter speed or power dissipation However, the
value of the load resistor determings the switching time due to
increased voltage swing  Values of R up to 500 chms do not $ig-
nificantly affect performance, but s 2.5kitohm lord increases
“worstcase’ settling time 10 1.2 us fwhen alf bits ere swiiched on).

Refer 10 the subsequent text section on Setiling Time for more
detsils on output loading.

H » power supply value between -5 0 V and -10 V s desired,
8 voltage of between 0 snd -5.0 V may be spplied to pin 1. The
value of this voltege will be the maximum sllowable negative out.
put swing

Output Current Range

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages typically more negative than
-8.0 volts, due to the increased voltage drop across the 350-ohm
resistors in the reference curtent smplifier,

Accuraey

Absolute accuracy is the measure of each output current fevel
with respect 10 its intended value, snd is dependent upon relative
sccuracy snd full scele cusrent drift. Relative sccuracy is the
measure of esch output current level as a fraction of the full scale
current, The relative sccuracy of the MC1408 is essentiafly
constant with temperature due 1o the excellent temperature track-
ing of the monolithic resistor ladder, The reference current may
drift with temperature, csusing 8 change in the absolute sccuracy
of output current, However, the MC1408 has o very low full
scale current drift with tempersture.

The MC1408/MC1508 Series is gudianteed accurste 1o with-
in 21/2 LSB a1 +25°C at » full scale output current of 1.992 mA.
This corresponds to 8 reference amplifier output current drive 10
the ladder network of 2.0 mA, with the loss of one LSB = 8.0uA
which is the ladder remainder shunted toground. The input current
to pin 14 has » guarsnieed value of between 1.9 end 21 mA,
allowing some mismatch in the NPN current source pair. The
sccuracy fest circuit is shown in Figure 4 The 12-bit converter
is calibrated for & full scale output current of 1892 mA. This is
an ootional step since the MC1408 sccuracy is essentisily the
same between 1.5 snd 2.5 mA. Then the MC1408 circuits® full
scale current is trimmed 10 the same value with R 14 30 that 2 zero
value appears at the error amplifier output. The counter is activated
and the ernor band may be displeyed on an oscitioscope, detected
by comparators, or siored in a peak detector.

Two 8-bit D-16-A converters may not be used 1o construct &
16-bit sccurate D-1o-A converter, 16-bit accuracy implies s tota!
error of £1/2 of one part in 65, 536, or 20.00076%, which is much
more accurate than the 20 19% specification provided by the
MC1408x8. '

Multiplying Accurscy

The MC1408 may be used In the multiplying mode with
eight-bit sccuracy when the reference current is varied over 8 range
of 256.1. The major source of error is the bias current of the
terminstion amplifier. Under “'worst case’’ conditions, these eight
smplifiers can contribute » total of 16 BA extrs curtent at the
output terminal. If the reference current in the muttiplying mode
renges from 16 A 10 4.0 mA, the 1.6 uA contributes en error
of 0.1 LSB. This i1 well within eight-bit sccurscy referenced to
4.0mA,

A monotonic converter is one which supplies an increase In
current for each increment in the binsry word. Typically, the
MC1408 i1 monotonic for il values of reference cutrent sbove
05 mA. The recommended tange for operstion with » dc reference
current is 0.5 10 4.0 mA.

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1408, MC1508

GENERAL INFORMATION (Continued)

Settling Time

The “worst case’ switching condition occurs when all bits are The 1est circuit of Figure § requires » smaller voltage swing for
switched “‘on’*, which corresponds to a low-to-high transition for the current switches due 10 interngt vottage clamping in the MC.
all bits. This time is typically 300 ns for settling 10 within £ 1/2 1408. A 1.0-kilohm load resistor from pin 4 10 ground gives
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB tor 7 and 6-bit 8 typwcal settling time of 400 ny, Thus, it is voltage swing and not
accuracy. The turn off is typically under 100 ns. These times the output RC time constant 'mn determines settling time for
2pply when Ry £ 500 ohms and Co <25 pf. most applications,

The stowest single switch is the least significant bit, which turns Extra care must be taken in board layout since this is usually
“on" and settles in 250 ns and turns “'off”" in 80 ns. In applica- the dominant factor in satstactory test results when messuring
tions where the D-1o-A converter functions in a positive-going settling time. Short leads, 100 4F supply bypassing for low fre-
ramp mode, the “worst case’” switching condition does not occur, quencies, 8nd MiNIMuM $COps lyag length are all mandatory.

and a settling time of less than 300 ns may be realized Bit A7
turns “on’’ in 200 ns and “off’* in BO ns, while bit AG turns “on®
in 150 ns and “otf” in 80 ns

TYPICAL CHARACTERISTICS .
. (Vee = #50 V, VEE = =15 V, T4 = +25°C unless otherwise noted.)
FIGURE 11 - TRANSFER CHARACTERISTIC versus TEMPERATURE
FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE {AS thru A8 thresholds hie within range for A1 thru A&)
5 -
10 7 T y i T
, +25% 8¢ ;
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3 z . = 1w ) S / Al i
£ \ ] AT - A
(D
E 05 \ § 08 £ . %
w .
o< = v
3 \ A1LA2 g 06 " i ! L
5 04 < 2 A ! H
£ P, S pe [ ’ . :
z \ R /A TA ) i
02 a3
02 \ a6 =
ol acas \ [ { Nl X | A
10 20 30 490 5.0 0 1.0 ) 30 40 50
V), LOGIC INPUT VOLTAGE (vach Vi, LOGIC1%PYT VOLTAGE (Vdg)
FIGURE 12 - OUTPUT CURR_ENT verslus‘OUT?UT VOLTAGE F.OGURE 13.— Ol'JTPUT VQLTAGE versus TEMPERATURE
{Soe text for pin 1 restrictions} {Negative range with pin 1 open is -5.0 Vdc over full tempaergsiure angs}
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MC1408, MC1508

TYPICAL CHARACTERIST ICS (continued)

Vee- 150V, Vge -

~ REFERENCE INFUTY FREQUENCY RESPONSE

et 190 0
LFREDUENCY (Mg}

Veet * 20 Vin pl aftset 10 V above GND

Vet * $8mVip p) otiset 200 mV shove GND

FIGURE 14
.”){ - ~-
h0} - —-1 g —-- 4
A D
=
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-
E 0
s
w 20
Ed
S oA0p A S,
-
& 60f{--—-1 -4 —
L8 BRI O
1) — 4.~
? 1l _ L
[
Unlest atherwew soetVord
Rit- RIS~ 1gag)
Cr15pf am 1610 vy
R) * 50520 8 10 GND
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Loege et Somatt St Banghwidinh
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Ry« 8012

Viel - 20V

V& * 100 Vip ] contered o1 § V.

POWER SUPPLY CURRENT (mA}

POWER SUPPLY CURRENT fmA)

=15 V. Ta = 425°C unless otherwise noted.}

FIGURE 15 — TYPICAL POWER

SUPPLY CURRENT

versus TEMPERATURE (ol bits low)

APPLICATIONS INFORMATION
FIGURE 17 —~ OUTPUT CURRENT 10 VOLTAGE CONVERSION

Viel = 2.0 Vde
R4 = RIS» 10Kk
Ro = 5.0k}

MC17415G
or Equiv,

70
"
18 — —
" =
] |
17—
] e
80
1EE
60
40
.55 [] 50 1100 +150
1. TEMPERATURE (OC)
FIGURE 16 - TYPICAL POWER SUPPLY CURRENT
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MC1408, MC1508

APPLICATIONS INFORMATION (continued)

Voltage outputs of & larger magnitude are obtainable with this
circuit which uses an externa! operstional ampilifier as a current
to voitage converter. This configuration automatically keeps the
output of the MC1408 st ground potential and the operstional
amplifier can generate a positive voltage limited only by its positive
‘supply voltage. Frequency response and settling time are primarily
determined by the characteristics of the operational amplifier. In
addition, the operations! amplifier must be compensated for unity
gain, and in some cases overcompensstion may be desirable.

Note that this configuration results in a positive output voltage
only, the magnitude of which is dependent on the digital input.

The following circuit shows how the MLM301AG can be used
in 8 feedforward mode resulting in & full scale settling time on
the order of 2.0 us. .

FIGURE 18
65 oF
. At K
7%
S1k
8ONC
+I8V
3,
(Topina -2 2 Y
of MC1508L8) "
B 3 MLM30IA —evgo
.
. SONC
= 4
100 pF ! s v

An alternative method is to use the MC1539G and-input com-
pensation. Response of this circuit is also on the order of 2.0 ps.
See Motorola Applicstion. Note AN-459 for morce details on this
concept.

-~

The positive voltage range may be extended by cascading the
output with 2 high beta common bese transistor, Q1, as shown.

FIGURE 20 — EXTENDING POSITIVE
VOLTAGE RANGE

[Resistor ang
diode optionat,
e toxt)

The output voltage range for this circuit is 0 voits to BVego
of the trensistor, if pin 1 is left open, the transistor bese may be
grounded, eliminating both the resistor and the diode. Variations
in beta must be considered for wide temperature renge spplica-
tions. An inverted output form may be obwi d by using s
load resistor from a positive reference voltage to the collector of
the wransistor. Also, high-speed operation is possible with 2 large
output voltage swing, because pin 4 is heid at a constant voltage,
The resistor (R) 1o VEE maintaing the transistor emitter voltage
when ofl bits are “off" and insures fast turn-on of the lsast
significant bit,

Combined Output Amplifier and Voltage Reference

For many of its applications the MC1408 requires 8 reference
voltage and an operationa!l amplifier. Normally the operational
amplifier is used as a current 10 voltage converter snd its output
need only go positive. With the popular MC1723G voltage regula-
tor both of these functions are provided in a single packsge with
the sdded bonus of up 10 150 mA of output current. See Figure
21, The MC1723G uses both » positive and negstive power supply.
The reference voltage of the MC1723G is then developed with
respect to the negative voltage and sppears as a common-mode
signal 1o the reference amplifier in the D-t0-A converter. This
dllows use of its output amplifier as a classic current-to-voltage
converter with the non-inverting input grounded.

Since 215 V and +5.0 V are normally available in a combina-
tion digital-10-analog system, only the -5.0 V need be developed.
A resistor divider is sufficiently accurste since the sllowsbie range
on pin 5 is from ~2.0 to -8.0 volis. The 5.0 kilohm pulidown
resistor on the amplifisr output is necessary for fast negative
transitions, .

Full scale output may be increased to as much es 32 volts by

Lincreasing RQ and raising the +15 V supply voltage to 35 V maxi-
mum. The resistor divider should be altered to comply with the
maximum limit of 40 volts across the MC1723G. Co may be
decreased 1o maintain the same ROCQ product if maximum weed.
is desired.

FIGURE 19
15V 35 pF
i7a
i©
5k
9 10%
o 5
(Te pin 4 2 - €
of MC150818) 3 {uC1sasg —®Vo
240 - g
02y 1 10k 2200 pF|
4
= -5V
. X L
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"MC1408, MC1508 .

APPLICATIONS INFORMATION fteontinued)

Proprammable Power Supply

The circuit of Figure 21 can be used as 8 digitally programmed
Power supply by the addition of thumbwhee! switches and a BCD-
10 binary converter. The Output voltage can be scaled in several
ways. including 0 10 +25.8 volts in 0.1-volt increments, 10,05 volt;
o 0 10 5.1 voltsin 20 mV increments, $ 10 mVv.

FIGURE 21 — COMBINED OUTPUT AMPLIFIER snd
VOLTAGE REFERENCE CIRCUIT

Ro Sa

I 4 -
MR 3 O--rucnnc

=
1
1
lﬁ

MC 1408 Saries
MC1S08

A
vo-v,,,-:% (A)

Settling timae 167 8 10 voit sep & 10

Bipeler or Negative Qutput Voltage
The circuir of Figure 22 is » varistion from the standard volt-

the output voltage in the negative direction. For examnple, if
;proximately 1.0 mA is used » bipolar output signal results which
may be described 25 3 8 bit “1's” complement offset binary, Vieet
may be used a3 this suxitisry reference. Nots that R hes been
doubled to 10 kitohms because of the anticipated 20 Vipp)
Ou Pt renge.

FIGURE 22 — BIPOLAR OR NEGATIVE OUTPUT
VOLTAGE CIRCUIT

Vit o
Ata Rg
14 L}
asol :
arol
As
as MC1408 Serles (3
Aacl MC 1508
asol 2
az
B
Atod
a8
13 ]9 U
s =
TC =
i Mg =2 R14
¥ce L
it 15 - m1s

Vgt At A2 A) a4 as aE A? agl} v
Vor o—iro}— . L, 5, 0,20, 40,47 At
Ate 2 4 8 16 37 g2 iz8 238 Ry

FIGURE 23 - BIPOLAR OR INVERTED NEGATIVE
OUTPUT VOLTAGE CIRCUIT

MC1408 Serles
MC1508

For A = 00000000
bit contiguration
Vo Vit
For 8 28.0 wolt sutbut ronge:
Voot * -8.00 vottr
Ri4emiSs 3810
C=37pF {min)
o =B}

“Veot

I A

Decrease Rg 1025k fora © to -5.0.voft output renge.

This enplication Provides somewhat tower spesd, ¢ previousty i
discursed in the Output Voltage Range section of the General
Information,
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MC1408, MC1508

U= S,

APPLICATIONS INFORMATION (continued}

Polarity Switching Circuit, 8-Bit Magnitude

Plus Sign D-to-A Converter

Bipolar outputs may also be cbtained by using a polarity switch-
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus
a sign bit. In this configuration the operstional amplifier is switched
between a gain of +1.0 and -1.0. Although another operstional
smplifier is required, no more space is taken when a dus! operational
amplifier such as the MC1558G is used. The transisior should be
seiected for a very low saturation voltage end resistance.

FIGURE 24 — POLARITY SWITCHING CIRCUIT
(8-Bit Magnitude Plus Sign D-to-A Converter)

From vg a
Output
Op-Amp! W0k

Vo= Vof - vgP

172 MC1558G
or Eguiv

MPS56514

or Equiv

Polsriy
P, A,y
Control 811 Fr0 ALt
| Attenustor

Programmable Gain Amplifier or D

When used in the multiplying mode the MC1408 can be
spplied as » digital attenuator. See Figure 25. One advantage of
this technique is that if Rg = 50 ohms, no compensation capacitor
is needed The small and large signal bandwidths are now identicsl
and are shown in Figure 14,

The best frequency is obtained by not atiowing 114
1o reach zero. However, the high impedance node, pin 16, is
clamped to prevent saturation and insure fast recovery when the
current through R14 goes 10 zero. Rg can be set for 2 £1.0 mA
variation in relation to 114. 114 can never be negative.

The output current is alweys unipolar. The quiescent dc output
current level changes with the digital word which makes ac coupling
necessary. ’

FIGURE 25 - PROGRAMMABLE GAIN AMPLIFIER OR
DIGITAL ATTENUATOR CIRCULT

Vs

Rs

=0V ot
Rt

= §
= g NJJ " When Vg = 0, 114 = 20 mA

O 7w
6 Ve o Vet |
°% [ A

:—:] {#}ro

Panel Meter Readout

The MC1408 can be used to read out the status of BCD or
binary registers or counters in & digital control system. The current
output can be used 10 drive directly an analog panel meter.. Ex-
ternal meter shunts may be necessary if a meter of less than 20
mA full scale is used. Full scale calibration can be done by adjust-

ing R14 or V o¢.

FIGURE 26 ~ PANEL METER READOUT CIRCUHT

Drgitat Word From Counter or Register

MSE LS|
,5] ,I.T’T"T"T‘f
J R4 1a
s |
MC 1408 Saries 4
RIS . MC1508
= 1] 218 3 3] b
c Observe interna! meter
3} resistance {for pin 4
Vee L voitage swing).
= Vee i

FIGURE 27 - DC COUPLED DIGITAL ATTENUATOR
and DIGITAL SUBTRACTION

Vee Vee
c
= Rg
1] 2] 16] 3[ 13
el L] MC17416
Dt Pm Oy
R4y MC1408 Series or Equiv
R1S mcC1508 ~—.°—J.
2 a8 S -
5 I b
r = g
a8 Y
= LaY.les
5 GY 7? sT sTanTu?
Vet 1 1al
& MC1408 Series
MC1508 D

_L-ili‘—&-’.l
= ,i_,}.;L é:f 13

Vee Vee

'0?"'!
igrlg=~lg1

Veet 3 Vet 2
1a=1 -1 - al -~ B
omtor-toar fot (a) - 2 (s)
Programmable Amphifier

Digital Subtraction:
Connect Dighat Inputs so A = 8

o Vret) | Vest2
Riay R1sy
Veet 3 Vet 1 Veet2
vt mol{a} - {s}1] fvor {a} [t - |
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MC1408, MC1508

Two 8:bit, D-1o-A conver ters can

BCD D-to-A or A.to D converter,

ground of an operstionat smplitier, 10:1 curreny scaling ean be
divider. Il current output is de-
sired, the units may he opersted st fult scols curcent levels of

echieved with » tesistive current

The cirevit shown is o simple counter.
ramp converter, An UP/DOWN counter
ond dus! threrhoid COMparator con be
vmd 10 provide fpster operation end con.
Hnuous corverwon,

FIGURE 37 - DIGITAL QUOTIENT OF Tw

APPLICATIONS INFORMATION (continved)

FIGURE 36 - TWO-DIGIT BCD CONVERSION

L)
"o
5 Vo
MCr7ay
o~ Equiv
Moet Signiticeny
BCO worer
tex
0.5%
Viet
MCire08LE
o2 | mciaomrs 200 0.5
2
Leen Significans ¢
8CcOD Wo-d_

be used to build s two digit
1{ both outputs feed the virtual

or ANALOG-TO DIGITAL CONVERSION

B Bit Binery
Counter

The erior of the D.10-A converter handl
bits will be scoled down bys
may be used for the feast significant word,

MC1408 Seriey 9
MC1509 J

* ] :_I csod | CJ L

O ANALOG VARIABLES

Mss
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ADC0808/ADC0809

National
Semiconductor
Corporation

ADC0808, ADC0809 8-Bit .P Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADC0808, ADCO809 data acquisition component is a
monolithic CMOS device with an B-bit analog-to-digital con-
verter, B-channel multiplexer and microprocessor compati-
ble contro! logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channe! multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for exiernal zero and full-

Features

R Easy interface 1o all microprocessors

& Operates ratiometrically or with 5 Vp¢ or enalog span
adjusted voltage reference

B No zero or full-scale adjust required ,

8 B-channel multiplexer with address logic

® 0V 1o 5V input range with single 5V power supply

® Outputs meet TTL voRage level specifications,

B Standard hermetic or molded 28-pin DIP package

W 28-pin molded chip carrier package

- scale adjustments. Easy intertacing 1o microprocessors is )
provided by the latched and decoded multiplexer address Key Sp ecmcations .
inputs and latched TTL TRI-STATE® outputs. . 8 Resolution 8 Bits
The design of the ADC0808, ADCD809 has beerf optimized ™ 1018l Unadjusted Ermor 1% LSBand £1LSB
by incorporating the most desirable aspects of several A/D B Single Supply 5Vpe
conversion techniques. The ADC0808, ADC080S offers high @ Low Power 15 mw
speed, high accuracy, minimal temperature dependence, 8 Conversion Time 100 ps
excellent long-term accuracy and repeatability, and con-
sumes minimal power. Thess features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multiplexer with common output {sample/hold port)
see ADCO816 data sheet (See AN-247 for more informa-
tion.)
Block Diagram >
- STARY cLpex
- Bt~ ~ 47"~ —71
! —o IN0OFC o
o 1 CONTROL & TiMING SNTERRYPT)
]
o ] l |
Ot B CHANNELS l '
Vanaioawers | | MOLTAExwG ' !
o—1  swickes SAR. 1
]
Icownnm { =0
ot i I - —o
| state® o
1 T:m | o ["#s!7oumruTs
N | { surfen 0
- —
3 | .-
b J' SWITCH TREE |
33T ADDRESS < O ADRESS !_ —— |
1 Tlarcw . ] ﬂ :
ADDRESS o .| AND
LATEH ENADLE pECODER I 2508 RESSTON LADDER | See Ordering
1 1 | i Information
I | S -1 ¢
Voo GND  REFR{y) REF(-} OUTPUT
ERABLE
TUH/5672-1
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1 Absolute Maximum Ratings (Notes 18 2)

§ Military/Aerospace speclfied devices are required,
contact the National Semiconductor Sales Office/
pistributors for availabliity and specifications.

; supply Voltage (V) (Note 3) 6.5V
| voltage at Any Pin -0.3Vto (Vgc +0.3V)
’ Except Control inputs ,

Voltage at Control inputs -0.3Vio + 15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range —65'Cto +150°C

Package Dissipation at To=25'C 875 mW
Lead Temp. (Soldering, 10 seconds)

! Dual-In-Line Package (plastic) 260°C

i Dualdn-Line Package (ceramic) 300°C

Moided Chip Carrier Package

Vapor Phase (60 seconds) 215°C

infrared (15 seconds) 220°C

ESD Susceptibility (Note 11) 400V

Electrical Characteristics

Operating Conditions (otes 182

Temperature Range (Note 1) TMINSTAS Tmax
ADCO0B0BCJ —55°C<Ta< +125°C
ADCO0808CCJ, ADCOBOBCCN,

ADCO809CCN —40°C<Tp< +85C
ADCO0808CCV, ADC0809CCV —40°C < Tp < +85°C
Range of Voc (Note 1) 4.5Vpct06.0Vpe

Converter Specifications: Vec=5 Vpc=Vrer+, VRer(—)= GND, TyunSTa<Tumax and fo k=640 kHz unless otherwise

stated.
Symbol Parameter Conditions Min Typ Max Units
. ADC0808 ’
, Total Unadjusted Eror 25°C A LS8
(Note 5) TN to Tamax %Y, LS8
ADC0809
Tota! Unadjusted Error 0*Cto70°C 1 Ls8
) (Note 5) Toain 10 Taaax 1Y, LS8
input Resistance From Ref(+) to Ref(—) 1.0 25 k
Analog Input Vottage Range | (Note 4) V(+)or V(=) | GND-0.10 Vee+0.10 | Vpe
VREE(=) Voltage, Top of Ladder Measured at Ref( +) Vec Ve +0.1 v
Y "
E ﬂﬂ—:—vﬁﬁ‘—) Voltage, Center of Ladder Vee/204 | veer2 | veerz+04 | v
; Vage(-) Vottage, Botiom of Ladder Measured at Ref(—) -0.1 0 v
' Comparator Input Current 1=~ 640 kHz, (Note 6) -2 105 2 BA

Electrical Characteristics

Dightal tevels and DC Specifications: ADC0808CS 45vsvocss 5V, —55‘CSTAS+125'C unless otherwise noted
ADCDBOBCC., ADCOBOSCCN, ADCOB08CCV, ADCO809CCN and ADCOBO9CCY, 4.75< Ve 5525V, —40°C<To< +85°C un-

i
i less otherwise noted
{

St

Parameter

Conditions J Min

1 Typ ] Max ] Units

I ANALOG MULTIPLEXER

gy OFF Channel Leakage Current

Vec=5V.Vin=5V,
To=25C

10 200 nA

forr(-) OFF Channe! Leakage Curent

Veo= 5V, Vin=0,
Ta=25C

¥
] Tain 10 Tiax 10 . RA
|
: Tamin 10 Tmax

-200
-1.0

-10

33

H

3

-
g\
i

| -
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ADC0808/ADC0809

Electrical Characteristics (continved)

Digital Levels and DC Specifications: ADC0808CJ 4.5VSVees5.5V, ~55'C<Ta< +125°C uniess otherwise noteg
ADC0808CCJ, ADCOBOSCCN, ADC0B08CCY, ADCOBO9CCN and ADCO809CCV,.4.755Vce <525V, —40°CSTa< +85°C un

less otherwise noted

Symbol l Parameter l Conditions Min J Typ I Max l Units
CONTROL INPUTS
Vingn) Logical *1” Input Voltage Vec—1.5 v
VIN(O) Logical “0" Input Voltage 15 v
ingy _ 4 Logical “1" Input Current Vin= 15V 1.0 BA
{The Control inputs)
IIN(O) Logical "*0" Inpast Current Vin=0 -1.0 pA
{The Control inputs)
Iec Supply Currestt fouk = 640 kHz 0.3 30 mA
DATA OUTPUTS AND EOC (INTERRUPT)
Vouty) Logical 1" Output Voltage lo= =860 nA Vec—0.4 v
Vouto) Logical 0" Output Voltage . lp=1.6mA 0.45 v
Vouto) Logical 0" Output Voltage EOC lo=12mA 0.45 v
lout TRI-STATE Ouiput Current Vo=5V 3 pA
Vo=0 -3 pA
Electrical Characteristics
Timing Specifications Voo =Vagr(+)=5V, VRer(-)=GND, t, = t=20 ns and T4 =25°C unless otherwise noted.
cc (+) (=)
Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Puise Width (Figure 5) 100 200 ns
twALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
ty Minimum Address Set-Up Time (Figure 5) 25 50 ns
tH Minimum Address Hold Time (Figure 5) 25 50 ns
o Analog MUX Delay Time Rg=09 (Figure 5) 1 25 pS
From ALE
41, tHo OE Control to Q Logic State Ci =50 pF, R = 10k (Figure 8) 125 250 ns
t1h ton OE Control to Hi-Z CL= 10 pF, R = 10k (Figure 8) 125 250 ns
te Conversion Time 1= 640 kHz, (Figure 5) (Note 7) 90 100 116 + pS
fe Clock Frequency 10 640 1280 kHz
teoc " EOC Delay Time | (Figure 5 0 8+2puS Clock
. X Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15 pF
Capacitance

Note 1:AbaoMoMmdrmmRaﬁn9si’Minhsb.yomwﬁchdamgowm¢devicenuyocm.DCandACaIactﬁcnl spodﬁcatiohsdonolapprywhmoo"‘w

the device beyond its specifiod operating conditions.
Note 2: All voltages are measured with respact 10 GND, unless othewise specified.
Note 3: A zener diode exists, intarnally, Sx® Voo to GND and has a typica! breakdown voltage of 7 Vpo.

Nou4:Twoon-chipdiodesmb‘odbmnunaloghpmwhicnwi!tomwconducﬂoranaloghptﬁvolhgosonediododmpbelowMoromM”
greater than the Veon supply. The spec eiows 100mv1mrdbhsofmmode.Thlsmnsmlaslong-smAnalogvmuoesnoto.xcndmsupp?r"""g
by more than 100 mV, the output code will be corect. To achieve an absoiute OVpe to §Vnc input voltage range will therelore require a minimesm suppry volag?

4.900 Vpc over temperature variations, intal tolerance and loading.

Note 5: Total unadjusted error includes d¥set, tull-scale, insarity, and multiplexer errors. See Figure 3. None of these A/Ds requires a 2010 or full-scale "*‘f:
However, if an all zero code is desired for & analog input other than 0.0V, or # a narrow full-scale span exists (for example: 0.5V 10 4.5V full-scale) the retere™

voliages can be adjusted 10 achieve this. See Figure 13,

Note 6: Comparator input current is 8 bias current into or out of the hopp bilized P . The bias current varies directly with clock frequency and

little temperature dependence (Fipure 5). See paragraph 4.0,
Note 7: The outputs of the Cata register sme upcated one clock cycle befors the rising edge of EOC.,
Note B: Human body model, 100 pF discharged through & 1.5 ki) resistor.
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functional Description
shutipiexer. The device contains an B-channe! single-end-
of analog signal multiplexer. A particufar input channel 15
slected by using the address decoder. Table | shows the
W states for the address lines 10 select any channel. The
addess is latched into the decoder on the low-to-high tran--
- .g%0n of the address latch enable signal.
g TABLE }

S

: SELECTED ADDRESS LINE

“"ANALOGCHANNEL | € | B | A

N0 Ll

IN1 R I Y

N AT IN2 L H L

N3 L] H|H

INa Hl ol

Wt INS [ T

. ING HlRr|L

SR TS IN7 H| H|H
CONVERTER CHARACTERISTICS

“The Converter

The heart of this single chip data acquisition system is its 8-
bl analog-to-digital converter. The converter is designed

W 3

to give fast. accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter’s digital outputs are positive true.

The 256R ladder network approach (Figure 7) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularty important in closed loop feed-
back control systems. A non-monolonic relationship can
cause oscillations that will be catastrophic for the system.
Addisonally, the 256R network does not cause load varia-
tions on the reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resisiors causes the
output characteristic to be symmetrica! with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + V; LSB
and succeeding output transitions occur every 1 LSB iater
up to full-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are requirsd for an n-bit converter,
Figure 2 shows a typical example of a 3-bit converter. In the
ADCO0808, ADC0809, the approximation technique is ex-

‘ tended to 8 bits using the 256R network.
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FIGURE 1. Resistor Ladder and Switch Tree
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Functional Description (continved)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC)pu!se.Theeonver_sbnisbogunqqtpefall_lngedgeof
the start conversion pulge. A conversion .in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accompiished by tying the end-
of-conversion (EOC) output to the SC input.  used in this
mode, an external start conversion pulse should be applied
aﬁupowerup.End—of-corwersionwillgolowbetweeno
and B clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. it is this section which is responsible for the
ultimate accuracy of the entire converter. it is also the
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FIGURE 2. 3-Bit A/D Transfer Curve
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FIGURE 4. Typlca! Error Curve

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabifized comparaio
provides the most effective method of satistying all the con.
verter requirements.
The chopper-stabilized comparator converts the DC inpu
signal into an AC signal. This signal is then fed throught 3
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter exiremely
insensitive to temperature, long term drift and input offsel
errors.

Figure 4 shows a typical emor curve for the ADCOBOS ay
measured using the procedures outiined in AN-178,
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FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
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Duakin-Line Package
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Typical Performance Characteristics
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wmumnc CONVERSION
Apooeoa ADC0809 is designed as a complete Data
fwon System (DAS) for ratiometric conversion sys-
ratiometric systems, the physical variable being
s expressed as a percentage of full-scale which
hwr»y refatad to an absolute standard. The volt
b mbmerooaosxs expressed by the equation

g .

(1

Dygax = Maximum data limit
.cﬁ'hm = Minimum data limit

:;%od example of a ratiomstric transducer is a potanhome-

-3 ised as 8 position sensor. The position of the wiper is
1 @ncty proportional to the output voltage which is a ratio of
e full-scale voltage across it Since the data is represent-
o 232 proportion of full-scale, reference requirements are
preatly reduced, eliminating a large source of error and cost
~fr many appiications. A major advantage of the ADC0808,
. ADC0B09 s that the input voltage range is equal 1o the sup-
Py range so the transducers can be connected directly
&T08s the supply and their outputs connected directly into
N mmiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiometers, sirain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; howsever,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scale
voltage to the standard volt For example, If
Vee= Vrer = 5.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step is 1 LSB
which is then 20 mV,

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and botiom of the ladder must be controlied to maintain
proper operation,

The top of the ladder, Ref(+ ), should not be more positive
than the supply, and the bottom of the !adder, Ref(—),
should not be more negative than ground. The center of the
fadder voltage must also be near the center of the supply
because the analog switch tres changes from N-channel
switches to P-channe! switches. These limitations are auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sapa-
rate supply and reference. In this system, the supply must
be trimmed to match the reference voltage. For instance, if
a 5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

j vee
[— REF(+) mse
’A
% 1153
< * DIGITAL
- 2 oUTPUT
b Gyt PROPDATIONAL
° TO ANALOG
. INPUT
-
- 1.0
17 7
REF(-) LsB Ooyre N o IN
)| I GND OUT= VRer ~ Voo
A .I. 4.75Y sVoo = Vrer 5525V
] ADCOS0S 4 Ruﬂomngvlc transducers

TL/H/S56T2-7

FIGURE 9. Ratiometric Conversion System
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Applications Information (continvea)

The ADCO808 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figura 11 a ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, of if
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF outpul capacitor. .

]

—

The top and bottom ladder voitages cannot exceed v,
and ground, respectively, but they can be symmetrically jeg,
than Vg 8nd greater than ground: The center of the ladde
voltage should atways be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., se of
the LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmetrically cen
tered about Vci/2 since the same current flows in identcy
resistors. This system with a 2.5V reference allows the LS8
bit to be half the size of a 5V reference system.
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suPPLY Vee
®s8
Vaer REF{s) DIGITAL
. BuTAUT
out REFERENCED
O= 1y 10
vin{o— ¢ SROUND
$
0 1o
e REFi-) Lss )
¢ GND Qouyr = v‘%

ADCOSOS

475V < Voc = Vagr £ 525V

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
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Vaer [T iy Sout RCFERENCED TO
REF{+} Ol GROUND
Vin § O E
's8 Vi
1— REFI-) ss Qour = Veer
~o— oD 475V < Voo = Vper S 525V

ADCOBD2
TLrH/s672-8

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Ve Supply
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FIGURE 12. Typical Reference and Supply Circult

:
3
4. 2.5V

-,_1;:
u CONVERTER EQUATIONS
m‘hnsmon Between adjacent codes N and N+ 1 is given

i :
N 1
*VN' {Nmm-vnsﬂ 9["'&*'—5,2] 2V‘rucs} +VREF(-)

meemeroflnozﬂpxﬁcodeN;sgwenby
x “ (VREF(¢)-VRE;:( ))[ “]:VTUE} +VRer(- -)

lh' Output code N for an arbitrary input are the inlegers

| the range:
V, -V

Nes W VREF(-)

VR VRey X 2562 Absohute Accuracy

".‘_','3‘ V;N-= Voltage at comparator input

E :t: REF(+)=Vonaga at Ref(+)

?\“VREF( )=Vottage &t Ref(—)
- Vrue = Total unadjusted error voltage (typically

:‘>§;£VREF(+)+512)
o A

@

@

....2’

“

sV
B\ .17
Vee
75V
LU P L3
1)
L
. A DIGITAL QUTPYT
PROPORTIONAL TO
5 Coyr ANALDG INPUT
5 125V VN S 35V
. o
125V
REF(-)
v REFERENCE Ry Lss
ZEh £ GND Ra=Rp
%) *Ratiometric transducers
3. . .

TL/H/SET2-9

FIGURE 13. Symmetrically Centered Reference

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the peri-
odic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The averagé value of the comparator input current varies
directly with clock frequency and with Vy as shown in Fig-
ure 6. .

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired for noise reduction 4
signal conditioning they will tend to average out the dy
comparator input current. It will then take on the ch

istics of a DC bias current whose effect can be
conventionalty.

_/
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ADC0808/ADC0809

Typical Application i
141
| i
500 hH: (48 § 114
ADDRES 5.000V = Vag (e &0t INTERRUPT
{AD4-ADIS)" LY =~ Ve i)
1o s
START -2 D38
B ALE 2-1}—— 085
>0 |
ADO—4 A rf—»08
ADT-——18 :333 H—>on
ADZ—C - p———p 09}
- ——p 088 Lss
SvsureLy
t—1 Vee la [ Vin$
11 .
-5V
GROUND ‘== o ANALDG
INPUT RANGE
*
g P Viy !
TL/K/5672-10
*Address latches needed for BOBS and SC/MP imerfacing the ADCOB08 10 8 mcroprocessor
MICROPROCESSOR INTERFACE TABLE
4 |
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
2-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMAs$2eR/W | VMAs¢sR/W | TROA or IROE (Thru PIA) !
|
i
1
i
!
|
Ordering information |
|
;_/Cl
TEMPERATURE RANGE —~40°Cto +85°C —-55°C w
1 ; cJ
Eror | 2 LSBUnadjusted | ADCOBOBCCN ADC0808CCV ADC0808CCJ ADCOB0BCS 1
$+11SB Unadjusted | ADCOB809CCN ADC0B0SCCV A
Package Outiine N28A Molded DIP | V28A Molded Chip Carrier | J28A Ceramic DIP | J28A Ceramic 2
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