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UvARta
ﬂ?*ruty']ﬁwuéﬁ Wunsdnsifaiudesreanisiasmsuassiuduloiuag ( Optical
Fiber ) wazviinsaieganaead  ganaassiiasinnisa¥iildiflunsdeasuuuddnea  ( Dgital
Communication ) waztiluuuLAna17a@ama9 ( Half Duplex ) qmwmamﬁuﬂmamﬂu 2 gy
gauusn 'l'ﬁdqﬁ’ry:yﬁmﬁtﬂud’rurmtuﬂmﬂan ( Analog Signal ) Tatmanasuaelvidu
doyeyrnunamea  ( Digital Signal ) ufadrinuidulaninar  douniaduiulasdygiuiinea
_~ ~( Digital Signal ) Lﬂuzﬁ’rgry']mamaﬂn ( Analog Signal ) AVNIAN
dawndes ({dun1siy - ddayarendnAanARes ( Personal computer )
Abstract
This thesis is the study of the Data Link between the Microcomputers through Fiber Optic. Apart
from this, we have arranged an experiment which is the Digital Communication and Half Duplex
Communication.This experiment is divided into 2 parts : 7
The First Part : To relay the Analog Signal by transforming the data into Digital Signal and
send through the Fiber Optic. The receiver will transform the Digital Signal into the Analog Signal.

The Second Part : To intercommunicate between Personal Computers
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1efuLNana

BRTIATUNEUTBIN < 6% 2
nanuel CORE

HRTIANIN UL <2% < 2%
nanaad CLAD

Numeral Aperture { NA ) {a)0.18 ~ 0.24 pm +£0.02 (2)

(0.85 um )
{b)0.15 ~ 0.30 pm £ 0.02
(1.30 pum)

A1TNA 2.1 URAIAININTEIUTEY Parameter TaTaaFaaaduluuasi COITT uusin

13




NSRRI LAY
uiieaneuAnkansreslasaiwiiaaulfidunegydenieglusaseadulowaaas
(Fixed Loss) UATNIGEUALTNIMNY ( Addition Loss ) iemautindulouaslldlussuydaans

anmaiibiiiansgryidaua uassaglfn 2.10

COUPLING LOSS .o ] CONNECTION
ﬁqﬂn1dnﬁtﬂﬁuao UIVANIINATUT Y LOSS

Rayleigh s@atter loss lll
D

00

Paos

)
o0

Absorptlon COUPLING LOSS
Fresnel 1OSS Scatterin 8 = FRESNEL figunsniuusy
Reflection 1o MICROBENDING
Ss REFLECTION
LOSS

IINAY

1usus isua

vav lAs9d51v

Radiation Loss
thnvanisdava
717 2.10 uansaMRFe i liAansgadaua

'
o =

qztﬁufhmizgrymﬂwuﬂgj'luﬁwmLﬁ'u'lﬂummﬁu Masnamgeee W
1. NMAauaY { Absorption )
2. NTNTLAANTYANE ( Rayleigh Scattering loss )
3. m?m:ﬁ’mn?:Lﬁmmnmm‘lﬁmjﬂmumm‘[mmi"w {(Ununiformity Loss )
D, & R
daunrgaydaiiniunniuiaanaamesne I
1. mevalavaadulauas ( Bending Loss )
2. nalAuuy Microbending ( Microbending Loss ) /
3. mesadulauas ( Connection Loss lAwinsgaudeainnisasiiaunduaacuas
NNIRuRINTEAANTYAE )
4, mﬂ%ﬂurii'amemdwqﬂﬂﬁﬁuﬁwLﬁmLLmu"z‘agﬂni‘rﬁuumﬁmﬁu’lﬂum { Coupling
Loss )
siﬂ‘lﬂﬂqztﬂumm‘ﬁmﬂﬁqmﬁa:ﬁj‘ﬂmﬁhﬂ 183AMAIBINRAANgydtuasiunsdisigg
1. megaufuasitinainnsaauas ( Absorption Loss )
m?qn&uﬁﬂﬁ'tﬁmmnms'c;]mLLmﬁLﬂuﬁ'm:rtuzw“ﬁumLﬁmﬁ’uﬁumuaﬁﬁﬁqmumﬁ"lo’iﬁ nan9Ae
m?'ﬁ"l'i'lum?uamLéfu'luu.mLaqﬁ’ufqztﬂuﬁqqmumﬁtﬁuwm'lmé’u'lﬂum Lté'otﬂa"autﬂun'qu&uﬁﬂm
yneanudaulnavialy udrazfinegaussiuiiosnanufes | asfildndndiulowse ) uazidesn

anarsaun@etuatluuia  ( Impurity )

14



zim?um?qcyﬁﬂmnm?qmtmmmuﬁqﬁu WAzhAUAY Untraviolet MUUSY Infrared n199m
uae Untraviolet duasgaunniigafinnaenaadulndiy 01 um UATNIIYALEN Infrared AzgANINTIAN
rouenadulngiu 10 pm mu?{mwmoﬂﬁuﬁm u MIGOIREAINNNIGAUAINZAAAIBEINNNIN
fagd 211 aziiudaanauemadulsznm 10 pm ldaualssann 16 pm NIGOYRLAZANA
Whuaiiauyuian ( Valley ) .

m?qtgta'ﬂmnm?qmumﬁ'utf'imu'mnﬂﬁ?uﬂam_laau ( Impurity ) ﬂuasj&u'lumumn*?iw"mm
Wuleuaaluadn ﬁ’uﬂﬁngdﬁdou'lmgtﬂu ION 723lanzsine 11U ION 289Mdn ION T89M8und WAz
w7 usrexmaialuniminlimsgdauasiasldimunliinnannsadiia oN ACV Ry
aanlldlulaqiiudaulug)idy Hydroxi ION(OH-)ﬂl’uﬁ'ﬂndﬂq1ﬁ’1’dqﬂ?:f§‘ﬁﬂﬂamfmmm?ﬁq'lﬁm?zgry
@euadittegludulowadBilddemiudunsdnia Absorption Loss Suifesnain 10N vadlaus
Hydroxil ION wisnififuied 'lugﬂﬁ 21 f-\:tﬁufmmmm?qzyLﬁﬂum-?;m'mmaﬂgud'\mﬂ LSRN O
ulouasiivndnauinings A, ﬁmzjrytﬁﬂqqqmmﬂ FuenlinswieseRamansfuaanminl
negrydsuaciianng Argauduasgeanfinainenondu 0.94 um, 1.24 um 8% 1.38 um &utﬂums‘q:y
@efifaannnisgares Hydroxi 1ON findndnafunazassdnufiduyuinn ( Gond1 Window teaidy
leuaa ) vinlng, fuANEARY 085 um, 1.3 pm Uax 1.55 pm ( Fanda Window 7 1, # 2.%3)

U finegoyRauassin Tahmnldlumsiaasfaadulouas

100 /
11977
50l H
(1.24 pm)  7(1.38 pm)
’
Ultraviol T ,
travioclet 7 I
(0.94 pm) absorption loos 1S WY /’\
ey ! \ / .
'y Infrared ) N
i :\ absorption loos h /' \
5l I+ Rayleigh L '
! \ absorption lods HRTY
& ption lof , /' \‘ 1 1978
- [ Hydrogen Ion h
& N - ; ) 1
S ! » absorption loos / / \ .
@ ' / N /
E ) l \ -
L / ‘\ ‘/
e ! -
i \
é‘l 1
Ea / N
Cad \
p \J 1979
A Igfrargd
\ absorption
0.5 d 1984 /loss
~d . N ¥
|
\\\\ e
/ Ul!;tr:avi.o].et1 S~ e
absorption loss i r
v.1 P = L LA
1.6

7.8 1.0 ) KW
] 4
AWML INFULES (um)

U7 2.11 uanepuaiingtydsuasannisgauasraadulanadivndaauo

16



2.MEFYABUAINLNAINNISNTEAANT LR EUAIULLILS ( Rayleigh Scattering Loss )
v H 13 ] ]
nrgydswuildulmngnisaliifaludleuadlnssnuiuingd ounnlnd A eety
-II 1 4 ° L4 : -~ - ] ~ ] « 3
AnEnIARUUNT Vi liuaniuuannszdanszaneanillufiameieg  fedresealmngmisoiigud
. v v
uany sagu 212 Asmssusaiviesiudufinfu  wasnewiwesith@unmaunsiunniuiy
iiaanMsuAnnIzdnnIzaneTmiua  giinnseaiunelsngnisainisiannssdnnssansresuadiing
] v ] 1
unWandTe Rayleigh pafuA e Fanlsngnisaliia ( Rayleigh Scattering Loss ) dmfunas
3 v 3
namdulouaniu ilflasnisiiacadaulssnn 2,000 evinaados uiwiudasadenda Preform
ot i 4 a - - a a oo < ' ¥ LY
htnnmdutigueinananuaefisdunsllaufmarsfuiiadins  snfiAsimarauvieuda i
. v v
whilausemnadn uazlureuiifesinlidulousniufigunfianasain 2,000 aeraaiFes \hugoug
- g < ' -3 ° 1 -3:’ ° 74 ] ° [l dlq :
W 20 avAgalEa atnsamanimauliasin eoaliadiadueresnamnuiuiinad uney
3 ) v
Wiaufau 2,000 avrnaadod (Wufe anubisiiaue weerdatiniminm ) AnAagatiniuly
k4
Wulaussuaziuauvayinlfiia  Rayleigh Scattering Tuhudnlauas Andlugmgnisifianisgods
H + L4 H
uasivdnidedbildluiursunsuantadunsgudauadiflszireg s adulouag TUIATE
Rayleigh Scattering azifludadaunaln® = megnauasenings 4 doawmgiiaziiuda gl 2.11 aruena
- -l - - oy ] A I v ;A -
TDIAAUUAIILAUNWENTAININ Rayleigh Scattering AviiAviaaasanfstriduilaniuenonauiy 1
pm A1 Rayleigh Scattering Loss Azilfintszanmd 1 dB/Km uaztiiorninenaadudli 1.6 pm An Rayleigh

Scattering Loss aziiA1tseann 0.1 dB/Km

\\ ,/ .
:O: na9nfimy
-~ ~ .

7N

ol e o a
‘Q\Q> usondnqyutadudy (fuq15u)
<§5§j o) uAnnizeylupsseananlavay

]
ysvinaupIoafuraa (qunv)
HUYI4gInIA Ay

- . £
UsIRURNNIZ 9 uiy Vs
- . -
szuee wu Wuin Sy
Tuysssanan

lurau iy
U8 LRuNEYA Y
UIIEINAYA

nE1vIu

Tan

[
ABU LYY

71J-2.12 uama Scattering 1aeualuLIFTEINA
v i
UENAIMIUTUNATEY  Rayleigh Scattering  flaifudmdrulaunsesiugnmpiluneuiivinnsia

Preform Withu&uleuas t’ﬁmnmmmﬁ‘nv‘h'lﬁqmqﬁﬁﬂﬁ Rayleigh Scattering Loss Aztiasias

16



andrathady aumgfianufeuiililunnsia Glass Fiber Afian? Fluoride UuagliAnszunns 700 aeen
wraidea vinli Rayleigh Scattering Loss #lAniflis 1/3 184Glass Fiber sTuAMENNTLA MR Glass Fiber
fiflans  Fluoride tuegdailinsgusuniiinannmegauds infrared  1dausneantyughud
ATNENARUINNALFIUARY Window 71 3 784 su 2.1 Andedsuiisaniy Rayleigh Scattering Loss i
r-hﬁ;ﬂﬁT\mmfzﬁ']'lﬁmu'nn‘lﬁ'tﬁu'lﬂum*?'\'ﬁm?qn;L&'ﬂb’;qmnﬁﬂﬂ?zmm 10 mili dB/Km ( = 0.001 dB/Km )

3. msguRsnnnisnsednnsznguss suliasnainanuliasiianaradasaade
Tuigulauga ( Ununiformity Loss )

ﬁwa“’utz’{u'lﬂum*?ilﬁ%"]ﬁvumf-ﬁq'] u anawmnsing umsaiainbiliawnsolfidulauaed
fifnauznan 100% uanaNt Core UAT Clad filszneumudhudlauasdlignunsarialg
IAanweuy gﬂwmm‘mﬂnmmmuﬂnuﬂmmummmmmm’mmo‘uﬂqLé'u'lﬂum‘lm na1NABRTITaLse
189 Core U Clad  tuazbidshiananaen na"mnm:::ué’nwmzﬂmﬂnuum;muﬁﬂﬂ?ﬂﬂsjp‘lﬂﬁeiu
aantutiasin iinmanszdansvaitaacuas biuasdauliamnsamunalilu core 14
nszawaanlldieuen ﬁqmi’uiaﬂﬁaﬁ"lzjﬁﬂumi"xmumzv‘h'lﬁum?;tﬁuwmLﬁmmm:ﬁﬂunﬁ’uadw
mvtﬂ"a:ﬂzv'h'lﬁm?zﬁtyLﬁﬂumLﬁlu'%um?qzytauumvﬁuﬁﬁ"undq nsnszdansEaneiuaesuiinamnan
m'm‘lummmuﬂmaﬁﬂNam'luté'u'lﬂum

4. msgauizainmsnsenauasauliinanainnsealseaadulenas ( Bending Loss )

Lﬂum?qrutﬁaum'nl.nmumaLé’u’luumqnwﬂma‘fm"lﬂ dmiunmnaldadulauaaiousne u
ol 512 umﬁ;ﬁqmﬂ‘[ﬁqmnndwuﬁnqﬁué’otmqﬁ’ufﬂzmzmﬂaan‘lﬂuan Core YRR agoy @i
ﬁq&u'luma‘ﬂ'anuuuszuumﬁama*é’wviu'luLtmazﬁmizﬁm?zi’mdfl'lﬁtﬁmﬁmwm&’u'lﬂumnﬂuzhu
RN Faiineen e l&ls wulitiu 40 miimeter

5. nMsgaudaiinainnisealAatuy Micro Bending

Li‘]umﬁqrytﬁﬂmnmf-nnm?wuuNnm‘luﬂmmuﬂmn?ummumwmmté’u’lﬂtmiam'luu.nu'nm
Eulsuaslineliidndas ( Urzune 2~ 3 pm ) Lﬂumm'lun'wqtylﬁmwu%u negaudeiiFandn Micro

Bending Loss #awmiilunseanuunilassa¥radiilauaessiaainistiasiuusanaannmedudhay

:/-MICROBEND

MICROBEND v\

>
YTu { Layer ) tlasriunnsnszunndiudulousatiusiv

MACROBEND

71 213 uamansgryidausamiinaannisalfaunsne

17

at



4 =
] L
@
2
9 31
o
-t
-
Z
o
s 24
w
[
<
-
&
o M
+ + + L —
1 2 3 ¢ )
LATERAL MISALIGNMENT RATIO L
D
=
T
(773
(%]
o]
-
c
<
-t
>
1
<
+ ; } ¢ —
1° 2 3P ae 5¢
ANGLE 8 IN DEGREES
)
=
(2]
v
o
-t
Q,
<
o

) END SEPARATION RATIO %

]
<f

11 2.14 ugaadrngsine 1aensgyidsniiaainnisiaduleus

e



6. megandsfiinanmssaidulaua ( ion Loss )
mmeduloussiundruiumsdereninlvterauta nanAesasraiiiuatinedlaliiia
UszlwFaufafiegirluviefeanldrauen nediivinnmssieiduleuas 2 dudhdostuty
Susuusndndlufaninetiu Core WaasRuadumeinulinseiumes dunnda Core Famaasiarin
Lisfnatvauysafifu uasieaninann Core Aumienedourasiuaglinlly Core Bndumitaus
aznszageenlidiuaninlifamsqudeamnisfansqoiduetinetiuans Tz 213 nanadedl
yanzAaIAARRLTBINNY Core ua:‘a"u'] dwiudmegaudniudaulngjazananmenanandewses
UMY Core aikmNAsUTNIRetunsdifiTiteing ( Gap ) Weaantasasiniiianegaudaann.
mzazfiaunaudnndasinlnnniunitiasfansasteunduiGanda Fresnel Reflection

7. msgmﬁtiaﬁtﬁm’mmst%'ausi'aﬁ‘zw.i'mLﬁ'uTﬂtLaqﬁuqﬂnsrﬁﬁﬂLﬁmumuazqdnerﬁ%'u
Wad4 ( Coupling Loss )

Ltmﬁﬂdﬂuﬂanmnqﬂn?niﬁuﬁmﬁmumﬁ’u fdeulalumsfiastiouuaadn i ludlauassiod
nAN9LLES TTuABAY NA ( Numberical Aperger ) n?n’iﬁlﬁfqﬂn?tﬁﬁuﬁmﬁmum"lﬁuri Laser Diode { LD )
W30 Light Emitting Diode { LED ) AzilRaquuansafiuneaainndnaseaiuasfilsasnanuiainiu
Ailaussufazlfiaudsnnaudafion 1D avfinsguderesnmndessiauaaionndy  uanaamiy
Trsaafrsadulnasiiasgnilouaadnluiy maiduriguinanaes Core maadulanasuuy SM
uazuuy Gl azilAdresiinlfruateanisgauidnreanisdessauaadiiseiulilfeg  Aeay
miqzytawmmﬂ%ﬂusi'aum?zwifmLﬁu'l.ﬂumﬁuqﬂmnﬁuum&u dleuasiil NA inmiufeuaad
sanandulousaun 6l axfidusindundrduasiisenaméilawaiun  sM mbinsgoydeuaa

-l '
NN

71 215 wammsgryidauasannisdensiasswiradulawasiugUnsaiiilauag

unaIn AL
gunsnffduialaddyiainlrsuunasiemsdandulaudaiuawidemuefaatAnuansnean
srunAeanialuiife qﬂnmfﬁv'huﬁq-?{i‘umﬁmrmruumﬁ'l'h’ﬁﬁmga‘lﬂmuLé’u'lwrum‘
ﬂaﬂﬁnfqﬂnmfmm'ﬁv‘imﬁﬂ"f;ﬂé"mﬁ’uﬁqLu.lmzi’tyry']mnz‘a’u‘lﬂné’um?zudﬂm’tyzy']m‘lﬂﬁﬁﬁuﬁry:yqru

4‘ ° YW } 24 L4 4” ] g
LLﬂ\i‘quu'WﬂﬂQ’lNz’QﬂLLﬂ:L‘]J’I'l"}‘lMIJ'm'HuQ'\ﬂUYIﬂ'ﬂNﬂ’:}’ﬂ’mu‘lﬂ

037309



uariiiauaei ilussuudeansdaeniuedensiin snihufasdinuaniBsieline

1. e biuasiindsudeanudiuaannreiiazddygronitaiundinsanszas
yareamseans1i
2. Tﬂ'z‘m"a"m'nmLma'qﬁ'uﬁmumv’l’mmmm'dqwﬁqq'\u‘ummu'lun‘ju?ﬂv?wum’ﬁﬁ‘lﬂ'lu‘lwmm'
anAnfildushaudnaamnmdnis ﬁuﬁaqummmnﬁmummmmdqﬁ'uﬂmﬁmti‘luquuﬂuq uazdl
ﬁﬁmﬁuﬁuau’lunmiﬁummnmeﬁ'\Lﬁmﬁﬁnwm:n?smmﬂuuunf’m annsaldqunsaldiusuas
duwauyudnndaaiemuusdoulingadginuefeetint

3. AnugmaAuTea FFasaomuenzaniuinuefaeAindild  Tussuudeansloua
ArEapAULasTinzaNiU e faLAnnngaAszn 1,55 Tuasau sasasnensldud 13
Tuasau uaz 0.82 luaseu

4. lBng ( Line width, ax ) sasuasiildacsiesiidrlion aldaransadedeymBannmnng

5. dAIABLAUBNTBAMAITA Wiadawaiuaniwiialifudyoniiiiude  a¥a

v A
dyryrnuusenanun deadidduning suariiuavinlildiasaslasnafiannsodedaysBanosnny 147

HAWIY
100 %

50% —

AM

o
AMNENIARY
{ whuwns)

N
850 900 950 1000 1050

UM 2.16 wamdlmBing ( Ar) 19UnaIiuHAUAY

N v wo
TR P LRI DI} wihdudalavy

) s =
\

A7 GaAs 14 P #
/ 7 Y
umlagawmz , / \
+
' 417 GaAs THin N ‘.
N 1umnsd ﬂ'\uﬂi“wﬂﬂﬂn

wihdudalaug (1)

(n)

3Uf 2.17 Tassa¥raneluges LED

20



6. nivmuaaeidasiineiiameannan uarbifimauanunladla 1 Fuilennanua
20U UATANINUIAREN

Tneiluvdsifanasildactuegivery Wy lussuufifsraenedeanslilnatimite
sl lunasdnm anald LeD Wuunaanuiindyoyouls dou’lusxuu*?';ﬁmmsﬂszawﬁquﬂ
szlfuanaimefifluinirieya eanaayludnearisnameslaten (L) Wawtariiausaameiain
A Al 'luﬁﬁazndmﬁqqﬂn?niﬁﬁLﬁmumﬁllﬂu LED  wanaeflnlenatinaing  menin
BidnvsaiindialUEuAuan g daum‘?mﬁmﬂmﬂL'nﬂa‘q:‘lu"u'anmotwm:ﬁmmﬁ’ﬂwqwﬁmq
Wandidunan

UNARINUUALAS

LED ( Light emitting Diode ) vdaine laTemfignesnuunilassairalfanunsonlsendanuuas
sanunidiflefinslunesiigndas  dnwnislassa¥ues LED wuuugildlussuuiviue foafin
uamesagLlii 217 ( n ) Falsznevlidsasriiaunaidiuenfirlumide GaAs (LED Whliagldanswan
wasluiinviedaneu ) gninldluie P @ilaavierlszquanuinnd) uazafia N ( HBeAnsau
daszanndy ) aseiu vanmsioufivilewlataavte LED  sesuaniialy definasluueagnmng
Fausfivunzan aziansadeuiediaanseuluilaalussuindasesdasasans PN ( #idundn
1andnaniuwdenmlssanme | uasiimaanunlassiimdnuresudianasey ianisaant
nawueaniine lugluesuas

yapkiansdlii LED - aradutlssnmunaidenenfihiieanlal ( GaAsP ) unaidou
vaawas ( GaP ) ergiitflununaiduneniirlud (ALGaAs) WieduwAanunaldsnanfinluiaaias |
InGaAsp ) & WewAuulamunannuenaaduiadils

uasiiulaveananann LED ludassasie asiidnunisnssdanszaghifiuamaiioniuin uas
Fimpreuirinirainiusd lssdninamAaudus msudlninldTaeufuatasairasans
Wilarududeutuuasiimatmunsenaanisuldauasfialiuasiinssouseenunlufianaieniu
mgﬂw 217 () fﬂmm:rru"'umummﬂmaﬂnmun@"uwuwmmmmmmﬂugﬂqw Tnefiyunszaneuag

'luuw)m(so ) l@nndnyunszanauasluiuIuau ( 120°)

L ' |

L ol

#177iin P B
usdhvjenan

| YUY

Arrmin N

4 ,
ntEANN nrzann binasunsdoueingld

U7 2.18 1aireilatan

21



Wwrasialan (LD )

paflataniuginsafansisiadnssiniduaivlaleaudgnesnuuulfaunsawldiaaas
wafaanunli dnezuasssefifluuasiidusadou dhananisyereuasllumafoaiu uasii

of .- v . ' '
anseiui bifiaudinuasgannn dnelasaivituguresaeflalen uaasfegnn 218 n ) 34
dsznaudearsuuuidaoiunldvin LED dinsnanufanawsiu windauieasefugnindeudnaansi
° Yy o - °
Nuthiiaiiaunszanan

Wadinsluweaiuenzaui itamaadsunsasinaulussninemlasanme  WHetvneu

d; P o~ ‘I. | ' -~ o LY a = - . A' Z 2/
ndeunldnsenutnausinauazinsdromwdsaminliiiad neusia ludiindunnunsuazasiian
« ' v v
ndvldndunniFonsessis suillesnannszanfilaneisasmginssuguiiiniAnnisacannds
4’:’ v =l 4‘ [ = ¢ ¢ 1 4 4'
Lunelunnivegwilusaioy landauiANInwasswanzgnszanitunilaanuuuag
GILGH
[ ke v
wannsina Ansaunifudsauamaniaiausausgeiatinnin il
14 1

nsluueaiaizeflatenliinnusunldwanasesaaninld  AuesgiuAruaanszuantlauliiu
iy TneaziasiiAagendtAnszuamsalaad ( 1, ) Aimusmugulnaaaiu winnssualuweaiAm
ndnssuamstlaadiaigailalandanminuag winsaiuldsesnuiasiiansuzaslraszadrany
nfulaauaeres LED 5930A0

ennnszuamstlaadranaiasinlaaiidngann  ildnslduaeslataagnindnlua
wAL szsieasnuuLaasiAsudgenn wilulaqiuamesintangnesnuuulifldnssuamssland
el lﬂiI-\ - ° 1 v ar <4 112 L 1 e 1 -d' P o 1 =4
wenlinfiaduasnlinlianunsnainaasivvielasnefivlidie wifdnindemefiledneddbifilas

b 4 v 1 73 ° [ - 1’/ o~ a o - L7 < L T Yl =l -f
ﬂﬂ’]d’QLﬂl‘ﬁ’ﬂﬂmTﬂﬂL‘lﬂNﬁ"nMuﬂﬂ uaxuuunﬂwnmﬂunz(mummua:‘lﬁ"lmau‘lmﬂnmnmwme

gunsniFudtygyrnuuasiFalninainnas Lﬂuqﬂn?dﬁlﬁtﬂ#ﬂuﬁ’mmﬁruum'lﬁtﬂu'ﬁ'ﬂqamq
it quasnTRfiddyresinafinme fussuudeans T

1. Feafiaonialunsfunadlddianazlugaiidanis L{"immnm?mﬁ:ytmmuam:'l-h'
prmempauatludauany  AufnnuasduiiiaeaadliRefesiunannssunauriu
taninlideyaiinnstianatals

2. Lom'luma‘mauaumd’rgryﬂmﬁmé’umn nafe Weiluasmnnsznuindwinmes
v'fmLﬂﬁiﬂutﬂuﬁryty']m‘lviﬁ%'\"mwm?;zz’uﬁqm Lﬁﬂﬁ:dﬂﬁwﬂ'ﬁ'\muun'\mmm'l-h’%’umé'wmﬁmi‘qqq
&

3. lussuudeansuuvazunaendesdindinnefaiindifled  Weannsfadfieuues

4
drynyrruasWiiviaengmn

1
e

4. doyryrrusunaunieludy iaanananmuadensiasiAiaungs

22



Winavinre i lunwismaiaivareriaGuain « Winlalan » sssuan fusaslugld
2.19 ( n ) Avdnnasnuasdtudulaleanlasiaiia LED na1ame welalen lafundeeiuuasann
° P A’ - ' - n'/
muusn aziiiareutuluidnadssanveusesesss PN inadlunszuailuaviianssuaiin (
1] 1 L 9 - z
dark currént ) ‘s Tugaetivaniinsluueanauliunlalemdinonlanawvzazaenendey Whunalid
X A P P-PrPN - o o
nezugluaniniu Armnisivasaanseudiilassnuasiiiifanaaeanunisluneandude avluaann
dauanuasumaans ividhgiauatnaraslaten
.I - 1 % b 4 -l' o -\I U - [ 3 ar
nasnuFudasanimeindaaiuuanannin ldlaanmsiiuaussulusanduaseininlalan
udn oranlilaenseanulasaasrenielugesiu Tnuunsnarsuuuduriugn ( 1) Weswinesenss P-N
v ! 1) v
anwuzsguilGundnduiWinlalosaaiia PIN fawanalugild 2.19 ( 9 ) TedaeWlinszualuaunaunda
1] 173 .
Winlataanuusssuaniielugsnnnesny anuatadlasaiauuy PIN vl inlatenalaiifituun
mauldgssuuuia « unsinoeanidn ” Seesnaanszuaiiiauasnnnssnulaelifasiinasi
uediae uas * muainmauaniin » Winisineuiiaiinas lunaanauiiusaiu
3
Minlalanuuvezonaiud  ( APD ) srduvannisiuituipsaiuszaudialon An 19
: 3 1 -5 ﬂ;ﬂl ) - -
nszugdluanniundnininlalensssunmanaivin umnmmL&'ﬂm\mummhmqquuqq uasiin
&ryeyrawsunaunn nslfnuininlateauuuezanaudaniufeddussiuluwasndudsuinegs
Uszancy 40400 Taasl ) wafidunadmszin Iinamauaussdyqrudunin
WimsudawmeiiuduliwinfvinsesanedaniieivanisAuiasiug wdnnisminauresiuag
Iufurnaeudinuaannegny wisuaiauiunisdelnialalaadiusiuasamaudamas e
uashilanudiugennnssnunszuanaruininlalaatunwassfidinn slinszuafinneadnimned |

Ie) Iannduuusssuanilefiussnnnssnumiaiu

mrouaInusInnnIsy

RN Hi

. S
<« o> | ¥
H At
< 4B¥ | <0 op g,xff‘f fdantou P I N,
am ] <o ew i “ l
i i 2
oa . T
— T o
ll l ll
AAN19T89 Ip
”
o—Ph—o
( n) TansaFrauasdyydneaizes PIN Winlalan (1) PIN WinlaTan
e

71 2.19 WinAinines

fornvaainlansndamaiAsannsnaminsdygniiinnaamudnuaaiasy 165 witldag

' ¥ z N . - 1 ]
namayausdygruAsudteife Sdeanatuiau (rse time, t) Uszunn 10 Tulasiund aaldmune

23



Aoy ° -

fuszuudieyarunalvglumslfouiussuuhiifayadunenmitauuusingge q - ( 100 winzidsnd
Al ) azliWiansnudawmesatin PINFET Aillaseafratluneassaaiioust PN Winlalanflusg
wadygnuariinamaudamasuun FET Wuisenadyyiueglushdaioaiuanudnnisina by
T iafmamesitanalalunsfudyginigs uasladtyoyiusunaui
[ 4

23a5lnsiaas

aaslaseiitenariudyyinaiiludiudrfyiacdaaWunasidauasiiily LED wiiaiaites
lalan  vinldetnadiss@ndiom  dnwruzasasinsnefdwin LED  Aeudrausnsnaainaeastes
weflalen vidtliflasan LED fpusuifaraniu@adulunmsuldasaimudnszualuiealagnss
Mimngdmivssuudeansilideyauuuesunaan  lusnzindsuusiidaeanunaniagasle
Tan dindimsulasunlasgeunatinemnida vy Ainszualuweafisnnndanssuamsnlaad (1, ) dawfn
—’!’ T & v = = 2 o o d’dv -
Tunsaantes Aty lfiageslataniuasasiudygy unfidayailuuuAines

99a5dm5U LED

9. o v . d v

widn LED azmsnzdmdunmisdsdyonuuesinaan  wilustuudeanssruslndana
ansnlfdedayaiiiuadneals dutu asslugi 20 Fadwasasliormuunding Saeasluplii 20
n Ndwiudedayaniidniu 1 neiines TnaAvenssuaiilvadiu LED (1) gniusalaanszua

ARALANIAGT ( I ) NIudawes( Q,) uazAnslisio

YEC( +5V)
vce
R
1
) e ot
R1 N
3Vimin) :” w
l l PIN RB
O—ANANA—— 1 Q1
\ p—
LED >
¥ DATA IN v Ic1 A
_ ) o— | 754518

(n
) (1)

U7 2.20 2easlasied LED wwuAlmea

o= 1o = V- VIR,
Wa Ve wWuusany anasex LED wurludanss Samnaninfinimun

. o A Y| a4 e o
nezuaa I WidatuAunszua | Bnivilranssua I, = 1/ B dia B Ae MawmenaTed

nidamaiuay I, Auanliain

IB = (Vl(maxl - VBE' VF)/RB

24



d: X ! o 1 - -L-) ~ [ 13 aa

118 Vg AR ANUSIUGIgaTRadtycyrnidn vrefnessauunsunsdoyanwaanaadu« »

awarluglit 2.20 ( 9) dudndnsnsuileimsdedoyaneianes Afliadasnmuinndingas
g 220 () TeeldleTiuas 75451 vive 75450 EnudaL Arwmilaresususinagninvualiil
anmivaaandu “ 1 7 (+5V) mAmaelddwivdedeys Taaunsdaymidy « 1 7 LED azlivnau
waziladayaily “ 0 * LED azdedtygrnuuaaanun dausaiiuszy ( C ) Wdwiussnazasmaia

o 4‘ - ¥ ) ~ v ° v
usssunszan JadnfazldAnyszinn 1 pF wazAteeasiunng R, annsaAmnuldainnszualuue
an3a IF 989 LED Ainvuamuanineasiy Iagldgrenisauon
R1 = (Vcc'VF)“F
waslasnef LED dwiudyyruennasn uaasiagui 2.21 Taalugid 2.21 (n) husetne
i L4 ’ H ' - e 4’ [ 3 s

aeasigneenuuuifidnszualuuea LED agszwing 7.5 - 40 Taduant] JufuArveiasiumg VR,

nnaradtyorduneasiidegizuing +2 Tead dasgnuiasdunszualvatiu LED AdlAn

senIe + 10 Haaweu]

Q1
2N3443

(n) (1)

317 2.21 2aslasnef LED wuvazinaen

e NN
} o 9 a L3 z
qaaslugiit 2.21 ( 9) Mnssuadu LED  ndyyeutiounduluaeas vinliidasasiiatiasniwuinau
Fagunuliuale VR, Mimuswunaresnssualuwealyinuaeas

29’51aLgas lalan

amslfunaefiatealuszuudears  Asudwazgeoanluniseanuuunas  wezaaassesil
Urzdninmuszauifinansgs ufenlaezunsuveasiiouaeslalenuanidagln 7 Gedivdn
¥y A o - - o A4 e C - o Y -
nslidrdewdinfeuiunas LED Waausindiutiaunduviefaudadtyoyins ainudifinauaung
aslasnefitinAuwiuey
dryeyrautleunduanaldainmsliinladmamad Aindsznsuagniulusduseaiuiuages
lalanlussuvdeans Wusnmadyuinuadideaanuniiaies 2aslasnafasdimfnnszualuues

wireflalan Mldisziundnuuszasrsuufdeaanlufinnuifseasaasiniuey

25



Input Signal —— Signal Amplifier

Driver

Control
Bias

A

Feedback Amplifier

U 222 vdenmdinauressnageslaten

WRTFNALRDS

Tureusuldnanatialuanisiemresiiianlalan  lihaudednuenizaaminnuluisyes
Tuuninlsneamidn uama‘fqgﬂ-?; 2.23 ( n ) Tnanmssiaiinlalanaynsndusiasuniuluen R, et
annsznuazifianszualua il aussdunnasasinan R fiduviaiu | x R il I, A8 nazuaiivalu
asasaunsydaindAnliunn mndeanislinszua ) fAnuntu deaiusssulusaliruinialaten &

U7 2.23 (2) e WiAansvinnululuuntiinaausniiv

o VO=IP*RL

(m)

PD
> RL
N
{(n)
+y
PD. N
M y=-1P*R1 N
b o VOUT=-IP*R
R1 LED.
1 (1) (4)

U7 2.23 aaaninurasiiinlalen

OVQ=-1IP*RF

Tumaljuminazlinasmi i ussiunnaseulnlalaleniiAnasinaasnian adan i
ansnainnszua | WWatwiliafiozniw dutunastuguf 223 () uazgdii 223 () Wil
Tunmsinaii uidzeusssivar ™ v, AsesmsiiAfulauannis weeiude

V, =-L x R

out 4]

26



wasluglit 223 (9) Aiwansiauun i ineeusniiv azildiFandneasugi
223 ( A ) FafurialUuaWinasmdn Aaeansus L Thunatuiieananuaresuasnnnseny
uazAuansliiann
b =R x Py

Wa R udreinssuasiand i wanuliansd dvuadsawnaeaniy waz Py unas

NuuaniFararudinugainnnsenuinlaten

20V

{

x_lse432v , BD 2N390e5
5 )
2N4416.
RG.
RL 2. 2M
. 3
1M ¥
504324
-5V

(2)

U 224 aasilaavinmesilinsudames

lumseenuuunsfasinibivieanssuadafifaemsaMinlaten susfinisludandu
prmd iy 1, #an Aearlddnsieeenin  aeesluglil 224 Dussasanialatenildinendames
{udaunenedoy ot Tmﬂﬁww'lugﬂﬁ' 224 (0 ) wanzdmiumsiilussuuezuaenuazas
asluguit2.24 (1) Tulifussuaanes

-2 A’ nl } 4 o P « - z
NI mauumﬁxwuQumﬂnu&‘:nummﬂﬂmﬂ sanURnuINIY

27



unn 3

N1TaanibuuUNle

UANNSNINUTDIIRS
Qqq‘rﬁmmﬁ‘nﬁmd’zytyﬁm‘lé'amﬁ’nmmz
1. Aryoytuaunaan
2. Agyurnunaneq
IC 7 ua IC 8 {lu OP-AMP siauuL NON INVERTING AMP  #wthiwenedtyeynns  Input
Input ﬁ'l'iﬁuﬁtytywmamaan Ay 1Beeauss dtynyind Sinusoidal  19719TAILAN Output 184

v '
Ic8 Witlsesuusemulaliin + 5 wszasasiiaanuuy V., 189 AD 14 + 5 V. Us uthiiilusiauanans

ref
esyaulisadiuiiu +5V AaduAu 5V LED azfin %aﬁtyt‘g']mtﬁquqnmmﬂﬁw IC12

Output 189 IC7 azgnsialudy 1C79 %qﬁwu’fqﬁuﬂmﬁrytmmamaan'lﬁ’tﬂuﬁu;tyﬂruﬁ?zmﬂa
WuuTU 6 i dyanidnen Clock ﬁﬁﬁﬁﬁﬁmuanﬁmﬂms’ Sampling Felfeenuuuliie skHz
dryeynnutian B1-86 gniensiadiaiuan PO-Ps 184 IC10 ( 74LS 166 ) %4 IC10 1flu Register 8 Bit ¥
wihil shift dexyazas PO-P7 anuuvifluaynsuesniia Q7 Tnudediaya P7-P0 sus sy P7 fn
MSB, PO @ LSB 11 Clock1 lHlunas Shift ﬁagaﬁquhﬁuimm Sampling x 8 Bit 71 PL ( 15 ) 1y
Low A% Load Hiaajann PO-P7 iinenl haniliilu High ax Shift ayasenluidied Clock revniudnan
#7111 P6 = 1 uay P7 = 0 191un1s Synchronize dayaseninNnIATLLaTNIAZS

sw1 @eulUit Q7 dedtyryniddnes saumia B wsiaenrdedayananaalng Computer tinu
RS-232 Aynyruiameatihy + 12 v wlaaidn 5 v fu o v Taeld 1c MAX 232 udadtyryrouddld
11 deiuihiulsedyoraianealiivanzandesli LED Drive Feazutaadtyoyradlwiinthiu
Ayeyrnuuassialil uae BC 547 FaflunAzene LM 324 wenadyooliiunzan IC1,IC2, uay 1C4 W1

winiuaaasmnsaanud a1t lunas Sampling

2995N1ASY

Photodetector Hmthasudyrnuasidudyaalini uazamiuE LM 324 1878
&yoyrew VR azinmsdiuussiuuazdadnaning msnzanmadafinan tnverting Amplifier 151814
Frynynuvileutumads Sudenlfiaing SW3 TORXMAX uanvindaamedtyyiuiineauas
nauiudtyyruaunaan Eudeulud B Lz‘jamﬂmm&ymwmqn RS-232 283 Computer e ldluns
Taudhatiaya Enapuaindlud A Aryryrnuasgndsliluda ic 74Ls 122 vuthfifluaeas MONO Stable
AMNNANTEY Pulse %umjﬁu VR1, VR2 uaz C3 1azdlfumn VR1, VR2 Wimunzanaszldidtyoys Pulise
Fea¥rolan B8 B7AyqIRLS :qnmm'nnﬁ'amaqwi'mé"m’hﬁww Fhase Lock Loop Tmeild IC NE

564 T9ANNND Input $1T1 6 U1 3 azdeeiaudvindu dau 74LS 193 Yiwiimsaciniag 16

28



i1 Ae Feedback 14iUan 3 189 NE 564 I.W‘J"l:,’ﬂ:l%uﬂ')"mﬁﬁ'ﬂ’l 9 WirruANuA Input x 16 Famaneda
finien geensdedaya é’tyrqu?;m 9 189 NE 564 tins NOT GATE e liflé Clock AfiAauumaway
uazrinlu ety 1C 74LS 164 Favuliadt Shift Register WL Serial In to Paraller Out dauding IC 74LS
374 VA7 Latch Hoyauiedl Clock rauITudInazds Data Tdanna D/A A IC DAC0800 131ald
ﬁzym']mama'anﬂan'?;m 4 dading LF351A vt Rwaesunszuaduusads dou CA3140 funaas

Low pass Filter AND 100 kHz

29



1 | 2 3 4
+5 ‘
8 MHZ o IC1 1c2 Ic3 IC4 ICS
CRYSTAL 241591 241590 241590 | (LALS193 (g (aLs1es
i P8 Q@ I P8 @@ ICé: A
o#s 450 — lbcLkige _é_z‘__________lom_mua _152____.__1¢>cx_1<1aa 12 .TB_I‘ P1 QB _3_7 —ra—I P1 QB .
2 Qi L Z— 2 Q1 |z — ” al = —3+{ P2 acis 21 P2 ac 73 I 74L513
o#1 #40 MR1 @2 2. ZinR1 92 (3 2{nR1 @2 P3 Qb | — %P3 @D
= MR2 @3 ={ MR2 @3 =| MR2 Q3 11 5 -D_ 5
o1 & ns1 Elnst S ms1 >{cu Tcu ig § cu Tcuo.i.g_ g
. $51 1152 (4 b5 M52 L4 = 52 7 CD TCD P cp TCD i3
T 184 CLKB4 CLKO g CLKBgpL IIdpL 1 rL
199 MR MR
- +5
1co Icie 7
s 13 1 CA3306 7415166 ;Is_
Pt €z <l 1C7: 4 5 V2 13 21 pg
INPUT 104 5 CE2 Bl i1z :
o1 3 3! TLe84 > REF+ B2 % T ;é R4 RS
Il ) 1 3 Y Ry 51p35 | 2. 4K 1se P3
15 2 ) BE o 9] pa 1c11 oUTPUT
' yDD BS6 v 17 ;2 ~ 754518 ' A
—4 _5
R1 pa ™ L ca C4 Bty i~ pELK1a? 13
— @.|2ufREF-
38K 470715 IB- 47uf, vss |2 2d cLr L]
= 16 | PHASE ¢ z1 SER —
g ch CEL T >g|;l<2
= | = cd__VIN 1Pz
VR1 9. 1UR- iy — ol -
i -
+9V _Q;?K © =
—_ R11 R14 +%s 2P )
¢ RiG p 2% %
AAN s ~J
22K o
. J - Q1 Ps
’ Re . <+ 1C12: 0 7% LY, BCS47_ 18 TH-HAX
) cie o N LM324 P2 - = ] 7
184 686K - 1 3 2%
c? : 3 —o o—2+ 1K
dhieus | b To INPUT  TO ouTput _| 1C13tA
RS R9 - hed Ln324 MFOE?S( N
- T\
188K 188K e Title
R13 LOW COST DATA LINK BETWEEN MICROCOMPUTERS
. VIA FIBER OPTIC CABLES
ci11 Size |HNumber Revision
Tm"' 4 MR. WICHAI VARDKEIN
\ . MR.SAKCHAI PURKCHAI KMIT-L
R 1 Date: 6—~-APR 1997 [Sheet t of 1
= = File: C:\PROTELN\PROJECTZ |Orawn Bu: SAKCHAT
1 | 2 | 3 4




R4
1cs
2415122
3 | RCext 1 1C6: A
v 741574
Cext D o QRS
El |+ . 3 W
19UF =/ St Rint >CLKo
47UF b ) S wTphe
m <« = S3 -—E—qg gé
=5 E3 8716 28P o = Bl Twhe ’*T
T tauF —o > B2 s
o ”’l_EE CLR @
SPEAKER >
TO RX-MAX w ] Ml *5vy
. i _ Ieit 1012|1m c9”193
+5y 1c9 1c1e Tlis627 4 DACBSAD R1B
o 24151932 74L5164 9o .2 12 [7=p8s , comp L6 5K
15 3 3 3 SR Wil
P® QO A ao dpe a1 B? >
ER= ] 3 515 1
R PL QB B ; at p1 @2 B6 Vic
RS €7 17 5 / 5 ] g
o o m ~181r2 acif 0z [ 2 p2 a3[Z __Zles 14
2k = = = ~liaq SIK qcg  —2{P3 aD 33_1_5_.1.3_32 ad 23 gg Vel +)
2 E Slcu Tecupl2 8 oLk as |11 PS Q6 1O vrf(-) |18
1c7 _I_‘I*_ CD TCD pis ¥ a6 g 17 ps @7 L2 2
VR4 T L Ly E —2J R a7 B2 + louvthZ 4 R11
58K NES64 = MR ¢l OF mMsbB1 Iout 5K
4 3 L% l 1I%cLk d
10 ol ™~ I ! e = >0 —:—
cs cé cs w =
+
104 104 ==184 R?
TT 7T 1K
==
R12 2. 5K R15 VRS
AN «;: .]~
—_:\M 159K
= 22K
r~ -
re13| R13 R14 IC14 P1
2| 1aK LK ; QUTPUT
6 cn31 ) o
3 [CA3148 Title
+ L'0W "COST DATA LINK BETWEEN MICROCOMPUTERS
ctt cia VIA FIBER OPTIC CABLES
Si N ber Revision
M 8.016UF | 8. @16UF ] 28 YR WICHAT  VARDKEIN
1 = A4 MR.SAKCHAI PURKSUAN KMIT-L
= Daiel 6-APR__1997 [Sheet VP of 2
File: CI\PROTEL\PROJECTZ [Drawn Bu: SARCHATL
1 [ 2 3 4




1 2 3 | 4
DS
IF4931
- i .
7885 /
* UinOUout 3 - * © +5Y
J_i, cé 1c1 Z ot c11 | cie D10
c1 8. 1UF l 1urTe 02UF 22K IN4@B1
T 228BUF 35V o GND
+ c? _L o~ J_ R2
‘ch a1 7905 . C12 ct? o D11
228BUF /35V a == 9. 02UF IN40O1
1c2 2 1UF
. Llvin®yout |3 4 . . s ©-5Y
IN4BO1 he
IN4BB1
T1 i
o P D1-D4 2815 D7
1A P Vino'u'out 3 » »> > O+15Y
e © L AiAanib 3 = c1s R3 D12
T0 228V / €3 1UFT 8. 02UF 5oy IN4BO1
N T 2200UF /35V ™ o GND
[y
.__E. c4 co _L 7915 _]_ R4 D13
8. 1UF cia c19
Tzzaaurmsv T | I1t4 & £ 6. 82uF < 22K IN4BO1
= 1UF .
0 !l lyin ©yput |3 . . ©-15VY
D8
I
1N|4ea1
- |
RS-232C )
pB2 1 1Cé = ! Uinok)out 3 . -— - O+9V
e e , f1AX232 . ‘L Cie 1cs Z =c15_L c2e RS D14
ST T3 R2IN R20UT |+ o RX cs 9 LUF 1UF T 0. 82UF {22K4A IN4BO1
BOUF/35V
o5 lI [ 7 T20UT T2IN e, o T% Tzz o
o T{ouT T1IN[IT] . ! . Y - ‘ © GND
o g ci- c2-
oo 5 cz21 dt —;I_,Iczz
22uf
v ——Lé_ ci+ c2+ _?_g_ 22uf +s
V-0UT VCC
I IS gNp v+0UT IL
1C23 l 1C25 Title
22uF § LOW COST DATA LINK BETUEEN MICROCOMPUTERS
22uF 22uF yIa FIBER OPTIC CABLES
Size Number . Revision
GND MR. UICHAI VARDKEIN
> © a4 MR. SAKCHAT PURKSUAN KMIT-L
Date: 6-APR 1997 I[Sheet F  of 3
. File: CI\PROTEL\PROJECTI [Drawn By: SAKCHAT
1 | 2 3 4




unn 4

NTYIARDIUASHRINITNANED

ﬁﬂﬂszgmﬁﬁ']swmm

* eAnmedauazFudayarzuy Simplex Tnelfanedulaviuas

* L'W'aﬁnmﬁnwngﬂﬁmmwmwwqé’m Input WA Output AnTianmuETImTlawisaus
pnatupeinals
wquﬁﬁugw

'lunﬁidq'ﬁaqaﬂwmmﬁuﬁu’lﬂﬁ'xumﬁu ﬁtyzm?'ij’mﬂaﬁl’ﬂeﬁﬁnmﬂguu@ﬁnﬁmmﬁm

A Wudtyyrauusalagld LED  dWlusadedtyyininamiiuds uasazgnassinudluhuduled
uas daunesinuiuazld Photodiode LﬂuﬁﬁuﬁrgqnruumLLﬁov‘hm?Lﬂﬁﬂutﬂud’mmwm‘lwﬁqnﬁu'ﬁ'n

A

TURBUNITVIARDY
4.1 mngﬂ*?'; 3.2 inmstlaudtyqunou Sine Wave nasuniads
4.2 yn1sUiuamRsINNg Sampling 289N1ARIENAN 250 kHz WAy 500 kHz Aadnsiu
43 UsieAnd luRgwnisemnasn
4.4 sauleniruaadiniu LED
45 anqlii 33 Usuaiv fluisnoniseunaennisdunaii
4.6 "MnNsU5uamsInng Sampling 2a3nAFu MR RLNIARS
4.7 siavdulavituaadaiy Photodiode

4.8 MN19IRA YR Output

33



71742 &ryeynns Clock 1 kHz tlawdnfian 7 w84 IC CA 3306

714lun"s Sampling Atyeynd input ( Analog )

34



— . ‘J"“JGJ“&

91/7 4.3 &nyrynnd Clock 1 kHz tlawdnfien 16 we3 1C 7415166914 N3 Shift Load

AqyrynnuDigital

U7 4.4 &tyeyrou Input ( Analog ) MifiAND 260 Hz flawdinfian 11 981 IC CA 3306

35



o 2

UM 4.6 Aryoyreugndusaniaen Callector 109 TR 3904 TnenlFoumauiudyoyoufisud

N1 N1 10 124 IC LM324

36



o e— pr—
- - - - .- - e

717 4.8 uFsuiaudynns Input Aleudnfinn 3 ve4 1C 745122 i 6 Fadludygyns

Outputm'ﬂuma‘ Reverse Clock

37



g7 4.9 Wlinuiienszudnadyoyins Outpute 6 TN 8 183 IC 7415122

REC RO rARRPARR e prArpapapaparepe puprpe s

R A L P

U7 4.10 Winuis Uty nu Clocknu11e4 IC NES64 Mudtyeyins Inputhtlewdinuniian 6

38



717 4.12 uRsuiieudyoins input Mudtyey1ns Outputdeyey10uiiA2ND 250 Hz uavdtyoyin

Output #AND 310 kHz

39



UM 4.13 uluunileudnans input fudoyoyrns Outputdryayiauiianud 1 kHz uwazdtyoyns

Output NANND 716 kHz

UM 414 uleuiisudtyyos input fudoyyos Outputdeyayrnuiiaaad 1 kHz uwazdoyoynns

' Output A uD 1 kHz

40



NMINARBNAITRYATENINADNRIABSADILATY

:’/ = dll ' ' a - d; as s‘i’
dunaulunisie THUNNITDNADTENINADNNIADTADIUATDIT UAIT

1. Aedednyrynseninane fnradrIaisaasaziiluans serial wia parallel Audaudazidanldnefm

1iala arwavsasiniglafaredynnusieiignieudafagi 4.15

female female female female

DB-9  DB-25 DB-9  DB-25

9 pin 25 pin 25 pin 9 pin
(Ground-Ground) aﬁ pin 7 <===> pin7 pin3
(Transmit-Receive)  pin 3 pin 2 <===> pin3 'pin2
(Receive-Transmit) pin2  pin3 ===> pin2 pin3

7UM 4.15 udnaisnnssinaie DB-9

2. Funusunss INTERSVREXE 1nifle SERVER Wiusen\tinas

3. ey client Fealilusunsa INTERLNK.EXE - usinisazGanlililsunsusanannléaziios load uuwi

adlaseslireusausneuyn ufids DEVICE-INTERLNK WlWd CONFIG.SYS ukoym isaalui

ﬂﬂuﬁame'vammLﬂ?:ﬂﬁwzﬁmﬁim*udw”@:ﬂame’lﬂh'qﬂnim"lﬁmmﬁ"lmnw
TusadanadnansuEnineLes INTERLNK ifliauanin ( peer-to-peer ) aiATesT

client azl1dgunsnives server lusieaniamen femidlu server azndunnld@ndvtawtosiunaes

v 1 ] . v
client Tdl# faTiunisiu-daszumnaiasasaasaalsmngtle client fluanudayintiv

41




[T T—

INTERSVR.EXE

7UN 4.17 wamansidendeyaszuinaataspaniiame aaldllsunsy

INTERLNK.EXE




Ut 4.18 uamamsivdesyanauianaiineliaids copy Tilsunsai INTERSVR.EXE



a
uni 5
- «
umansainazunagy

Wyeyrimusaiuilidumsfnsifeasunisdedoys (u@es, Data ) drudulaiugs vinl
1 3 =S o | )4 ] ° ] v ) a: ° ° v v ‘:/ =
i linsuiainsdediayarnuduloiussic dayaneufiasinnisds uasviniudeyaduiinesuaums
[} 1} 4 L} . -~ <

athslsiaunazdadnluudulotuas WeuBeudeudunugs ( nmads ) fudygyios Output n
1y [ o = « -:J’ } 3 2 < v 4' - [ d! " ' o dv
Adir ( Al ) aziimstiadeulusnnedudaiadntes Selawngdudesnandasine dil
Ao Winnnidulenhussivinnmnnaainazinisgadenn ( snnndndulaiuanlsinniug vy

&~ al -4

Wulenbuasvinaanuia wie Siiica ) uazdanvaiddyanatrain

8 svdauassinFudtyouield LED

’
¢ & v

v

Tumsdedtyryrnuuas uaznafuile Photodiode Bagiinsaiiaaesiifadnianisiunaiinnaaie LED

H § 1} 1 v
Wuganlaauenadundng ($a514 Laser Diode  azlfiuasaaninilanueniadudunds LED wsindn
Laser Diode Ariisnmiunandinan ) amaiidrdtyanine nsgyideduilasansessiates dadmun
usariud s liive  Geaciinastdranndemsgdonss ( Tansgidauasiianunsofnnfanmr

-l @
o) luumeiueg )
d‘ 3 } S 4 dl a ] 9 } 4 3 b

uananfinganudgliAnsheiunsdeaisuun - Simplex  uazldwudnsdedayauy
Simplex ariiszAninmlunslfidulanassinga Ae madudasimiidaisetafaeliasnso
A suzReaiunmsfiuiazamnsoiulfifissetiaien dounisdedayauuy Half Duplex Az
anrndanaziudeya fusdasduludnrusindamisundanuds Aedduniidedndunilafdesiu
uszanusnandanilafisesds WanlfotRauiuuuy Simplex wdrazidsrdninngendusideiiferde
agdninAe laeldlisingszaninmuiiaeg dauntsdadiayauuy Full Duplex azflunisidanslouas
-l - - d' 1 <4 -t [ -4 o b % 1 4 al' o . 4
flsz@nsnmannigandinAeaziinisdauafudoayalunaduaiulduaclfd nynfanfunisg
doyyrnsnfniiuanlinwsirunaiugadunisdedayouiu Asynchonous wsiiite@udtyoyroumnina

a oo o - v v -y °o q vy de - - o X
NNAUAUNIEIANNITIRAUN NAUINALREN AT UANNTIANE Vl']'l'lﬂ'ﬂﬂlﬂﬂVITUl?n”']”n']?NﬂWﬂ']ﬂlﬂﬂ'ﬂu

Y]

44



4

=2

[ -

NUdaa e

TAATATRN Asauun ﬁug'lumeﬂams NIUNWNUIUAT

Toe dmanssnanuwisdsznalneluwssususqldus 2536

k. e e msAaansidulauas npamwamiuns
anfumalulaiiwszaauind i ~ammsaanszs 2537

Donald J.Sterling, Jr. TECHNICIAN’S GUIDE TO FIBER OPTIC UNITED STATE OF AMERICA
DELMAR PUBLISHERS INC. 1987

afan qnyns szuuReansivivadasifin ssasafineuspimesdinanselind atiufiiig

AMAN 2535

45



dy 3 dl Y o L £ dl = 1 5 1 Y o ¥ 6 v ¥
wnanstluenansnanulidmsunisidnumenisnwivingu leuaelmhluldusslomismunis.

[ g Qg’ a gj ¥ af ¥You d’l t 14 a = ¥ 3 d‘d o ¥
Linsallaq visdiu Snvivhadilddaudauileny wavdesdedsdiadvenenansynasiinisiluld



MOTOROLA ' ‘
' SEMICONDUCTOR = TR r——
TECHNICAL DATA |

Fiber Optics — FLCS Family’ MFOD71
Photo Detector
Diode Output

FLCS FAMILY
FIBER OPTICS
PHOTO DETECTOR
DIODE OUTPUT

- -« dosigned for low cost, short distance Fiber Optic Systerns using 1000 micron core
plostic liber. .

Typleal applications include: high isolation interconnec:s. disposable medical electron-
IC3, consumer products, and microprocessor controlled systems such as coin operated
machinas, copy machines, electronic games, industrial clothes dryers, etc.
® Fost PIN Phatodiode: Response Time <5 ns
* Idaally Matched to MFOE?6 Emitter for Plastic Fiber Systems
L ]

L

Annulae Passivated Structure for Stability and Reliability
FLCS Package
— Includes Connector >
— Simple Fiber Term  tion and Connection (Figure 4)
— Easy Board Mount. y
— Molded Lens for Efficient Coupling
~— Mastes with 1000 Micron Core Plastic Fiber (Eska SH4001)

CASE 3638-01
PLASTIC
MAXIMUM RATINGS {TA = 25°C unless otherwise noted}
Rating Symbol Value Unht
Rovarse Voltage MFQOD71 VR i 100 Valts
Total Power Dissipstion @ T = 25°C Po 150 v
Onrste above 25°C 2 mwrc
Operating and Storags Junction Temperature Rangs TJ Tsig -40to +100 C
ELECTRICAL CHARACTERISTICS (T = 25°C Galasotherwisa noted]
’ ’ Charscteristic Symbol Min Typ Max Unit
Derk Cutrent (Vg = 20V, R = 1 M1) T4 = 25°C ip - 0.06 10 nA
AF Ta = 85C - 10 -
L
Revarze Breakdown Voltage (Ig = 10 pA) V(BRIR S0 100 — Volts
fF - - o
Orward Voltage {Ig = 50 mA) Vg 1.1 Volts
Serles Retlstance (If = 50 mA) Ry - 8 - Ohms
o .
Total Capacitance (VR = 20V, { = 1 MHz) Cr - 3 - pf
OPTICAL CHARACTERISTICS {Ta = 25°C)
———
Rosponaivity (Vg = 5V, Figure 2) A 0.15 0.2 - PAIW
e ——— o
Response Time (Vg = 5V, A = 50 A1 Yresp) - 5 - ns

"o



MFOD71

TYPICAL COUPLED CHARACTERISTICS

—— e e

RELATIVE RESPONSE (%)
3
N
~
|

P <.
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Figure 1. Relative Spectral Response
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Figure 2. Rasponsivity Test Configuration Figure 3. Detector Current versus Fiber Length
The system iength achieved with 3 MFOE76 emitter and current {Ig) and the respansivity of tha detector chosen.
various detectors. using 1000 micron core plastic fiber Each detector wiil perform with the MFOE?6 up to the
{Eska SH4001 or equivalent), depends on the LED forward i distances shown below.
T, T T
WF007177777 i,
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Figure 4, MFOE76 Working Distances



MFOD71

CROSS SECTION OF FLCS PACKAGE  ~ 7 TERMINATION INSTRUCTIONS

1. Cut cable squarely with sharp hlade or hot knifa,

2. Steip jacket back with 18 gauge wire stripper (o expose
CLADOING 0.10-0.18" of bare fiber core.

JACKETH Avoid nicking the fiber core,

3. insert terminated libar through tocking nut and into
l'\)'unn\c the connector until the core tip seats against the
“E\ molded lens inside the device package.
o8 B L Screw connector locking nut down 10 3 snug [it, locking
Monmrmy I
/. joshi the fiber in place,

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING

The (ollowing circuits are suggested to provide the desired forward current through the emirter,

+3V
MFOE?6 10
<]
At ¢ Ry
' R
mo 19t F i o 19t MFOET
b NI WmA | 300. \ 904
50 mA 56 ~
100 mA 27 SN
v
- NONINVERTING INVERTING

Figure 6. TTL Transmitters

QUTPUT SIGNAL CONDITIONING

The following circuit is suggested to take the MFOO71 detectar output and condition it to drive TTL with an acceptable
bit error rate. ’

: TR .5V

m
QUTPUT L
. SENSITVITY
' AOJUST
' 0101 Hum
0t Ut MCI0? (v

1 MHz PIN RECEIVER

Figure 7. TTL Recetver




MFOD71

OUTUNE DIMENSIONS
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MOTOROLA
t SEMICONDUCTOR
TECHNICAL DATA

Fiber Optics — FLCS Family MFOE76
Visible Red LED | |

This device is designed for low cast, medium lrequency, fiber optic systems using

1000 micron core plastic fiber. It is compatible with Motorola’s wida varisty of detector FLCS FAMILY
functions [rom the MFOD70 series. The MFOE76 employs gallium sluminum technology, FIBER OPTICS
and comes pre-assembled into the convenient and popular FLCS connector. VISIBLE RED
e Low Cost LED
® Very Simple Fiber Termination and Connection. See Figure 9 £50 nm
* Convanient Printed Circuit Mounting |
® Integral Molded Lens for Efficient Coupling
® Mates with 1000 Micron Core Plastic Fiber, such as £ska SH4001 .

1

My

NS,
CASE 3838.0%
MAXiMUM RATINGS
. Rating Symbed Valye Unhk 1
Reverse Voltage VR S Volts :
Forward Current — Conlinuous e 60 mA
Farward Current — Pesk Pulse ig 1 A
Total Power Dissipstion ¢ Ta « 25C I} fo 132 mw
Darsta above I5°C 2 mWC

Ambient Oparating Temperature Range TA -40 10 + 100 ‘C
Storage T-mpcncu:e Tx(q -40 10 +100 ‘c
Lesd Soldering Tempersture (2) - 260 «c

Notes: 1. Messured with device soldered inta » typical printad circuit board,
2. 5 saconds max: 1.16 inch from case.

an
PHOTOOTHE [ 100 . > iMgEa oroome mm""““
T & Sl B A1 = I 2
WITH 7% i = nj W
ESXA SHam1 A2¢

ESKA SH001 INTEGRATIHG Jo.ur @ OFTICAL UG I
TuT SPHERE na WAYEFORM
T, ANALYZER

L

Figure 1. Power Launched Test Setup Figure 2. Optical Tumn-On snd Turn-OH Test Setup



MFOE76

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteriatic Symbol Min Typ Max Unh
Reverse Laakage Current (VR » 3 VI Ta _ 100 - nA
Reverse Leaksge Current (Vg = 5 Vi, . R, —_ 10 100 pA
Forward Voltage (ig = 60 p»a) Vg - 1.8 2.2 v
Temperature Coatficient of Forward Voltage AVE —_— -2 —_— m\il)(
Capscitance {f = 1 MHz) [of — 0 - pF
OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unlt
Peak Wavelength {Ir « 60 mAl} Ap -— 660 - nen
Instantsneous Power Launched {Ig = 100 mA, Figura 1} oL 200 sS40 - uW
Ootical Turn-On Time (Figure 2) fon - 200 ~— ns
Opoticsl Turn-OH, Time (Figure 2} tofl — 150 - ns
Hall.Powaer Electrical Bandwidth (1) BWe — 6 —_ MHz
(31lg = 100 mA pk.pk, 100% moduletron
TYPICAL CHARACTERISTICS
12 | ;
/ .09
t P
g ot
£ | PusEOmY —---- il 2
<] PULSE OR OC ———— 7 z I
2 : / g 0
3 1" £ 5 ]
H -
g ' G 71\
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5 __‘./ 02 e | ____ . Y
s | L W2 4 <
s o [~
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Figure 3. Forward Voltage versus Forward Curreat Flgure 4. Relative Spectral Output
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Figure 5. Power Launched versus LED Forward Current

Figure 6. Power Launched versus Fiber Length )
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MFOE76

P INSTANTANEOUS POWER LAUNCHED INORMALIZEDE

Figure 7. Instantaneous Power Output versus

The system length achieved with a MFOE76 emitter and
various detectors, using 1000 micron core plastic fiber
[Eska SH4001 or equivalentl. depends on the LED forward

50 mA 100 mA

15, LED INPUT CURRENT imA}

10 mA

T AMBIENT TEMPERATURE 1 C1

15
o R N

. % 1
e z
F— g

05—~ NORMALIZED 10: S m
w
b 1y =35 S
]
z

g 4
S
L™

[}

-5 -5 )] B %0 5 100 0 20 4 & 80 ]

Ts. AMBIENT TEMFERATURE MCY

Figure 8. Power Dissipation

Ambient Temperature

current {Ip) and the responsivity of the detector chosen.
Each detector will perform with the MFOE?6 up to the
| distances shown below,

I

I
MFCOTV:

MFOOTLS

.

X)X/ e Nl
N

MFOO1], _

| MFCOT5,

MFOOI1; |

MFCOI2. i
. MFQDI3-
MFQDIS
MFODTT FIN 0XO0E
] Mroont MFOOT2 TRANSISIOR
WoDI. MFOD?3 DARLING 10N
MFODTS LOGK
MFQO1)-
l MFOD[IS
0 P “ 50 80 100 20 140 1% 18 200 19

1. FIBER LENGTH {METERS)

Figure 9. MFOET6 Working Distances

" MQUHNTING

HOLE
Y

i CROSS SECTION OF FLCS PAC

KAGE

-

TERMINATION INSTRUCTIONS
1."Cut cable squarely with sharp blade or hot knile.

2. Strip jacket back with 18 gauge wire stripper 10 exoose
0.10-0.18" of bare fiber cere.

‘Avgid nicking the fiber core,

CLADOING
1JACKED)

(=}

Hote

a1

] o

. Insert terminated fiber through loéking nut and into

the connector until the core lip seats against the
molded lens inside the device package.

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

Figure 10. FO Cable Termination and Assembly
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'DACOSOO' DA00801 DAC08028 Bit -
Dlglta_l to Analog COnVerters SRS

General Descnptlon

—e,

. - [R8y);

\44 a—' S \'“: RECRIE s HES (f t . A . - . LT ‘d .74*’ Q‘Eﬂi .v =~
aThe DACO800 :series are; monohthlc 8-bit hrgh speed : The DACOBOO DAC0802 DACOSOOC DACpSOlC’and
- current-output dlgltal-to analog converters (DAC) featur-~  DACO0802C are a direct replacement for"' )’
. ing typlcal settllng times of 100 ns. When used asa mul- . : DAC-08A,. .'DAC{)SC DAC-08E Tan
plymg DAC, monotonlc performance over a 40 tor 1. respectlvely

.reference current range is possnble The DAC0800 serles . N

~also features hlgh compllance complementary current
A outputs to allow dlfferentlal output voltages of 20 Vp- P Feature.s

with slmple resrstor loads a "shown ln <Figure 1. The .f :
reference~to full-scale current atchmg of better than’

7
f

u Fast settll g output current
L. mCFull scale error

A1 ,LSB. ehmmates the_need for full ‘scale ‘trims In’ '3'- > "u i . \.\ .
ok “most , apphcatlons ‘while fhe nonllnearmes of better" Non meanty over temperature
-than £0.1% over temperature m«mmlzes system- error " Full Sca"’ CU"G"t drift | . |
iaccu ulatlons . ;:'.-‘«‘ ] :e = ngh output comphance

},-The.nouse lmmrune mputs of the’ DACOSOO serles will - "
- accept TTL levels wnth the logic threshold pm Vic pin1 7
grounded -Simple” adjustments of the. V¢ potential

alIow dlrect interface to all logic families. The perform- -
“ance and charactenstlcs of the device are essentially un-

changed over the full i 45V to’+18V power supply

- range; power dlssxpatlon is only 33 mW with 5V sup-

~rpl|es and is mdependent of the logic: mput states, '

e . ~

# ‘Wide power supply range - -
,oom Low power consumptlon

‘

ey 4:. <

nyplcaI Appllcat:ons

dm e e Cw A A

Connectlon Diagram ;s
£F,

- g : .
. THRESHOLD 1
CONTROL,V g1 @
10k Y 2
- Ut —
o - W1
L PR AN A
,~ » Vour TC20Vpp . loyt —
A Mss 81 2
O _ .- . %
B2 wmemd
. ' . sg.L
3
B4 sy
, " FIGURE 1. 20 Vp-p Gutput Digital-to-Analog Converter . ' ToP VIEW
S . : ) i * -
‘Ordering Information :
TEMPERATURE . ORDER NUMBERS* ~ . —
NON LINEARITY RANGE D PACKAGE (D16C} J PACKAGE (J16A) N PACKAGE lNlﬁ"" =
20.1%FS °~ |-55°C<TA<+125°C | DACOBO2LD | DAC-08AQ = r‘ﬁtl‘;j.-
$0.1% FS 0°c<TAL+70°C ’ . DACQ802LCJ { DAC-08HQ | DACOS02LCN DA.‘??‘% WA
£0.18% FS -65°C < Ta <+ 125°C { DACOBOOLD DAc-08Q . . '
£0.19% FS 0°c<TA<+70°C - | DAC0800LCJ | DAC-08EQ | DACOBOOLCN
2039% FS | 0°C<Ta <470°C ) DAC0801LCS | DAC-08CQ | DACOBOILCN
*Note. Devices may be ordered by using either order number, :f




Absolute Maximum Ratings

Operating Conditions

.. Each Bit
« All Bits Swixched

ull Scale Symmetry _ -
ero Scale Current

‘Output Current Range

- Logic Input Levels -
" Logie “0" -
....Logic LT

. Power Supply Sensmvuy

\
gy ..

Power Supply Current

- v+ | Vg= BV, 18V, IRgF = 2mA < . | L g

P N Vg =115V, IREF = 2mA R . . :

" 25 | 38 25 |.38° mA
= 55 |-78 5. [-7.8 78 | ma
o Power Dissipation =8V, IREF = 1 mA 33 48 . 33 48 . . mW
5V, ~15V, IggF = 2mA 108" | 136 108 | 138 [+ | 108 [ 136 mW,

—_— 15V, IRgE = 2 mA 135 | 174 135 | 174 135 | 17a W

“ON" or “OFF”, Tp = 25°C

DACO800L
DACO8bOLC N

Ta=25°C .

Full Scale Current Cha- 2
< 1/2Ls8, ROUT> WmQTyp.’
VREF = 10.000V, R14 = 5,000 kﬂ
R16=5.000k2, TA = 25°C

IFs4 = IFs2

T« -5V
VT« -8Vt -18V

VLC'OV«

Vicsov:
—IOV < V|N <+O :\%
2V<V|N <+IBV

vs -_:15v_._:

(Flgure 24} .

4, sv<v*< 18v
~45V<VT <18V
IREF =1 mA -

Vsﬁ- 5V, IREF = 1 mA

N

I 100
100

4 60 35
60 35.-.

supply Voltage 18V or 36V MIN MAX UNITS
power Dissipation (Note 1) 600 mwW Temperature (T ) B :
-peference Input Differential Voltage (V14 to V15) V™ to V:' DAC0802L. ' -85 +125 °c
peference Input Common-Mode Renge {V14,V15) VT to V DACO800L ‘ 55 +125 °c.
Refgrence Input Current V-t V= of 53‘23 DACO800LC 0 . +70 °c
Logic Inputs o to :_“‘ 2 DACO801LC .0 +70 °c
Anﬂlo‘g Current Qutputs . igure z DACO802LC - o +70 o
storsge Temperature —65°C to +150°C )
Léad Temperature (Soldering, 10 seconds} 300°C .
;
Electncal Characterlstlcs (Vg = +15V |REF 2 mA TMIN <TA< TMAX unless otherwnse specified. )
Qutput characteristics refer to ‘both loyT and louT.) . e
—_— . ~ s . . - DACO80ZLL . ] - -DACO800L T S
) PARAMETER . . CONDITIONS * DAC0802LC . DACOSOOLC- . .| i%...DACOBOILC * | "yirg
¥l ! MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX ot
Resolution 8 8 8. ’ ‘8.,1.8
Monotonicity . ) . 8 8: |8, K-S -7 ¥
Nonlinearity B - - ~- -~ ]20.1 . 4 - - y ‘ ,
Settling Time To £1/2 LSB, All Bits Switched 100 | 138 “as | 100, !

g 2 e S

.. !n-hne N -package.

-

-Notg 1: The maxumum junction temperature of the DAC0800, DAC0801 and DACOB02 is 125°C. For operating at elevated temperatures devu:es
- in the dualininé J or D package must be derated based ona thermal resistance of 100°C/W junctlon to.ambient, 175°C/W for the 'molded duel- *
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Full Scale Current
. . vs Reference Current
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FIGURE 18, Basic Unipolar Negative Operation L



Typical App“C&tiOﬂS (Continued)

5k

DACTE00

lf RL = RLWlthln £0. 05% output is symmetnca! about ground '5\‘ .

*tRgs = 2mA O] 14 nA;naoo
it
. ] B1 B2 B3 B4 B5 B6--87 B3| Eq Eo
Pos. Full Scale 1 1 1 1T 1 1 1 ]-9.920 +10.000
‘ Pos. Full Scale~LS8 1 1 1 1 1 1.1 0 }-9.840 +9.920
Zero Scale+LSB 1 ¢ 0 0 o o O 1 |-0.080 +0.160
Zero Scale 1 0 0 0 0 O 0 O0jf 0.000.] +0.080
> Zero Scale—LSB 0 1 1 1 1 1 1 1 | +0.080 0.000.
L . Neg. Full Scale+LS8 6 0 0°0 0 0 0 1[+9.920 | -9.840
H Neg. Full Scale o 0 0 0 0 O 0 o ,_,LQ.QO_U- —-9.920
Lo . .
. ;' T .FIGURE 19. Basic Bipolar Output Opaeration oo
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1 1 1.1 1.1 .1 0/(+9840
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FlGURE 20. Symmetrical Offsot Binary Oporltlon
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For complementary output (operanon as negatwe Ioglc DAC) con-
nect inverting input of op amp to lo (pm 2), connect 1o (pln 4)

Feor v d ot s

FIGURE 21 Posmve Low Impedance Output Operatnon
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For complementary output (operation as a _negative IO(]lC DAC) con-
nect non-inverting input of op amp to lo {pin 2}; connect 1o
i {pin 4) to ground. [N

FIGURE 22 Nsgative ‘Low Impodanco.Output Oberaﬁon




Typlcal Applications {Continued) .
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Typical Applications (Continueq)
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MF6 6th Order Switched Capacitor

Butterworth Lowpass Filter

General Description

The MF6 is a versatile easy to use, precision 6th urder But-
terwonth lowpass active filter. Switched capacitor tecn-
niques aliminate external componeant requirements and al-
low a clock tunable cutoff frequency. The ratio of the clock
fraquency to the lowpass cutoff frequency is internally set to
50 10 1 (MF6-50) or 100 to 1 (MF6-100). A Schmit rigger
clock input stage allows two clocking options, either saif-
clocking (via an external resistor and capacitor) for stand-
alone applications, or an external TTL or CMOS logic com-
patiole clock can be used for tighter cutoff frequency con-
trol. The maximally flat passband frequency response to-
gethsr with a OC gain of 1 V/V aliows cascading MF6 sec-
tons for nigher order filtering. In addition to the filter, two
independent CMOS op amps are included on the die and
are usalul for any genaral signal conditioning applications.

Features

8 No external companents
& 14-pin OIP or 14-pin wide-bedy S.0. package
® Cutoff frequency accuracy of =0.3% typicat
® Cutoff frequency range of 0.1 Hz to 20 kHz
n Two uncommitted ¢p amps available

B 5V to 14V total supply voltage
&8 Cutoff frequency set by external or internal clock

Block and Connection Diagrams
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13 b WYY
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Top View

TUH/IS065-2

Order Number MF6CWM-50
or MFECWM-100
See NS Package Number M14B

Order Number MF6CN-50
or MF6CN-100
Sea NS Package Number N14A

Order Number MF6CJ-50
oc MFECJ-100
Sea NS Package Number J14A



Absolute Maximum Ratings vote 11)

It Military/Aerospace specifled devices are required,
contact the National Semiconductor Sales Office/

See AN-450 "Surfacy wounting Methods and Their Effey
on Product Reliability * ,Appendix D) for other methods of

Distributors for availability and specifications.

Supply Voltage
Voitage at Any Pin

14V

V= = 0.2V.V* + 0.2V

Input Current at Any Pin (Note 13) SmA
Package Input Cutrent (Nots 13) 20 mA
Power Dissipation (Note 14) 500 mw
Storage Temperature -65°Cto +150°C
ESD Suscepubility (Note 12) 800V
Soidenng Information
N Package (10 sec.) 260*C
J Package {10 sec.} 300°C
SO Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sac.) 220°C

Supply Voltage (Vg = . = -~V ~-)

soldering surface mcurr. davices.

Operating Ratings (Note 1)
Temperature Range

MFBCN-50, MFECN-~ 212
MFECWM-50, MFECA4.L-100
MFBCJ-50, MFECJ-1C1

TMIN S Ta €

Tu AX

0°C < Ta € +70°C
0°C < Ty < +70°C

—40°C < Ty € +85C

SVio 14y

Filter Electrical Characteristics the following speciications apply for <~ ¢ S 250 kHz (see Note 3) unless
otherwise specitied. Boldface limits apply for Ty t0 Tiax; alt other timits Tp = Ty = 23C,

MFECWM-50, MFECWM-100, MFECI-50, MFECI-1
MFECN-50, MFECN-100 N MFscJ-100
Parameter Condltions Tested Oesign } Tested Design Unlits
Typical Typicai
Umit Umit Umit Limit
{Note 8) {Note 8)
{Note 9) {Note 10) (Note 8) (Note 10}
V* = 5V, ¥V- = ~5V
te. Cutott MF6-50 Min 0.1 0.1
Frequency Max| 20k 20k
i Range MF6-100  Min 0.1 c.1 hz
{Note 1) Max 10k 10k
i Totat Suppty Current foux =250 kHz| 4.0 6.0 8.5 4.0 8.5 mA
1
Maximum Clock Filter Qutput 30 30 mv
Feedthrough Op Amp 1 Qut| 25 25 {peak-to-
Op Amp 2 Qut| 20 20 peak)
Ho, Raource = - D
, OC Gain <2%0 0.0 +0.30 +£0.30 0.0 +0.30 a8
Herk/le. MF6-50 49.2720.3%|49.272 1% | 49.27 = 1% [49.27 20.3%| 49.27=1%
+ Clock ta Cutoff MfF6-100 98.9720.3%[98.97+1% | 98.97 £ 1% 98,97 £0.3%| 98.97*1%
{ Frequency Ratio
oC MF&-50 - 200 -200
Ottsat Voltage MF8-100 ~400 ~400 mv
Minimum Qutput R =10k +4.0 +3.5 +3.8 +4.0 +3.5
-Voitage Swing -4 =38 -3.5 -4 -3.5 v
Maximum Oul
N tput Source S0 60 80 50 80
- Shoat Gireuit Sink 15 20 3.0 1.5 mA
, Surrent (Nota 6) § . ) g 3.0
! Dynamic Range MF&-50 83 83
" (Note 2) MFB-100 81 81 a8
i
¢ Additional MF&-50|1cyx = 250 kHz
Magnitude f= 6000 Hz ~9.47 =9.47%0.5| - 9.47 £ 0.68 —-8.47 —9.47+0.653
¢ Response Test fe= 4500 Hz -0.92 -0.92+02| -0.9210.3 -0.92 -0.92+0.3 8
| Points (Note 4) MFE-100|fcyx = 250 kHz
. = 3000 Hz ~9.48 ~9.48£0.5[~0.48%+0.65 -9.48 ~9.48+0,85
{=2250 H2 -0.97 -0.97+0.2] —0.97 0.3 -=0.97 ~0.97 0.3 a8




Filter Electrical Characteristics (Continued) The fcllowing spacifications apply for fepx < 250 kHz (see i
Note J) uniess otnerwise specified. Baldface limits apply for Ty to Tayax; all other limits To = T, = 25°C. ,
1
MFECWM-50, MFECWM-100
.50, MF§CJ-
- . MFSCN-50, MFECN-100 MFSCJ-50, MF6CJ-100 '
Parameter Conditions Typical Tested Design Typical Tested Oesign Units :
(NYQ"" y | umt Umit ( N’L"“ . Umit Umit i
{Note 8) {Nots 10) ) (Note 9) (Note 10) ,
v+ = +5V, V= = -5V (Contnued) !
Attenuation Rate MF&~50{fct x ™ 250 kHz] ey
ty = 6000 Hz -33 ~-368° -36
octave
12 = 8000 Hz
MFE-100|Ic = 250 kHz| <87
fy = 3000 Hz -36 -J06 -36
1ave
f2 = 4000 Hz octav
Y+ = +25V, ¥V~ = -25y
{o, Cutoff  MF8-50 Mi 0.1 0.1
Frequency M 10k 10k h2
Range MF8-100 Min| 0.1 o.1
(Note 1) M 8k 8k
Total Supply Current fox=250%Hzl 2.5 40 4.0 2.5 4.0 mA
Maamum Clock  Fiitsr Qutpuy 20 20 mv
Feecthreugn Cp Amp 1 Qut 15 15 (paak-to-
Co Ama 2 Out 10 10 poax)
Hq. OC Gain Ricurce 2 k0 0.0 =0.30 =0.30 0.0 =0.30 d8
feux/fes Clock to
Cutoft Frequency MF8-50] 40.4520.3%[46.4521% | 49,48 =22.8% [40.45=0.0%] 40.48=2.5%
Rato MF8-100] 96,35 £0.3%(69.352 1% (90,38 = 1.28%]00.3520.3%|00.36 = 1.26%
[5.¢] 3 MF8.50] -200 —200 mv
Otfset Voltage MF3-100 ~400 - 400 '
Minimum Output AL=10k0 +1.5 +1.0 +1.0 +1.5 - 1.0 v
Voltage Swing -2.2 =17 -1.8 =22 ~-1.8
Maxdmum
um Outout Source 28 40 8o 28 80
Shorn Cirout Sink 0.8 1.0 1.5 5 1.8 A
Current (Note 6) 3 r ; T :
Oynamic Range (Note 2) 77 77 a8
Acditional MF8-50|fc g = 250 kHzl
Magrituce [ = 8000 Hz —=9.54 —08.54:0.5| ~9.54+0.88 -9.64 -9.84x0.68 98
Response Test = 4500 Hx -0.86 —~0.8620.2) —-0.96:0.3 -0.86 —0.880.3
Polnts (Note 4) MF6-100{ar¢ = 250 KHz
{w 3000 Hz -9.67 -~98,6720.5 —9.867 £0.68 -9.67 -8.67 £0.68 <8
f= 2250 Hz -1.01 —=1.01z0.2 -1.01%0.3 -1.01 -1.0120.3
Altenuation MF5-50|fc = 250 kHz oy
Rate {1 = 6000 Hz -35 -36 -36 octave
12 = 8000 Hz :
MF6-100|lcy k = 250 kHz| a8/
f; =30C0 Hz -36 -36 -36 octave
12 4000 Hz .




Op Amp Electrical Characteristics
Boldtace limits apply for Ty to Twayx; all other limits Ta = Ty = 25°C,

MF6CN-50, MFECN-101. -
MFS5CJ-50, MF6CJ-100
MF6CWM-50, MFECWM-1¢4 ! :
Parameter Conditions Tyoical Tested Desigr Typical Tested Design Unlty ;
Nypt C: Umit Limi m?m s | Lmit | Lmit
(Note 8) | \yote s) | (ote 19 ! (Note 9) | (Note 10)
Y* = +5Y, V= = —~5vy
input Offset Voltage =80 | =20 =20 =80 | =z20 myv
input Bias Current 10 10 : DA
h # I = 1,
CMRR (Op Amp #2 Only) Vemi = 1.8V, o s e l 55 @
Veuz = —2.2v

Output Voltage Swing Ry =10k +4.0 ~3.8 -3.6 -4 + 3.6 v

—45 -4.0 - 4.0 ~-4,3 -4.0
Maximum Qutput Short  Source 54 65 80 54 80 mA
Circuit Current (Note 6) Sink 20 4.0 6.0 2.0 6.0
Slew Rate 7.0 7.0 Vigs
OC Open Loop Gain 72 L] : 72 65 a8
Gain 8andwidth Product 1.2 R MHz
V+ = +25V,V~ = ~25V
Input Offset Vollage =80 | =20 =20 | =80 t20 | my
Input Bias Current 10 | ' 16 | pA
CMRR (Op-A I Ve = +0.

(Op-Amp # FGRHY) i — b\ s5 50 55 . @8
Veuz = —-0.9v =

Output Voltage Swing R = 10kQ +1.5 +1.3 - 1.1 -1.5 + 1.1 i v

=22 -1.7 -1.7 TEA -1.7
Maximum Output Shert  Source 24 35 50 24 50 A
Circuit Current (Note 6)  Sink 1.0 2.0 4.0 1.0 4.0 m
Slew Rate 6.0 6.0 Ylus
OC Open Loop Gain 67 60 67 60 dB
Gain Bandwidth Product 1.2 1.2 MHz




Logic Input-Output Electrical Characteristics me toitowing soecifications apply for v= = ov
(see Nota 5) unless otherwise specified. Boldface limits apply for Ty to Tax; all other limits Ty = Ty = 25°C.

MFSCN-50, MFSCN-100 .
MF6CWM-50, MF6CWM.100 |  MF®CJ-50, MF6CJ-100
parameter Conditions Typlcal Tested | Design Typical Testfd Design Units
(Note 8) Umit Limit (Note 8) Limit Limit
(Note 9) | (Note 10) {Note 9) | (Note 10)
TTL CLOCK INPUT, CLK R PIN (Note 7)
Mmaximum Vi, Logical “0™ 0.8 0.8 0.8 v
inout Voltage
Minimum Vi Logicat ™1™ 2.0 2.0 2.0 v
Input Voitage
Maximum Leakage Current L Sh Pin at 20 2.0 2.0
at CLK R Pin Mid- Supply g pA
SCHMITT TRIGGER
1 +. Positive Gaing Min | v+ = 10V 7.0 6.1 6.1 7.0 6.1 v
Thrashold Voltage Max - 8.9 8.8 8.9
Min | V¥ = 5V 3.5 3.1 3.1 5 3.1 v
Max 4.4 4.4 4.4
/1 -. Negalive Going Min | VT = 10V 3.0 1.3 1.3 kXe] 1.3 v
Threshold Voltage Max 3.8 3.8 3.8
Min |V = 5V 1.5 0.6 0.6 1.5 0.6 v
Max 1.9 1.9 1.9
Hysteresis (VT4 — V7_) | Min | V+ = 10V 4.0 23 2.3 4.0 2.3 v
Max 7.8 7.6 7.6
Min (VT = 5V 2.0 1.2 1.2 2.0 1.2 v
Max o 3.8 3.8 3.8
Minimum Logical 1" Qutput lo = =10pA V+ = 10V 8.0 9.0 8.0 v
Voitage (Pin 11) ° EA v+ = sy 45 4.5 4.5
Maximum Logical 0" Output v+ = 10V 1.0 1.0 1.0
Vottage (Pin 11) lo = 10pA ys sy 0.5 0.5 0.5 v
Minimum Qutput Source CLKRTied |[V*+ = {0V 6.0 3.0 3.0 6.0 3.0 mA
Current (Pin 11) to Ground V+ = 5V JTo! 0.75 0.75 1.5 0.75
Maximum Qutput Sink CLKRTied |V+ = 10V 5.0 2.5 2.8 5.0 2.5 mA
Current (Pin 11) tov+ V+ =5V 1.3 Q.65 0.65 1.3 Q.68

Mote 1: The cutolt Irequency of 104 filter i3 cefined a3 the ffequency whare the magritude response ia 3.01 8 less than the OC gun of the filter,

Note Z For 25V tuooties the dynam ringe ia reterenced W 2.82 Vims (4V pesk) whare the wideoand noise over & 20 kHz banawidth is tymealty 200 sVrms tor
the MF5-50 and 250 pVrms for tha MF&-100. For = 2.5V supplies the cynamic range is raterenced 1o 1.06 Vrms (1.5V paak) whece the wideband noise over & 20
XHZ bandwiath 13 typcarly 140 wVema for both the MFE-50 and the MF&-100,

Note 3 The specifications for the MF8 have been Given for a clock frequency (o) ¢f 250 kHZ and less. ADove this clock freq Y he cutott & Y begns 1o
ceviate from the specified emor band of = 1.0% but the Miter sl Mmad 18 its Mag char See A Hints, Secton 1.5,
Hote 4: Basxdes checxing the cutof! recuency (i) and the ton at 2 I, two 1 frequencies are used 1o check the magnitude response of

e fiter. The magnituces are referenced o a OC Gain of 0.0 ¢8,

Note §: For simpticsty ail the I0GIC leveis Nave been referenced 10 V= = 0V and wik scale accordingly for £ 5V and 2.5V supplies [except for the TTL inpua logic
leveis),

Nout:Thanhoﬂcimmmwhmbwmmmmmmxnuawn:mulmunpoumovctuqnmqammmmor‘nqmnonmw
m-noonivowooly.Thomoﬂmmmmlhmwodbylerdnq!hoouwulmlhbﬂ)q(ul-dmhlmuhmmnnqluvnvoluqotm\gwmmmng
hat outdut 10 the positive suoply, These we the worst-Case conditions.

Mote 7: The MF6 Is coesraung with symmatnical soiit suoplies and LSh is bed to ground.

Note 8: Typicals wre &t 25°C and represent most tikery parametnc nomm,

Note 9: Testad limuts sre ¢ 1o Natonal's AOQL {/ ge Cutgong Quatity Level.

Hote 10: Design limits are guaranteed. but not 100% tested. These imas are not used 10 caiculsts outgoing quality levets.

Nots 11: Absolute Maximum Ratings inoicate limas beyond which ¢amage to the cevice may occur. DC and AC electncal specifications do not apply when
ooerating the dewvice beyonc It specified concitions.

Note 12: Human body model, 100 pF cischarged tvough & 1.5k N resistor.

Note 13: When the nput voitage (Vi £2 any pin exceecs the powsr suoply rads (Vin < V= of Vi > V=) the absolute value of current at Inat pin should be ksted
losmAuloss.ThoZOmAmaqommmllninlhanumb«olmmlmmndmopow«suootybounamosmmaSmAc.mcmﬁMlclou.

Note 14: The power X must be at ol and is ci d Y Timax. @4 and the ambient tamperatre, T, The
pawer i don at any tamoerstirg is P = (Tiuax — Ta)/ @44 of the numder given in the Absotute M. Raungs, is lower.
For this device, Tjuax = 125°C, and the typcal unction-L i of the MFECN when board mounted is 67°C/W. For the MFECJ trus numoer

gecreases (o 62°C/W. For MFECWM, 84, = 78°C/W.




Typical Performance Characteristics
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Typical Performance Characteristics (continueq)

Positive Yoltage Swing vs Positive Voitage Swing vs Positive Voltage Swing vs
Power Supply Voltage Power Supply Voltage Temperature (Filter and
(Op Amp Output) {Filter Output) Op Amp Outputs)
N T 1] R RFT O R PPTTa ™
s w7 g e RN e e
s u "{' 0 g o LY r ya ¢ 2 o L% Pa
2 o . //; : x 7 T : /I{
St I A L i
§ LT g 7 g 1]
H - ; £ H ! i
'?. 2 | ;] [ § o )L & 19 / } i
2 8 = T/.' { H - ' ” 2 — -
ol = 1 T T s l . {
S0 €0 70 80 30 100 110 120 140 SO & 70 &0 30 100 19 “55-X%-15 5 2 48 & 8 108128
POWER SUPPLY YOLTAGE (V) POWER SUPPLY YOLTACE (V) TEMPERATURE °C
Negatlve Voitage Swing vs Negative Voltage Swing vs & .
Power Supply Voitage Temperature (Filter and Power Supply Current vs
(Filter and Op Amp Outputs) Op Amp Outputs) Clock Frequency .
N T=55% R PPy 7 0 MEER 1T
- 'll; fax = 250 kK2 ~ tox 3 2504HZ g .3 :“: ! T
= - 310 g *10k8 P TS A
£ . TN A % |t ] T us L——,-';'_'W 7
A N & . g 1
g @ ; g /8 R
2 EEt - 38
é -43 : —N § ,/ ; 3.40
¥ 2 | AN ¥ oo
£ [ N = s -
3 s Nt 3 e I ow
LIPS L | | (\_ S 2 268t Vg uSY
iy 2 T i1 L :
<4 -47 40
SO 5 70 &0 30 100 110 120 130 AE-55-15 5 5 45 B 8105128 0100 200 309 400 500 600 700 800 500 1000
POWER SUPPLY YOLIAGE (V) TOMPERATURE (9C) CLOCK FREQUENCY (kHZ)
Power Supply Current Power Supply Current
vs Temperature v3 Power Supply Yoltage
7]
N T T =5 T
T Y % AR I:u- 250%HL —|
L ey £ uh i
2w \chdl 5 oln 17
£ 1 = M
3 J 3 O +
5 < 5 i =
g RrT &
; . T Yy = 3V : 3
-3 iy T
> ~ v if =
z 2l 1
“BeXe1S S B & 6 5105125 S 6 .7 8 9 10011 12 13
TEMPERATURE (°C) POWER SUPPLY YOLTAGE (V)

/ TUH/5065-35



Typical Performance Characteristics (continusq)
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Crosstalk Test Circuits

From Fliter to Opamps

Pin Descriptions (pin Numbers)

Pin .
FILTER QUT (3)

FILTER IN (8)

VosADd (7)

AGND (5)

Vo (4),
INVT (13)

- 1;'
L7 o 1
LT
— = —Cw] =
va a Your —_— YoLTeCTCR
26~ 20uxr
1vews L< 130wz ~ Vo
S oreir 2
= TUH/S065-10
From Elther Opamp to Fiiter Qutput
L]
o
— ™ Yan I onica
20Mz - 3 kHx — K
1Yy -
L——( 250w
TL/H/IS065 - 11

Description Pin Description
The output of the lowpass filter. Voz (2). Voz is the output, INV2 is the
It will typicaily sink 0.9 mA and INV2 (14),. invering input, and NINV2 1s the
source 3 mA and swing to within NINVZ (1) non-inverting input of Op-Amp

1V of each supply rail.

The input to the lowpass filter.
To minimize gain efrors the
source impedanca that drives
this input shouid be less than 2k
{see section 1.4). For single
supply operauon the input signal
must be biased to mid-supply or
AC coupied.

This pin is used to adjust the OC
oftsat of the filter output; it not
used it must be tied to the
AGNDO potential. (See section
1.3)

The analog ground pin. This pin
sets the OC bias level for the
filter section and the non-
inverting input of Op-Amp # 1
and must be tied to the system
ground fcr split supply operation
or to mid-supply for single
supply operation (see section
1.2). When tied to mid-supply
this pin shouid be well
bypassad.

Vo1 is the output and INV1 is
the inverting input of Op-Amp

# 1, The non-inverting input of
this Op-Amp is internally
connectad to the AGND pin.

CLKIN(9)

CLK R (11)

L. Sh(12)

V*(6),V=(10)

2.

The positive and negative
suppiy pins. The total power
supply range is SV to 14V.
Decoupling these pins with

0.1 uF capacitors is highly
recommended.

A CMQOS Schmitt-trigger input to
be used with an extarnal CMOS
logic level clock. Also used for
self-<clocking Schmitt-trigger
oscillator (see section 1.1).

A TTL logic leveli clock input
when in split supply operation
(£2.5Vio 27V) and [.. Sh tned
to systam ground. This pin
becomes a low impedance
output when L ShistiedtoV—.
Also used in conjunction with
the CLK IN pin for a seif
clocking Schmitt-trigger
oscillator (see section 1.1).
Level shift pin, selects the logic
threshoid levels for the desired
clock. When tiedto V— it
enables an internal tri-state
buffer stage between the
Schmitt trigger and the internal
clock levef shift stage thus
enabling the CLK IN Schrmrt-
trigger input and making the
CLK R pin a low impedance
output.




Pin Descriptions (pin Numbers) (Continusz)

Pin Description

L. Sh (cont.) When the voltage leval at this
input exceeds [25%(V* — V™)
+ V-] the internal tri-state
bufter is disavled allowing the
CLK R pin to becoms the clocx
input for the internal clock level
shift stage. The CLK R
threshold level is now 2V above
the voltage applied to the L. Sh
pin. Driving the CLK R pin with
TTL logic levels can be
accomplished through the use
of split supplies and by tying the
L. Sh pin to system ground.

1.0 MF6 Application Hints

The MF6 is comprised of a non-inverting unity gain lowpass
sixth order Butterwornth switched capacutor filter section and
two undedicated CMOS Op-Amps. The swilched capacitor
topology makes the cutolf frequency {(where the gain arops

3.01 ¢8 below the DC gain) a cirect ratio (100:1 or 50:1) o
the clock frequency supplied to the lowpass filter. Interny
integratar lime constants set the filter's cutoff frequency,
The resistive element of thesa integrators is actually a ca.
pacitor whicn is "switched” atl the clock frequency (for 3
cetarled discussion see Input Impecdance Section). Varymg
the clock frequency changes the value of this resistive ele.
ment and thus the time constant of the integrators. The
clock to cutol! frequency ratio (fc x/1¢) is set by the ratio of
the input and feedback capacitors in the integrators. The
higner the clock to cutoft frequency ratio (or the sampling
rate) the closar this approximation is to the theoretical But.
terworth response. The MF6 is available in fo /1. ratios of
50:1 (MF6-50) or 100:1 (MF8-100),

1.1 CLOCK INPUTS

The MF6 has a Schmitt-trigger inverting buffer wnich can be
used 10 construct a simple R/C oscillator. The oscillator's
frequency is dependent on the bufler's threshold ievels as
well 2s on the resistor/capacitor tolerance (see Figure 1),

¢ R
i1 A to V- )
[ 1t WA —— o = m G
= RCln{(———-—cc- ’)L]
- CLK IN CLL R L SH Veo = Vr. /vy
9 14 12 Tyorcatly tor Ve = V* = V™ = 10V
1
[ fek = THeRC
e
TRI~STATE SHIFT d
BUFFER STAGE !
F6
TUH/SD8S-12
FIGURE 1. Schmitt Trigger R/C Osclliator
./ -/
HINVZ 14~ INY2 HINV2 1 14§ Nv2
Yoz 2 13} wevi Yo242 15 1 vt
FRLTER OUT 3 12 |==h FLTER OUT 3 12 st
Yorl, nl-GxR Yord, 11 |-CLXR . sv
AGND L AGHD v s oy
s 10 —Q -5.0V 55,00 s 10 -0 ~S.0v
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FIGURE 2. Dual Supply Operation
MF6 Driven with CMOS Logic Level Clock
(Vist 2 0.8 Vecand Vi € 0.2V whereVee = VT —-V~)

FIGURE 3. Dual Supply Operation
MF6 Driven with TTL Logic Level Clock



Application Hints (continueq)
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Application Hints (continueq)

240 1173 22¢a
¥= o~ A ANA—O Vs
rurr w Vosa0s [JMER
2 7 3

v

§ TH QROER
BUTTERWORTH
FILTER

uFs

(a)

TU/H/5Q65-18

FIGURE 5. Vgg Adjust Schemes

Schmitt-trigger thrashold voltage leveis can change signifi-
cantly causing the R/C vscillator's frequency to vary greatly
from part to part.

Where accuracy in ¢ is required an external clock can be
used to drive the CLK R input of the MF6. This input is TTL
logic level:campatible and also presents a very light load to

the external clock source (~2 pA) with split supplies and -

L. Sh tled to system grounc. The logic level is programmed
by the voltage apptied to level shift (L. Sh) pin (See the Pin
description for L. Sh pin).

1.2 POWER SUPPLY BIASING

The MF6 can be biased from a single supply or dual split
suppiies. The split supply mode shown in Figures 2and J is
the most flexible and easiest to imptement. As discussed
eartier split supplies, =5V to =7V, will enabla the use of
TTL or CMOS clock logic levels. Figure 4 shows two
schemes for single supply biasing. In this mode only CMOS
clock logic levels can be used.

1.3 OFFSET ADJUST

The YosADJ pin is used in acjusting the output offset level
of the filter section. I this pin is not used it must be tied to
the analog ground (AGND) level, sither mid-supply for single
ended supply operation or ground for split supply operation,
This pin sets the zero referencs for the output of the filter.
The implementation ¢f this pin can be seen in Figure 5. In
5(a), OC offset is adjusted using a potentiometer; in 5(), the
Op-Amp integrater circuit keeps the average OC output lav-
&l at AGND. The circuit in 5(b) is therefore appropriate onty
for AC-coupled signals and signals biased at AGNO.

1.4 INPUT IMPEDANCE

The MFE lowpass filter input {FILTER IN pin) is not & high
impedance butfer input. This input is a switched capacitor
resistar equivalent, and its effective impedance is inversely
proportional to the clock frequency. The equivalent circuit of
the input 1o the filter can be seen in Figure 6. The inout
capacitor charges to the input veitage (Vin) during one hait
of the clock period, during the second half the charge is
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FIGURE 6. MF§ Filter Input
transferred to the feedback capacitor. The total transfer of
charga in one clock cycle is therafore Q = C,,Vin, and since

current is defined as the flow of chargs per unit time the
average input current becomes

ln = Q/T
(where T equals one clock period) or

- CinVin
T

lin = CinVinloLx

The equivalent input rasistor (Rin) then can be defined as

Rin = Vin/lin = Colorr
The input capacitor is 2 pF for the MF5-50 and 1 pF for the




Application Hints (Continueq)
MF6-100, so tor the MF8-100

1x 1012 1 x10'12 1x10%0
- - -
fowk e X 100 fe

Rin
and

_5x10”_5x10"_1x10‘°
fork fe X 50 fe

for the MF6-50. As shown in the above equations for a given
cutoff frequency ({.) the input impedance remains the same
for the MF6-50 and the MFE-100. The higher the clock to
center frequency ratio, the Greater equivalent input resist-
ance for & given clock frequency. As ths cutotf frequency
increasas the equivalent input impedance decreases. This
irput resistance will form a voltage divider with the source
impedance (Rgource). Since Ry, is inversaly proportional to
the cutoff fraquency, operation at higher cutoff frequencies
will be more likely to load the input signal which would ap-
pear as an overall decreasa in gain lo the output of tha filter.
Since the fiiter's ideal gain is unity its overall gain is given
by:

Rin

A, = L
Rin + Rsource
If the MF6-50 or the MF6-100 were sat up for a culoH fre-
quency of 10 kHz the input impedance would be:
1 X 1010
Rin = ————— = | MQ}
0= oz !

In this example with a source impedance of 10k the overail
gain, if the MF6 had an ideal gain of 1 or 0 dB, would be:
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FIGURE 7¢. MF6-100 2.5V Supplies
Amplitude Response

Since the maximum overall gain error for the MFE is
+0.3 dB with a Ry < 2 k2 the actual gain error tor this case
would be +0.21 dB to —0.39 ¢8.

1.5 CUTOFF FREQUENCY RANGE

The filter’s cutoft frequency (fc) has a lower limut caused by
leakage currents through the internal switches discharging
the stored charge on the capacitors. At lower clock frequen-
cies these leakage currents can cause millivolts of error, for
example:

fcux = 100 Hz, ligakage = 1 PA.C = 1 pF

V= 1A = 10 mV
1 pF (100 Hz)

The propagation delay in the logic and the settling ime rg-
quired to acquire a new voltage level on the cacacitors in-
creases as the MFB power supply voltage decreases. This
causes a shift in the fguk/{c ratio which will becore notice-
acle when the clock freguency exceeds 250 kHz. The ampii-
tude characteristic will stay within tolerance untit lo x ex-
ceeds 500 kHz and will peak at about 0.5 d8 at the corner
[requency with a 1 MMz clock. The response of the MF§ is
still a reasonable approximation of the ideal Butterworth
lowpass charactenstic as can be seen in Figure 7.

2.0 Designing with the MF6

Given any lowpass filter specification two equations will
come in handy in trying to determine whether the MFE& will
do the job. The first equation determines the orcer of the
lowpass filter required:

o = log (1091 Amin_ 1) — 1og (109! Amax 1)

210g {fs/1s) m

B A ’r _\;\
= - el R, i
g.i.‘a“%\;_'%%’%?

- w\[ | #\al =
- S

] A W W

- W; I\' Ayt

| |

A

w 1 x a 1

FREQUONCY (Hz)
TUH/S065-21

FIGURE 7b. MF6-50 + 5V Supplles
Amplitude Response

» ' [l

':%\E"t‘ |

S

A
Y
|

o I
OSSO

F] L ES £

al
|

1

1

X

FREQUOKCY (Hz)
TL/HIS065-23
FIGURE 7d. MF6-50 = 2.5V Supplies
Amplitude Response




Designing with the MF6 (Continved)

where n is the order of the filter, Amun i3 the minimum stop-
band attenuation (in d8) desired at frequency fy, and Ay is
the passband rippte or attenuation (in d8) at frequency fy. It
the rasuit of this equation is greater than 6, then more than
a single MFG is required.

The attenuation at any frequency can be found by the foi-
lowing equation:

Attn(f) = 10tog {1 + (109 1Amax— 1) (1/1,)2n] ¢ (2
where n = § (the order of the filter).

2.1 ALOWPASS DESIGN EXAMPLE

Suppose the amplitude response specification in Figure 8 is
given. Can the MF6 be used? Tha order of the Butterworth
approximation will have to be determined using eq. 1:

Amn = 3008, Amay = 1.0dB, Iy = 2kHz, and f, = 1 kHz

"= log {103 — 1) —1og(100-} = 1) .
2iog(2)

Since n can only take on integer values, n = 6. Therafore
the MF6 can be used. In general; if nis 6 or less a single
MF6 stage can be utilized.
Likewise, the attenuation at fy can be found using equation
2 with the above values and n = 6 giving:

Atten (2kHz) = 10log [ 1 + (1001 ~ 1) (2 kHz/1 kHz)12)

= 30.26d8

This resuit also meels the design specification given in Fig-
ure 8 again veritying that a single MF6 section wiil be ade-
quats.

5.96

Aiax=-1
=
S
g
I~
3
-
Ayw=-30
Q

i
fy=1% f,=2%

FREQUENCY (Hz)
. TU/H/S085-24
FIGURE 8. Design Example Magnitude Response
Specification Where the Response of the Filter Design
Must Fall Within the Shaded Area of the Specification
Since the MF6's cutof! frequency i, which corresponds to a
gain attenuation of —3.01 dB, was not specified in this ex-
ample it needs to be caiculated, Solving equation 2 whers f
= {c as follows:

( [(100.1(3.01 daB) — 1)]1/(2n)
< b (100.1 Amax — 1)
100.301 — 1]1/12

1001 — ¢
= 1.119 kHz
where fc = tc /50 or o k/100.

=1kHZ[

T4, wre ament this example for the MF6-50 the clock fre.
quency will have to be set 1o foyk = 50(1.116 kHz) = 53.8
¥Hz ce for the MF8-100 foik = 100(1.116 kHz) = 1114
vHZ.

2.2 CASCADING MFss ‘

In the <ase where a steeper stopband attenuation rate is
requires two MF8's can be cascaded (Figure ) yielding 3
12t c-2er slope of 72 dS per octave. Because the MF6 is a
Sutterworth filter and therefors has no fipple in its pass.
tang, ~#nen MF6s are cascaded the resulting filter also hag
no ngere in its passband. Likewise the OC and passband
gains will remain at 1V/V. The resulting response is shown
in Figure 10, .

In determining whather the cascaded MF6s will yield a filter
that will meet a particular amplitude response specification,
as abovs, equations 3 and 4 can be used, shown telow.

log (10095 Amin— 1) — jog (10095 Amax — 1
; 210g (1s/f0)

Aralf) = 101og {1 + (10995 Amax— 1) /t)2n) 0 (4
wnere n = § (the order of each filter).

Equabon 3 will determine whether the order of the filter ig
ageqguate (n < 6) while equation 4 can determine if the
required stopoand attenuation is met and what actual cutoff
frequency (Ig) is required to obtain the particuiar frequency
response desired. The design procedure would be identical
to the one shown in section 2.1. -

2.3 IMPLEMENTING A “NOTCH" FILTER WITH THE MF§

A “notch™ filter with 60 dB of artenuation can be obtained by
using one of the Op-Amps, available in the MF8, and thres
external resistors. The circuit and amplitude response are
shown in Figure 11,

The frequency where the “notch” will occur is aqual to the
frequency at which the output signal of the MF6 will have
the same magnitude but be 180 degrees out of phase with
its input signal. For a sixth order Butterworth filter 180°
phase shift occurs whera f = [, = 0,742 te. The attenuation
at this frequency is 0.12 d8 which must be compensated for
by making Ay = 1.014 X Ry,

Since Ry does not equal Ry thera will be a gain inequality
above and below the notch trequency. At frequencies below
the notch frequency (f < < f), the signal through the filter
has a gain cf one and is non-inverting. Summing this with
the input signal through the Op-Amp yields an overall gain
of twoor +6¢8. For f > > f,, the signal at the output of the
filter is greatly attenuated thus anly the input signal will ap-
pear at the output of the Op-Amp. With Ay = Ry = 1,014
Az the overall gain is 0.986 or —0.12 dB at frequencies
above the notch,

]
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Designing with the MF6 (continueq)

2.4 CHANGING CLOCK FREQUENGY
INSTANTANEQUSLY

The MF6 will respond favorably to a sudden change in clock
frequency. Oistortion in the cutout signal oceurs at the tran-
sition of the clock frequancy and lasts appreximately three
cutoff frequency (fo) cycles. As shown in Frgure 12, it the
control signal is low the MF&-50 has a 100 kHz clock mak-
ing fc = 2 kHZ, when this signal goes high the clock fre-
quency changes to 50 kHz yielding 1 kHz e

The transient response of the MFS seen in Figure 13is also
dependent on the . and thus the fcix applied to the filter.
The MF6 responds as a classical sixth order Sutterworth
lowpass filter,

T/H/%065-30
fin = 1.5 kM2 (3co0e me Base = 2 ma/d}
FIGURE 12. MF6-50 Abrupt Clock Frequency Change

2,5 ALIASING CONS'DEHA'}IONS

Aliasing effects have to be taken into consideration when
input signal frequencies exceed half the sampling rate, For
the MF6 this equals halt the clock frequency (fcyy). When

AMPLITUDE

TUN/S085-37
(a) Input Signail Spectrum

- ——

TUM/565-31
FIGURE 13. MF6-50 Step Input Response, Vertical =
2V/div., Horlzontal = 1 ms/dlv,, fo x = 100 kHz

the input signal contains a component at a frequency higher
than half the clock frequency, as in Figure 148, that compo-
nent will be “reflected™ about Icyk/2 into the frequency
range below foy /2 as in Figure 140, If this component s
within the passband of the filter and of large enough ampli-
tude it can cause problems. Therefors if frequency compo-
nents in tha input signal exceed fc x/2 they must be anenu-
ated before being epplied to the MF6 input. The necessary
amount of artenuation will vary depending on sysiem re-
quirements. In critical applications the signal components
above 1y /2 will have to be anenuated at least to the fil-
ter's residual noise level. An example circuit is shown in
Frgure 15 using one of the uncommitted Op-Amps avaitable
in the MF6.
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(b) Qutput Signal Spectrum. Note that the Input signal at
1e/2 + f causes an output signal to appear at f,/2 — f.

Figure 14. The phenomenon of aliasing In sampled-data systems. An Input signal whose frequency Is greater than one-
haif the sampiing frequency will cause an output to appear ata frequency lower than one-hait the sampling Irequency.
In the MF6, fy = fo .
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