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ABSTRACT

This special project is the-study of an optical-memory by using the fiber optic.
The signal processing schemes such as direct detection techniques were investigated
by using the single-mode fiber, where the attenuation and time delays were studied.
Optical Time domain reflectometer ( OTDR ) was employed in the study . The input
signals were entered iinto the optical transmission lines and were. splitted by combiner
coupler. One part of the signals were transmitted into the ring . before falling on the

photo director .-Resultobtained, loss of optical and optical time delays attenuation.



nmenssNUszn A

o ° a o é’ o < U Y v a Vo 1 A |
n1sdnalasauiirseiuiidnsaqanclulffaen Inaldfupandeenae iy
AiAranAuIA1sgn ANANdnnTing Inglanizetnggs A1ansIansed as.U5 gwaRu 7
v o o o a :I/ a a oea
pegliANENEN wazuuziiuwmislunsinlasseuiasianiangeiuasn AL s was

Y o as L4

a1a79elugyana siud A mFuntsliauustdneaiunisiianelase iy Adaning

U a

ANNIILTIIUANINEATIZHAINTIW LRSI LTRLNIZ ATIDE1NG

9 q
1

ARLzEARTINIRIauNTEAnINTITRTeY U.asniWivefeausia an. NlAcndas
= Py - a o o o ' = @ o g
wiae lusugtnad 29 veunszaAMetAN wIAdTsE NlWAndaemaslunsanimiege
TaraauiiiAsanil seveuRmi UnAnswEymaln waziven nnauilinaudaavas
| ' =
luagnapunlnanasn
AnsAtazUsElemifudsdiatnnismalassnuiiAnil Az dannnTenaLLsANe

AL uaEEHNITAN

UNANIANTI0S LA ARIT
UNEBNINA FIWRLT

ARUZHAANT



Ang1ey

ynAnganie ng
UNAREBANEEING 1
AnRngNLszns

RETIZaERN

1.1 Tungaalas i

1.2 Snquszasrraalnraninian

1.3 TRLIIRTBLATIIUR AL

1 4 s tgmiigsan nlagen uiiAs

1.5 AN$94N1INN903

U7 2 RS iAo

2.1 lpufaunugs
2.1 1 TassaFeaaaleuiotiugs
0. 1.2 ann199 le i e

2.2 AruanRueslaufouauas
5 94 psaznaunsuntanfa el
2.2.2 N1INILANLUAY

2.3 neAULaerianuas
2.3.1 TnALAINEeTUAILLILIA U
9 3.2 HAAINNIFFUNIKANNFULsANBWEN
2 3.3 ATudnsTARITNZ ANARSANELAS
2.3.4 AUENEDIZIRIAILILLILARTT

2.4 n13tszunadey N ndLad

2.4 1WANN1TATIAALATYEYIEUNNTUAS

w W W W

(@)

11
14
14



AN51eY(AB)

2.4.2 Aoyun4TUN9Y
2.4.3 NIATWALLLLAWUS
2.5 9insningadnleniatinugs
2.5.1 gunsaluuugyl
2.6 WANAIDINAY
o ﬂmﬂgﬂ’]miwmumﬁwﬁu
2,71 NNIAZVRUNALNNA
27,2 NN ABALALIRENLLLL
2.7.3 MuAT8UANALIRT
2.7.4 ponudiu gl s
2.7.5 Aanasanvenreduasnig udulauiouiuas
2.8 1A lELAuaLAY
2 8.1 Wl udaunaslunnniaen
2.8.2 iWwlauiailasnanaluun
2.9 AsRaANsFAELAY
29 1 MnsRed AT
2,92 sxut@eaaslaufariua
2.10 N13AANDL
2.10.1 N19QANAUTBITAN
2.10.2 NIQANANANNNEIUEN
2.10.3 n13@siausda
2.10.4 nsgi@eannnislAsee
2.10.5 alnATNIBINITAAN DY
2.11 n1ensvane lulauianinag
2.12 nsiAunereauaslulaniatiuas

2.12.1 Buendllslna

i
17
17
18
18
19
19
20
27
21
22
22
23
23
24
25
26
27
28
29
29
30
30
32
32
33
34



AN9110U(MR)
N
2.13 gUnsningaadmugs 37
2.14 awaf 38
2.15 leufatiuauarnisidesse 40
2.16 SUUsruIUNIaY 41
2.16.1 NIAMAIULITZUN UNIAY 41
2.16.2 N7 AU DAY 42
2.16.3 laufneefidunlail 44
2.17 AsiauseuaznIagay it 47
2.18 nsidensadulandatinuas 47
2181 nnsieusadaeAinnsdensie @ ang 48
2,182 nsidanfesntAa N1 HaBN I9M 49
218.3 NAsidesise Ao tdesse 50
2.19 \pasnsadeLidulufatiiuadleiinens 53
2.19.1 1ArasfiadanasasTaundui@eusan 53
2.19.2 N139ANNIAZTAUTAILAUTIIAN 54
2.19.3 ﬁq&iqmﬁi@iﬁmmﬁ%q To 7 mens 55
2194 wgnnisauaearies Ia 7 A ans 55
2.19.5 n1sanideludulauiatiuas 58
2.19.6 Tahnens nainas 60
2.19.7 nsulszgnddietastafifans 63
UNT 3 ANFASBUATNNTANINNY 64
3.1 nsAnEMAanNnMMuadelnsalFudy s amniauas 64
3.1.1 Wulaufniuasriniueimen 64
3.1.2 Adiaed 64
3.1.3 irvaalefizens 64

3.1.4 Wulgudaiuassiaeefidaulay 64



A15108U(FD)

nin

3.1.5 aLteflalen 980 unTulums 64

3.1.6 WadALLas 64

3.1.7 anadaladlnil 64

3.1.8 irsestiansaidulaufauas 65

3.1.9 lulasusen 65

3.1.10 aunsnidudiadulouiatiouag 65

3.111 aan 65

3.2 N17RANLLLKAZMA NN 65

3.2-1 aUnsalfnmaaiifn1sg oA tesdty N nlasesseE NN 65

3.2.2 9UnsnmanNAs NI LA INA AN 66

3.3 MIANEINITGEBLNIANUAY 68

3.4 NATANHIN1TAURLIN NG 69

LT 4 NaANTISeILaZAaNI6 70

4.1 giinsnlAnwnantifnsgayide1ed o uLAIAaszeEN g 70

4.2 NAAINNNTANHIMANNINUILARTNAIULAY 71

4.3 HaANNTIANEINFGUIAEANAINIIUES 85

uni 5 aguuanismaaeduardpiauauuy 86

5.1 ggilan1Imanes 86

5.2 ﬁa&lmﬁlﬁm%u 87

5.3 wuanen1sRmLAe 87

LANANTANIEN 88
AANWIN

AANUAN N 89

AANUAN 1 100

Use AR\ Taw Foyaylinug 108



AN5UYAITI

AN59T Wi
1.1 UAAIAINUANITNINUTATINURLAL 2

2.1 m@gﬁtyLﬁmfmm?@mﬂaummmi‘ﬁlmumzmmmqﬂ?ﬂluﬁmj 29
4.1 wassAindauaseimradaudaiiuaaiiniuainainnuen 1 wns 70
4.2 wapsAnaauasanimmraddauioiuastiavatreunauen 11869 70
4.3 uansArnndauasienimraadeuiotuasaianataluunaauein 2 wes 70
4.5 AUNINHAA 50 NS TIN5 kim 72
4.6 AUNT197e4 100 ns., 3282195 km 72
4.7 ANNNTINAE 500 ns’, S281¥N19 5 km 73
4.8 ANNNANNAE 50 ns , $282N19 5km 73
4.9 ANUNINNAA 100 ns , $E8IEN98 5 km 78
4.10 AaNNd1Wag 500 ns , TLEENI 5 km 73
4.11 AANINTRE 50 ns -, ST8ZN9 5 km 75
4.12 pundeWad 100 ns', $28ENI9 10 km 75
4.13 ANATWWAE 500 ns , S28LNN 25 km 76
4.14 pnundnswad 1 s, 9¥eiznia 25 km 77
4.15 ANNTRNAE 2 s, $2RIENNS 50 Km 77
4.16 ANNNA1WAR 1 |Ls |, 9¥81EN19 50 km 78
4.17 ANNANWAE 2 s, s2218m3 100 km 79
4.18 AUNAWad 50 ns , sE8ENN9 5 km 79
4.19 AunAnewad 100 ns , $eHEN19 10 km 80
4.20 ANNNANWAE 500 ns , $28ENN 25 km 81
4.21 Anundnavad 1 s , s281Zn19 25 km 81
4.22 AN Wad 2 s , s2a1z79 50 km 82
4.23 prundewad 1 s, 5282179 50 km 83

4.24 ANNI19WAE 2 s, s2&1zN19 100 km 83



1

qa19

¢
o=
Lal)

gﬂ‘ﬁ

2.1 anmazreslowiomiina

2.2 guuuanslareairauuutvuabesrdagmlduand
2.3 uanansazfiounialuloufiouas

2.4 uamnadeyeynnaensing

o 1

2.5 wamanwnizaasiaddyannsulouiniuasaiiosiagg
2.6 4AAYgLNIARAIIITBINBEILAIATUI Y

2.7 wanannnaasindeeesieiiuaan iy lawmuisafuingn
2.8 ANHOIZNITULNNI GBI AL

2.9 UAAIARILANKILI 2x2

2.10 LaPAAILILLIUFN

2.11 Faa5sgraulnenanany

2.12 gAauiairelagiBunusan

213 graviiaidlneianisdaussdenin

2.14 gaaSemslidulaniaiuasiiden

2.15 LAAINITATIAQULLLITAT

o

2.16 udnsunsenladaysy nsuniuteadnsninsa A uA Ty oy induas

2.17 WAAINATANYAFIUNTITBIN AT Ty 0
2.18 LARAINIIATIRTLILLLRINE

2.19 ugnalasaaingrasglislauned

2.20 uamslnseairaresqiiaiaesd

2.27 WAANNITANNTENLIDILAN

2.22 WARINITLALN9radLasn e b ulauitinuaelauandanannisasfiaunaunu e

2.23 (N) WAPIANHOUEABIUNAAINLIY (1) LAAINITNTZALUDI IMNATDIULAUALTDT

2.24 uanan1Afav19aadLdulaniatnwas im0

2.25 kanan1Afa1n19aad dulaniaunganana e

2.26 kaATR AR A R e uA SN LA AN A N TR AT T N LU RN

=
e
(@} © 06} @6} ~ (@) (@) I w =)

._\A—\_\__\_X._AA—\A._\__\
6.2 © o I L o RIS B - G = R TS B o0 R

19

22
23
24
24



d15Ueygd (Aa)

g‘iﬁi

2.27 flaugneszuinisdednsleuiaiua

2.28 LAAINITNANATYIUILAZNNTEN

2.29 uansnrsanneuIeLaslulLf AR TS A UANE ARY

2.30 LAMINITAANAUANNLAATBNTA

2,31 wgaamaduseuadluloutaua i lfsse

2.32 WAAYALLUNATNLBINTAANAY

2.33 LAAINIAANINTYANIBNNARA tY sy LAY

2.34 uam luNATAINITUNI NTZAITBINA

2.35 uanspwiandidsinirasnulaniatiiugs

2.36 laufasiauast tinlvmimenduiule

2.37 laudnrinuawianarsivuaanilauand

2.38 leudanauaeiavarauainsasuiang

2.39 uwanalsdindaesgrnsoliuuds

2 404 @ AIHI8992 UL NA YAG 1aLtad

2.41 UWAAITEILAEANINIULAS

2.42 LAAINAULANTLTZHEN

2.43 uanIN 1Ry i Esd Ansating

2.44 WAAINTTULNR Y Y TPUN TG

2,45 wansAnwnazsAne|redgLnsadtena Ao eIunIuas

2.46 wapsnnsailaufainuasrinee fidunlndvraReanseaiday
Hafdumauann (n)-(4)

2 47 ANHNILR9TLFUNFUTseas i TaN45

2.48 nsldeulaufaaeadyayind

2,49 uAn NIz e9N1PINATeslaLiftiugs

2.50 Lmmmmﬁiqmmmm?ﬁ@m@lmﬁqL%qrm

& 44' ' Y o Yy ¥ o v ad
2.51 LL@m\‘]mum@uﬂqﬂfﬂ@&lﬂ@;gulﬂLLﬂ’Ju’]LL@\TLmmeﬂﬂUﬁQHQﬁﬂq?u@@N?'}N

=

i
26
27
28
30
31
32
33
34
35
36
37
37
38
39
41
42
43
43
44

45

46
47
48
49



asunygl (Aa)

317
2 52 LaadnIIaeNsNdalduanmMsuaalamlunisdanisBeadulauiouiugs
5 53 Lanan1Iasnsanluns i fasnnngansaidulauiarinuasnaieidi

2 54 uanefaetaTesaidenseTiilder luilaqiiy
2.55 uansiasia lavl @ uazAnuaNiRveiase
256 LAPNANHILTAaIRAT

2 57 WAANANHUZI0TARIDAT

2.58 uanrisaAn

2.59 Ldnsiasalaziauiu SMA

260 uanINagIasuasiiaunlliaenaun e luanadayon o

v o

50
50
51
51
62
52
52
53
54

2 61 LAAINISELUNIEaRNA TN aaen el dulauiainaniiosaannasngzsiaenay

ULILLISTA WAZANTRETRUULLLINIALLG
2.62 WAAINIINIZIRINALIADIMAS
2.63 uansgtunnnasasadauumiitas Ta i o 815
2 64 uanalasainialsnassiueaiaclefiaens

-

2.65 LAANNITUREN mmzhuuuuﬁw’aiﬂﬁﬁmi

=l

3.1 udAlARTINTNUBIT LN ANENANUANITGEULALIBIA T QYA DALAIBIRTEHIZNIY
3.2 ugnanauaadagduiulaudadua

3.3 uand LA TN TN BT ULINIIBAGINA LAY

3.4 UAAINIAUKASTIRITTULMUAIAITNATUAS

4.1 LLfamz?(cyEyﬂm@'mLﬂ?@di@ﬁﬁm%ﬁi@]’mnLﬁu‘lmﬁqﬁlai%’ﬁwmiﬁ@uﬁi@

4.2 meqﬂﬂmﬁﬁ@ummugﬂﬁ 3.3

4.3 Lmmf&"cyﬂ;mmﬁllﬁmﬂmﬂ%mmizuumugﬂﬁ 8

4.4 u@ mgﬂnscﬁﬁﬁqmiﬁ@mﬂm

4.5 uansdtyoyrnsiile IOR 1.4655 , ANNT1aTad 50 ns , 3382n9 5 km

56
57
59
61
62
65
66
66
67
71
72
74
74
75



a1stieygl (Aa)

917
4.6 wansdtyeyntuLile IOR 1.4655 , A2undaad 100 ns , s28en19 10 km

4.7 WARY ”zycyﬂmﬁﬂ IOR 1.4655 , A9uNANAA4 500 ns , $281EN19 25 km

4.8 LAAK ﬁmwm IOR 1.4655 , A9 uN39WA4 1 s , 2282019 25 km
4.9 LANY ’]ELLLN@ IOR 1.4655 , A9MNNANWAE 2 LLs , 3582119 50 km
4.10 ugnadtycu1naile IOR 144655, ANNINNAE 1 s, 2282019 50 km

4.11 uansdoyaynnudia IOR 1.4655., RIANNGNINAA 2 s, 928129199100 km
4.12 uanadeyeyrtuidie IOR 1.699999 , Aaundanad 50 ns., §2812019.5 km

o

4.13 LAandAty DULNE TOR 1 699999, AYINNINWAR. 100 ns, 72NN 10 km

ww

4.14 dansdryeyed Q118 I0R 1.699999 , A1 NG WWAR 500 ns | 2xelEna-25 km
4.15 uansdueynnaile 10R 1.699099 , ArTunArawad 1 Us | 328En19 25 km
4.16 uanedtyqhndiie IOR 1.699999), ATMAANTAA 2 s , 32812119 50 km
417 wand ”fqumt.m IOR 1.699999 , A3HNINNAE 1 s , 75821 50 km

4.18 wanedauayIniiie IOR 1.699999 , ANURSWHAE 2 s 358EN18 100 km

e
76
76
77
78
78
79
80
80
81
82
82
83

84



UNN 1

11N

1.1 NNIVRITATIUN LA

|
a % a

flaqriunisdnifivdeyaiitdsz@nsninuaznisdedoyaninanuiiageianuaniu

v
=

iy 4 p— s A e 5
uazifunseenislunisdearsianauidua i wimalulag dnunisdeansildes luansil
o 1 ] v 4 =< val a ¥ [ [ dld
faldannsnaauanassananafainislunangfion AclainisAnAuuasimundan i
ANwNNzan lunsdea1s il AnEnangs aefinadulaudaiiua

anmarannaudwEuasliinninlewiaduaenaldlunisdeans daae

dl 1% Y a % o :’/ 1 % ‘dl ] =3
wsznisdeasaaiaslnanisldiadalautsinanivaylignsunaudieaauudvaniv
W1 Hawadnuazimdniun nsgoy@ann Tuuuddanndae Srnuudandilanzia 20 win
= S mld 5 v o o s = =
Hanntlasndy anvissaaadulauiatiuasluiaqiinisiaiiiaeizes) Laziiledainns

1
a a g

aanediaansatialutiagriniuieasdaeumalunisldunusniainneuiuanuialy

=D

nrdedeyry s wmdala ufotanas AlAdn 9An = T aNaN NI INUILAINAIWAS
(Optical Memory) uaztianTUgzens i luarun A usLLuaInTugd (Optical Switching)
dl é‘l dl 1 =& a c’i’ | d’ll d‘ i = [ o 6 1 d‘

Falamnnaraivlulasuiasiiduiiaminaafandnnisinauledgiinenisie Nas
o =3 tﬂl [ 1 ° o o/ 1 i’ o/ dd‘
tun llunsAnen asiumiaauaugduaisuse bl Iaailiawmannisuasngen
nanateldun neAthaefitas malszanadyyinugs nsdag ndauas n1slsiaNsasTUL

o o '

d’ Qb 10 | v dl zg ' d’l ] =2 dl o 1

deanslaufaniuas Wudu dndanmatiiaziludoudidnysianisfnmineaiunimuag
19ANNUES (Optical Time Delay) ava@nsnsndaginsaiudayalugtuuuaesdtyyiniuas
filse@nBningelu einmnufluGaaniagannduasiddszgnflduasimusal s

Windszlamigegn

1.2 dnniszaaAaslAsIUniAL

1.2.1 {NOANHMANNIRNIULAENE HT NI TUNANNITUUILANAILA
1.2.2 Wa@nnsimannisudag ANAuastnlseans g lunsdesns
dl ' d‘ 6 o < ¥
1.2.3 iaAnmn1smidaanamuasieilsslamisanisdniivdeyadtynyinuaes

1.2.4 Aanvidayafildannisaniunu  Weniuianislunisimunszuumiag



ANAuas liannsainndewldetnadilsdnsningage

1.3 UVRLILUAURILATIITUNLA 1

= o o o &
1.3.1 ﬁﬂh"mmmﬂm:%qﬁgmdLLZN‘V]Lﬂﬂ

v o a o

AUBINLNIUIA

1.3.2 ANBINTIINUINAIMNNUAI U Z UL ATHA LA

1.3.3 ANHINIGOULRENIAINGUAT NITAANDU TEITEULNUILAITNANLAN

1.4 Uszlanunlasuanlasaaunias

agdsuuazim e lulatinisldiadalaudadiwaslussuuaannanuaelunig

Aniudayaldptdlszdninam Wafuuuwmaslunasdsegnd g iiudselenilunisde

a1 uasisiaanistlss@nsnnlunisasrinudayaligean

1.5 A1919N1ENINY

NIMUANIINWNIUIATIIUNLAY LAAIAIAITI9N 1.1 9T

o

AN 1.1 BAPNNINUANIININIW AT WA bF

19910 fangIu
Hnuneiu 2545 \dneTelnsee TR
NINGIAN 2545 s ETiEadasiLlass A
Auee 2545 panuULEUABUNTIALAT9L
AANAN 2545 Fnvngunsniiidlulaseuiia
WO AANEU 2545 a¥ngUnanfldlulassuiiise

FUIAN 2545
NNIAN 2546

NNNWUE 2546

VnNsAnIANanlseas
FINRAELINANIANILATATUNANITANEA

REIUTILNTUNANIT AN




UNN 2

WANNITWASNEG 1]

2.1 launa1ungs
Vauuasniandr1AyAani1sded1siuana i tiw el uaLLLTIZUIL Bian
Gl v o | (% o % a a o d” 1 =S
wasuuunanszuan e lawivanaeifluniw daniung el luauidailaznaianenm
o/ 1 v o v o lﬂ' | dsj =
neueAneedlauiniiias ieuasnialuleudaiuaanwaidunugulunisdnmsau
Adaiisalll

2.1.1 Taseds192a9launquiaugs (Fiber Optic Structure)

%

lanAatinugesiauamnaismidulaadnninurauto lnad lasega s usansg

1 % :I/ & 2’/ = 1 % o R a v a o [~
nezuanatinNlag 2 41 A dULnEEnIILnK (Core) 189 lauAauNLas TR ATRInILadLTl

v

n, IR eunWlowiaias i uAuENae 2a dowdunagdnaennduduaeiunan

£

1
o ¥ a o o

1 (cladding) 338 fatvini n, pagili 1 TaemdafidaAryaesunulaufnisuashadusa

o

na1auEs dauniafvesueanisfeannisgrReinfuaiiesannnazagfiaun dunun
o A o  w dll ¥ o o o QI ¥ dl
uwaztlaaiunnagenauiidauasiasnuaedlauioiuaslUdniaiuduendanau) uanain

Aanutinidudautlaatuwlilvunusasla unqtiinaslpsavizain ladae

T

g9 2. 18Nz a9 lenAE WA

Buffer Coating

2.1.2 dinuadlawniLay
] a a % 3| o dl o v o
® nsuthaianuN1giReANdNLas iWunantandanatsuasivian 1 le

WA2TLAS mmmuﬂmﬂmﬂu 3 Wim

a

7 mﬁm ﬂJLﬂEIﬂQ’]NLﬂJNLL@\W]’W (low - loss)

o

a

< aRangryideanudiiugaunans (medium - loss)

o



i ﬁnﬁm?{@mlﬁﬂmmﬁml,nga (higher - loss)

Tna 2 gfiausndnldudanduwnuaeslaufawaz ldudavranaraininiuumnan
dousiad 3 sinldmang@nyiunuuazuaaaedlauioriiugs

® N13uLisTfazes e uaenueaAlsznauaaaunulanialnuas a1N190uLN
aanidu 2 11

- FUAARMLURANT (step — index fiber)

- aipanIAduANT (graded —index fiber)

Tnauuuamlawnndtliznaudoaunuaeslaifetiasifiesflsznouianlae

RaBARNLL AN aasgLN 2.2

AnuusYIRYTiinM whantoud e vwnaloudninuegs |

n| in, |

y_ 1! . 125 Bm
" f‘ (Cladding)
j ---------------------------------------- :_r 8-12 m
-=- (core)

Monomode step-index fiber t

125-400 m
(cladding)

50-200 im
(core)

“z‘

125-140 Um
(cladding)

50-100 Um
(core)

Multimode graded-index fiber ?

sU#2.2 giluuuandlassairuunivuaineainamlduwand

snanuanalasaaiauuvae luuatiinamausnd

sanuanslasaaieuLras lunaatansaduand

d’l o 1 a a g a Y @ A
u@ﬂ@qﬂi‘lﬂ\?ﬂqﬂqﬁ‘ﬂuuqsﬁuﬂ@LMﬂﬂuLﬂﬂ"‘ﬁLLﬂgLﬂ?WQULﬂﬂ"]ﬂﬂLﬂu 2 LUl AR
= ; ~y = y o Ao
- LLUUTMN@L@HQ (Slngle— mode 1178 monomode) AB Iﬂ AU AILLL LI NN LW EN

uAAgTunautsmaaun benielune laudasiauga



3 A Y o d'd ] 2 d' dll
~wuuvanaluus (multimode) A lawdaiiuasniatnaias 2 Muana nisnAaey

Aeneluvialewiaunuas

2.2 AnantArasleuniungs
2.2.1 nsaznaunaunNaniglulawnaiugs

nMsasiaunaunuatesuasntalulandoiiuasfAiuanni s waeafuLasluso

nan9Bu Aanandlugii 2.3

21Nl (Air)

@ Core
® Cladding '\:

39023 tansniaaznaunielulaniatnuas

2.2.2 n1gngzanelgg (Dispersion)

mim“mwLLm(Dispersion)Lﬂumiﬂ%’mﬂﬂﬂ(broadening) Md?'aamﬁﬂu(distorﬂon)

; L p - 7~ i i MER)

189y fyN0uuas (optical signal) MAdauntulEunNUuLee Aa atlatwaaniiliy pulse 1IN

danadneniireslouftiuee. wafasnantaiedndieasiannnineaes pulse iAW
QMNAN BEINNI19TLNL8RNAN 4TI NNINTZANEILEAN

dl dl tzll 2 o a v ¥ L% [

dla puise wdauilulaufatiuawsiianisniteanuazdeusiu (overlaps) A

oulse F1aiRERANIWNINABATENINNTU (Intersymbol Interference,ISL) i1l pulse Lah

v o A o | aly 0 v . & . o

aanannlawiqrlasiiansaiili pulse fldanunsaawunlé (indistinguishable pulse) 69

wanslugLn 2.4



Amplitude
1 0 1 1
ﬂ ﬂ dyguduyn
Time.
("
Amplitude
Distinguishable pulses
1 0 1 1
A \)/ p
doygau01dy
Time
)
Composite pattern
Amplitude
Indistinguishable pulses
No zero level ¥y P

Time
Intersymbol interference (ISI)

()

19 2.4 uandeyayoueasive

o @

o

TnelWd i nBunaldnruziansfatns e uduiusszudne amplitude

o @

[

fuan fegl (n) neddansroizaesdtyyrnienvinauansfsgl (1) uaz (A) Sadldnwoeii
stluuniTadau (composite pattern) AneuraedeyyInueinAmaLasRunIsnulewt

wuasiuusinge Awuanslugii 2.5



anNYUzVIATI M doyoiuduna (Input pulse)  dygnuerdna (Output pulse)

T ’ ore. Cladding

¥ .

n, Amp Amp

Ve

Refractive

index n(r)

t t

y (") iavaroimuauuusuila
T

Ng Amp Amp

ny
K>
n(r) | VAVA /\

(@) iiavarulvuauuvuy

Amp

t t

-~ - Y o
(n) ¥halvuaRuuuviule

[

19l 2.5 waasdnenizamnaddtyanneiulauiatiuacaiinmng

o @

2.3 neAlidamaiugs
2.3.1 Tunauasmeluvaiuasnuugrunu

WIAMNAALLRALIaINIeALRIAD NanedURITFaTEuIN N ALaIN1e luvia

o,

o ! o ' a i 5 . = | ' o |dlt=l
UILANATUIUNLTENIN “ﬂ’ﬂNIW'AML'JWVLﬂﬂ (compossite waveguide) gL uviaun ANGTEY

AENTRAA W I4Rat LAY TRBA sl AT NMILAITA9LNLLAZ LARATRIYIALN LA

q
1
Il )

A2 AN NN N12190LAZE AR WA LN TR TATAF19AT NN AR AT TRSYIA1N LAY ULA A

U

Ay Ao o o o ]

135agUn 2.6 Tnefivievnuaia 2 H5AEY r, uas r, Haadinmuaailu nxy) dauiiqge P

duqalariednielulressfunteansenszuen daiuaanisiesnisdnedunsizesend g

local mode MABIUALIZEZVN d HIUILHENINITNINAANINAINTIVIATLANTINERY



y P
r Iy
b 0
Fiber 0 Fiber
1 5
n(x,y)
l d i

= o . i
51U 2.6 LLﬂﬁNgﬂ.ﬂ’]ﬂmﬂﬂ]qqxﬂl’ﬂ\im’ﬂqu&\ﬂ@ﬂuqu

fnuun A arunuasatianasnlsenatliniduiatinuganan IWAn I ALan

= [=1 [ ° a a rd‘ | [ o dl | = = 1 %3
nn viveduvetuasuuudmdlinssadunedinasiidusuniunaifeq Gandt ladaluus
S8 a o [ %3 1 :// dl 1 1 o a v dl 1 =3
Aeiien 2 Tada nawinTTunduyatiuasiuuranIngs ld Laziiasa nauuusliuan v
Hhaeslunniia 2 agiafuninanianissunaudondesdysyinivaanseanedn (crosstalk)
M ENALA9T9 2 Tuualasuulasduius

nasinuua liviainuasiidsznevaudunannd@nnnwinsilaseaireiimieuiugn
U3rn19931 U A TAIUA LA LAGA UTaNENG YAt LA LUL AR (pair of identical
fibers) Az U AR 81 LA HA N NAN KN AT FTRId 1NN saRa TN TN s
waaTuum lalnuauilaunusuls

1 o d’ o wal v dl 1 % % = ;‘z = 1 1
Vit udsnganuualiilasaianuingatantdnesiu wnisansiiaz Gandnve

tusuuulainusAananings (Indentical composite waveguide) Aauanslugilin 2.7

Ng

ny

31U 2.7 LAAININNIARATINTDINAUIUAIULIL identical composite



2.3.2 NAAINNI95UNAUANAALLTNEUAN

a

781N UANRLIL identical composite LMatHiafTATadF 9 R LAENdviatNLAILLILIAY
ARRLNUIRY U LAIANITATLANIA WTRAIULIAR@NNTEWAN (air — glass boundary) Ta
a9 lAd 1Yt LALU LR AILIAR A NN LANUFRRINALLLLARA WD UILAILLLVAAN
sou {ludiu viethuaauuuiienagnsuniunisdllasuasandannden iy Waiinis

= & ol & = % A o 6 @ o o =

WAL AT TN LA BRI AR ANUTDH LTIN1EUBNNINTZN T AU LA LA BINEN
Wdniagazdanaliduilsz@nsnisadlasuassendnaatnuaaddasuiladlidannnnazing
= dl o a dl [~1 o/ a;‘/' o
annisilasutdasnisaldaguaemilunaniainmantsniauaniian “Nan17ILNIUAING?
wisnaeuan” (external effect)

2.3.3 NSNS NARNSSNANRAAS A E LAY

] s

nsdensiednyinuasupaasiaqadnlnisdensadule ulasssudegnenl
o , — 1 = Alees! 2 v o 2L o X 4

Fuuazdednynynuas amsuntiansimsadgidulaufotnuasindudaunanuunseanis
Aadulaufiaiiugs vieatnsamasuasuanndaaasduanly lnevialdasldd oy Ty
gunsnhlszinmwaadnwlunisaansa Aroudoyniuldislunisuanindedoyonuasean
dunaedyunns waznissadysnnmanadynnidnsaniu n19RiN Astyyres
WANAAIUN 2 ANHTUE AR THARININUNY (core interaction - type) uazalad 16 1WHA

(surface interaction - type) ﬁTﬂmeﬂugﬂﬁ 2.8

> Fiber 2 (}
6 Fiber 1 ~

(n) FUATIHIUUAY
g Fiber 1
Fiber 2 (;

(¥) YUAMNIUAD

3

-
—_—

)

5191 2.8 ANBULNITULNNNAILBIAATL
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ranunsauiigau 1t 2 dssinmae

® AALILLLARANT (star coupler)
{ dl o £ dl [ ﬁl’ v a [ :// o dl ]
udpauiiiimiisndyuuasiidangndunm uazutdnyniilldius
¥ 1 S| s dy
aziaving wiveeaniiu 3 dsznneail

o

- §AYULLIL 2x2(2x2coupler 38 directional coupler) fanwuzilugraunidaie

(% 1
e

2 wasmihaunnuazilataan 2 wefmiflueninadsgi 9 grausiiatifluglneaiiugnun
T lunsaFregaautlszinnan) Wun gasuwuuanif 32x32
] = . = ] = o = =
- AALLLL TXN(1XN-coupler 134 splitters 1178 combiners) Fatant A unileasi
= ¢ a v = s = a v o v @ a a v o v
e 1 wasnansiuazil N wadn weatatsandwiniduaunmilataansuaznuin

3 p
miuanying

Cladding
Core

Mixing region

Fused region

51U9N2.9 LAANAAILIANILILL 2x2

'
' =

- AAULUL NxM(N>xM coupler) lugasuiidaradiuaunm N nafnuazilataniu

U

lavinm M wafaildnunzaaiantlugiii2. 1o



/'

(n) gAIuuLY 3 wein

® ®
x
® ®

(v) §MvuuY 4 wein

Mor N &
7.

AN

(n) faauLuuead

\ M Ay +Ay
/ A

A1+}"2 7»1

e i
R

' o 4
(1) IMVUIUTIVUASUENAYYINUUVUAIINTINAU

5101 2.10 UARAIAAILULILFING]

2.3.4 AMANHMUSUBIAAILULLAANT

11

Splitter

Combiner

Coupler

Star coupler

Wavelength
multiplexer

Wavelength

demultiplexer

a ° o

- ANNGEYRBULILRWAITEY (insertion loss) HluAAMNgTYIREANAI 0Ty Y104

o

WassEnINABUNALATIENANA A ANA1 T aNsndenlifsannas

U 9

AYNGTYWAEILLIL insertion = 10 log,o(P,/P,,) dB
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- ANNGIUIRHLLLLENLTA (excess loss) WuAIANgURER1AI89d Y U IIUAY
INBUNATIN AN TONT e LAFaNNg

ANNGEULARILLIL excess = 10 l0g,,(2P,/2P,,) dB

- ANGULAEAINN AT (splitting loss) uAIAINgTYRRNAITRI&TY I UKAY

al' ' ' [ = v o
nutithlusiazionsing arunsaaulineannig

AYNATYLALAINNIFULN = 10 log, N dB

|
=

- ATRENASN (cosstalk) HuANAasdy I nuashasTiauna i unnau

q

AunsnldanlAsadunig
cosstalk(N3aagAILILIL 2x2) =10 log,, (Py/P,) dB

ARILLLILTR LAY LN dy gy skULIAZIN 819AA Y (wavelengh Multiplexing and
Demultiplexing Coupler)
1 all { b2 dld d‘ ' o a 9 1% o
dugarunanuismisasliugeniaanngtanauniefununaeluidulauiuiuas

- y o . o ra X P s oA
LWH\?L@HL@HQII@@QETJ‘V] 10 SL‘LWI'W\T'Qﬂllﬂﬁ"]@ﬂQUﬂ‘izLﬂmuﬂQ?N@m@uumluﬂ'\?@ﬂwquwumﬂz

' '
o A '

mmmmﬁ'urﬁ'muﬂﬂmmwgmLﬁmmu insertion A1 A N @RI lUNITUaNT B
ﬁmryﬂmzﬂqﬁuﬁ@ A cosstalk B
1. NETUIUNINARG AL dNansnTiazaAalFarnuaneanie R

(1)A8naau 39w (fusion — drawing technique) tuign1sa¥19gAauTae il
dulaufaiuasuntsznusau iy aminlianufeuFnunsnasiidiluuiaiug dn
s9utu naufuiuliAaduleutaiiuasennanniu WnniiasnaafluiFnnsuuas
(coupling region) ﬁqgﬂﬁ 2.1 ﬁu?‘mmﬁzﬁ“cycyﬁmumﬁLﬁﬂmq%uwm%m:mﬂﬂﬁuﬁulﬂ
wiruasiurAnp g dsuunidniaa (excess loss) aziidnaglutag 1 dB - 2.5 dB

(2)38unusan (mixing rod technique) 1uasnsai1egaruinatindulawda
uass TN A wn s N s N Aess i adla At e dauTaunusIauig

WhiBunsuuassauanslugli 2.12
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Fiber

Pull Pull Fiber U Discharge
e —
b —_—
ﬁ Flame
m Electrode

Microburner

o

\
Coupling Length L
Fused Part
(Tapered)
Core
Fused Part
= N

1% 2.11 FFa5egaulneianaan

Core
Cladding

Mi);ing rod
g , 14 N ?

51# 2.12 Apaunainlnedaunudan

(3)3Fn139muaziTian (polishing and joining technique) 1uAsn13a5149A
Aulagindulautatiiugs 2 Wudanaqadquazi@enfnduleuiatiingaiagadsaanio
afaflugrouuuy 2 x 2 1unidulauinbuaadensaiudranimindhinduiiziome

wad Aanstlfagnansovflugmaunuuwiatn NxN iiduiu Asuanslugi 2.13



Core

Cladding P,

N

Inputs Outputs

517 2.13 ApsunailnedanisinuaziTensn

[/
Y ¥ o a A

@AFnslidulaufoiiauasni@en (fiber deformation) Wuleufaunuasi

= Ty 5 A o We Y = A Py » o [y
LﬁﬂN&’lN’]‘iﬂV]ﬂWﬂﬁﬂﬂﬂL@ﬂ 20U mmquL@QVIM@mﬁ'ff]ﬂu’J\?VLﬂeLULﬂUGL?JLLﬂQu’]LLZNL@u?ﬂ\i

v @

Tiuunibizemeumumsines (faautuy 2 x 1) fauanslugii 2,14

Core

Output 1

Cladding

4

Input Output 2

N

Glue

g1 214 gar1Asnisldduloufiatiuasingen

2.4 N9z NIRREY Y IULAS
2.4 1MANNITAFTIAALAYUIUNIIUES

TuszuunTaanmaLatiu gUnsningaadunuasasinuti I aaudny oo

£
o a

RAnasuulalfiiudygramieini vailliddanisuegandtyyinaznlaewdluwiy

]
v

1n gunsninsaadunasaz i i eeFudy oy aniaonudinuasfinnnssnuwiniu 39

o o

aunT0uLNMIRTRT LAy ey auls 2 A5
(1)N1TAIIRALULILAN (Direction Detection)
ada [ [ g k74 dl o k74
Afn1ImTRAudyny uata e f LR arlduiedynyudeysgndalug

aandflaguutasandiinas Aun1RR LA MARNITRTYR T LN ALAI NS
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o

dl | % ! d’ [ A 1
wasuwdaudugldndouzeanalasuwlaesesdy iU 1UuaAUNTaNTTUA ATN1TDHIU

[~

v

nszUauNNsNagandty o R i AT ATy U URILLLG M H ViFBLLLIAYBAN fagLl
#1 2.15 Tnaunasniliauaiaimesazgnuegansaa doyyrnisianaauaadadnuaud (ens)

wazidulaufatiuas landninsningadudyoyiniuas (photodetection)

| “W WMM Time ’_—‘L_ [ TTime
Laser G i ﬁ
[4 f9 ng—

Lens " Optical fiber Photodetector
Modulation
1 0 1 1
L4l [ | Time

519 2.15 LAPNNITATIAALILLILIAT

2.4.2 dnyaynesunan (Noise)
%4 ﬂl nl/ i 7N~ 7 o/ 4 ‘ﬂ'
&oyayradsunaulurzuidedisiaaviallenasuuneantaiily 2uundneiuae wuun

iAAanAeuanadszUukaz LB AN e szl Aty uanssunauaesginsningaady
Frynynunnauas sauandldlugilii 216 Guaandtyyiniuasanasunainandudnyyin g

R1ANAY QY UTUNAMAATUAINAAUAN NIZLANA LLANZIS WavATytunuiln wAdNIY

o

o

dausneivaninnisaenedtyiaseanedudayoindwiiiendym



optieal electrical
signal pholGatEcioE __ avalanche _ detector electronic signal
: gain : | load bias gain
noise noise noise noise

*quantum *excess due *thermal *thermal

*dark current to random (input resistance)

*background gain mechanism *device

*beat (from (active elements)

incoherent *surface leakage

carrier) currents

519 2.16 uARWUAINUEARTYYINITUNIUIBIRLNIIAFARALATYYN ANIUAN

°

]

Fouruansunauidinny unnsiansnniisedl
% v : dl a v i’/ agl I} Ly
A0 U DUILINAUALINFAY (Thermal Noise) NBTUNANYT 91U Tudauaadginnl
o 1 2 s ° = aI/ tﬂl
A9 UATY RN W AR Un IRl aaafaln TWHA aziiaainn1sdunssinanuad
a a A % =K v . o Y a [ (= o
Blannsausase virelaseaFrwansomanuFauinliiiaussaumas i dudtyoysunau
4
G,
o A ] a d’ 1
-Aryryrtusunauaannszudiln (Dark Current Noise) Taanmida lifuasnnnsenu
gUnsnlfuugs azfianszuad wilsiafnanguugiag luinldnauesiatingnnszsu
nezlapannunuaifnAsaudass dsununinii ienszuadnduidudtyoinsunau
Aryrynousunandamuaad (Shot Noise) Wludtyunndstnauniaduialy lugudau
Bdnnsetindvianans anmsrasmanadanueadinenanliuiueulunisldessiannsen
PBNTUAIUBANNTaTNdTIWLEY
-AryryrnurunauaInnALanadyynns (Amplifier Noise) dludtyaynsunauiiina

anqsasdiannsefindinldlunsaanadtysyrnuain photodetector Aansaunlfiaangiln 2.17
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1 )
) ]
| |
| | e A
[} [}
el
hv AN SZ Cd E RL E Ra Ca Amp
1 [] .
i i |
Detector ! ! Amplifier

C:umaniudizy R :umuanudmmu
51N 2,17 WAANSIATANYAAUNTNTRINIRTEN LA TY DY U

2.4.3 NNSASIRAULLLIAINUS (Coherent Detection)
nadedayaneuaasnsadalugiuniaasnisdasuulasvauazaand Inefinig
RIvRAL LU AraTiusngeaduuadldaunsndun s aauuadlAiunfaa D ganannig
D) o ~ o - ~ o = = =
R TIT L O YL FUGL O NTE o b bta LS Uy A 1 o i P PN S I TR

a g v v a A a a o a A = [ dgl o
niusiaansas visaiuimatlave@uinasinelslvi (interfferometry) Ing IUANNNIAUTIUAY

17 2.18 Tnauavnisafaz gnaenansat ocal oscillator ufadeliluidnlauiaiuaql

2ap

99U local oscillator BnassigUnInisanuas faunazanastualnsnifudtynyinudai

nshnaneatidyolildausalil

1 0y 1 @, ﬁ 01 10
WWWWWWHM Time Optical [ | Time
{caser % combmer\~ Photodetector
P = = R 22
T Lens  Optical fiber j Demodulator
Modulation

1 01 10

T N

Local oscillator
laser

51N 2.18 LAPNNITATIAALILLILIATWUS
91ln 218
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2.5 gunsningaadnlaunatiiugs

2.5.1 gunsaluuugyl

v '

v é’ o v ' o ] o ' ]
#4397 NN T LA 89d U8 coupler mmnuimmummmamaLﬂmgﬂ‘m 2.19

b

o, 1

agldgunsnluuuguinnliiiamastauuudiunielugy Ganguidn “qiisloumes” dou

[

nislalaneenvinavivaaadausadndaaiufagi 2.20 aglfginsniuuugiaiiniia iy

UG
a

nantsfaunduresiiauaadguaedunnian Fanguiian “quilases”

U

— Coupling <10% —

(n) uamnsnildauaaiounin 10%

Coupling >90%

(v) narmansaddaeaninnii 90%

< -
519 2.19 uanilnseairaasgilislaiunes

Coupler

e

Reflected output Transmitted output

P a o«
51l0 2.20 wasslazeaiierndailiaiaas
e T o
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2.6 NaAnduaauaa (Physics of light)

waaflupduusman i iAuntedaeaanudadszunm 3x10° wmmsAuinly
4ruyINTA 39N FIneeuas lug o In AGIMELYNTANENIARUYTBANDTUR AN
[ 1 < < a dl d’ d; a} 1 o d“l o
u adelsfimuausaauansdalaaulliawaspdeuidiuainsanatemiialld
= o 4‘ dld 1 [ a =2 | -:4‘ o 4 a o wa
ansanaeuilenian by sadumwsiii luaananisinm Ananinues
s d’l a; o v = a ' dl dl 1 o dl dl
N1IANNTBIUAIHINT LTLaiing AN TINA19 ]I LR UNHIUFAINAE NTIARBUNTDS
uaaluloufatuasiondaudnnisi@ndtiduiu seuanslug 2.21 Wenmuald O, uas

0, An yuANnIENURAYNTERWTIUAIN Tz TLLEULNA

duiloaduunan

wdun@ 5 5
JdannTznu Hatamiou aumaznou *
AINAAYTIHNN \
\
6, n }
RLLTL]
_ B
Vel 8) AINDAYTWNHN O wnu
e
Sidvinm LRt A O]
() nidinaly (v) n3tilguines

51[9 2.21UAAINITANNISN LTI LAY

woiingsnaasuaslulyufoliuaetiuanmmiirssilfedsanysaldosannisues

dl dl 1 173 (% £ 1 < Y :J/ o Vo a 1 1
AALNARUTNTUEa U aei1alef Anlun s ldensiudn I a1 e AR AN T2 BN I LA
aunsnasueld Wdouaassaazaualuni1sAsLinNANAAI g T UA N a19D9Ta i

Tanasalyl

¢ & v
2.7 dsingnisainnaudaiiasnu
O I SRR

NN TR9LASIA pTUA NN AsL LU a9A N5 a9 A LU NA19TIHAINAN

o )

wiateaduesiudnmdauanuiuaslugoainiaiuauEuasluianaeinasdnug A

kTl

[ <@ dyd (s K2 dl v [ as o
PAIRRNTIAVWUAIANNNTARLTENMATUIANLY (n) TIUNUAVILAITNANNUE

e e R X e 2.1)
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fla C waz V AnannuiFuesuaslugyniniad uazlusananelapinandy fatiin

q
¥

MTRLANTILANAE LAY TN DI AILA S8 TN T 2 A NEI1DILAIR AN AN A US L AIHD

au

A < = = o
LAZAIHENIAALY AR }\.: CN eV iag }\, ARAITNDLAZAIMNENIAAULDILAN

2.7.1 NMSASNAUNALUNA

[

A LAULAUN N HIUAINA N A RARR AT TN WA RAzn RN 59N 191229189

dulisnungaesausd (Snelfs law) Aa

sing, n,
g, |

Tunil 0,uae0, RayuannssnunazyNFnmAaIRaINTERALLEUUNR (Normal
line) LuNURLI0 8AAIRITINA NI ABITUAIY N, LA N, ABATENILAITBIHINA1NT 1

UazAINANNT 2 Aaudndligiling. 21

o [ ar

= dd‘ a o d’d o o o a}d
NANTRUINTEUNLAILALNINATNAINAINNNA fatiniaanllgefanaani A TURNLU

Yee nanaReuanmANnzNL 6, RRmnTuaziinly 0, flrndning 90° Genyuannszvud

vinlyuiinimia 90° H913uannF (Critical Angle0,) faannns (2.3) LLﬂzuﬂﬂLﬂNHNﬁm

q q

nrznuanau (0,>0,) Aazvinluaslianuasafaziduniadaldlusanananaslfiae W

AaNANTTAZYIauNAuUNNAN 8 lasiea

R
SO | - A R S R (2.3)

core

d" A 1 o a o ] ] % =
WA N, kAT N, ARAIATUUNLUADILNU (core) LALAIUNDY N UTDLAARA

core clad

(Cladding) 204 l8UAMNLAIANATAL
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Tnuatilna (Leaky Mode)

unan

y
,
I unu

- - . -
g —— N YUANNTENUMNNNYUINGA

g

oL =— A9 yuiuum

Q) )
519 2.22uamn9N13LAUNNI NI Ne AR laARLNa IR BN AU A NNITASTI A UNALIWNA

Tunstikaadngédulanaiiuasiagd 2,22 ilalnevinldsaivnimsesunuiiin
snnnddaiiviniesunanisiatudasseunuly laedandnnisasviaundununniely
vasuasignandreuiaansniiasintiasiitlomd i luunudunidldinn e luunue)
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winnzadive linsdnAlagnsiediga Sanaslmedseauedfuiueansaslenens lu
dausie liasuanawantinesor 1eelannefiuial
d’ - aa - & o Py
1. AN AR (Wavelength) LA3aalaN AR FATNNTNIARN AN AR ULAST 1
duiungasaauidulaniniuadilnfianineiaanuuasitionldas lugae 1310 uaz1550
U lunsunwrinveady lansainugaifean1nadey
o Ao ) = ad o o R
2. ATinmLAY (Reflective Index) tAradlennaniataas liseyArnaiinmuanes
Wulaudauuaenlglun7nr0aaeLmat e N A NN e AT RIN1 T AT TN19T DY
d‘ aa '8 é’ 1o dl o 1 o A o F3 % o
wisealaienFacauagiuAINLTiENATaTB9N 1 TNMUAAIATITN WA e du lawiatiuas

N
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10 km 10 km 10 km 10 km 10 km 10 km

= =3 = = =
\Zﬁmm G V
(n

Lens Beamsplitter lour i

| Used —“" '~%‘
i Light f ]
i Source | * v |
e
- '
Modulator [
Hi Speed |
Photo ———-—-1 Amplifier |
Detector
Scope

Sweep Trigger
@)

o

519 2,64 tanalasaadisiallvesrsuulaassaslanaens

3. T29nA199R9NAE (Pulse Width) LAzadlanfansaunsaiaandaenineaaanadaad

waandadn i ludulanfodnuaslaedlutaesaus  1-1000 cwimg - AuiuAuFaIns A

ANAzasalun1ITavInRendndTasiadninedanalini aerauasngdadnulwidu

lauAatuasinauni it unnnaesasaddannens viraszazniananisnsdaldaoau

<

1 a Y o dl QI -jl( é’ ] % al d? ¥ =& o 2 |
atinglsAndaendarasiadniiuiuiazdanaliscesinalauiinausag A ldannsanis
o QI nd‘ ] = | 2 o o EZN o dl
nsradndenatnieluszazinalay wnwendaendnaasiaduay vinldtirunisinaessias
TaffanfiTaszezn19na 1019090 LA A UAILALIANANNNAZIBE ATAINITTANINTY  TEUEN

v -dl d? dl 1 1
184n193PHANNENANII N TR NITEzIAR T Ue luTaguAL

4. sraizaaadulaniaunuas (Fiber Range) Tunisniuuaanisdniafanannis
AR NITANNBAAITEZLZABINITTATAIALANNUA LR AT NN NGIAI N8 597

Y o 1 da ° o 0 ve A ¥ oa o gy A A
AENANTIA  ATUNAINATALLININ mnmuumwﬂuﬂuLm@mumuiﬂ%mlmmmme
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WAdIUH LAZIaLIRINITATIATANIINTLIRINALNDUNN1Ta o Ul 8AINN1IATIRd B L
. L T S o = 2o

neunihidlasu duamglilardasiauianaiall wredsnguiedanuznninsenaaes
9 v o 1 o Y o d’ a [~ o v @ a 1 [ v
duleudatiuaausduinnmunsas Wnuiasasananuldiaznalinsdanananatum 80

NMUBATZEZNINNINTUADAUT1TDIAIINEI2TDILAIAA T DIRNANITASN BTN (Ghost

-

" a g [ 2 dl a v £ dl aa
Reflection) {inTunasnsaziiaunilanasasadandsdsnguuninassedinreslennens
= v a i’/ o ) v o v = v QI/ o 1 o o 6 o/
anla anvesanliinnsdadiasansag Inavialilarsninuaaisea @i usiuANg19a89
WLdaNazNINIin

] & b g - . R . o i
5. A1Laae (Averaging) ANt 189N13TaduAaInuanfednlun1 AL ey
:l/ o dl o/ 1 all ] g’/ dl v = 1 dl a: [ o t 2

ATAZNINITRAL AL AN AT AMAFRLATIN LAY NITEanANLAE A LT lLN13TANT 1A
[ dé’ [ v
N1TIAATLAARTYLUNUILINAUAS I

6. duLs2ANTN1INTZIAINA L (Backscatter Coefficient) ﬁﬁﬁgnﬁmum%umn

nszununisuamdulauiaialnttnAesasasinuaune TaN AN AR LA ST 24

v o dl o i/dl ¥ o s o dl %
AMNNINTEIRAdIN UA L B9 1AM LAUATIAYINNENRAFITRINITLTIAY

7. vdag (Unit) LATRedNsnsataantadiasdnnuagaasnngiatiy s dlawms
Wo Alanm uazlud sy

8. ALNA (Scale) N1FUAPILALIVNTERa TN A TN IR AR BLUILNY YREAIAN
S : = e N = 5 ol 28 R °
ANAUDILAY VHIELATILARATRNT Rl ALR IR HANANIUNTRAAAI LS LTUAIHITANINLA
U1AT1E491 10 I FLAADTRIN AT A2u LNy X FauaadscasniadnfAiniqeflamng

- AN, = Vi S g A ey o % & o ,
(ludvzanm) satasaransnilasulnidninaunzaanai lAmuiu @y tuuaninsIgaw
5 NlaLNATADTR9LTIURAL mﬂgﬂﬁ 9.16 WAAINIANTIAIULULUIRAWY 1113 10 dB/div WAZLLUI

wn X 11 4000 km/div

Ret. Loss= 63.2 08
| 1.8819 kn

34l | -«——— Event return loss

Splice Loss

Ja“ A “k"* l

51191'2.65 I@RINIs 8N S NTAIEIBLURTEAA e [N Rans
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2.19.7 msiszgneldiasaslaiinans

1.n19A7Aaa LR LANA Ll LA1NLAY L3N AIUN13E0813 N TANUIANNAILILIFTEM
¥ o dl aa I's v 7 v o [ o d}
Tavezaalansansunldmmagauidulaniatinaenauninisnneans WadanLAL Wy
teymdmawinismnszuuldudanudnaandanaudtiomn

2. n15sziiuA AL A lUiAaunINITRARY UAIRINNITNINITNAG LA A L LAY

o v =

ANA99BINN1IAIIRABLBNATI LHBIAINUAIMINTRAFILA TN BNABIAN gy R e Tles
annsdeNsautus1eluLsazan nsazieu nstdwevesdulauiaiiuas Anisan
nausvuazAuAnINNITINszuL lusasaiiaw S duReiuin A Fu ALl AL
4 o : S
wadunnsgulunisinserisiellnsansunsudinasaaneulussuuiiug iewFey
Wuiunisdenuanduazseuiniulueuiandinisaanausansiasad luAndeaaniuls
! d"l’ ‘i' dl _ 14 1
nevaszuuilduaziaeadadulnsiuouny
3.n13m3adaunImureadulawiotiuas iflunfsnsaaseudaiaialuusiazan

o =

gapeisz@nsnainlunisdluasdny nnnuaslfidufnvira il iiniafiaunnnga

TlAnenwsifiuieuaziindoynvinWesuudawaliarnasayinaulddadisnaugoy
S o ' o P Y 3. o A = = o o [y
@enfluednennn sivetnadudanudnAanisgydunqaniennndanudunindana s

v ¥
s a ar

1A ¥ieUsngniseNsaliLnaeNIINa NN NS UTU AN T anse A Hutax

WAANINLIFILANANAN AT
4.nsdsziuaduniaasdadiazifatly vy dantsdeinudyyronianisiin

v

a dl d; aa 'S A s 2 1 o @ O o O
wmmlummmuum wsaalefdensarnnmnduduladndulawiaiangaduiunnaawiney

QnEBIUTaRANAIA

5. AUMTIRAN SR ANGIA teFadlafinansanunsnssyAImiIifan siana a1

GHENapl LN
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N15238ULAZNITATLLUITU

%

3.1 msﬁnwmé’nmﬁv‘hmummqﬂnscﬁ%’uﬂmmﬁmmaLma

[T

Y

TunnsAnelassufasiladnsalilddonlun/fe Wuloudadiuas genisin

ginsalinarfl)iduiuanilunacdesdnmalagiaine Ananti uazdneuznisliom

A 1

' dl il =2 Y Aa [ a a
wusing valiidnlanepniantifsne egneuiiase wazflasdunisiinanadamsly

seudrennsUfimanuy
3.1.1 id W launugsrinlnanine (Single-Mode Fiber, SMF)

HawaduciaaudnansaasunEnazias AUsEa 0 5-10 UAT-125 THATBUAINATAL
Tagazliuasaanu e vumLAo
3.1.2 Athdaas (Coupler)

aianaN It ulpsseunredifuslidae futy 1X2 wee splitter 9138 combiner

WAZANTRARBLLL 2X2

3.1.3 Lﬂ?@ﬁ’aﬁﬁm% (Optical Time Domain Reflectometer, OTDR)

luanBsaninesadaiide s idiiteanaseusmdamaluduloufoiues uas
W TuunseiIlnugeanuenIaaL 1300 i

3.1.4 vdulawninasriaraasidantany (Erbium-Doped Fiber, EDF)

Dulauiaituae i anisdiinun 14 lula s iniAsiiiaf i nin i usaaene
Atucynns (Amplifier)

3.1.5 LaLEas lalan 980 U lulNmg

Idmaugfudulaufoduaatineasidaning dedaelumetindoyoyroauas

3.1.6 NAIALES

L lunnsasaadndoyaaniia %a%mﬂuﬂi&gﬂmmﬁqﬁqu@q

3.1.7 aaddalaglail

1 UN1TUA AINARDNNINNTNAE INBFUNAAINITNUINLIAIBLES (Optical Time

Delay)
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3.1.8 LAFANTIANABLAU LA LLES

Mlunsieusadulauiaiuasogiinimmsenlngdaouieu suiildlulnsen

NAHUAS Fitel s-146
3.1.9 lulasuaan (Microblock)

Tilunienedanednuiisseadulaudaiiuas Wesinnise Launching &tucunnsuas
dhgudulaudaiiuas
v [ ¥ o .
3.1.10 Unsnludntaulawnainas (Fiber Chuck)

I wiuandaednduniensasnisdadaiiaseninn  iNesednfuLATeInge

R

PATU LAY

oD

3.1.11 #aN (Sleeve)

Mg miufutsuninindeusa ellasiunisuaniniiisinusasse

3.2 N1TRANLLLWASUANNIFTNIY
3.2.1 adnsalA@nmaainmagaderasdunnuLaine sEaLnig

Helium Neon

P! Microblock
Laser

—p1 Fiber Chuck iy Detector

519 3.1 uanslavzunsuesszuLMsANEANTRNsg R U U ILAaARsEEI TN
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sU# 3.2 wansnistinuasidagidulounatings

o/

\unisAnmnisg oy AeuuL@nasstu (Insertion Loss) 183UAY TAEIRAZNIN1FINAT

Anfauasianying lietianAnu o FE LA ARG E B WY R

3.2.2 gUnsaluanNIsUUILAINA LA

& J ) ¢
- dunaumMsitannaglnsnl

Pump 980 nm

SMF 1 km

OTDR

ool__:l

Detector

\ 4
OOD

Oscilloscope

a \ o
51/% 3.3 ua @Qi@@ﬁLLﬂﬁ‘Nﬂl'ﬂﬂ?:ﬁUUﬁu'Jﬂ AIMHANLLAY
Suvl 9.9
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angthilulassaivaasginsalfudygyrinuasiitiunldlunsAnwudnnisusiae

o

ANaas  Uansaaslaudqsiusedunsadiduereslafifnens OTDR Wuazfadinun

o o

dl ] d’ ] a d‘ ¥ o o cﬂ. ' Y o d‘ aa '8
aNAeAUTTeNse (connector) 1A FC wWalddniumanmadniuwmrastananans ain

o

stdyuaneaigUninumuansieanidanse (splice) szudinadulanianiuas

- UANNITNNEIU

Detector

4
OOD

Oscilloscope

5109 3.4 LAAIN NI ABLAITBITLLINUIE AQINA LAY

-8

TUABUNNTN9INTB T IENANA N dd LA svTeWadanniATaslainan s

WnFdansreadulendatiiugs anntunadazdiuilidaasuuy 1xX2 s 1 wdamunialy

familaasiuy 1X2 siaf 2 Wetaalidyymzusnaaniiluaasmng Taadoinuaslu

q

unshivilsaziiunadngatnsainsmadadayyinuas awsineanunlugleesindauags
(P) AdNrsadnanunldazuasnaaanunluglaasnsvsendenndauaauazioan Taanis
\dansesaadalaalal (Oscilloscope) nAuainsninmadadymins wazuasdaunilas

Aunendunndaeres Tefiaend esunannaivgaesilsznisia n1snseReangu
A
7

[ o

(Backscattering) iHauasiumaruunurasdulaudandssiinmliadnanevisanseny
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Ry TR A X o ] a o 5
@Hﬂqﬁmﬁ\lﬂluq @ELVQ_Jﬂrlqﬂqqmﬂq’Jﬂ@uﬂ?'\ﬂ{]ﬂqiuL?ﬂﬂq’]ﬂ’]?ﬂ?:ﬁlﬂ\jLL'LI'UL?E]@(R@WGIgh

[

Scattering) TIUAINTLAIIUYNT AN LA HUAILNAIUNILAINAUNIEIFIFUA DY ey InUUAN

-8 £ d‘

= ' = N . a
%Q@%IULQ?@\? lanmans LALNNTALYIAULL LW IALUA (Fresnel Reflection) LWBYIRNNLLASLAL

|
[ % o '

| a 1 Aaa S [ ] Y o d‘
N sy niATiiniiIewatsinaiy 1w doutaeresdulouiniinas Teas
edulszannu@ilefidu doudynnmuacludunianass duaziuniadnglaseaitegias
wmanndadeuliluianamugnas Tasazinudulowiatiiuasstineefidaning (Erbium-

Doped Fiber, EDF) @wazinuiridusageedyoinuas lususipaniuesesis

] v
o &K A

feyoyrouuasuuy 980 nm G9ilAn E=hV-winduean-Energy. gap aeveasilian axfinnnsdl

o k7

feyuosdnunnatangdrunilsaesdlidaesila 2x2 dynraasludunianaassaziii

nesudandeitnlaesain- 2X2 - udaungddauduladaiuasrialunanes  (Single-

L%

Mode Fiber) #ilmanuanatlszainnd 1 filatums adniuasiiiunadagatllaesatin 1x2 s

1 8npse whafiazidsnisuendyanmusinaidlulaessdia 1X2 Aafisasdnais Tnanuas

a a % dla fx 34 a o‘gol %’ 1 dg’ | ¢
azipungluginpnasiiine g wazaniawnnisalfalldasniduiiaundiginsal

' 1
=

neaad Ry At uamIHaTdindLaseanan AT @aveiuauy AsndiAnylunig
' o @A o c!‘ ' £ ' 5% :’z o ] } 7
AnmnszusminganAuasfiae . Naduaafiasdadgaunsaliuuastuazyianasdadaly
= o = 3 = o ¥ o 1%
Weaesnadipen - uaznInanuawinaIntesiadazsauntvaniuantetaeslnseding

FTULNUILAINNANUAIANE

3.3 NMFANENITALREMIAINGUAY

luguilaziflunisfineanisgodannaaniauasasedyainuasainszuLmiig

o dl v o v 3 ¥ ¥ ° a =
ANNAINNaAIT LR TaFN Y Lazainnamaaedbdidulaniatiuasaialuunineg
(Single-Mode Fiber) uazaiiavanaluia (Multi-Mode Fiber) HANNTAANBIINALAEUNR
whatinanldannnimeneniiemzinidinisgdanidamisuasuuuauadisiu  tne

ANNNTAUILLARNNANNNS

ng  auli Eztzi’ﬁ=1®1bg(;ij B i Rt (3.1)

out
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3.4 NMFANBINITUUIIRTINVGLLES
Tudouilazidun1sAn = NI AN LA TDIT LU LU AN LASTI LAY N AN 9
v dgl Y [ o o 1 ] d‘ clldy =
47994 Tnalduann1sAN AN AU se 19T e N19FARI AN T Tt N IR YN8 DIA N
gresdulaudaduadludansedassadiegiumn GeasiinaBuudiauAinimiag

dl ¥ o ! nd‘ v o o v
Lfm’mim@’mm?‘wm@mnumwimmﬂmimmm IQBNWNWTQQWUQMVL@@WH’&NHWE

S
R e R L e s (8.2)
t
Wa VA Ao uauasTidunnen e ndulansatiwa
= d‘ a 7 a v
S An  srgrymeRuavRun s ldudnianisasau
= dlm %
t AR SrevIANNANIS ALY B
907 Vgruaranrlaann
c
Y 22200 W/ o] 1| %° hh. ... (3.3)
n

Wa - ¢ Ae-adnudnslugyoanielszanns 2.999 X 10° wrs/Aund

q @

o Ao

n A ArrsFamlasluwnuduleniatiiuas (A1 1I0R)
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NANNSIRELAZIANGT DL

Tuunilazuansnanisnaaesmudunewsine Aldiiaualuuni 3 lasduainms
AnmantiRinisqoy@uesdny (U auagsesTazNIg NISANHINITGOAERIAINIAITE

' o =2 ' o Y dl [ | =K dl
PLULNUILAINAAS UAZNNIANHINNIMUIUIAINLAY Ausadanldnaianaluuny 3

Inadazidunsasaliil

4.1 paannisal nsalAnsANUANISELL R EUR IR UULAIARTTENN

=

annlaszunsuresginsadinanifnisgadeaesdoa1nuasrasyaznialugii

3.1 Mdunadsernenl uasldnimmesesinAinidsuasieninmniglfanmgil 25 addn

1o Fea WaZANRIUABUNANAT 0.631 MW T4 lHNANINARBIAIAITIT 4.1 - 4.4

AN9199 4.1 udasAiadeaevinaeslauiiuas i lnteRaanINes 1 wns

v
o

A 1 2 3

N1AAUAUBNTINA (LLW) 5:30 5.10 5.00

! o o

A19199 4.2 uapIAINIAILAsLeVINRelauAadntaiana 8N AAINEN 1 AT

v T

AN 1 2 3

N1AAUAUBWINA (LLW) 2:20 2.35 2.40

' o o

A19197 4.3 ugaArindaaaaninavesloufotuasialuunimeaninuens 2 wns

v T

AN 1 2 3

NNAIUALLBTNA (LLW) 4.25 4.12 4.30
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U o o [y

A191991 4.4 WAAIAINIAILAILR1TINATRS LAt LA THANANL INARINNENT 2 LUAT

v [

ASIN 1 2 3

o

N1AAUAUBWINA (LLW) 2.40 2.52 2.57

4.2 HARMNNITANHIRANNTUUILAIINILAS
WennnFeuiaudneuzdyynn Mlfanndulauwdaiuaeiladlininiames

siaiiniueinsalla Aussuumissarnuauasasliiinisiadudulowiaiuasilailani

=] o a

naLTianse T9F I NAN UL AYgUN 4.1

311914.1 uansdtynirnimniesed OTOR wildanidulewdanlilsianisgansa

(1
o A ]

angaafiausnie WBumiesaa niAses OTDR Anfiafiaedne daulatavesidu

©

< I

Laudadadnaliifui  WiAandagausmiuadluszuuil  WAEI8INITANIILAIAIN

]
1K

gveadulandantiiundsaml TeannszuuidaftA e ld 2.068 Alawums

1
a

A o = : o i o aa =
daninadenseginnisagti 3.3 udariinisdediyyrnmnauasninnneninau
1.31 lulaswmnsdfdasdulaufadiuas wldarunsodaainisdesiudyoiniuas
iy S S v d@l o dl " o dll o [ dl
( Transmission ) anuane@nduieinnsideusaiuieTasnmadadyinuadls WHea
arniansgaidsnteludulowfaiiuaaiuduauninusisainisadnAiwisiines

sineldannnisazfieusesdtyoyinias  ( Refection ) a9niAzad OTDR nsidaulssinai
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[ %

T lunnsAuamAINIudgan ( Time Delay ) HAMSaH ¢ AeAtAdudauasy

a A |

qrueyInnANA 2.99 x 10° WAsAWA Vv AeAiauiuasnie lusnuresdulowiatiiuas
w1lda1n vV = c/n  n (Wie I0R) Ae Ardaiinmnisasien Gaflunsfimesdeeinuuely
uriFses OTDR  Antswshananiduadlduandldlumsnad 4.5 - 4.10 WAZAIWITUNT
srazianlauanngas V=sit iila v fie ponuiSauasluunudnlaufatiugs « Ae AviadAeii

o o d{l aa g
nuualFiLATas tanmans

519 4.2 uanspinsaiMaensionugla 3.3

AMUUAAT IOR NALNIALU 1.4655500

M15199 4.5 ANNATNNAR 5008 328N 5 km

Peak 1

TN N(km) 1.028

Time Delay([Ls) | 5.0392

M19199 4.6 AINNINWAS 100 ns , T28ZN9 5 km

Peak 1 2

FTHENA(km) 1.034 | 2.037

Time Delay(ls) | ©.0686 | 9.9853




A1919N 4.7 AINNANNAR 500 ns , F28IEN19 5 km

Peak 1 2
FEZNI(km) 1.054 2.057
5.1667 |10.0833

Time Delay(LLs)

MMAUUAAT IOR HALYINNU 1.699999

A15197 4.8 ANNNANNAZ 50 ns |, 2281ZN9 5 km

Peak 1 2
T2 eNI(km) 0.938 1.866
Time Delay(ls) | 5:0187 | 9.9839

A1519N 4.9 ANINNANNAS 100 NS F2ENG 5 km

Peak 1 2 3
gre1zN 9 (km) 0.947 1.856 | 2.794
5.0669 | 9.9304 |14.9492

Time Delay(LLs)

M19199 4.10 AINAGIeNad 500 ns , TTHENIN S Kkm

Peak 1 2 3
Fre1zN N (km) 0.956 1.884 2.813
5.115.110.0803|15.0508

Time Delay([Ls)
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517 4.3 ugmdyanamisainnismenseszUuniugli 3.3

v '

AmtiaennnuafaInd i nilfduiatanuduasINnliagaInATes OTDR
Weasanlamnsaiinasagrafynaaddd  nashnanisdenseldulawiasinuasaiie

wafidonlay Cuda ity nudagezuuasia i anasgeydeindsuanuduounnn

'
[

4 v ds vwao = ) Y o 2 o 1y Pt a | o
iavsanmpiaslininnmensaiduleuiatiuaclnidataneosias s unHauAN uain
nsdnduiiiuloufaruasiaeesidaimlias waeslales 980 am ean a1nuin

o o 2 ﬂ' aa rcSI nd. ¥ -d' ] t=ll
nsdadtyunniasiiewannidaddaiingds Tananlaannisidansanansldlumnsen 4.1 -

4.24

517 4.4 wanegunsainvinnisdensialvl



AMUUAAT IOR HAYNINU 1.4655500

AN5199 4.11 ANNTNAd 50 ns , TTHUENIN S km

Peak 1 2 3 4 5

Feaeng (km) | 1.024 | 2.027 | 3.03 | 4.033 | 5.046

Time Delay(LLs) 5.0196 | 9.9363 | 14.853 | 19.769 | 24.735

31191 4.5 uanskoyoy10UINE IOR 1:4655, A9INNFIIWAG 50 ns , TZHEN9 5 km

A5 4.12 AHNGINWAE 100 ns |, $28129179 10 km

Peak 1 2 3 4 5 6 v 8

Freien1a(km) | 1.024 | 2.031 | 3.03 | 4.047 | 5.046 | 6.051 | 7.058 | 8.057

Time Delay([Ls) | 5.0196 | 9.9559 | 14.853 | 19.838 | 24.735 | 29.662 | 34.598 | 39.495




5107 4.6 uansdtyayrauiia IOR 1.4655 , AnNnAasad 100 ns , S2EN 9 10 km

u

MA15199 4.13 ANNANIHAA 500 ns | F28IZN 25 km

Peak 1 2 % 4 5 6 I 8 Y

FeznN(km) |1.024 [ 2.047 | 3.071 | 4.043 | 5.067 | 6.09 | 7.062 | 8.086 | 9.11

Time Delay(lLs) | 5.019 | 10.034 | 15.054 | 19.819 1 24.838 | 29.853 | 34.618 | 39.637 44.657

51091 4.7 uamadryeyrnadie I0R 1.4655 , ANNANTAE 500 ns , 3202979 25 km



A15199 4.14 Aundnewad 1 s, 7281z 25 km

Peak 1 2 3 4 5 6 7 8
FeYeNN(km) | 1.024 | 2.047 | 3.071 | 4.043 | 5.067 | 6.09 | 7.062 | 8.086
Time Delay(ls) | 5.0196 | 10.034 | 15.054 | 19.819 | 24.838 | 29.853 | 34.618 | 39.637

gﬂﬁ 4.8 LAAIETYUIOULR TOR 1.4655 , A29XNT9WAd 1 s, Tr8zn1925 km

A15199 4.15 AIMNNININAE 2 s ;938N 50 km

Peak 1 2 ) 4 5 6 7 8 9
Frelgn(km) | 1.024 | 2.047 | 3.071 | 4.094 | 5.118 | 6.141 | 7.062 | 8.086 | 9.11
5.0196 | 10.034 | 15.054 | 20.069 | 25.088 | 30.103 | 34.618 | 39.637 | 44.657

Time Delay(|Ls)

7



5107 4.9 uandoyryrnaiiin I0R 1.4655 , AN NG 2 s , 32809 50 km

Q RS

A1519% 4.16 ANNANTAR 1 s, 3581EN19 50 km

Peak { 2 9 4 5 6 3| 8 9

srelena(km) | 1.024 | 2.047 | 3.071 | 4.094 | 5.118 [6.141 | 7.062 | 8.086 | 9.11

Time Delay(s) 5.0196 | 10.034 [15.054 | 20.069 | 25.088 | 30.103 | 34.618'| 39.637 | 44.657

gﬂ‘?‘i 4.10 uansdnyeyrndiila I0R 1.4655 , Aaundeiad 1 s , s2812n19 50 km

78



A157199 4.17 ANINNINNAL 2 Us , 95820179 100 km

Peak 1 2 3 4 5 6 7 8 9
FeULNN(km) | 1.064 | 2.129 | 3.112 | 4.094 | 5.159 | 6.141 | 7.206 | 8.188 | 9.171
5.2156 | 10.436 | 15.255 | 20.069 | 25.289 | 30.103 | 35.324 | 40.137 | 44.956

Time Delay(LLs)

gﬂﬁ 4.11 hanad ryeunaudla 10R 1,4655 , A1undiad 2 s, 3882n19 100 km

AMuUUAAT IOR NAWYIANU 1.699999

157199 4.18 ANNA9NAd 50 ns | FLRIENY5 Km

Peak 1 2 3 4 1=
greleng(km) | 0.882 | 1.747 | 2.612 | 3.476 | 4.35
4.719119.3472 | 13.975]18.598 | 23.275

Time Delay(|Ls)
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gﬂ.h?‘i 4.12 W@ndnyynadidie 10R 1.699999 , ANINNINWAZ 50 ns , 7¥81zN19 5 km

A5 4.19 ANNNGIINAS 100 ns, 782N 10 km

Peak 1 2 3 4 3 6 v 8

FeaznN(km) | 0.882 | 1.751 | 2.612 | 3.48

4.348 | 5126 | 6.085 | 6.953
Time Delay([ls) | 4.7191 [ 9.3686 [ 13,975 | 18.619 {23,264

27.426 | 32.558 | 37.202

5191 4.13 uanad ty a1oudle IOR 1.699999 , AN 100 ns , $LEIZNTY 10 km

v

N &) A MY o [ i = 6 ¥ o VY v ¢ v ¥
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A19199 4.20 ANNANRAd 500 ns | 92aIEN9 25 km

81

Peak 1 2 3 4 5 6 7 8 9
szuEnN(km) | 0.882 | 1.765 | 2.629 | 3.512 | 4.359 | 5.224 | 6.088 | 6.953 | 7.853
Time Delay(ls) | 4.7191 | 9.4435 | 14.066 | 18.791 | 23.326 | 27.951 | 32.574 | 37.202 | 42.017

gﬂ‘?’i 4.14 uaeR U nlie [OR 1.699999 , ANNAANIWAF 500 ns , $281EN19 25 km

A19199 4.21 ANNTaRad 1 LS | FvEznng 25 km

Peak 1 2 3 4 5 6 7 8 9 10
FeaenN(km) | 0.918 | 1.782 | 2.647 | 3.529 | 4.394 | 5.259 | 6.106 | 6.988 | 7.818 | 8.753
Time Delay(LLs) 4.9117 | 9.5345 | 14.163 | 18.882 | 23.509 | 28.138 | 32.669 | 37.389 | 41.829 | 46.833
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51171 4.15 wasadyryniile IOR 1.699999 , panainfrawad 1 LLs , $YRIZN19 25 km

A19199 4.22 A9 undI9ied 2 s | 95220119 50 km

Peak 1 2 8 4 5 6 7 8 o 10
sTaenakm) (1.0.971 [ 1818 | 2.7 | 3.563 | 4.429 | 5294 | 6.159 | 7.076.| 7.871 | 8.824
Time Delay(ls) | 5.1952-19.7271 | 14.446 | 19,064 | 23.697 | 28.325 | 32.954 | 37.859 | 42.113 | 47.212

3117 4.16 wansdryey1nuile IOR 1.699999 , AMNIRAd 2 s , 3201EM14 50 km




M19197 4.23 ANNTI9NAE 1 s | 2282N19 50 km

Peak 1 2 3 4 5 6 T4 8 9
sTUTNN(km) | 0.918 | 1.782 | 2.647 | 3.529 | 4.394 | 5.259 | 6.124 | 6.971 | 7.835
Time Delay(ls) | 9.1172 | 9.5345 | 14.163 | 18.882 | 23.509 | 28.138 | 32.767 | 37.298 | 41.921

5109 4.17 udn9

u

A19199 4.24 ANNTINNAR 2 s, 7282NN9 100 km

fruaunauiles I0R 1.699999 , AnundneWad 1 (s , $281¥n19 50 km

Peak 1 2 3 4 5 6 7 8 9
ceenN(km) | 0.918 | 1.835 | 2.682 | 3.565 | 4.447 | 5.294 | 6.176 | 7.024 | 7.941
Time Delay(LLs) | 4.9117 9.818 [14.349|19.074 | 23.794 | 28.325 | 33.044 | 37.582 | 42.488
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511 4.18 Lansdnyannadia IOR 1.699999 | ATnnTaiad 2 s , 72815M 100 km

AR s SE AR T LA TO AN WInIlFAIN S = Vi (ila S Pa szazianlTy V

cal o

ArnEugsnialuunuresdulauiatinig t Ae A AR ARl ae TeTinen
o TOR Ay 1.4655500 sm:mmisﬁu%ﬁmﬁm@lﬂﬁ
- A3 ewad 50 ns sreviaalauaziATwiniL10.2 1me
. AnaunAaRad 100 ns sresian ezl WY 20.4 WAT

A [

= ﬂqqﬂﬂgﬂﬂﬂ/@ﬁ 500 ns s AR LI UASHAIYINNY 102 WNAT

= (e

- ponunAaaiad 1 Us srevianlauasliAnmiany 204 A

- pnundwiiad 2 s szpzianlauasiiAniyindu 408 wms

ladn I0R Winfy 1.699999 sveizimmimuaziiansastia il

g 1 i s

mmﬂfﬁwﬁaﬁ 50 ns vel LA I UAZNANNINDY 8.794 LUAT

a g 1 o

_ Ao ungaRad 100 ns sraizlaalauazlAIWNAL 17.588 LNAS

- A21uNd199iad 500 ns sveimima Az ANWINAL 87.94 LWAT
% o a ] o
- powndreiad 1 Us sraziaaltuariAmiany 175.88 Lums

 pundeiad 2 s srezianlauaziiAyindu 351,76 tms
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4.3 HAINNNTANHINITRULAL NAINIUES
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OUTLINE OF OPTICAL MEASURING INSTRUMENTS

Changing the transmission medium from metal wires to optical fibers
offers low loss, wide bandwidth, non-inductive transmissions without
crosstalk, and highly insulated, thin, and lightweight cables. Repeater
intervals and transmission capacities can be enhanced by up to sev-
eral hundred times. Efforts around the world have exploited these ad-
vantages for optical fiber communication.

Anritsu realized the potential of optical communications at an early
stage and commenced research on semiconductor lasers. In 1972,
we successfully modulated a semiconductor pulsed laser oscillator at
high speeds. By applying this technology, Anritsu successfully com-
pleted the pilot production of six-channel optical telephones and tested
free-space transmission over spans of 2 km. In addition, high-speed
pulsed semiconductor laser oscillators were also developed for use
in optical fiber research. Based on this technology and research ex-
perience, Anritsu provides measuring instruments for all aspects of
optical fiber communications, from R & D to manufacturing, and main-
tenance and repair. to customers worldwide.

Recently, EDFA (Erbium-Doped Fiber Amplifier) and other optical
fiber communication components and technologies have been de-
veloped for long-distance large-capacity transmission, and for opti-
cal-fiber-based subscriber networks providing high-speed communi-
cation services into the home.

Requests for the measuring instruments of optical communications
emphasize performance and functionality, and Anritsu strives to de-
velop a full range of measuring instruments meeting these demands.

Fiber optic communications and wavelength

The wavelengths used in optical fiber communications range from the
near-infrared (0.76 to 1.2 pm) to infrared (above 1.3 pm), because of
the loss characteristics of optical fibers. Figure 1 shows the wave-
length characteristics of a typical optical fiber. Previously, optical
fibers had large losses due to absorption by OH radicals, as indicat-
ed by the dotted line in the Fig. 1. But today, losses due to absorp-
tion by OH radicals are greatly reduced, and optical fibers with char-
acteristics like those indicated by the solid line in the Fig. 1 are used.
In addition, wavelengths are shifting from shorter to longer bands,
and the 1.55 pm band with its lower transmission losses is also be-
ing used to enable transmission over longer distances. Anritsu offers
a full range of measuring instruments for use at wavelengths ranging
from short wavelength bands to 1.55 pm.

Stabilized light sources

Three types of light source are used in optical communications sys-
tems: (1) stabilized light sources, (2) stabilized light sources that can
be modulated by a baseband signal, and (3) visible light sources. When
measuring losses in optical fibers, splicing losses, orinsertion losses
in optical components, both a stabilized light source and an optical
power meter are indispensable. Either laser diodes or LEDs are used
in stabilized light sources. With laser diodes, the output is stabilized
using a negative feedback loop; for LEDs, a temperature compensa-
tion scheme is used to stabilize the output. Table 1 is a summary of
Anritsu’s stabilized light sources.

Table 1 Stabilized light source

10 T -
i Il | i
. i | : I i
= L rConvent»onaI low loss
:;:' Lk ! type ophcal frber
o] : Ry
T 5§ i :
o i ! .". i
%) : : oy i
© i " 1y !
Ox\o.e 08 1.0 12 14 16 18720
| Wavelengthw/
\ e
Wavelength (m) —_
oS Rd1 108=iQ® 10§ W 10¢ 107 10° 10
Frequency (Hz)10'® 10' 10 10" 10% 10" 10 10 108 107

1 S
Violetrays /

Visible spectrum

Fig. 1

Infrared rays
wave

Millimeter- Microwave

Wavelength range

Model Fiber Wavelength

Element

T
|

Output level

Output stability

Short-term stability

MGS9001A

Multimode & single-mode 0.85/1.3/1.55 ym

LED

{

-35 to =13 dBm (Gl)
-50 to —28 dBm (SM)

<0.1 t0 0.5dB

MG9002A

-3 dBm (GI)
-3 10 + 1 dBm (SM)

<0.2100.7dB

<0.02 or <0.05 dB
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OPTICAL MEASURING

s

Measurement of optical power

Measurement of optical power is the prime aim of optical measurement.
Anritsu’s power meters contain both an optical power sensor and an
indicator. The optical power sensor optoelectrically converts (O/E con-
version) light propagating through optical fibers or free space from a
laser diode or LED source. The indicator displays the power of the
electric signal converted from the incoming light. Several interchange-
able optical power sensors can be used to match the wave band be-
ing measured. When measuring low power levels, optical power sen-
sors incorporating tuning-fork choppers are used.

In addition, optical power sensors can also be used in measurements
employing returning modulated light (MOD), often used in optical
fiber loss measurements.

Table 2 Optical power measurement range

INSTRUMENTS

Fiber under
fiber measurement High level

i

i

|

i

i sensor

|

i Stabilizec ] Optical power
! light source H o 0 meter

|

1

Dummy

Low level sensor
Optical choppe!

0 [ i [ Optical power |

1 | _meter

i

[

I

i i

| —— _ Optcal sensor
|

i

|

|

i

Fig. 2 Optical loss measurement

Model 'w Wavelength Power measuring range
ML9Y00TA ; =100 to +10 dBm (CW). =90 to +7 dBm (MOD)
ML9002A 0.38t0 1.8 pm 1 =70 to +20 dBm

i ML910B | =90 to +20 dBm

Mieasurement of optical losses

Two main techniques are used to measure optical losses: the two-point
technique and the backscattering technique. In the two-point tech-
nique, the optical losses are measured by comparing the input opti-
cal power and the output power from the fiber being measured. Since
the measurement error in this technique is limited only by the stabil-

Locating faults in optical fibers

Instrument for locating faults that occur in optical fiber cables are in-
dispensable for optical communication systems. Since a reflected pulse
is always produced by a fault in conventional copper cables, such faults
can be located by observing the reflected pulse. In optical fibers,
however, there are many cases (depending upon the nature of the
damage) in which a reflected pulse is not produced.

However, optical fibers have micro-variations in refractive index due to
heterogeneity in materials and density at sizes smaller than the wave-
length of the light. These variations cause optical scattering called
Rayleigh scattering. A portion of this scattered light is oriented along
the axis of the fiber, enters the fiber's waveguide mode, and returns
to the end of the fiber where the pulse was injected. By measuring
the level of this weak, reflected light (backscattering), the faultcan be
located. The level of the backscattering depends upon the propaga-
tion time, and drops off exponentially. The optical losses per unit
length in the fiber can be found from variations in the level of the
backscattering; faults can be located because they eliminate further
backscattering.

Table 3 List of permissible combinations

ity of the light source and the power meter, extremely accurate mea-
surements can be made. In the backscattering technique, a time do-
main reflectometer is used to-measure the losses by collecting the
light which is backscattered from the fiber, permitting measurements
to be made from only one end.

Optical time domain |
reflectometer A

Fiber cable (A) Fiber cable (B)

; et O

Spliced point |

|
Fig. 3 Splice loss measurement {

Model Unit Wavelength Applicable fiber Dynamic range Applications

MW09458 1.31 pm SM 37 dB _
MWO09468 1.55 pm SM 35d8 Cﬁ;:ac’ggn‘zi‘i”f:nge

MW9060A MW09478B 1.31/1.55 pm SM 37/35 dB
MW0944B 1.31/1.55 pm SM 21/18.5 dB Eor short distance
MWO09678 0.85/1.30 pm Gl 24.5/23 dB High resolution
MWO0S70A 1.31 pm SM i 23 dB
MW09708 | 1.31pm SM ‘ 36 dB
MWO0972A - |  1.31/1.55pm | SM 23/20.5 dB

MW90708 Portable
MWO0972B |  1.31/1.55pm | SM 36/34 dB ,
MWO0973J |  0.85 pm Gl 18 dB }

i MWO0975) |  0.85/1.3 pm Gl 18/22 dB
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OPTICAL MEASURING INSTRUMENTS

Testing the continuity of optical fiber cables
Continuity can be confirmed by the naked eye or checked by simple
loss measurements. When using the eye, a visible light source is
connected to the input end of the fiber as shown in Fig. 4, and conti-
nuity is judged according to the light scattered from the output end of
the fiber. When checking continuity by measuring losses, an optical
loss test set (Fig. 5) is used. Since an optical loss test set consists
of a light source and an optical power meter in a single package, one
device can be used for loop-back measurements, while two devices
are used for end-to-end measurements.

Spectrum measurements :
The LD or LED emission spectrum characteristics and wavelength
(gain, loss) characteristics (optical fiber amplifiers, optical filters and
synthesizers) in optical communications and other systems using op-
tical technology greatly affect system performance and are crucial to
system design. An optical spectrum analyzer is used to measure such
parameters. To measure loss wavelength characteristics, a optical
spectrum analyzer is used with a white light source.

Wavelength measurements

In optical communications, and particularly wavelength-multiplexed
communications, measurements require a high laser wavelength ac-
curacy. Anritsu’s wavelength frequency counters provide convenient
and highly-accurate measurement of optical wavelength or frequen-
cy by simply inputting the light source output with-a single-mode op-
tical fiber.

Table 4 Measurement range of wavelength

source

Visible light

Optical fiber

Fig. 4 Visual inspection

(Light source)

O

Optical fiber

MS9020D
Optical Loss Test Set

Fig. 5 Optical loss test set measurement composition

| Model i Wavelength range

Level range

Wavelength acc

uracy

i MF9630A | 0.6 10 1.6 pm

-25 to 0 dBm

+0.5 ppm (0.633 pm)
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OPTICAL POWER METER
MLSGO1A

WAVELENGTH

RANGE
HOLD

LIGHT

BLANKING

CE GPIB

The MLO001A is a single-channel digital-display optical power meter.
It insures accuracy and linearity over a wide wavelength range and
greatly improves measurement reliability. It also has an improved ba-
sic performance. For example, measurement can be made over the wide
level range from —100 to +20 dBm because internal reflection in the
power sensors has been suppressed. The ML9001A also has many
new functions which make it easier to use than other power meters.
It can be used for all optical power measurements such as optical
fiber loss measurement and optical device performance evaluation.

Features

e Enables high-accuracy measurement

The MLS001A accurately and automatically calibrates all the power
sensors within the specified wavelength range and ensures a +5%
accuracy at —23 dBm. It also has a +0.15 dB linearity (—23 dBm ref-
erence value). The ML9001A extends the guaranteed accuracy range
of the measured values and enables high-accuracy measurement.

® One power sensor for repeater maintenance and long-distance
fiber loss measurement

The MA9612A Optical Power Sensor has ultra-high sensitivity. lts mea-

surement level range is =100 to £3 dBm in the 1.3 pm band and it

can sense either continuous light or modulated light. A single MA9612A

can measure the near-end and far-end outputs of a repeater as well

as measure long-distance fiber losses.

Specifications
° ML9001A Optical Power Meter
Indicator

e Multi-Core fiber cable losses easily measured

For modulated light measurement, the ML90O1A has 12 modulation
frequencies. including 270 Hz. This meter can easily be used to
measure multi-core fiber cable losses by using it with the MGS002A
Stabilized Light Source (mounts up to 12 light source units).

¢ Interchangeable optical connectors

The optical connectors of all the power sensors accept adaptors. This
system allows the optical connectors to be interchanged so the ML900 1A
can be quickly used with various optical connectors. Since the inter-
nal coating of the optical power sensors suppresses reflected light,
measurement errors are reduced in beam measurement (with or without
an optical fiber).

e Reduced measurement time

The ML9Y001A has a much better response speed and stability than
conventional optical power meters. With GPIB, it can measure at 30
ms/point so the measurement time can be reduced to less than 50%
of conventional automatic measurement.

e High-performance optical loss test set

Stacking the MLS001A with the MG9001A Stabilized Light Source
quickly configures a high-performance optical loss test set. It pro-
vides for selecting various light source units and enables the
ML9001A to measure all optical losses.

Display

4 digit, W, W(reL), dBm, dB(ReL) selectable

Calibration coefficient

Adjustable

Recorder output

1 V/ull-scale, linear output

Range select

Manual selection and automatic ranging

Measurement mode

Continuous and modulated light™'

Wavelength sensitivity correction

Automatic correction in 1 nm steps

Data memory

Max. 1000 data via GPIB

Dimensions and mass

213 (W) x 88 (H) x 250 (D) mm, <4 kg
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OPTICAL MEASURING INSTRUMENTS

/Inritu

Sensor
| Model MAS411A/AT | MA9412A MA9413A MAZ9611A
" Wavelength range 03810 1.15 pm : 0.45 10 1.05 pm 0.751t0 1.7 pm
Element Si photodiode Cooled-Si photodiode InGaAs photodiode ;
i Active area diameter I 9.5 mm ; - I 5mm } - |
j Input type 1 Direct to photodiode | Connector™’ ' Direct to photodiode | Connector™? !
. 2 . I 40 (W) x 32 (H) x62/73 (D)i 61 (W)x42(H)x 110 (D) ! 42 (W) x 47 (H) x 160 (D) 40 (W) x 32 (H)x 65 (D) !
; Dimensions and mass : mm. <400 g | mm. <800 g ! mm, <700 g mm. <400 g ‘
. Model i MA9612A : MAQ711A/A1 MA9712A | MA9714B |
| Wavelength range 0.751t0 1.7 pm ! 0.7510 1.8 pm ‘
i Element InGaAs photodiode : Ge photodiode Cooled-Ge photodiode i
Active area diameter : = i 5 mm
Input type : Connector™ i Direct to photodiode Connector™® ,
; . | 61(W)x42(H)x110 (D) | 40 (W) x 32 (H) x 62/73 (D) 42 (W) x 47 (H) x 110 (D) | 47 (W) x 61 (H) x 128 (D) :
Dimenstens Gnd mass | mm, <800 g | _mm. <400 o { mm, <500 g mm, <800 g :
Overall
! Model . MA9411A/A1 ; MAG412A MA9413A i MA9611A
o . . i —701o +10 dBm™* —90 10 0.dBm™* ! -80 to +10 dBm™* i -701to +3 dBm™*
ﬁi‘;@a'ré’%ﬁi{ | Continuous light ' 1w 1o T0TY (1 pW to 1 mW) | (10 pWto 10 mw) (©.1 nW to 2 mW)
u - P
range | Modiiaten skt -70to +7 dBm** -90to -3 dBm™* | -90to+7 dBm"¢ -80 10 0 dBm
9 (0.1 nW to 5 mW) (1 pW 10 0.5 mW) [ (1 pW.to 5 mW) (10 pW to 1 mW)
Absolute accuracy - [ %4.5%™° (0.85 pym) s |
(=23 dBm) 5% (0.5 10 0.95 ym) 1 BT8540, 0.95 ) +5%¢ (1.010 1.6 pm) |
Measurement : - = ) p e
accuracy Linearity continuous | +0.15 dB™"° <01 SEREE T el +0,15 dB™"
light: 23°C, —23 (+0.45 dB for —70 to —60 (+0.45 dB for —-90 to -80 (x0.45 dB for —80 to =70 (+0.45 dB for -70 to -60
dBm as refergnce dBm) dBm) dBm) dBm) |
Resolution W, W (ReL) display: 0.1 to 1%, dBm display: 0.01 dB, dB (ret) display: 0.001 dB l
Power 100/115/120/200/220 Vac 212 %, 240 Vac *¢5 %, 50/60/400 Hz, <40 VA

Operating temperature

0° to 50°C

EN55011: 1991, Group 1, Class A

EME EN50082-1: 1992
Safety EN61010-1: 1993 (Installation Category I, Pollution Degree II)
Model MAZ612A ! MAQ711A/AT i MAQ712A MA97148 |

Optical power

Continuous light

-100 to +3 dBm™* i
(0.1 pW-to 2 mW) !

-60 to +10 dBm™*

—40 to +10 dBm™* 1
(1 nW to 10 mW)

(0.1 W to 10 mW)

—47 to +23 dBm™*
(20 nW to 200 mW)

sl dBm™’ \ 60 to +7 dBm™’ 70 to +7 dBm™? 57 20 dBm™*
range Modulated light Py io0dem | &) BRsEERE o 270 1o +o{Bm J —Dfloira0 By
(1 pW to 1 mW) | (1 nW to 5 mw) (0.1 nW to 5 mW) (2 nW to 100 mW)
Absolute accuracy i3 2 .8 +4.5% (1.3 pm) +4.5% (1.55 pm)™™
Moasurament |23 98m) K~ &Y e 1.6y NC AT £5%(0.95 10 1.6 pm) +5%(0.95 10 1.6 pm)™*
accuracy Linearity continuous | +0.15 dB™" +0.15 dB™"° +0.15 dB™"° +0.15 dB™'8(-37 to +20
light: 23°C, —23 (+0.45 dB for —90 to —80 (+0.45 dB for =40 to ~30 (+0.45 dB for 60 to =50 | dBm, +0.45 dBm for —47 to
dBm as reference dBm) dBm) dBm) -37 dBm) i
Resolution W, W (rev) display: 0.1 to 1%, dBm display: 0.01 dB, dB (rew) display: 0.001 dB
Power 100/115/120/200/220 Vac 38 %, 240 Vac 15 %, 50/60/400 Hz, <40 VA

Operating temperature

0° to 50°C

EN55011: 1991, Group 1, Class A

o .
s EN50082-1: 1992
Safety EN61010-1: 1993 (Installation Category II, Pollution Degree I)
*1: Twelve modulation frequencies including 270 Hz and 1 kHz *9: For wavelengths other than 1.3 pm, specified at 23° +5°C
*2: FC-type connector standard *10: At 23° +5°C
*3: Only for PC type SM fiber (10/125 pm, NA 0.1) *11: Electromagnetic compatibility
*4: At 0.85 uym *12: At 1.55 pm
*5: At 1.3 um *13: At 1.55 pm, 270 Hz
*6: At 0.85 um, 270 Hz *14: At 1.55 pm, 0 dBm
*7: At 1.3 ym, 270 Hz *15: At 0 dBm
*8: For wavelengths other than 0.85 pm, specified at 23° +5°C *16: Reference = 0 dBm

Note: When an optical fiber is used,
When any other fiber is used,
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performance is guaranteed for a fiber core diameter of up to 62.5 m and an NA of up to 0.29.
a measurement error may occur.



95

& OPTICAL MEASURING INSTRUMENTS

S RS AN A B ol

e Optical connector options

Option No. ] Optical connector !

; 21 D4
; 22 ¢ RUNGE :
23*1 { Amphenol 906 type i

i 34 ! DIAMOND (o0 3.5) |
; 35*1 ! HP-SMA. Amphenol 905 type !
: 36 I Amphenol 905 type '!
i 38 | ST
39 . DIN g

: 40 i SC i
412 ' TOCP172

i 43 | HMS-10/A |
L 45 | FC i

*1: If adaptor mounted on MA9412A/9612A, repeatability may be reduced.

*2: For MA9411A

/InFItSU

Ordering information
Please specify model/order number, name and quantity when ordering.

1

ir Model/order No. | Name e
[ER i x |
i Main frame !
ML9Y001A | Optical Power Meter \’
1 3
i Standard accessories (for ML9001A) i
Jo313 i Sensor connecting cord A. 2 m "
| (for MA9412A/9413A/9612A/9712A): 1pc
Jo314 i Sensor connecting cord B. 2 m i
i (for MAS411A/A1, MASE11A and MAS711A/A1): 1 pC ;
Joo17 i Power cord, 2.5 m: 1pc !
F0004 ! Fuse, 0.4 A (TAOOMA250V): 2 pcs |
F0007 i Fuse, 0.8 A (T400OMA250V): 2pcs
| WO0420AE i ML9001A operation manual: 1 copyi
| WO0420BE . ML9001A service manual: 1 copy
. Optical power sensors
MA9411A/A1** | Optical Power Sensor
MAQ412A l Optical Power Sensor
i (with JO480A connector adaptor)
MA9413A I Optical Power Sensor
MAZET1A i Optical Power Sensor
(with MAS005A Connector Adaptor)
MAZ612A Optical Power Sensor
(with JO480A connector adaptor)
MAS711A/ATT" Optical Power Sensor
MAS712A Optical Power Sensor
MAS714B™* Optical Power Sensor
Optional accessories
MASQ01B™** Connector Adaptor (FC type, for MA9411A/MAQ711A)
JO480A™? Connector adaptor (FC type. for MA9412A)
Jo480B™? Connector adaptor (FC type, for MA9612A)
MAS0O05A™? Connector Adaptor (FC type, for MA9611A)

MP92B™? Connector Adaptor (FC type, for MA9413A/MAS712A)
MAQ013A™> Fiber Adaptor (with FC type plug, for fibers with 125 pm
clad dia., 0.25 to 1.0 mm jacket dia.)

MP916A Fiber Adaptor (for MAS002A and MP94A, for plastic
fiber with 1 mm dia.)

MP93A Fiber Adaptor (150 pm clad dia., 0.8 to 1.0 mm jacket
dia.)

MP94A Adaptor (for MA9413A/MAS712A, used with MP93A)

MAS002A Adaptor (for MA9411A/MA9711A, used with MPS3A)

MASBOSA Optical Attenuator (for MA9411A, 10 dB)

MAS306A Optical Attenuator (for MAS711A, 10 dB)

MZ8010A Optical Sensor Holder
(securely mounts MA9411A/A1 or MA9711A/A1 for
measuring light traveling through free space)

J0007 GPIB cable, 1 m

J0008 GPIB cable,2 m

B0186 Front cover

J0592 Optical sensor connecting cord F (for MAS7B)

Joe178™ Replaceable optical connector (FC)

Jo618D™* Replaceable optical connector (ST)

JO618E™* Replaceable optical connector (DIN)

JO618F™* Replaceable optical connector (HMS-10/A)

Jo619B™* Replaceable optical connector (SC)

*1: MA9411A1 and MA9711A1 are lateral input sensors.

«2: Specify one of FC, ST, DIN, SC or DIAMOND (HMS-10A).
When the connector type is not specified, FC is supplied.

*3: The optical connector of the standard product is FC. Please specify the
option numbers along with model names shown in the tables, if you need
a different optical connector.

*4: For MA9714B
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ML9001A with sensor

Gy : )

- | // ™,
MA9412A Optical Power Sensor (0.38 to 1.15 ym) | A

I}
MA9612A Optical Power Sensor (0.75 to 1.7um) i——> lf\\/_r‘ S|
' e ]
|
|

Sensor connecting cord A

|
MAZ413A Optical Power Sensor (0.45 to 1.05 pm) !
MA9412A Optical Power Sensor (0.75 to 1.8 pm) l‘_>

MA9611A Optical Power Sensor (0.75 to 1.7 pm) i

ML9001A Optical Power Meter

Sensor connecting cord B

MAG411A Optical Power Sensor (0.38 to 1.15 pm)

MAQ711A Optical Power Sensor (0.75 to 1.8 pm) g
Wy Ly

Adaptors (option) AOEA , MAZBO05A Attenuator |—pm|
. > \ T
\ MAS001B - | ] MA9411A/9711A
! Connector Adaptor | G, Optical Power Sensor
I
i & | MAQ306A Attenuator

) b n -
- - % —
MP92B MAB413A/9712A

Optical Power Sensor

Rl

MA9611A Optical Power Sensor

Fiber cord with plug Connector Adaptor

Y

LMl L Ro- - b

(mounted on MAS005A)
e i [y >
1
|
Pigtail fiber : MAS013A Fiber Adaptor MA9412A/9612A
| Optical Power Sensor
! s
i 3 [ ——t
R A3 MAGBO5A Attenuat T
e ._i i—_>- "-b}; __1 enuator i%@
|
! : | | MAS002A Adaptor | J NMASHI 0!
i MP93A Fiber Adaptor [ gy Optical Power Sensor
! o~
1
—— : > W » @ MAZ306A Attenuator
MA9413A/9712A
Plastic fiber MP916A Fiber Adaptor MPE4A Adaptor Optical Power Sensor
- o > %
F ? MAQ306A/9805A MAS411A/9711A
Light traveling through free space Attenuator Optical Power Sensor
aTrE
sl

MA9411A1/9711A1 Optical Power
Sensor (lateral input sensors)

MAQ9413A/9712A
Optical'Power Sensor
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OPTICAL HANDY POWER METER
MLO002A

The ML9002A is a compact handy power meter with a measurement
level as wide as other more expensive instruments. Seven optical
sensors are available for different wavelengths, measurement levels,
and optical input types. Each can be calibrated for three common wave-
lengths so absolute optical power can be read directly. Each optical
sensor can either be incorporated directly in the main frame or con-
nected using a connecting cord. The ML9002A can be used to check
optical disks, optical printers and optical communications systems and
can back-up on-side operations as a powerful multifunctional measur-
ing instrument for maintenance.

Features

e Accurate optical power measurement

The power of a narrow beam can be accurately measured even when

an adaptor is changed because anti-reflection optical sensor is used.

o Long-distance measurement with wide measurement level
range

An unprecedented wide measurement level has been achieved in this

handy optical power meter. Optical power of =70 to +3 dBm (MA9621 A

Optical Power Sensor) in the 1.3 pm band and -70 to +10 dBm

(MA9423A Optical Power Sensor) in the 0.85 um band can be mea-

sured.

e Direct absolute power readings for three wavelengths

Each optical sensor is calibrated at three wavelengths (0.633/0.78/

0.85 pm or 0.66/0.78/0.85 pm for short wavelengths, and 0.85/1.3/

1,55 pm for long wavelengths). The absolute power is indicated au-

tomatically just by switching to the measured wavelength.

e Flexible measurements

Two types of connections, a plug-in system (sensor incorporated into

main frame), or a cord system (sensor connected using connecting

cord), are possible so that measurement capabilities are flexible.

e Monitoring without cutting optical fiber '

The optical power in an optical fiber cable (0.25 mm, UV-coated

fiber) can be measured by using the MA9722A Optical Power Sensor.

¢ Compatible with various connectors

The ML9002A can be quickly connected to FC, D4. RUNGE, ST, DIN,

DIAMOND, and SC connectors just by replacing the connector adaptor.

Optical Sensors
MAQ421A, MAS423A, MA9621A, MAS721A, MAS723A

MZ8013A MA9006A

nsor Holder :
Se Hald Sensor connecting Sensor Adaptor

cord S

BS

MAg722A
Optical
Sensor

MA9422A
Optical
Sensor
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MASO005A MAS421A/9423A/9721A
Fiber cord with plug Connector Adaptor Optical Sensor
: i
! |
- | Y
; :
! ! i
j i P
—_— H
b
|
i MA9621A/9723A Optical Sensor
il ! i
P i |
- | |
i | . |
I 1
> | 1
' 2l |
|
i = MA9005A Connector ;
i ; I Adaptor attached i
H i ; i
MAS013A {\ MASO005A
Glass fiber Fiber Adaptor : ‘w Connector Adaptor
| B
P—— : e %
| —> @ -
S MAZ421A/9423A/9721A
Optical Sensor
Plastic fiber MP916A Fiber Adaptor|
. |
! r
v |
|
|

Light traveling MAQ421A/9423A/9721A
through free space Optical Sensor

—mmmm—

g

¢ 0.25 mm jacket
diameter fiber MAQ722A Optical Sensor

ST
AN

Ll e L
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Specifications

I Unit display i W, W(reL), dBm. and dB(reL), selectable, 4 digits
1 V/ull-scale, 0.316 V/-5 dB

| | Recorder output
i
1

£ . Averaging . ON/OFF settings
i :i | Range hold i Range settings
i < | Buzzer I 1 dB sound threshold level setting
i . 1 Auto power off i After 5 minutes non-use (with internal Ni-Cd battery)
r ‘ Dimensions and mass © 90 (W) x 196 (H) x 38 (D) mm. <700 g
? i Model | MA9421A | MA9422A | MA9423A | MA9E21A | MAG721A J' MAS723A | MAQ722A
g ! Wavelength (um) ; 0.3810 1.15 i 0.75t01.7 ! 0.75t0 1.8 :
| Element 3_ Si photodiode | 'p”rgf‘xo ] Ge photodiode :
g Active area diameter : 9.5 mm 1 9 mm ‘1 9.5 mm 1 mm 1 5 mm 1 mm 5 mm
@ - :
:% Input ' Direct :ga;?:rnector | Direct :c(’:a;?;nector Direct™ ;
| measwrement range (Bm) | (0B | CRORTI | Gl0gsm) | (ol 1 im) ot 13 pm) | om0 1o 40°C) | pm 0% 0 40°C) |
Dimensions and mass “ 2(7) ?SI)J r)r(mios(?());g i lié\l(\[l)))xrr:i(gggog 30 (W) x 30 (H) x 37 (D) mm, <100 g ?gé\:\g)xni:(;gég g
. Measurement accuracy : +5% (-10dBm, CW mode) i %5% (=10 dBm, CW mode)™? Not specified
Calibration wavelength i 0.633/0.78/0.85 ym ‘|0‘66/0‘78/0.85 umi 0.85/1.3/1.55 ym ; Not specified
= | Measurement resolution W/WReL): 0.1 to 1%, dBm/dB(reL): 0.01 dB
§ Operating hours 20 hr or more, floating operation possible (on internal Ni-Cd battery)
2 Temperature range Operating: 0°to 50°C, Storage: —30° to 50°C, Recharging: 10° to 45°C
EMC™3 EN55011: 1991, Group 1, Class A
EN50082-1: 19392
Safety EN61010-1: 1993 (Installation Category I, Pollution Degree 1)

*1: Used for 0.25 pm jacket diameter fiber
*2: For wavelength 1.55 pm, it is specified at 23° £5°C
*3: Electromagnetic Compatibility

Ordering information Optical connector options table
Please specify model/order number, name and quantity when ordering.
Option No. Optical connector

;Model/Order No. Name 21 D4
i Maip frame 22 RUNGE

MLS002A Optical Handy Power Meter

2 Amphenol Type 906
! Optical sensors )

MA9421A | Optical Sensor : 2 i s )

MA9422A ! Optical Sensor (Thin sensor) 34 i DIAMOND

MAQ423A { Optical Sensor 35 HP-SMA, Amphenol Type 905

MA9621A Optical Sensor (MA9005A Connector Adaptor attached)

MAS721A Optical Sensor 38 =P

MAQ722A Optical Sensor (fiber identification sensor) 39 DIN

MAQ723A Optical Sensor (MA9005A Connector Adaptor attached) 40 Yo

Standard accessories 41 TOCP172*2

20178 AC adaptor: 1pc :

JO017 Power cord, 2.5 m: 1pc *1: 3.5 mm diameter ferule, M9 screw

B0232 Blank panel: 1pc *2: For MA9421A, MA9423A only

WO0400CE MLS002A instruction manual: 1 copy

J0477 Auto-power-off override plug: 1pc

: Optional accessories

MA9005A™ Connector Adaptor (for optical sensor)

MA9006A Sensor Adaptor (for sensor connecting cord S/T)

MP93A Fiber Adaptor (<150 um clad dia., 0.8 to 1.0 mm jacket dia.)

MP94D Connector Adaptor (for MP93A and MP916A)

MA9013A Fiber Adaptor

MZ8013A Sensor Holder

J0056B FC-FC-2M-SM (FC optical fiber cord, 2 m, SM)

J0200B FC-FC-2M-Gl (FC optical fiber cord, 2 m, Gl)

J0436 Sensor connecting cord S (for ML9002A sensors)

J0438 Recorder output cord

20179 Carrying case (with shoulder strap)

20182 Soft case

80234 Battery box

*: Choose from the options listed in the following table when ordering non-FC
optical connector.
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OPTICAL TIME DOMAIN REFLECTOMETER

MWSG70B

1.31/1.55 pm (SM), 0.85/1.3 pm (Gl)

CE

The MWS070B is a high-performance mini-OTDR for installation and
maintenance of subscriber fiber optic lines and other fiber optic ca-
bles. It automatically detects the positions of faults in the cable, and
displays an event table listing faults, and a trace waveform. Despite
the large 7" screen, the high-performance mini-OTDR is just the size
of a B5 file and it weighs in at only 3.2 kg.

The MWS9070B is designed with a wide dynamic range and short
dead zone, and is indispensable for detecting faults in optical trunk
lines, subscriber lines, optical CATV cables, optical LANs, and other
types of fiber optic cables. In addition, it is also invaluable in measur-
ing transmission line losses, connection losses, return loss and other
parameters. Six optical units are available depending on the wave-
length and type of optical fiber, making the MW39070B an economic
choice for a wide range of applications.

Features

e Compact (smaller than footprint), lightweight (3.2 kg)

e Simple operation with automated fault measurement

e Simultaneous waveform trace and event table display on large LCD

® Built-in 3.5-inch FDD (optional)

e Wide-dynamic range: 36/34 dB (MW0970B/0972B)

® Short dead zone (MW0970B/0972B): 5 m (Event), 25 m (Attenuation)

® High-speed real-time sweep to check fiber connections

e Manual operation for novice and experienced operators

e Visual LD Light Source (option for units)

e Emulation software runs on any personal computer under Microsoft
Windows environment (sold separately)

64

Functions and performance

e Easy operation and fully-automated measurements

In the fully-automatic mode (FULL AUTO), simply pressing the Start
key sets the optimum distance range, pulse width and averaging pro-
cessing for the optical fiber cable being measured, and automatical-
ly detects the positions of any faults.

Furthermore, the real-time sweep function can be used to update the
waveform at 0.4 s sweep (MW0970B/0972B), to confirm the status of
the connected fiber cable in real-time, so trouble from loose connec-
tors can be prevented in advance.

e Event registration

Events (splices, far end, and breaks) in each fiber of a multifiber opti-
cal may sometimes occur at the same position. Consequently events
in the first cable that are not detected at the threshold set previously
in the event table are registered on a second fiber when using fully
automatic mode. These events can be added to the table using the
event addition function and then events are set to the Fixed Mode.
Next, when the measurement fiber is changed and the start key
pressed, all of the target events of the second and subsequent fibers
are measured repeatedly and efficiently.

e Automatic optical connector connection status check

This function checks the status of the connection between the optical
connector and the mini-OTDR. It automatically detects whether or
not there are any problems with the connector, such as dirt in the
connector or a poor fit. It then outputs an alarm.

° MX3607B OTDR Emulation Software

Data measured by the MW9070B can be downloaded to a personal
computer, analyzed in detail in the Microsoft Windows environment,
and compared with previously-recorded waveforms using the MX36078
OTDR Emulation Software. (For details, please refer to the MX36078
data sheet.)

¢ 0.01 dB threshold

At periodic inspection of optical fiber cables, it is necessary to check
increases in connection loss due to aging. The loss level that must
not be exceeded as a result of aging can be called the threshold lev-
el. The MW9070B allows the threshold to be set anywhere from 0.01
dB to a maximum 9 dB in 0.01 dB increments.
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| Sba/div

; Event Distance  Lloss Loss/kn V-SCALE:
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| Ne. 1to 2 U.246kn 1.15d8  ( 4.47dB/kn) X4:8.43%x m

| j
Detection of 0.05 dB loss event using 0.01 dB threshold

e Event editing

In fully automatic measurement, splice points with levels below 0.01
dB but which are not judged faults can be added to the event table,
events which were mistakenly determined to be faults due to noise
can be removed, and the events points can be movedand set to their
correct positions. In addition, both ends of the cable can be specified
on the trace waveform (end-to-end registration). These event editing
functions can be used to modify results to produce accurate mea-
surement data. An asterisk is appended to edited events to discrim-
inate them from other events.

e Saving and printing data

In addition to internal RAM, data can also be saved in memory cards
and on floppy disks. All saved waveforms can be printed at once, or
only selected files can be printed continuously.

Number of saved screens

: Memory card | Floppy disk
Medium Internal RAM (1 MB) (2HD, 1.44 MB)
Number of screens 170 280 400

Note: The number of screens are for reference only.

e Setup screen

When the power is turned on, the <1/3>to <3/3> setup screen s dis-
played. :

Setup screen <1/3>

When the measurement mode is set to the fully automatic mode, the
optimum distance range, pulse width, and number of averaging times

are set automatically. After averaging, fault positions are detected
automatically.

—{Setup mode <1/3>]

ITTMEOTETY § FYTY Full asto/Aute/{ETEN] AT,

Event............: Auto !nrch‘

Heasuresent parassters ——

Altavelapgth)....: 1.55m Print/
200ka L
18ps
1.5680009
Aute More <2/3>
Number

48a

( 8.888 to 200.808 ka)

Backscatter level: +8.89
(BSL - —42.58dB)

Auto measure parusoters ——
Thresheld
Splice Less.. 8.30dB
Return Loss
Fiber end..
Event order..
Eveat OEL Select.: K.Loss

fr (IR

Setup screen <1/3>

Setup screen <2/3>: Print mode and analysis mode

When saving measurement results in memory, the print mode can be
selected to increase the number of screens that can be saved. Files
saved in the print mode can be printed but cannot be viewed in the
zoom mode or otherwise analyzed in detail. If data analysis is nec-
essary, files should be saved in the analysis mode.

\
(( Becall DFN :‘
Nl f

=

I
W Moy
4 Iy
({Hore car3> § |
\! 3

[ﬂir.:lnry format...: Ni

((

[ Printer

Prioter Interface..: Parallel

’(h-.—vl :
N
)
{( crose |

N

f

15:1ten
“iParaseter|
| —

Setup screen <2/3>

Setup screen <3/3>: Automatic backlighting off, automatic power off
The MWS8070B can be set so that the backlighting and power are
turned off automatically if no panel operations are performed within
a fixed period of time, helping to save power and permit use over
longer periods of time. In this case, the displayed waveform immedi-
ately before auto power-off is backed-up automatically.

—{Setup mode <3/2]
Systes paruceters

N =
:r_:_y ([ Recatt v |

S

: B6-Jap-97

by s R B ﬁ
D14:28 +08:09 ({Print/ i

Distance unit......: ka [\ Hemoryi
Auto pover of I 15 win. i
Auto Backlight aff. i

i

{{Bacx s3>

i
Visible LD OX
Frizibie o [y »— n ( beavier |

ey
(( Close |
Nt

it

S e—
it:ltn
:Paraneter!

i

Setup screen <3/3>

® Function for saving settings

Parameters entered from the setup screen <1/3> can be saved in

dedicated DFN memory. Even after using the panel to change mea-

surement parameters, saved settings can be recalled to return the

MW9070B to its previous setting state.

* Long-distance fiber measurements using wide dynamic range
unit

~-[Recall:2_16.DAT ]

fX:1.55m(S)  IOR:1.4c6168
i DR:Z8fke Averages:129s
{ Puilens Fall Trace

Yotal & faults \
Flber Langth:147 . @4 3ka
Total Less : 31.75 &
Total R.Loss: ¥ . X dz

iR
AN
Splice Less(dB) R.Loss(dB) T.lLess(dB)

. 43.8 4.7

.

No. Position(ka)

1 25.887 8.22 3 . SCALE ;

z 58.174 8.38 48.4 3.55  2a/dlv

3 75.261 .88 36.9 14.61  V-SCALE:

4 100.512 8.76 291 28.88  18.8d8/div

s 122.652 .28 36.2 24.58 =

6 147.0843 END 18.8 .75 B M
z:v—mnm

Measurement approx. 147 km single-mode fiber

e Visible LD light source (optical unit: Option 05)

In OTDR measurements, there are some regions (dead zones)
where faults cannot be observed. It is particularly difficult to detect
faults in the dead zone at near end of a fiber cable. A:visible LD light
source' emitting visible: light at’635 nm’is connected to the fiber, so
the position where light is leaking from a fault;(break, bend) can be
determined. This ¢can also be Jused for core identitication in fibers.
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Specifications
e MW9070B (main frame)

1 Display 640 x 480 dot semi-transparent LCD. 7-inch (with backlight on/off function)
i Serial: RS-232C. 1 port (D-sub 9P connector)
! Interface Printer: 8 bit parallel (Centronics, D-sub 25P connector)

Keyboard: For IBM US English keyboard (101 keys), DIN 5P

Waveform storage

Internal memory (battery back-up). memory card slot: 1 (memory card slot conforms to PCMCIA R1.0 standard),

3.5-inch FDD: 1 (option), saves GR-196-CORE format files™!

Calendar clock

Displays year. month, day, hour, minute (battery back-up, on/off display)

i Measurement items

Event distance, loss, return loss, loss from near end, and total return loss

Threshold

Connection loss: 0.01 to 9 dB (in 0.01 dB steps)
Return loss: 20 to 60 dB (in 1 dB steps)
Fiber end: 1t0 10 dB (in 1 dB steps)

Auto | No. of detection points

99 max.

Measurements Automatic setting items

Pulse width, distance range, averaging times

Event registration function

Event points are registered, and the loss, return loss. etc. for these points are measured and used to create
an event table

{ Connection check

Onloff switchable

Manual measurements

Real-time sweeping, point-to-point distance/loss measurements, point-to-point loss measurements per unit
length, return loss measurements, splice/connection loss measurements and total return loss

Distance unit

m, km, ft, kft, mi

Relative distance measurement

Zero cursor settable

Functions™?

Waveform comparison: Dual or difference waveform display

Variable sampling resolution: Switchable from 1 to 40 m

Shortcut keys: Save, recall, print, switch waveform

Ghost detection: Moves marker to ghost Fresnel reflection and indicates ghost events with ghost marker

Keyboard input

Allows input of file names, titles, headers and event comments

IOR

1.400000 to 1.699999 (in 0.000001 steps)

Title input

32 characters max. (Title Auto-increment™?)

Power supply

Battery: MZ5018A Battery Pack (sold separately), MZ5020A Dry-cell Battery Pack (sold separately)
DCinput: 1010 18 V/14 W
AC input: 90 to 250 V, 50/60 Hz, 50 VA (with SWA1702W AC Adapter: standard accessory)

Dimensions and mass

290 (W) x 194 (H) x 75 (D) mm. <3.2 kg (including optical unit and MZ5018A Battery Pack)

Environmental conditions*2

Temperature: 10" to +40°C (operate), =20 to +60°C (storage)
Humidity: 85% (operate and storage)

Vibration: Conforms to MIL-T-28800E (Class 3)

Shock: Height 76 cm, 6 surfaces, 8 corners

EMI: CISPR Pub 22 (Class A)

Dustproofing: MIL-T-28800E

Water-proofing: MIL-T-28800E

EMC*3

EN55011 (1991, Group 1, Class A), EN50082-1 (1992)

Safety

ENG61010-1: 1993 (Installation Category 1I, Pollution Degree 11)

*1: Only software version 3.0 and later.

*2: Not applied to AC adapter. When using memory card, limited by memory card's specifications.

*3: Electromagnetic Compatibility

°* MWO0970A/B, MW0972A/B, MW0973J, MW0975J Optical Units
(all typical values are given for reference only to assistin the use the unit, and are not guaranteed specifications.)

Model

MWOS70A 1

MW09708 | MW0972B

MW0972A ]

Fiber

10/125 ym SM fiber *ITU-T G.652

Center wavelength

1310 £30 nm™!

1310 =30 nm™"
! (typical: £15 nm)

1310/1550 30 nm™!

L2l
J 1310/1550 +30 nm { (typical: 1520 nm)

Optical connector

FC, ST, DIN, SC, DIAMOND (HMS-10/A)*2 xReplaceable and cleanable (all PC type)

Distance range (km)

5, 10, 25, 50, 100, 200 (200 km is added to only MW0370B/09728B)

Pulse width (ns)

20, 50, 100, 500, 1000, 2000, 4000, 10000 (4000/10000 ns are added to only MW03708/0972B)

Dynamic range (S/N=1)

23 dBat 1.31 ym*3
(typical: 25.5 dB)

23 dB at 1.31 pm™*3
(typical: 25.5 dB),
20.5dB at 1.55 pm*3
(typical: 22.5 dB)

36 dB at 1.31 pm™*

w4
36 dB 34 dB at 1.55 pm**

Measurement range™5

15.5 dB at 1.31 pm™3

15.5dB at 1.31 ym*3
(typical: 18 dB),

22 dB at 1.31 pm*©

22 dB* (typical: 25 dB) (typical: 25 dB),

(typical: 18 dB) 13 dB at 1.55 pm*3 20 dB at 1.55 pm™®
(typical: 15 dB) (typical: 23 dB)
Fresnel reflection 10 m*? 5m 10 m*7? 5m
Dead zone
Back-scattered light 50 m*7 25 m*8 50 m*7 25 m*8

Marker-resolution

1 m(at 5 km range)

Accuracy

Distance measurements: 2 m '+ (10~ x’distance) £marker resolution *Excluding uncertainly caused by fiber 1OR
Loss measurements (linearity): £0.05 dB/dB or 0.1 dB (whichever greater)
Return loss measurements: +4:dB
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frey Model i MWO0970A | MW09708B : MWO0972A MW0972B T
TAeasurement time**® l 180 s max. (auto-measurement mode)
L_Eal-lime sweep : 0.9 s*10 I 0.4 s*10 ! 0.9 s*10 0.4 s*10
i Dimensions ' 290 (W) x 120 (H) x 35 (D) mm
rgaty Laser: 21CFR Class 1, IEC Class 1
Environmental conditions Same as mainframe
EMC Same as mainframe
; Model MW0973J MW0975J }
{ Fiber 62.5/125 pm multimode fiber*1

Center wavelength 850 +30 nm™ 12

| 850/1300 +30 nm™'2 (typical: +20 nm)

Optical connector

FC, ST, DIN, SC, DIAMOND (HFS-13/A)~ 13 *Replaceable and cleanable (all PC type)

Distance range (km) 5, 10, 25, 50, 100

Pulse width (ns)

20, 50, 100, 500 (500 ns is added to only 1300 nm wavelength)

Dynamic range (S/N=1 18 dB*1 18 dB at 0.85 pym*'4 (typical: 22 dB), 22 dB at 1.3 pm™ 15
y!
Measurement range™*$ 10dB*14 10 dB*'4, 14 dB*15
| ! ! 6 mat 0.85 pm™16. *7(typical: 5 m*18),
«16. =17 ;

Fresnel reflection 6.m i 8'm at 1.3 pm= 6. *17(typical: 6 m*18)
Dead zone 50 m~'%(at 0.85/1.3 pm, D=0.1 dB),

Back-scattered light 15gh™*6- & ! 15 m""f (at 0.85 ym, D=x0.5 dB, typical: 9 m=1'8),

| 20 m~1® (at 1.3 pm, D==0.5 dB, typical: 13 m™18) !

Marker-resolution 1 m (at 5 km range)

Accuracy
Return loss measurements: +4 dB

Distance measurements: 2 m = (1074 x distance) =marker resolution *Excluding uncertainly caused by fiber IOR
Loss measurements (linearity): +0.05 dB/dB or 0.1 dB (whichever greater)

Measurement time™*® 180 s max. (auto-measurement mode)

Real-time sweep 1.0 s*19

Dimensions 290 (W) x 120 (H) x 35 (D) mm

Safety Laser: 21CFR Class 1, IEC Class 1

Environmental conditions Same as mainframe

EMC Same as mainframe

*1: Pulse width of 1 ps at 25°C

*2: One of these connectors is attached. D4 and Biconic connectors are fac-

tory options (not user replaceable)

*3: Pulse width of 2000 ns during auto-measurement

*4: Pulse width of 10 ps at 25°C

*5: 0.5 dB splice detectable range with 0.1 dB accuracy (test method of op-

tical unit for SM fiber depends on Bellcore TR-NWT-001138)

*6: Pulse width of 4 ps during auto-measurement

*7: At 225 dB return loss with 20 ns pulse width

*8: At 240 dB return loss with 20 ns pulse width

*9: Measurement time is the period from when the start key is pressed until

the measurement results is displayed in the displayed in the table with full-
auto mode. This time changes according to the fiber loss, pulse width, and
level of Fresnel reflection, and to whether or not distance range and pulse
width are set to Auto. The typical measurement time is 45 seconds when
measuring a 5 km fiber (0.35 dB/km loss) at a wavelength of 1.31 pm with
distance range and pulse width to set Auto.

*10: For loss measurements (2 point method) of 25 km fiber, the 50 km dis-
tance range and displayed with full scale (5 km/div).

*11: When used with 50/125 pm fiber, the dynamic range is decreased by ap-
prox. 4 dB, and the dead zone (defined using 0.5 dB back-scattered light)
will increase to approx. 20 m at 850 nm, and 30 m at 1300 nm.

*12: Pulse width of 100 ns at 25°C

*13: One of these connectors is attached. D4, Biconic and Amphenol 906 con-
nectors are factory options (not user replaceable).

*14: 100 ns pulse width during auto-measurement

*15: 500 ns pulse width during auto-measurement

*16: Refer to the figure below

1 1.5dB :
U1: Fresnel reflection

L2: Back-scattered light

*17: At 220 dB.return-loss, with-20 s pulse width

*18: Typical value at 230 dB return loss

*19: For loss measurements (2’ point method) of 2 km fiber, the 5 km distance
rangeand | displayed with/full'scale (500 m/div)!

* MW9070B Option 01: Built-in 3.5-inch FDD

| Storage media 3.5" FD (2DD, 2HD)

Format MS-DOS

Capacity 2DD: 720 KB, 2HD: 1.44 MB

File copying Between FD, memory card and internal memory
Operating temperature +5" to +40°C

Operating humidity <80%

Operating conditions Horizontal or tilted
Mass <300 g

° MW9070B Option 02: Monitoring function

Form Installed in MW3070B Optical Time Domain Reflectometer

Detects optical fiber faults (quick scan, normal scan, and
near-end scan). scheduler, modem/communication setting,
controls alarm generator and optical switch (eight ports for
optical switches and alarm generator)
Functions
Reads and records files, sets OTDR measurement conditions,
executes OTDR measurement, reads OTDR waveform, ma-
nipulates waveform, sets optical switches and alarm ports,
sets OTDR modem, select reference data type, sets fault
threshold value, sets evaluation range, saves reference data,
creates/downloads/executes scheduler, sets serial port/
modem, connects/disconnects network
Operating requirements
Computer: i486™ or higher processor (Pentium 75 MHz or
higher recommended) running Windows95
Memory required:
16 MB or more (32 MB or more recommended)
Hard disk required: 16 MB or more free space (20 MB or
more recommended)
FDD: 3.5" (1.44:MB) x 1-drive
Display: 800'x-600'or higher-resolution c6lor monitor
Mouse
RS-232C: 1 port or-more

Functions

Installation
program
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e Optical units Option 05: Visual LD light source

Wavelength

635 nm =10 nm at 25°C

105
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Ordering information
Please specify model/order number, name and quantity when ordering.

Output

-3.0 1.5 dBm (blinks at constant intervals* 1)

Name

Output fiber

10/125 pm, SM fiber

Optical connector

FC, SC. ST, DIN, Diamond (user replaceable),
D4. Biconic (factory option) i

Optical safety

IEC 825 Class 2. FDA (21CFR 1040.10) Class 2

Environmental conditions

See respective units

*1: Only software version 3.0 and later

Safety measures for laser products

This option complies with the optical safety standards in Class 2 of
the IEC pub. 825 and the FDA (21CFR 1040.10, USA); the following
descriptive labels are affixed to the product (FDA label is only affixed
to product for export to the USA).

VISIBL
00 NO

1MW MAX W
# CLASS 2 LASER P!

ASER RADIATION R
STARE INTO BE o

nm
NE

LASER RADIATION
00 NOT STARE
INT0 BEA o]
—
1MW MAX T |
CW 63Sam—0 0—01 2
CLASS 2 LASER PRODUCT

IEC FDA (CFR)

The maximum output is indicated under * 1, and the wavelength under *2.
Caution: Do not look directly into the laser beam.

°* MZ5018A Battery Pack

r
|

| Power, capacity

10.8 V, 2.8 AH (nominal value)

Type

Ni-Cd secondary cell

Charging time

14 hours (at 25°C using SWA1702W AC adapter)

Temperature range
when charging

0° to +40°C

Drive time

>5 hours (at 25°C with backlight off)

Dimensions

290 (W) x 74 (H) x 35 (D) mm

® MZ5020A Dry-cell Battery Pack

Batteries

Ten C/BABY-size alkaline or manganese (LR14,
R14) dry cells (provided by user)

Life*?

| 4 hours (backlight on), 13 hours (backlight off)

Ambient temperature

Same as main frame

Dimensions and mass

290 (W) x 74 (H) x 35 (D) mm, <450 g
(excluding batteries)

*1: Typical continuous at room temperature using LR14 dry cells

© SWA1702W AC adapter (Tamura Corporation)

AC input 90 to 250 Vac, 50/60 Hz
DC output 172.5Vde, 12 A
Dimensions 163 (W) x 36 (H) x 63 (D) mm

Safety standards

UL1950, CSA1402C, EN60-950

Temperature

0’ to +40°C (operate), -10° to +70°C (storage)

Humidity

90% (operate), 95% (storage)

e MX3607B OTDR Emulation Software

—

Functions™1

Waveform display, manual measurement, auto search, auto
zoom, event editing, continuous printing, waveform compar-
ison, waveform difference, both ends measurement, multi-
waveform display, text output

Operating
environment

Personal computer: i486™ or higher processor, and capable:
of running Microsoft Windows 3.1 or Windows 95

OS: Microsoft Windows 3.1 or Windows 95

Memory required: 8 MB to run this program

Hard disk required: At least 5 MB of free disk space
FDD: 3.5" (1.44 MB) x 1 drive

Display: 640)x14807dots| or! higher resaltion (color monitor
Others: Mouse or other pointing device

*1: Supported imMX36078 ‘version 2.0 or later
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[ Model/Order No.:
H

i MW9070B

SWA1702W

W1046AE |
W1047AE |
| W1046BE

i MWO0S70A |
MWO08708 i
MWO0872A
MW0872B
MW0873J
MWO0875J

MZ5018A
MZ5020A

MX36078B

W1058AE

MW90708B-01
MWS070B-02
MWS9070B-10
MWS070B-12
MWS8070B-13
MWg9070B-14
MW9070B-15
MW8070B-17
MWS8070B-18
MWS9070B-19 |

MWO0970A-05
MWO0870B-05
MWO0872A-05
MWO0972B-05
MW0973J-05
MWO0875J-05
MWOQ970A-21
MW0970B-21
MWO0872A-21
MWO0972B-21
MW0973J-21

MWO0875J-21

MWO0870A-22
MWO0970B-22
MWO0872A-22
MW0872B-22
MW0973J-22
MW0975J-22
MW0973J-23
MWO0975J-23

i Main frame
Optical Time Domain Reflectometer

i AC adapter (Tamura Corporation): 1pc
Power cord, 2.5 m: 1pc
Short-cut label: 1 copy
MWQ9070B operation manual: 1 copy
MW30708B serial interface manual: 1 copy
MW90708B service manual: 1 copy

i SMF 1.31/1.55 pm Unit (economy type)

GIF 0.85/1.3 pm Unit

| Standard accessory (optical unit)

Standard accessories (main frame)

Optical units
SMF 1.31 pm Unit (economy type)
SMF 1.31 pm Unit (wide-dynamic range type)

SMF 1.31/1.55 pm Unit (wide-dynamic range type)
GIF 0.85 pm Unit

Replaceable optical connector*':

Battery pack

Battery Pack (Ni-cd secondary cell)

Dry-cell Battery Pack [Ten C/BABY size alkaline or
manganese (LR14, R14) dry cells (provided by user)]

i /_A;;p_licat_ic;n software
OTDR Emulation Software
Supplied on 3.5" FD (2HD), includes setup program

Standard accessory for MX36078
MX3607B operation manual:

Options (main frame)
3.5-inch FDD

Monitoring function

English language display™*2
German language display*?
French language display™2
Italian language display™2
Spanish language display™*?
Japanese language display™?
Chinese language display™*?2
Finnish languzage display*2

Options (optical unit)

Visible LD light source for MW0970A*3 (factory option
Visible LD light source for MW09708*3 (factory option
Visible LD light source for MW0972A~2 (factory option
Visible LD light source for MW0972B*2 (factory option
Visible LD light source for MW0973J*3 (factory option)
Visible LD light source for MW0975J*3 (factory option)
D4 connector (factory option)

D4 connector (factory option)

D4 connector (factory option)

D4 connector (factory option)

D4 connector (factory option)

D4 connector (factory option)

Biconic (AT&T) connector (factory option)

Biconic (AT&T) connector (factory option)

Biconic (AT&T) connector (factory option)

Biconic (AT&T) connector (factory option)

Biconic (AT&T) connector (factory option)

Biconic (AT&T) connector (factory option)

Amphenol 906 connector** (factory option)

Amphenol 906 connector** (factory option)

Continued on next page
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Name

lvodeTDrder No.

MWOQ970A-38
MWO09708B-38
MWO0972A-38
MWO0972B-38
MWO0973J-38
* MWO0975J-38
: MWO0970A-39
i MWO0970B-39
! MWO0972A-39
MWO0972B-39
MWO0973J-39
MWO0975J-39
MWO0970A-40
MWO09708B-40
MWQ972A-40
MWO0972B-40
MW0973J-40
MW0975J-40
| MWO0973J-42
MWO0975J-42
MWO0970A-43
MW0970B-43
MW0972A-43
MW0972B-43
MWO0970A-45
MWO0970B-45
MWOQ0972A-45
MWO0972B-45
MWO0973J-45
MWQ0975J-45

Z0301A
JS256G3-C-13
JS512G3-C-13
JS1024G3-C-13
JS2048G3-C-13
FC-AP

Joe3s( ]*$
MZ8012A
20242

20243
J06178
J0618D
JOB18E
JoB18F
Jo6198B
Jo699[ 15

. Jo700[ J*5

¢ Jo701( ]*5
JO654A

JO661A

DPU-411-218U
© DPU-411-21BE

. Jos14

: TP411-28CL

|

ST connector (user replaceable)

ST connector (user replaceable)

ST connector (user replaceable)

ST connector (user replaceable)

ST connector (user replaceable)

ST connector (user replaceable)

DIN connector (user replaceable)

DIN connector (user replaceable)

DIN connector (user replaceable)

DIN connector (user replaceable)

DIN connector (user replaceable)

DIN connector (user replaceable)

SC connector (user replaceable)

SC connector (user replaceable)

SC connector (user replaceable)

SC connector (user replaceable)

SC connector (user replaceable)

SC connector (user replaceable)

DIAMOND (HFS-13/A) connector (user replaceable)
DIAMOND (HFS-13/A) connector (user replaceable)
DIAMOND (HMS-10/A) connector (user replaceable)
DIAMOND (HMS-10/A) connector (user replaceable)
DIAMOND (HMS-10/A) connector (user replaceable)
DIAMOND (HMS-10/A) connector (user replaceable)
FC connector (user replaceable)

FC connector (user replaceable)

FC connector (user replaceable)

FC connector (user replaceable)

FC connector (user replaceable)

FC connector (user replaceable)

Optional accessories

Keyboard

256 KB memory card (conforms to PCMCIA R1.0)
512 KB memory card (conforms to PCMCIA R1.0)
1024 KB memory card (conforms to PCMCIA R1.0)
2048 KB memory card (conforms to PCMCIA R1.0)
Adapter

Optical fiber cable (with FC-PC at both ends, SM)
Connector Cleaning Set

Soft carrying bag

Hard carrying case (holds main frame and thermal printer)
Replaceable optical connector (FC)

Replaceable optical connector (ST)

Replaceable optical connector (DIN)

Replaceable optical connector (HMS-107A, HFS-13/A)
Replaceable optical connector (SC)

FDDI-FC conversion cord

FDDI-ST conversion cord

FDDI-SC conversion cord

Serial interface cable (for remote control with IBM-PC/AT
or J-3100)

Serial interface cable (for connection with peripherals)

Peripherals

Thermal printer (120 V £10%, 60 Hz, 0" to +40°C,
Seiko Instruments inc., printer cable sold separately)
Thermal printer (220 V £10%. 50 Hz, 0" to +40°C,
Seiko Instruments Inc., printer cable sold separately)
Printer connection cable (parallel)

Supplies
Printer paper for DPU-411-21BU/BE (10 rolls/set)

*1: Specify one of FC, ST. DIN, SC or DIAMOND. When the connector type is

not specified, FC is supplied.
=2: If the display language is not specified, the English version is installed.
*3: Supplied with same connector as optical unit.
*4: FC type and dead zone is varied.
*5: Specify the optical fiber length as A, B, orC (A:1 m, B:2m, C: 3 m).

MS-DOS is a registered trademark of Microsoft Corporation.
Windows is a registered trademark of Microsoft Corporation.

IBM is a registered trademark of International Business Machines Corporation.

i386/i486 are trademarks of Intel Corporation.

/Zinritsu
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Optical fiber cutter MZ106C Mode Scrambler
This device cuts optical to produce a right-angle mirror-face break. When measuring optical fiber loss or instrument insertion loss, this de-
~ vice is attached to LED light sources to insure a uniform injection mode.
& Insertion loss [ 15d8*"
NA (numerical aperture) ' 0.195:0.0172 |
| Connector | PC |
| Optical fiber i GI (50/125 pm)*3
Dimensions | 20 (W) x 20 (H) x 205 (D) mm '

*1: Typical value (typical value is given for reference only and is not guaran-
teed specifications.)
Does not include connector loss.

*2: Test method depends on JIS C5961

*3: Does not include fiber

Photo 3

MPS24A Fiber Jacket Stripper
This tool is used to remove the nylon jacket from around the core.
=

i
|
|
|

Photo 5

Replacement optical connector
Replaceable optical connector

i Photo 4 |

"

< (i

SC-APC HRL-10
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