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# # 5670267721 : MAJOR ELECTRICAL ENGINEERING

KEYWORDS: XG-PON / OPTICAL SPLITTER / ERBIUM DOPED-FIBER AMPLIFIER / BIT

ERROR RATE
BUDSARA BORIBOON: Experiments of 10 Gb/s Optical Access Network with
Long Reach and A Large Number of Subscribers. ADVISOR: ASSOC. PROF.
DUANG-RUDEE WORASUCHEEP, Ph.D., 153 pp.

This research demonstrates optical access network at bit rate 10 Gb/s based
on XG-PON standard ITU-T G.987 with only downstream wavelength about 1550 nm.
The purposes are the maximum distance of 62 Km and a large number of 256
subscribers. In consequence, power budget and rise-time budget equations are
applied to calculate the limitation of total loss and pulse broadening time due to
Chromatic Dispersion (CD). This thesis uses two optical transmitters: (1) Electro-
Absorption Modulation Laser (EML) with 8.69 dB Extinction Ratio (ER) and (2) Mach-
Zehnder Modulation Transmitter (MZM Transmitter) with 11.18 dB and 15.17 dB ERs,
resulting in different Bit Error Rate (BER). Moreover, there are 4 cases to consider the
trend of BER curves. The first case is loopback case. The second case is 60-Km
Standard Single Mode Fiber (SSMF) that causes worse BER because of CD. The third
case is 62-Km SSSM with Erbium Doped-Fiber Amplifier (EDFA) to increase power
budget. Its BER gets worse due to Amplified Spontaneous Emission noise (ASE noise).
The last case is 62-Km SSMF with EDFA and Tunable Optical Band Pass Filter (TOBPF)
in order to reduce ASE noise from EDFA, that results in better BER. In conclusion, this
research achieves the optical access network at bit rate 10 Gb/s with the maximum

distance of 62-Km SSMF and 256 subscribers by using EDFA.
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Quarter Wave Plate (QWP)

Raman Amplifier

Received Power

Reflectivity

Refractive Index
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Response Time
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Rise Time

Rise-Time Budget
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Scattering

Semiconductor
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Spontaneous-Emission Power
Standard Single Mode Fiber (SSMF)
State of Polarization (SOP)
Stimulated Emission

Tapered Region

Thermal Noise
Thermo-Electric Cooler (TEQ)
Threshold

Threshold Voltage
Transmitted Power

Tunable Laser

Tunable Optical Band Pass Filter (TOBPF)

Upstream

Valence Band

Variable Optical Attenuator (VOA)
Waveguide

Waveguide Gap

Waveguide Width

Wavelength

Wavelength Division Multiplexing (WDM)
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Wireless Commmunication
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[

gunsalilannsaandyrusunuiitinaindiveslas laelninnaifageLaioannas
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UEBIFIMTUNIUBDNUT U INANE AR ULE N A IS LA

UM 1.9 dansesaggradanizgumauduasuuudsulavesussn OPTOQUEST

a a s o dyd d' % ! Y = v Aa o 1
’J'VlEJ']UWUSQU‘UuﬁﬂHWLﬂU’JﬂUIﬂiQ%WﬂL‘U’mQ‘UBQJ‘JaLLﬁ\‘i‘VIll nyrlATIUIgLUY XG-

PON Tngldaunsniuazinsaatiodniina1iunludieiu

1.2 1INTFIUNAYITIWUALNITNUNIUITIUNTTH

downilgtuiimeluladfunisdeasununeg imszastuissnfudosdinsgu
Mt dunasguanalaniosedslulumaieniu lnsssuvdearsdlngjayldunsgiu 2
mmg’luluﬂ'l’iéj’maﬂﬁa UIMNTZIUVON Institute of Electrical and Electronics Engineers
(IEEE) wag 1103551404 International  Telecommunication Union  (ITU-T) Tuhideiiay

nafInsgIUANgITaInutakazlovluingdnuseall



WM5gIUVeY IEEE Tudiuvedlasenuwdulauiiiaswuuunadn (Passive Optical
Network, PON) Fauandlun15197l 1.1 13897 Ethernet-Passive Optical Network (E-PON)
PLASEU IEEE 802.3bk [12] Tasnisdsdayauias (Downstream) wagnisdedayaniy
(Upstream) fidnsndndoyaasgainiu 1 Gb/s wagldlusiamea (Protocol) Tunsdadunuuy
Bwesiiin (Ethemet) Tuduvasnuemeduuas (Wavelength) Aldlunisdstoyauiuuas

'
1A

Pasazuanansiu Tnsmsdedeyaruazdafinrmenaduias 1310 nm drunsasdoyann
asddsiinuenadunas 1490 nm ealddinmafindnndadeyalditwdu 103125
Gb/s m1uN1M551U 10 Gigabit-Ethernet PON (10G-EPON) #1uan®531u IEEE 802.3av [13]
Tnsmsdsdayamamuaseniuiidnadndoyageaawinty 103125 Gb/s uazldluslnneauuy
Bwedidnuieatu E-PON Tuduvesanugneduuasilélunsdedeyantuaglda

g1IRAULAS 1270 nm waznisdadeyaiasazldaueninfuias 1577 nm

§75797 1.1 2995970 IEEE

WA %8 ons1dndayavivu ons1dndayaviad

IEEE 802.3bk E-PON 1 Gb/s @ 1310 nm 1 Gb/s @ 1490 nm

IEEE 802.3av | 10G-EPON | 10.3125 Gb/s @ 1270 nm | 10.3125 Gb/s @ 1577 nm

#1599 1.2 209357 ITU-T

WA %8 ons1dndayavivu gnsUndayaviad

ITU-T G.983.1 B-PON 622.08 Mb/s @ 1310 nm | 1244.16 Mb/s @ 1490 nm

ITU-T G.984.2 G-PON 2488.32 Mb/s @ 1310 nm | 2488.32 Mb/s @ 1490 nm

ITU-T G.987 XG-PON 10 Gb/s @ 1270 nm 10 Gb/s @ 1577 nm

ITU-T G.989.1 | NG-PONZ 40 Gb/s 40 Gb/s

19359 ITU-T fauanslunsnad 1.2 9gdanuadiendsiuunsgiuves IEEE
Tngluduvedassodulowituasuuwnadnisuain Broadband  Optical  Access
System based on Passive Optical Network (B-PON) auu1a5g1u ITU-T G.983.1 [14] 1ag
fisnsdntoyaniugeanintu 62208 Mb/s wazsindeyariasgeganiniu 1244.16
Mb/s @l4lusinnoauuu Asynchronous Transfer Mode (ATM) luns3udsdoya dauey
gmaduuaddunisdsioyaniuuarnasiliduazunndetu nisdsoyauduagldaiuen
AAuuaslugis 1260 nm - 1360 nm Tnevhluudrazldmauenirduuasi 1310 nm dwnns

detoyaviasagldainuenediunadluyag 1480 nm - 1500 nm lagvaluazldauginau



Waedl 1490 nm anunsaddlalnaiignsseenia 20 Km wagdnisnsearedayaadvigsuuing
gaanudniu 32 §3uusng deuride (Power Budget) fe Class A: 5-20 dB, Class B: 10-

25 dB uag Class C: 15-30 dB sieunladinmsifiudnsdntayadunsgiusialull

Gigabit-capable Passive Optical Networks (G-PON) snuu1asgiu ITU-T G.984.2
[15] Wunisstaununann B-PON Tagilanusnaaunasiaunduiazeias Wslanea szogng

[ A

dedyaauilnaign wagsumdumiiouduiu B-PON asunneineiui G-PON finsdsdayann

Fuuazanensinteyagegaviiiu 2488.32 Mb/s uaziin1snsyanedyaadlvigsuusnig

Y

gegndnuIL 64 H3UUINNT wenANUmuNnEIu ITU-T G.984.6 [16] NaNdeNIUene

RUBR|

SLYEMUNNIINTU (Long Reach) Tnunslasiaeneas (Optical Amplifier) %39 1AT8INIUY

deyeyro (Repeater) Liolvidsdnyaailalnadu szuznisunniianfio 60 Km siunladinisiiiy

dnsUndeyalunisfudwngunasyisanuenrduiadtunisdenaeuludne

10-Gigabit-capable Passive Optical Networks (XG-PON) #1u19951u ITU-T
G.987 [2] wAneeiu B-PON uaz G-PON aesduids Tay XG-PON axutadu 2 wiade XG-
PON1 uaz XG-PON2 1 2 sfiaunnsnsfuuasasdndeyalunisdsiumiadu 3 XG-PON1
msdeoyautuazdsinednsdntoua 2.5 Gb/s dau XG-PON2 fie 10 Gb/s FavaiFuniia 2
yiinsaufuidu XG-PON  Tngnisdsteyaviasidnsdndoyageaainiu 10 Gb/s 319
TuslnAsauuudmesiuslunsiudsdoya duamusnaduuadunsdedeyariuuazanasi
Tdurgunndretu nisdstoyaniuasldmiuemaduuaslurng 1260 nm - 1280 nm
Tnevhluudagldnueneduuasil 1270 nm dunisdedoyariasazlimiueinauuas
Tt 1575 nm - 1580 nm neihluagldnnueninduuasdl 1577 nm anansadsldszogmng
881981 20 Km wazasszeenlnaanla 60 Km %qﬁﬂ'ﬁﬂﬁzmsJé’auJapmﬁlﬁﬁi"]uauﬁ%’uu%ﬂﬁ
aéwqﬁaaﬁqm 64 H3UUINS wazilsumdsderolus N1 Class: 14-29 dB, N2 Class: 16-31
dB, E1 Class: 18-33 dB way E2 Class: 20-35 dB uaﬂmﬂﬁuﬁaﬁmiﬁwmﬁalﬂﬁﬂLm'a&uj
wonileveulvnveinerinusiaui WvzUeNaTIEaridunag1aaI1a9 Wieauisaly

Anwsralusunala

40-Gigabit-capable Passive Optical Networks (NG-PON2) #1usissgiu TU-T
6.989.1 [17] MdstoyauTunazviasiisnadadoyagean 40 Gb/s lagldimatia Multiple
Wavelength Channel Time and Wavelength Division Multiplexing (TWDM) Tagginasla

1 o 1

Yoadeyayas 4 - 8 Yeadyaalunisdsdudazvesdyaaunsadilayamesnsidndoya
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a\}

3am 10 Gb/s fagsveen1eee19m 40 Km wavddlalnalignsseenia 60 Km 1n13nseany

allvdnINgTUUSNseg e Nign 256 HUUINS

MNe &

o

=3 R = ! a o < a LY 1 [ v !
NN 2 wesprunnaandanvasdululunasiendu lddesdudnsnisds
Joyanianue1ndukasily duiuluinerdnusiazniuddalumuninsgiu MU-T Ju

wan welylvdvaulunisldondannsgiu

]
av aa a

mMsnummssanssuduns@nuinaAdeninsffiuiudduilenniinuiiauls

wanetesiuiideinerinusatull lneazidoyaiilulssleviseineinusuniiasz
L4 IS a = £% ! v v a a 6

wwilduveanalulaganednautadagiuinladnsimuinuaanguiuazgunsalluly

(% L d’lj (% a a 4 LY dy a (% 1 Y = v a
anwaugla ‘Vi'JGU'P]LL@%L‘LJE]'WTVTaﬂGZJEN'JVIEI'WUWUﬁQUUu%LﬂEJ’Jﬂ‘UIﬂi\‘i“U']EJLGIJWQQ“ZJEH%I@LL?NV]N

[

Snwazwuulasangtdulowniinaskuuwnadn lnanansurdadenansanslil dnsdn

' '
14 a a

Toyaiiintu dlayasvernalnauasiiugsuuinislulassieduiuunnidu Weldauaii

Y Y

v a A v o a a & | A = aa v B a
myayaiingidesiuingrdnusnuivsemagUululssmaniinnuimihmanalulag
) a ' A o ) = v = A Yoy
Aun1sFeasegsNWalisuiunaeusswmesinialsewmelnemey delsemegUulainig
11415998 Fiber-to-The-Home (FTTH) 7iludnwaznilalulassinadulowniuinaswuy

wva@iounUszmeana wmszaziuwddeantsemadUuiaduninsgiuiiasnsaun

'
a ¥ U a a

a ¢ v A cAY v A °
'3Lﬂﬁ']gwLLu’]IugJGUENLVlﬂIUIaEJVILﬂ‘EJ'JSUENﬂ‘U'JVIE’J’]UWUﬁuVL@IL‘Uu@U'N@ I@Uﬁﬂmmmmaiﬂ

wwldudungueingg ladasaluil

nquusnAengu NTT  Communications Corporation  tJuusengutdusuiug
NeafuaunsdeanslulsemeagUuniinisideuasimu (Research and Development,
R&D) Mraulaun nnisAnenssunssuiiieatesiulasaiieidnfadeya uadludnuug

Tassnedulenmusaswuulnadn azwiusudluidululumunafedusssalud

al

lonansenaBaadiufl 18 [18] T 2006 1AgafulATIUELUY G-PON fnannAsg I ITU-

1%
LY

T G.984.2 [15] lnensdetayaunfuildnsidndoyalviniu 1.24 Gb/s NA1ue1IARULAY

Y
1310 nm wagnsdsdayaraisnsiindeyainiu 2.5 Gb/s MimNug1IARULAY 1490 nm
U d!

lngldgunsaligemialydlunisSudedyaa Fenuddeiuiulusasnisiauidveguas

e

(% [

WielvvenedyaauaslalugesfianishieninisdstoyavTunazvas ngldiveneuasly
Tassneidulaumiinasuunnadn Ao Optically-Amplified PON qzUsznausiesiivge
Wasv1duTiln A Gain-Clamped Praseodymium-Doped Fiber Amplifier (GC-PDFA) W

WUU Burst-Mode Optical Amplifier kazfave186aIv189%80 Thulium-Doped  Fiber
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Amplifier (TDFA) Wuuuu Continuous-Mode Optical Ampilifier PnnUiTEansaLiuey
daldinntu dilugnisudsdyyinszering 60 Km uarlisiuiudfuuinsdiuiuds 256
A3UUINTS

lonansenaBaddiuil 19 [191 Y 2010 1lAsetn G-PON m1a3nnsgu ITU-T G.984.2
[15] wileufuienatssnsds (18] waziiuluSosnswaudenouadldluaesfiamaduiiu
widveneuasasuansnaiulngluiit Ae Hybrid Burst-Mode Optical Fiber Amplifier (OFA)
2xUsENaUR8fITN 8 LA T U Tin Gain-Clamped ~ Praseodymium-Doped  Fiber
Amplifier (GC-PDFA) uwag Automatic Gain Controlling Praseodymium-Doped Fiber
Amplifier (AGC-PDFA) wazdifveeiasviasviln Conventional Thulium-Doped Optical
Fiber Amplifier (TDFA) 91neidsannsaifissuidsléuntu dilugnmsifindiuoy

A3UUINN09 1024 {FUUINIS

lonansd1ededdiud 20 (2010 2012 14lAss978 10G-EPON anmaasgIu IEEE
802.3av [13] ImEJmaﬁﬁa;&am%wmsmmﬁﬁm’lﬁm%yjawhﬁ"u 10.3125 Gb/s AM817
pAuwaslunsdstoyamduldauenaduias 1270 nm wasmsdstoyaviadinue
Aauuas 1577 nm lagauddeiiduludesmsimunsvesuardulasee PON fidenia
Optical-Amplifier-Based PON  Repeater 6‘2:'}@%]wizﬂa‘uﬁaEJﬁ’JGUEJ’]EJLLme‘ﬁuGUﬁm Fast
Automatic Level Control-Semiconductor Optical Amplifier (Fast ALC-SOA) hagsivuene
WeaIvIa9tn ALC-SOA %amidﬁa;ﬁamaaﬁqﬂﬂmﬁ Electrical Dispersion Compensation
(EDC) LLVliﬂEJEﬂuIﬂN?J"]EJLﬁ@“ﬁ(ﬂL%ﬂf]ig‘lﬁﬂﬂimﬁﬂamwa%{fu (Chromatic Dispersion, CD)
3nde anneuideanusadinsuiidslude 795 dB ﬁﬂﬂﬁﬂﬂst,ﬁmwzmﬂumﬁum

Fruyrauuuasiayn (Point-to-Point) lalna 100 Km

NeNA58BIdINUA 18 9 20 ¥esngx NTT Communications Corporation 2%
LﬁudmuﬂﬁuﬁaLﬁuiﬂﬁﬂﬁiﬁwuwﬁwmaLLaaLﬁa%wé’mwzyﬂmﬁﬁayjaLLmléfﬁgaamﬁﬁmqﬁgqm
Fuuaznas Insldivenouasiivunzfudisnnuenedunasifosnisaumasgiu TU-T
deflsufdanniy ﬁfﬂﬂgjmiLﬁmwzmﬂums%’udaé’aﬁgmLLazﬁwuwﬂ%’uﬁmsmﬂéﬁu
uenantusnadndoyarenisdedeyautunasrasfuiuain 1.24 Gb/s u 10.3125

Gb/s 91119557 ITU-T 8naae

nquil 2 Aengu Mitsubishi Electric Corporation \luu3enuuialngfindngunsal

wsealtlnindudvinunnuazdaduusndududu g Wwdeatu NTT Communications
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Corporation fifin153d3suaziauLigItumalulagnisaiunisasansiuiaulaiuiu Ty
Isaunssunladnuunaeiulassedisdeyanadludnuaglasaingidulowiiuawuy

wwasWiwuldusssalul

lonanseededdud 21 [21] Y 2012 1lasenendnAe XG-PON maannsg ITU-T
G.987 [2] uagldlasadng G-PON muannsgu ITU-T G.984.2 [15] Usenaudu iiledaiden
Sasinisdsdoyalduindatu lneeuAdeiitulufinnsiauididvdauas (Optical
Transceiver) WUU 10 Gigabit Small Form-Factor Pluggable (XFP) maﬁja;ﬂﬁﬁmi 1nesn
Sudauasuuy XFP gasmunliduiuy 106/1G Dual-Rate Burst-Mode XFP @snsdsdioya

1Az UITUTONI10VAUaNAWINAU 10.3 Gb/s way 1.25 Gb/s bamuainu d@runiubls

KV

U o 1

A3UUIN5AMTudsdy iUy Enhanced Small Form-Factor Pluggable (SFP+) lngu
azfIaNIasUEs ”ﬁyﬁymlwamwmauammmmu Fafifio 10.3 Gb/s nde 1.25 Gb/s
Im&ﬂ%’mmEmﬂauuawaﬂwwuuazmaammmmgmmm XG-PON 1&g G-PON 317
a o dy QI o £ ¥ é’ -] ! QI o Y a QI é{ =
AT darursarinsumdelaundu dalugnisiiiudruiugSuusnsiinduds 256

A3UUINTT Tuszeenis 15 Km

lonansenedsddiui 22 221U 2013 wiilufinisamimadalagld Time-and-
Wavelength-Division Multiplexed Passive Optical Network (TWDM-PON) Wieanusods
Fyaalulurasmueedusadideldidldny Inemuddeifldlaseme G-PON waz XG-
PON  $2ufu Tneflennuenadunasniuasanasent 2 tassietsudulununasgu
TU-T G.984.2 [15] ua ITU-T G.987 [2] Fsenidfeiiuenimiioninnisld 2 lassnedindran
Hraguuds Ssldrrsanuenedunasiilinssiuanuenedunaminsgiuiignldnuddy
dandnde Tagldauenadunadunsdstoyaudugis 1535 nm - 1540 nm wagenu
yandunadlunsdsdoyaunasil 1600 nm Aidasdadeya 2.5 Gb/s uenanazldiuszlov
n¥9A108 AR uLAs Il uU s lowinda aziuindrduuszaninisannou
(Attenuation Coefficient) ~ fitasarmenIAduLasdmiuNsdsioyanduiaosniia
fsyAvinisaaneuiitisaueniedunasiuresiaseie G-PON uaz XG-PON Bnde
slsuidanntu dlugnsdedoyaissaznislng 40 km wazisuiudfuuinig 64
A3UUINTS

MNIBNANTENBIEFUT 21 Ay 22 ¥9sngy Mitsubishi Electric Corporation agiiiy
Tunliufensiamnlasemie G-PON uar XG-PON Wifsufdnduty iededayaldlu

szuznslnavaziidiuaugsuusnisiiudululasetng Ganduulduiindredungu NTT
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Communications ~ Corporation  W#AdghAne1aiuAnguyas NTT  Communications
Corporation tHuN153T8kaTWAILIAIVEIEEAS WANIINGUYBY Mitsubishi  Electric
Corporation tuluniaiumaiialun1sideuaziauiuinnit egrglsinuud ynuszasdlu

a o 9 @ a v a [
nsIvskaz AL ndkuldulUTumafeiu

wenanUseimagduniinisideuasimunigiiulasaieidulouniuaauuuwna
FFadmnuinnimamealulagiutiluegiannuds Aduiussmeanieglsudsiiinigide

WATWAILIA UL UL AU

lonansEeBsdui 23 [23] U 2007 1HlA5s918 G-PON AaismsgIu ITU-T G.984.2
[15] %ﬁﬁﬂﬁé’mnﬁm%gawhﬁuﬁqmseﬁﬁayjamﬁuLLazmmﬁa 2.488 Gb/s wenaniigaiing
11919A7EIAALES 1510 nm — 1550 nm Wl dutanszaedyanaiflesndeTos
1957 Coarse Wavelength Division Multiplexing Coupler (CWDM MUX) ﬁﬁja;ﬂﬁﬁmmas
ﬁ%’w‘%malﬁaLL&JﬂﬂawmaﬂaﬂﬁuLLaﬂiuﬂﬂiﬁqLLaz%’Ué’ﬁgaym TneeAdeihduiinswauns
veneuadlivenouadldedosiinmeg lngnsdedayariasagld  Semiconductor Optical
Amplifier-Raman Hybrid Amplifier (SRHA) Pe8uaslutI9AINETIARULAY 1490 nm -
1550 nm daumidq%’agamsﬁmﬂ%’ Semiconductor Optical Amplifier (SOA) Tunsveey
uaslugenuenduuas 1310 nm nedfeannsndinsuiidsldinngu dilugnisda

IIIUATUUTNSNAUDG 64 {SUUTN1T luseeenia 60 Km

ag19lsAmuaziuIwuldulunstauilasenedulonddinasnuunnagni

anwaglvluiemafertulidneesiuusugunsaivsamaieaniieg lnedyauseasdneyinli

¥ (%
= [

Imaﬁdwéﬂé’mwﬁm%%aﬁqﬁu flszozmslnaunniu wagdal g SUUTNTIIUININNTY fatl
Al inudatuisdnuanulululdfessinmnlasenoduloudniuasuuna
Frlauuuvnaineiu lagldgunsaldandudnelitediavesgunsaluaziniosilefnanely
W0UfjURN15398 Electro-Magnetic Research Laboratory (EMRL) flanansiasaicmngsy

FU 13 e naIngsulni euansalumIngide
1.3 TnnUsaeAlasvauLUAYaINITIY

TrgUsadAraIn1TIfey
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1. lefnwuarUsznoulasseiinfsteyauas (Optical Access Network) fedasidn
foya 10 Gb/s Mannsadslaszermalnanazdsnugiuuinislulaswisedsios 64
A3UUINTS

2. ieYannaaunariinszinareanisasdynunasdneadnsdiusndiietu (Extinction
Ratio, ER) fiunndnei Tngldiadsuas (Optical Transmitter) 2 wiin Ao fdsdaaiouas
LLUU&J@QLamé’wmi@mﬂﬁuﬂﬁﬂw% (Electro-Absorption Modulation Laser, EML) uagsia
dedeyeynuasnuutA-wunes (Mach-Zehnder  Modulation — Transmitter,  MZM

Transmitter)

3. e invadeuuazilATITNaNITa NN vesdy Y IMLasdullounndymlasun@naa
WasTu (Chromatic Dispersion, CD) ludulewmuuassialvuaifeininsgiu (Standard

Single Mode Fiber, SSMF) Lﬁ@ﬁﬂ%@%ﬁiﬂﬁ%ﬁ%%’]ﬂﬂa

4. WNeIANAROULAYILATIZYNATDIAYITUNIULELEED (Amplified  Spontaneous
Emission Noise, ASE Noise) H09910A15unINA98189AWIe  (Erbium Doped-Fiber
Amplifier, EDFA) Tulpssngivevaweideuasandsdulvgiinanduenuas (Optical

Splitter) wagusdiuinand@ulauiihuainlvuaife?

YDULUAUDINITITY

[y o

1. Anwilasargiinfadeyauas lngn1sdsdoyavias (Downstream) ugSuUINI9N8057

1%

Undoya 10 Gb/s Ingldyasaugninauuas 1550 nm wardstayasseynialdiiu 80 Km

AUTRINNAVRIRISUAILES (Optical Transceiver) Wewglvdigeunldnaaau

2. TouagdinszrinansenuidiodedyguuaimieasnaudndAstuniuanaeiu Inglge

dedryyioinas 2 villn Ae MidsdygaualLuutaganngnsaanaunauliiin LAz A

o
L3

FualauUutA-unes LagdAszid

10-12

1Y

ns1AuRANa1nTs (Bit Error Rate, BER) t1nfiu

3. IAUAZILATIZANANTEYIUYDINITE1990NT0IF Y IaLass ULl undaynilasuifnaa
6 } 7% % o a a ol = U = %)’
wastuluduloumuiuasslinlnuadennsgIu seEene 60 Km wWisuiilsuiunsiiaueg

v a o‘q"u a a [ - -12
Nau (Loopback Case) lIngliasnzhionsiAulanaindnviniu 10
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[

. IUarIlATIPNaTOd YY1 NIUNIULOLEEDABLATITIBLLBIANAITLNIN AIVEEDALOWLE

N

=% a1 @ g

FallAEnI1n1959818 (Gain) wagAlaudye ausunau (Noise Figure, NF) 7uanangiu Loy

[y

a ¢l a a [ - -12
AATIERNERTIANURANAIATAYINAY 10

5. 928U UUTIA1InTIANNRANAIn TALAENITUWNITNAINTRIFY QI URNITETUAILDLET
wuuUSula (Tunable Optical Band Pass Filter, TOBPF) #idsfag18dalonio 1iaannas

VOIFYYIUTUNIULOLOED
1.4 YundUN1IANLUIU

1. Anwimsldauvesgunsaluaziniesiiofn

2. Anwduafmnmiteinedinuduasissunssufiieides

3. Favefa3UdILaUY 10 Gigabit Small Form-Factor Pluggable (XFP) hagfiuenues
(Optical Splitter)

4. ausunsldiadesiiofnain Product & System Director (USEY SCP Groups) waw
Application Engineering Manager (Us® IRCT)

5. yinsvaasslunsalnnge Iﬂﬂiﬁi’fﬁadaé’mmmumLmuma@Lamﬁwmi@mﬂﬁuﬂﬁﬂw%ﬁ
WoUUAN15338 Electro-Magnetic Research Laboratory (EMRL)

6. vinsaaedlunsdaingg Ingldfddynauamuuinwune st foinide
Phonic Network System Laboratory n18lé National Institute of Information and
Communications Technology (NICT) of Japan

7. Angrinananeasanangud Inenadsulsunsy MATLAB Lilenans vkasiase
HANINAADY

8. IATLUSHUWEUNANISVINABLAL AW B luuiaznIllued 2 fdedya muas uag
GRAIRRYIIRRN

9. WeuIngniinusatuauysal
1.5 Usglevinmndnazlasu

1. AnwiseuiwazuuRasdunisideunsaiuazinsestioinnigluneslfjiAnside Electro-
Magnetic Research Laboratory (EMRL) 8199n#aalags1un15eusuamngide sy

2. annsausenaulasseinfeloyauas
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3. ihmsveassannisuszneulassnelagldaunsalneluiosufiRnig wazauisaiuna
mavnaedlasldiniesileinliegugnsies

4. BoudlAlusunsy MATLAB ileraniiasginaynanguild

5. FeuivdnnisAniiasizsikaziuiouiiisunanisnaaesdilsindulumuuunltdumimess
vl

6. annsauineinusiludesanluouian TnsmaifiugSuuinisidoszermalinntuuas

ysIATIENanIseasaldnisTnagnsmnuRana1ntnle

1.6 UszananaIngninus

1 v [l
S a

undl 1_unih: undifiidenifeafunamsinvesinerdnus nanis anuduiuasdgmian

winlaInetnusatuiiduintuiasdaudAgegnls vinnsfinwnumussanssuiag

a

WINIFINMNEITDY waNINUFEIIAUTEAIR YoUATRINENTINUS TunUNITALHUIIULAE

q

Uselgauvaingrdnusasnetnau

o w

uni 2 gunsalildlulasedng: nandmdnnisldnuiazaiuddgyvesgunsalnldlunig

o

(%
v L3 1 U [ L4

Usznaulassneiagunsalnipdedygauasiazgunsainiasudyginuas dnviedeligunsal

9 v 9

1Y

wnsnlulassneNTdudnfnluni1svininendnusoneie

o

‘:1' o aa A v a a Y] Y] aa a v Y] aov
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UNa 2

aunsaldmgyTulasene

v A

unil 2 nafsgunsalddgy i luuseneulassiedniisdeyaunas (Optical Access

<

- 1

Network) &elivaggunsaliieny Usenaumegunsainianindadayayiauas i waiwes

[

(Laser) LLazéhﬂgflé'fgzgm (Modulator) dugunsainien1Asudyaianas Ae fIn5333U
uas (Photodetector) Tasn1saguszneulasstneiiiisdoyauasdeguil 2.1 msrzasiuasd
gunsalldnelulassdne (Wugunsaluuuunads (Passive) liun dausnuas (Optical
Splitten)  tieldlunsuesnuadlugsgFuuinis uenaniudildgunsainuuuaniivl (Active)
6un faveneBfienie (Erbium Doped-Fiber Amplifier, EDFA) Liteifiafdauasuazsundy

(Power Budget) 8nsiae gunsnisnee) azesuneluiitedosdissieluil

G H- Rx
P ﬂ j HH{ Rx

EDFA  Optical
Splitter H- Rx

U7 2.1 Ipnsethendhiadeyauaalneunsndavetgdaienienaus augnias

2.1 gunsaln1AdadsInIuLaS

'
a o

lugunsalnpdsdygauasiidiulsenaundfypaiaiwes (Laser) ialdlunisada

FeyauuasnilnunNa@Una s (Spectral Width) MiAU §9999A210871AAULEITIAILNT0

o

nanlavusgiuviinvesarsngniierdiluluansisdidl  (Semiconductor) lnsUnfuaasdl

AMUYNMIAAULENNEN 3 AIUYIAAULAS bAA 850 nm, 1310 nm Wag 1550 nm lag

v
s v

wendnusaduiivzauladygrauasdaemiueneiunas 1550 nm daduunasgiulunis

[y

wnsdeyay1ad (Broadcasting) m1a ITU-T G.983.3 [24] d15UNIzUIUNITH 3 NT2UIUNITUAN
A 1. NTLUIUNIAANGYU (Absorption) 2. NT¥UIUNTIUAILATUULTIATWLEY (Spontaneous
Emission) Wag 3. nszuiunsiasuasiuugnnsgsdu (Stimulated Emission) fawanslugud

2.2 [1]
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E, E; Ey
s Q Q
I
: | ‘
hvlz : : : hvlz
P e | : e o >—
: | hvyy |
E, ! E; ' E; ! hvyy (in phase)
5 ) .
(a) Absorption (b) Spontaneous emission (c) Stimulated emission

U7 2.2 nszvaumsmaiinuailuaiwes

mﬂgﬂﬁ 2.2 (a) NFLUIUNIOANAY LfﬂumsQmn%uwé’mumﬂivﬂmauﬁﬂﬁ%LSﬂmau
\AABUAINANILEAY (Ground State) %ulﬂé’qamusmzéju (Excited State) sioundianasou
Ananizliauna silididnaseuvanuasendsiusenundagui 22 (o) naeiduy
nIEUIUNIMIIUAAILUUART LD daugﬂﬁ 2.2 () NsEUIUNTIUALAMUUNNTEAY
AnantnneulunsyiulndidnaseutanUassndinusenuiiriundanuvesdineudiusn
s varuazinudieoninnawe i duaiiunnme lnsawesuiseenifu 3 win
lAun 1. 1awwes Fabry-Perot (Fabry-Perot Laser) 2. ialwo3atend (Distributed-Feed Back
Laser, DFB Laser) wag 3. 1awasaians (Distributed-Bragg-Reflector Laser, DBR Laser) R
Inendnudatuiagldiawedod 2 via Ao lwesfionTuasawesidens lnsazesungly
RRERRIRIN

uaﬂmﬂLaL%%ViLﬁudauﬂizﬂauﬁﬂﬁmiuqﬂﬂizﬁﬂWQﬁa e QUL AILAD Feflnsndn
Ty (Modulation) 3 afiandn leud nsnandaanaldaenss (Direct Modulation), N3
ﬂé"jwé’m U1684sIU (Integrated Modulation) Lag m'ﬁﬂégﬁé’agzmmmauaﬂ (External
Modulation)  tnanldndnd ranastudyaralnihiiesnunaineiestetuiauuy
(Pattern  Generator) ponududgygauasiuulalowm (On-Off Keying, OOK) lnglu
Inendnusatuiiegldnisnddygin 2 wuu Ao mInadyaiuTnuazn1snadyga
A1EUBN

WertnusatuiilTeunsvanssouslunisdsdygruseninediidadygyiaunas 2

=

wuu loun fdsdyrauaswuutagianaienisaanauaauliiin (Electro-Absorption
Modulation  Laser,  EML) uaz Miasdgygranasiuusin-suines (Mach-Zehnder

Modulation Transmitter, MZM Transmitter) &9aznaniluiivetasnmnaluil
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2.1.1 Ardsdyaranasiuutagianalonisaanauaduliili (Electro-Absorption

Modulation Laser, EML)

Tuanentdnusatullaylddisudanas (Optical Transceiver) SP-XF-10G-150-080-Dx

XFP 91AUS®% Terrabit Networks ﬁ'ﬂgﬂﬁ 2.3 [3]

JUil 2.3 fa5uaauae (Optical Transceiver)

Faneludifudanasusznoumeasasdidnnselinduazduniss ievhwinfiaiuay

Ay uasarAIATudyaIMLEs aandlugun 2.4 [25]
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30 PIN Interface to Host }—

| ]To Circuit
Analog Maintenance | —’{ 3.3Vand 5v —*

To EA Negative Circuit

DAC Control * MCU AP [I)VII;LI)g(QS\E)OSI;age
ADN5625 C8051F411 N
Transmitter CDR GN2010EA Receiver CDR
EML Laser Diode Limiting Amplifier
From MCU
- : - EA Negative «—
Cooler Circuit Voltage Control
MAX8525 7

APD Receiver

JUT 2.4 ypninmuaenmeludasuaauas

N3UT 2.4 wuAmUEen (Block Diagram) uansgunsaidiannsetindnnelusiuds
uaadedl 30 91 MTouseuuesn Timbercon [26] waxdidy GN2010EA [25] viwifimuau
N1991M9UVBRTANT Y IURNuaz Ay IUaya (Clock and Data Recovery, CDR)
votlaninas e?fqmmmmiﬁﬁmwuaﬁaﬁﬂ “@mmuﬁumumgmmﬁaUﬂﬁ@mﬂﬁm?{ﬂw%

LazvesilanIATuTnIuANFIveNeRUUIINA  (Limiting Amplifier) Tivenedyaiauai

aaduldnnmnsiadulaswuuieiinwazi ludnautnlnensnAudayaaliinguin

manadadyaauasldidedyyrunaiuutaganmenisaanauaduliin lne
aelulsenaume wawasaend (Distributed Feedback Laser, DFB Laser) wazsanan
doyayraunaswuuganiuadulniin (Electro-Absorption Modulator, EAM) fisagnaniluriate

YRURI
2.1.1.1 iawasaend (Distributed Feedback Laser, DFB Laser)

lassasesaesaeondazaaiaiuueaas Fabry-Perot laglassassvodaiyes

Fabry-Perot wansluguil 2.5 [1]
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Cavity sides are rough cut Cavity ends are
Dielectric \ cleaved on (110)
reflecting: : \ / crystal planes
layer (s)
Optical and carrier
confinement layers Lasing spot

Transverse size,
0.1-1.2pm

Longitudinal size,

250-500 um
\| < Lateral size’_‘

5-15pm

Optical output 31064
to be coupled
into a fiber

Far-field
pattern
30-50°(8))

U1 2.5 ovAvsznauvedalwes Fabry-Perot

a

SUN 2.5 4anseeAUsENauveuawes Fabry-Perot 1ngiumnaauazfiuntvesny
aesaziiszununsasa (Crystal Plane) Yiwthilailounszanasnounaslu-unnigluaisns
fdndunsiiusnsnisvensuasiiuiiauasdnme duduasvioulndidanvin (Dielectric

Reflecting Layer) #glilashingaoonluiunaizedaleos UonanuuIuIAnILNLLILEI?

[

(Longitudinal Size) Fadudrudrdgfivilmiinauiislanuud (Resonant Frequency) ag

v 6

fuusiuaugeAuLaIiaenIn A1ANUDTINTIaSUAULAINAMLRTUAEIUaI08NUN
wABAAUANLATINAN T ULEIANRTuAszglY Fuawesviativansldaududulonia
Puasriinvatelyrus (Multimode Fiber) 11nn31 Ws1zdlAudLslakuusratgailad

panunawes muuluinerdnusatviiagldame svlaateniFumnziunisdsdyeiu

a

inudulouidnaiialruaiedninndt Ingessdusenauveawesviiafiend uanadasy
2.6 [1]

Corrugated
feedback grating

Active layer

Confinement
layers

Substrate

U 2.6 avAvsenauvadaigasasoni

v
a ! IS

d' sl = a I Y 1 YR
‘U']ﬂETJVl 2.6 Lal9IALeNUITURIAUTENBULALVUINVDILAALTUAIUULDUNUNY

awas Fabry-Perot wakanansiuawwesaendavilfazneunusn (Bragg Reflector) wse
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\NIAAY (Grating)  vinlvAInssstRnLALas (Refractive  Index) wANAI9AY Lagtdaanain
' a ¢ ' Y A 1 oA Y N o W = i = )
ApnudslowuudnaeAlivieanfeiliuariidgegaoanuiiiesualnuafie it

Welsuiulaes Fabry-Perot @eiinanggenislaluudiaounaiaanuivaiglnuaniauiy
2.1.1.2 gmarayarsuauvuganaupauluil (Electro-Absorption Modulator, EAM)

ﬁaﬂgﬂé’fgﬁgmumquqmﬂﬁuﬂ?{ulvdﬂﬁmLﬂumiﬂgwéfzgzgwmm (Integrated
Modulation) Tunsdifegmelufuduuas (Optical Transceiver) lWuieafufuiaiosfion
7 flouadn Sreasfidudeunarsimunenindediouiunisnéiduaainenss Direct
Modulation) a'auiwyjLLﬁaﬁaﬂgﬂé’@mmeLmLLUU@mnﬁu@%ulﬂﬂﬂ%miﬁwﬁam\laalv\lﬁ
(Indium Phosphide, InP) erfuansassuiidafiaientusiuamesieont dwhnddayagod
awvhauisedletiouusafiluneadoundy (Reverse Bias Voltage) uazifinnsganduuasiy
ilslnslldnisgandiu (Absorption Profile) Bounaziinnsndnduauauuun iy
(Intensity Modulation) ¥lsinsasdayaamuudn 1 wardn 0 Tnedh 2 Smasiinudy

LASTILANF19U

2.1.2 faadyuuasuutin-lwulnes (Mach-Zehnder Modulation Transmitter, MZM

Transmitter)

o [

uaﬂﬁnﬂéfﬁﬁqammmumwaamLammarmfg]mﬂﬁuﬂﬁulw%ﬁﬂd’nms{’mﬁu T

g U

[ L% 3

A8 INUSRUUTI Y FAId U UL AU VLA - UL ADS UL US UL UALSSOULDNAIE AR

A7}

'
a

AegUN 2.7 [4]

- Tunable Laser ‘

Y

L L~ | Polarization
. | Controller
D% -

U 2.7 fda Ty aauUUlA-lwnes (Mach-Zehnder Modulation Transmitter, MZM

Transmitter)
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ngUN 2.7 Wawesuuuusule (Tunable Laser) felalwesadens (Distributed

Bragg Reflector Laser, DBR Laser) iJudanilauas uaziidamivaulnailsiady
(Polarization Controller, PC) iiaUSuanuglnanlswdu (State of Polarization, SOP) v84
waslvmssnuanuzlnanlsiatuiinardyruluutia-lwunes (Mach-Zehnder Modulator,

MZM) Ingagasunsudazgunsaiasluitedesdssialuil

2.1.2.1 lawwesAte73 (Distributed Bragg Reflector Laser, DBR Laser)

fal [

WeowngUnsaliildfetawesuuuusuladenfeaigesadeons aeluawesasd
dnuazAeiuaesAend uiilviey (Pumped Region) uaundi fagui 2.8 (b) [1] lag
- 13 v A 1 = Y 1o o
MawasazdosausamuAnwazdonAInNeAfuatlaegsuaud ladldsuluauian

vIegumall daunisaunasuuas (Optical Spectrum Width) azuausIN

|«—— Active (pumped) region —|

—| =A l«———— Confining layer (p-GaAlAs)

Passive waveguide (p-GaAlAs)

Active layer (p-GaAs)
Guiding layer (n-GaAlAs)
Confining layer (n-GaAlAs)

Substrate

Passive Pumped Passive
‘ region Wregion | region

Bragg reflectors

|———— Confining layer

i~— Passive waveguide

(b)

e Adtive layer

Y Guiding layer

Confining layer
Substrate

JU7 2.8 (a) iawasmend (b) taiwasatens

cfa ¥

mﬂgﬂﬁ 2.8 (b) wawesATensTifayiauuuin (Bragg Reflector) wiamnsn@avineii
wnunszaniildluiaiwes Fabry-Perot  iielinasaziioundulu-unnieluansiesa
wanantudsldundnnisiasumausnvedinse (Cavity) vhldanuenadusanuasuly
viowdsuulaseumgiiayiliaruenedulandisululnedsnnmsuasudansiniu 0.1

nm/°C Mo UasukUaInsehaasyinliansssiinunas (Refractive Index) LUasu dswali
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d‘ d‘ ! N (% ISP QAI [ -2 =
AMNEMARULALUABUITURgITUlpelen TN TIUABULUaRIAY  0.8x10° nm/mA D3

-2 =3 o aad Aadaa ' d
4x10° nm/mA %138 1 GHz/mA 83 5 GHz/mA F935dasduisndenunnniinisilasunlas

a dysv ISd [ 1 a 1 1 ¥
EUUNNU ‘u@ﬂ"D']ﬂ‘L!ENlIG]’Jﬂﬁ@ﬂﬁQJJQJJ']MLQWWBEJ’]uﬂ'NNﬂLLﬁ\‘W’NLLﬂULLUUUﬁUI@ (Tunable

9 Y

Narrow-Band Optical Filter) ilansosuasianizaugnnaulasinoans Wunswanides

NAINFYEYIULNTNUIM (Crosstalk) @NITOAIUIUITZIEAINTENINTOFe 10 (Channel

v a

Spacing) lassaunis (2.1) [1] wagdanudunusiudesui 2.9 [1]

Y

AAchannel ® 10A)‘signa1 (2.1)

A channel (NM): 52821195811119%09d5YQy10d (Channel Spacing)

Mdsignal (Nm) : AAISAARTIYRILMA LA (Source’s Spectral Width)

A AAfchannel Alsignal

~ =

N AN

I 'l

Altune

Amplitude

U7 2.9 Amaaniugsenane1anusule (Tuning Range), sxesviasenInavosdiye1al

(Channel Spacing) #ag AIUNINEUAATUYEIUYANIIER (Source’s Spectral Width)

31n3UN 2.9 uansdannuduiusseninesseeinesenIgesdyain, AUNIa
ALUNASUYDILNAIN L TALALTIIAIIUYNIAAULAINUSULS @10150A T UIUNITIUIU
Yosdeyaauanusule faunis (2.2) [1]

A)\tune

A7\channel

N - Uy aunausule
&

Miyne (NM): T2AMUEMIATURETUTULA
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2122 WUQF)?U@JIZWZ»”JZWZ/‘??ZJ (Polarization Controller)

1%

dosaninardyanauuudamunedaddndrdyaauadiosnunanawesid
onsilanuzTnanlsiodu (State of Polarization, SOP) flanuzuaaifien s vasunoudinas
dfnadygrauuuiagunes suludedinsuivaniusuadfimnsaurou e
annsamaniuzsasiimnsauldlaeasdwmasdas TimesTaf duas (Optical  Power
Meter) (aznailudedosdi 2.3.2) Lﬁai’mﬁwé’umwé’aaaﬂmﬂﬁaﬂagﬂé’mﬁymuwﬁﬂ—wm
Lmaﬂﬁlﬁf-ﬁmmﬁqm TnevhnsuSuanuzuasiuszuIuassmay (Half Wave Plate, HWP) wag

wwuﬁﬂuﬁiﬁﬁlu (Quarter Wave Plate, QWP) éﬁg‘d‘ﬁ' 2.10 [27]

Polarization
Controller

g‘zjﬁ 2.10 samavpulnarlsiwdi (Polarization Controller, PC)

2.1.2.3 dmnaraggaivuiin-lwunes (Mach-Zehnder Modulator, MZM)

1%
o [

fanandgruwuuda-wuinesidunuunisnatdyyiuniguen (External

o
[
U o o a

Modulation) adiasesazueniuiudinaidyyouas msuumimyjﬂdﬂLﬁ'mﬁauﬁ’uﬁaﬂgﬂ
é’zgzg'lml,l,mquamﬂﬁuﬂ?{ulw%}uazé’qﬁamuziwmliw%’uﬁamuzLLaQLﬁm wszaziy
Sududealdidulounriuassinasalnanlsiwdy (Polarization-Maintaining  Fiber, PMF)
‘Vi’%a@hmuqﬂwaﬁ"LiLezf%uLﬁaiJ%’UamuzLLaﬂ,ﬁLﬂﬁwﬁué’hﬂgﬁmmmmaﬁ Taengnidnusatu

tagldimmunulnalswdudilaesuisudiluitedey 2.1.2.2
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\ ) X \
| Polarizer

31/17 2.11 danarageraiuusin-lwunes (Mach-Zehnder Modulator, MZM)

1%

mﬂgﬂ‘ﬁ 2.11 fnadyrauutin-lwunes (4] Todeenedyaiulnin (Electrical
Amplifie) wvenedyaaiieonunainaissneniauuy (Pattern Generator) WazHIY
luwoadl Bias Tee) lUSwhndduanauwuuiawuned nmelulsznoudeasaiionlule
Lus (Lithium Niobate, LINbO,) dufiuansiinevaveslaiddionseulniinuasuly dawals
AnssrirnuuanUdsulude shldinnsndrdyamamuuadusar s dedyaia
wuudn 1 uardn 0 Taevi 2 Smaefinnuduudeiiunnsstuanmsiiussulniifunnsg

[y

i
2.2 aunsainglulasedng

wonmiieangunsalnirdsdygrauasntaesuigluudl Tuiidedestiaznaniis

gunsaiaus nglulassenldUszneulnsaeidnfeloyauas fsgun 2.12

e . ﬂ i R
1 |

1 |
—| 1 | " R
| some ’ L y G ! j :
1 |
l
1

EDFA TOBPF Optical |
Splitter | H+ Rx

U1 2.12 gunsalnelulpsee
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n3U 2.12 fwenwad (Optical Splitter) Tgluniswenuadludagiuusnisdnuauuin
lngldmuenuasdnuiuratgdiilviinmdsgyideunsnaglulasaing imsgaziuiivened
Atevlia (Erbium Doped-Fiber Amplifier, EDFA) Fsgnunsnitnluseninglaseneiiiowiiuqy

a1 (Power Budget) TulAs4918 urf1981890L0WLLANFYYIUTUNIULDLDED

al

(Amplified Spontaneous Emission, ASE) AaUt1911A 9UNGINTOIA QY IULaNIZE1UAIIY
waanuuUsule (Tunable Optical Band Pass Filter, TOBPF) unsnidnlundsanndiaeeda

LONLBL AN IUTUNIULDLDAD
2.2.1 fmenuas (Optical Splitter)

susnuandugunsaliuuunadsl (Passive) vhuihfuenuasludausazdeamasen
(Output Port) Farhdauasazgnuusluidudadiunmuduiudesmaoen fMuesniasus
gonlu 3 ¥l 1dud 1. fuenuassdaduloutniuas 2. Muenuaswdinrierindusi
(Integrated Optical Waveguides) wag 3. fusnuasviialulaseaninuuinlg (Bulk-Micro
Optic) IneAneninusatuil¥suenuamidaviotieaus  Insazesursludiuinieades

samalUll

FalenuastinvialnAausall (Integrated Optical Waveguides)

o A o dl' A4 a a A 1w a o« =
ALY ALFITUANDUIAAUIIUNIDLIENDAVDITAILYALFAIVUANLLD Y (Planar

Lightwave-Circuit Splitter, PLC Splitter) wiseenlu 2 wuu fe 1. wuvanuInTlengy

'
=

(Uniformly Symmetric) hag 2. qulajaummt,aﬂ'gﬂ (Uniformly Asymmetric) alaguii 2.13
(1]
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. . )’[
| Interactive region |

8.0 pm I

(@)

y
Interactive region

Tapering region (b) Tapering region

gz/ﬁ 2.13 srugniasiuy (a) wyvausmsiengd (Uniformly Symmetric) (b) wuvlsiauanms

tongy (Uniformly Asymmetric)

Fuonuawwiniiasiadrmanduvietindy (Wavesuide) fidnwaradiefusauen
wawdnduleuiniugusniseenuuuazuansisiy Sehuenuasintoenwuulneilds
anunerewiotindy (Waveguide Width) luudinandsléneu (nteractive) A213914
seniviethady (Waveguide Gap) wareiassviwnuuatlununansenduloufatuas
(Refractive Index: n,) flagudl 2.13 uendniiniseeniuudsiliriinvesansisaiin
ﬁmﬂﬂumi@mﬂﬁuuaﬂw{mmmmm?{uumﬁﬁmmﬁ ﬁwﬁqﬁqﬁwé’qLLaqg@LﬁaﬁLﬁmmﬂmi
NILI9VDIES  (Scattering) LLazﬁﬁﬁaLLaaquﬁaﬁLﬁ@mﬂmmanﬁuawi@ﬁmﬁu%aam‘maul‘d

[

a s -az A a I o A A = )
AIUNIINULEDT e 19 z ADANUENIVBINBUIAGU AISUN 2.14 [1] LBAINUYIVBINDUN

Y

[
1Y

AAUILT UL AN LT ILEIana98E1959AL5IMNLaVTAES (Exponentially Decay)
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0.8 P/Py TTe———

Py/Py

e
o
I

<
Y
I

Relative power ratio
|

w2 z

K—

JU7 2.14 msanveuvesay 1aduilonainaiiue 1 vedionay

A

< <
< £
5 5

S
2 2
2 05— 205 F-—f - —- S
2 ;
2 e

Wavelength A . 2
avelengt Wavelength
(a) (b)

FUT 2.15 AIudunius sy I1mIauaiy100nuaynIINe1IpAULEIAIH U e nuavIn Yo
AAUTINIG 2 U

[y

9N3UR 2.15 1] (a) nymlazdidnuaizadefiuadusulen (Sinusoidal Wave) Tag
AL MAAULATInsIiULar gasenvaIn Tzl duiduasoondeidaas
ihfvinfuilesinanuniwewiseduiivuiaindu unnssiufnenuassiiaviethadu
sunvuliannesienguisazianunirsesusazviethaduunndafurin i lddunsmsagy
7l 2.15 (b) FsmnuemeduLaTinssiuLiazgasenueInsMazddaTdmiduasoonse
fFauasundniidnsty iesainfianusmaslasuszninsietedu lnefuesnuasiad
sonuuuinamziielflutenndinduildaiiianuenaduuadduliazen annsafu

Amsfiwesane Wdsaunisi (2.3) 8 (2.5) [1]

P,
Excess Loss = 10log;, (PlTOPZ) (2.3)
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Excess Loss (dB): Masuasgayideaiuiu

Py (W) Ul SVEALTRICTR!
P, (W) : MALENVI0DNTTDINN 1
P, (W) © AMASLERUDINTVDING 2
. P
Insertion loss = 10log o (2.4)
)
Insertion loss (dB): Masuasgeydeunsn
P, (W) - ANV NTINYDINN |
P, (W) L & AI00NTITeINA |
P;
Return loss = 10log (P—) (2.5)
0

Return loss (dB): Masuasgeyideainnisasviounau

P; (W) : MAEAzYOUNSUNYDINIG 3

o w ¥

Py (W) : ANAILEIV Y

JU7 2.16 daugnuaevilnviendusiuvesusvm Fujikura

NUN 2.16 Mnenuasiinvieinadusinuesu3sy Fujikura [7] iWudinenuasin

'
) A

7191U1AAUTINTILYIUN1591N 398U TeeluRnenwadd 1:4 31UU 1 A7 LASAILNLAY 1:8 91UU
2 s vilienunsauenuaslUgaSuusnisvadu 256 {5uuinig lneusagiazanaunsaine

MassagaLdeaIntom1ew i (Input Port) ludaudagaaanisuieen (Output Port) A

AN5197 2.1



M15799 2.1 Mauaegeaeluduenuavyilnyouinausiuyeausem Fujikura

31

AILUNULES 4899114 (Port) MAsasgayLdeunsn (dB)

1 7.55
2 7.36

1:4
3 7.58
4 7.07
1 10.18
2 10.24
3 10.21
4 10.47

1:8
5 10.17
6 10.37
7 10.29
8 10.34
1 10.36
2 10.51
3 10.44
4 10.40

1:8
5 10.49
6 10.37
7 10.40
8 10.24
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U 2.17 FauegnuavyilnyelInausiuveaussn Huatai

mngﬂﬁ 217 Fuenuasidaviotnrdusiuvesusem Huatai [6] Wuduonuasudn
viewpausInddddlunisinided Tagldduenuas 12 $wau 2 @ wasfuenuas 1:16
$1uu 1 6 vhldannsouenuaslUagiuuinisnedu 64 f3uu3ns udasdaninsng uan
Mdsuasgeyidgaindemnavidt Wdudazdomisvisan anuiudeya (Data Sheet) 1

mmmswﬁ 2.2 [6]

M15797 2.2 MauaegauaeluduenuaayilnyelInausuyesussm Huatai

AILUNUES P04 (Port) Masuesgsyideunsn (ds)
1 3.81
1:2
2 3.75
1 3.82
1:2
2 3.65
1 12.91
2 12.77
3 12.71
4 12.98
5 12.93
1:16
6 12.73
7 12.83
8 12.80
9 12.97
10 12.97
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11 12.73
12 12.98
13 12.81
14 12.82
15 12.79
16 12.86

2.2.2 fveudflete (Erbium Doped-Fiber Amplifier, EDFA)

nsdsdyaanulassedlowmtagniamenisilineseie nildutuae

a

ﬁwé’mmqauuﬁsmmmmsmﬂmiawau

(Attenuation) Turdulenuinneas F99annseaenig

Tumsdsdygraunsizaziuidsldiniownudyeiu (Repeater) liaviutluniseeeniigg

vosdnya1ad IngesdusznaunelulATem U MAITLAAIRIIUN 2.18

Optical
Input

FU 2.18 a9Ausenaunelunsesnaudiye1al (Repeater)

O/E

Electrical Signal

I I\

|/

Electrical
Amplifier

E/O

Optical
Output

n3UN 2.18 wsesudgyaralddudasdyaauandudygyralni (Optical to

Electrical Converter, O/E Converter) lunsuiasdayeyiad aounlgfavensdeygialnin

(Electrical ~ Amplifier)  venglidyraudimasunniu uddsldimuvasdyaralvdndu

Foyeyraunas (Electrical to Optical Converter, E/O Converter) Tunisutasdyaraunaululu

JUdyaaai Ry asiudnesemiudyaaroudstudeutasisinung mszaziuly

Jaduazdeulddriveronannsizatuisaversnaddalanensslusndudosuvandu

9

Foyeyrauluinneu

AVNBLERIN TR0 A ADENTINITVEY (Gain) @1UNTaATUINLARIALNITY

(2.6) [28]

G - 99151N152818 (Gain)
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P, (W): Maauasunoan (Output Power)
P, (W) : Adauasvndn (Input Power)

Y]

wanaNUfIveeLasdalldygrusuniu (Noise) MANIINFYYIUTUNIULDLDED
(Amplified Spontaneous Emission Noise, ASE Noise) danalionsidiuseningdeygiaiiay
dy1adsuniu (Signal-to-Noise Ratio, SNR) anad @1u150AUINALAVAYYIUTUNIU

(Noise Figure) lassannis (2.7) [28]

_ ONR)y _ 2ngp(G—1)

F. = =
" (SNR)out G P

F, : FlaUdYIUIUNIU
(SNR);, : dnsdruseninedygalazdgasuniulauiiey (Input SNR)

[

(SNR) gyt 99918UTENINSd QU dbkazdR Y1asUNIURevI00n (Output SNR)

Ngp L WALMBSTOINTIUAILANLUULARATULDY (Spontaneous Emission Factor)

G : 9RIINTVENY

NAUNIS (2.7) W¥IBADRITINITVENBIAININ LU DRTINITVLEWNAU 20 dB 958
100 Wi 92A@1UITOAIUIULUUUSEUIUALS 1as ANLNALADSUDINITIUAILAILUULAAT UL
AulalaRsannis (2.8) [28]

N,
—p—n...8 (2.8)
SR NG e

N; : Uszrnsezmaudniianiuziiu (Atomic Population for Ground State)

N, : Uimﬂﬂiazmamﬁﬂﬁamuzﬂizﬁu (Atomic Population for Excited State)

lunsalgauai ng, gdleiiu 1 naunis (2.7) ilvdnsadiuseninedyyinuay
Fouasuniuleuneenanadlu 3 dB wagAiavdaIasunIuiiudy 3 dB Jeinvenuasnil

32ANTNINATILIAIONTI@IUTENT N Y1 aazd Y usun LTI NATLINLAL LAY

[l

Y

WAVFYYIUTUNIUR

Y

FLavd Y QYITUNIUTDIAIVEIB AT AINANUA Y YIITUNIUINAILTOU (Thermal
Noise) iuiiafiusansiaduneas wenaniudayansuniueeasastn (Beat) fudaan
YU ﬁﬂﬁé’zyiy,mmaaﬂﬁgﬂ%wLLé’ahjLaﬁﬂs ANUNITOAIUIIAI AU ILULAU AT LD
Ay IasUNIULELEES (Spectral Density of Spontaneous-Emission Noise) laggaunis

(2.9) [28]



35

Ssp(V) = (G- 1)nsphV (2.9)

Ssp(V) (W/H2): anumunuiuaunm Suvesdyy1ssuniuieLeas
h (J-s) : AAsTivaandad (Planck’s Constant) Winffu 6.6256x10° Jrs

v (H2) Ll (Frequency)

mveneuasliluusazuenndindu degui 2.19 [1]

Fiber lines
MmO T
Optical Oﬂﬂ |G O TUL foptical
TX = RX
In-line amplifier
(@)
oo UL () nnl RN M Optical !
TX 1 RX | |
& " Preamplifier
' [Optical ﬂ_ﬂ [G\ Eﬂ.ﬂ @ J1I1 |Optical
i TX | | Long fiber RX
] link
Power (booster) amplifier @
Receiver
nn sations
Opticall J_I—H O JUL [C\-ﬂ-ﬂ nn ﬁ
TX | > nr
LAN booster Star 1
amplifier coupler
(d)

JUT 2.19 uonnaintuyesiveIeua

9N3U7 2.19 (@) In-Line Amplifier unsndvensuastifananslasaine ieldly
seuusEaEn1alng (Long-Haul System) Taeldunmuiadesmudygin sedefugnsuaiuy
oynsuvidevuunelulassg uazlilulassielilaonavesiamesdu (Dispersion) na
lail@adu (Non-Linear effect) waznavosdygrusuniuuinin diulvginlalulassiiunis

imﬁigzywmwummswaﬂﬁuLLaq (Wavelength Division Multiplexing, WDM)

31n3UN 2.19 (b)  Preamplifier  unsneavensuaslinountifisunas (Optical
Receiver) WiayiliFnmasiaswnanfifisulasaunsasuls (Optical Receiver’s Sensitivity)

ATU ansaasumaslulasanglaguieaniu Power Amplifier
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v w1

NJUN 2.19 (c) Power (Booster) Amplifier unsnévegnguaslindasiidaues

(Optical Transmitter) taLiainasealazaumas (Power Budget) lulaseing vailuegiu
A

993 INNTVYLVRIIVYIBUAILAEIAAF L dein NN saanewve L ulouiIwaly

A998

31N3UN 2.19 (d) LAN Booster Amplifier azunsnsiavgneuaslinanaiveddasaiig

A Y . - ] a aa o o Yo a
WAediuiu In-Line Amplifier wivgldlusonndinduniinsuendyaaludusuuinig

1IN IEWENNAATULLNE AU TnusSatudNan

q

mvgeuadtutagiud 3 vlia laun 1. davensiealewe (Semiconductor Optical
Amplifier, SOA) 2. fw8183117U (Raman Amplifier) tay 3. fdweredatonia (Erbium
Doped-Fiber Amplifier, EDFA) @sluingtinusatvilldmvensdnonie Jsazedurgludiudm

YY)

LRI UIUITUAIN

FiaveudALete (Erbium Doped-Fiber Amplifier, EDFA)

fweedienoilusvesidenldlutiagtuinnign flassaianazesdusznou
ABNEAUAIVYNYINUULELANA19AULAEF Ve8I Ne U1ansteas.Uey (Erbium, Er) 4138
Tuwnunarsveaduloufmiuaildiduivensuasyilfasnsassouadivnminue1inay
Was C-band: 1530 nm - 1565 nm Uagildns1n1sveny (Gain) ﬁqq uenanidadianseiingu

Pau1sauIu I st dulonNIU kA bAIUNY FUNASUYRI9RIINISVENY  (Gain

v o

Spectrum) Auagiuidnsluuazansnldluniside lneundudiagldiawesviinansneiaui

(Semiconductor Laser) Juunasiniiaty (Pumped Source) wagldninuegnaaunasty

(Pumped Wavelength) 2 ﬁ’ﬂmEJ’]’Jﬂ?ﬂIULLaﬁﬁiﬁUizaﬂ/}%ﬂWW&jﬁqm laun 980 nm uaz 1480

6V
a o w

nm &4lyignsIn15venegeds 30 dB wazdiindady (Pumped Power) Wiy 15 mw

iuenediteriewtioandu 3 viin audsnisdu dauandluud 2.20 [28]
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Tap EDFA
() Pump laser
Pump
. Ol —=
ou_, 1 & 0) a
: ] N o Signal
" Thp i e %_»m
Purnp laser

FUT 2.20 iememsUuuasmelugavegdnsenio

IN3UN 2.20 (a) Backward Pumping \Junstudeundulagldiaestuiies 1
AAEAURITE18T1U WA LASATINITVEIEE WAMAaIUItAgdoIiuINNaNYE LAY

wdeglugiedud (Saturation) nedlnguungldidu Preamplifier

[V

99n3U7 2.20 (b) Forward Pumping tJunistululudienaseniuiudayaamdn

o

Ineiiuse@nsnmAn11 Backward Pumping LHesainanisaveedygialutishiduduas

o/ a

andoygaisuniuelead (Amplified Spontaneous Emission, ASE) 19#ana1

31n3U7 2.20 (c) Bidirectional Pumping ldtawasdu 2 fa usagiiazUuaiunieiu
ilvin1suUasusevIns (Population  Inversion)  tfiusNUu HA18MIIN15V81891890

Backward Pumping uazianuduengy (Uniform) naentianiueinauueadiild

sUSIanasuvednsINsvenefuegiuuiigani (Silica, SIO,) ludulaumuas
a o N v Y o ' s ~ .

wazansmhluideluununawedulouiniuas wu wesiiiley (Germanium, Ge) uaz

aaiiiley (Aluminium, Al lagsusiaunasuvesdnsinisveneiidearsivasiuiesly

wnunansvatduleuiItieas Laneiagun 2.21 [28]
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Loss or gain (dB/m)
Cross section (x 10725 m?)

1.48 1.50 1.52 1.54 1.56
Wavelength (um)

U1 2.21 awnnsuvesensInsvengvessavengaionio

N3UN 2.21 adnaiuvesdnsInisvengasniuasil 2 9agen lneduagiunis
AnNaU (Absorption) waznidnlunisilasiasean (Emission Cross Section) Iagunfiug?

WUUMIANTBIONIINISVE® (Gain Bandwidth) dmnunineauszanad 35 nm

é’mﬁmsmmaﬁuaaé’hﬁusnEJ'SﬁLawLa%uag:ﬁumswﬁma%ﬁqmmﬁ AT UVDIANT

¢ = . g Yo v Y o v Y o
a5 sy (Erbium, Er) Mldiaeanstuknunansvasdulonnitineas anuenveudulawiiui
wasldlunisvenguas idusugudnansvemnunatndulauiniuas waziaely lngids
Uuuazinasdyayiad (Signal Power) azdsulumuaiugivedulowiiiuasngniy
Meluaziinnisganay, NMsiUasamuugnnseAu (Stimulated Emission) wag n1siuaduas

WUULAATULEY (Spontaneous Emission)

a a ¢ o & Yo aa = v = |
Inenfinusatullazldmveedaene ieoswnldanueninauladlutie 1550 nm
dadeyeyrou Fududreidvenedienioanunsaviauls dwandlugun 2.22 mEDFA-AL 910

U3t JDSU [8] uay JUT 2.23 ErFA11023 91nU3 Fitel [9]

U 2.22 fvegdaionkevedusyn JDSU
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el

JU 2.23 favenednieiiovesusm Fitel
2.2.3 finsesdggatanizgiuanuiiasuulsuld (Tunable Optical Band Pass Filter,

TOBPF)

fnsesdgiuanzguaudnawuuUsuladl 2 vla Ae (1) Micro  Electro-

Mechanical Systems Device (MEMs-Based) wag (2) Bragg-Grating-Based Device

AnsasdyauanzgumtLaILuuUsularin MEMs-Based

o w [

psrUsznaunteluasiinssaniuimdr gy liuasudsuiianie sinanulaedeou
w59nulHALaI I NsEan 1 T 2 VLA UNNSBLUALUNANIIUDILEIDE1ILUUEN LARNNS
WASULUATEEZNI9UDIAITENING 2 TSI F99LLA0NANUENARULEITILANANAY DAV
Y] o a o v oA ' a | ') = & |
Ainseddyraviinlife arunsadsudengiuanudlalugiainiiwasianudangulunis

2NkUU

FansosdIMaNIzEIuANdLauUUSULATla Brage-Grating-Based Devices

aadusznounglussiidulowiiuasinsnfiauudn (Fiber Bragg Grating) og 1141y
Tngarusadnnalaiialia1nsssdinmnawldsu @9aliAIAINLe1IAAULAUAEUAE

iy Saaunsi (2.10) [1]
}\c = 2nggeA (2.10)

Ac (NM): ALY TIARULEINTINAN
Negr  : ATT¥HUTEENSHE (Effective Index)

A (nm) : AUATIBUNITRUSHUVDWNTARS

a Y Y o a & & I ° v 1 a
LJJaLauGLEJLLmu’lLLmLﬂ’immLLUiﬂEJG]E]E]ﬂLUquJ%VI’N AA V]qiﬁﬂqﬂ']']llﬁn')ﬂﬁuua\i

assnansdeuluanaLRusaung (2.11) [1]
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Ade = 2neAA (2.11)

Tngdinsesdyaaanizguanudnasuulsulasiaaunsaldnulaluge  C-

Band, L-Band, S-Band Lag ﬁQQﬂawuawaﬂﬁuLLaaﬁ 1310 nm

Optical fiber grating

High-expansion bar Low-expansion

frame

Heat from/to
Peltier cooler

Optical fiber grating

Piezoelectric stack

Electric

anteol Expansion

frame

Optical fiber grating

Electric
control

Stepper motor

Frame

U7 2.24 a9Fsenaungludinsesdyeraianizeunuguasuuudsulayis Brage-

Grating-Based Devices

fnTesdyaaanizg uaNdLasuuUsulAviln Brage-Grating-Based @111580

[

wuseantendu 3 WUy sasUR 2.24 [1] sudsnstadulenminasnsafusn own (1) 33

Y

Thermo-Mechanical {unisivasugusisuazgamgiiviiliiianisiisuriuenivedule
winhuaunsnfsusn Jefresialiung uidadsfenauaussd fvafiusuainuenindu

wadlaidiin (2) 33 Piezoelectric 197an Piezoelectric Nianunsaasuaiueiiledinislou

v

wsanulnfinlviiudan deffeliniuasidenlun1sUsuiienai1ueIAauLEIIAeINTT WA

o w

YOLASADIIALNG N1FOBNWUUADUTNTULDUY wardienUsumnueMeadukaslaaia (3) 35
Stepper-Motor Wagualmevetdulouiidiuannsaiwuinlnenisinnsonniives

Stepper Motor 31nvaunilsvasiagludidnvounils deffesaliunenn IauuLeie

a < LY ! A 1 al
wagin357luN1SUSUAANNETIARULENDEINDR
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Insaddeildiinsesdygraamsgiuanuduasuudiula 2 67 deguin 2.25

mMTBF-A1 97nUS¥W JDSU [10] wagsufi 2.26 a1nuSem OPTOQUEST [11]

Y

U 2.26 dansesaqqiauanizgipaiuduasuuuysulavesusyn OPTOQUEST

31n3UN 2.25 dansesdyqraianizgruanuinaiwuuliulavesuien JDSU 4

Bnsiadulowiuiuaunsnfuwusnuuu Stepper-Motor WUU Mechanical wag3uil 2.26

fnsesdymauanzeuaNiuasuuUsUlsvesuSEn OPQUEST Wuluu Mechanical

2.3 gunsaln1asudayeyiauues

lugunsniniasudyaauaiusznoumeiiannoumadwasuuuiuale (Variable
Optical Attenuator, VOA) wioaaveunasUSuaiduas aunsaineiiduasiednesia
ANaslas (Optical Power Meter) kag5ULAINIEAINTIITULAILUULONA (Avalanche Photo
Diode, APD) LLaMLLmumwuﬁaﬂﬁqgﬂﬁ 2.27 s?faqﬂﬂiaisiwq fanaaresulglumvetay

dald



a2

ﬂ s
L ] > I G j HH R

EDFA  Optical
Splitter

I ﬁ - PM |—{}| APD

VOA

JUTT 2.27 W ImUaenye4n 193 U 1adua

2.3.1 Maaveumduauuuiuaila (Variable Optical Attenuator, VOA)

Mmannaumatatuuliuald dunldineaanauideuanaudldaiduuas
gunsal viawaseliedn weldesiulilvliindauasnniiuly imsgdiidauasaiunas
wasgeanfaunsalanunsasuldenaviligunsaliiuidemeldanunsaldauld Medideldluns
Usumasuasludimangg e inasnsinuianainds (Bit Error Rate, BER) a4 ANaLaIAT
QgJI U o U U 1 ¥ al va o 1 ‘&J % U ¥ 1 1 o 1
1w MaaveumauauuUsumlinisinuaudinwelull asnsauSudnlaegiauaiug 1
mstusgiulnatlsiedy (Polarization Independent) aunsaldaulanvateaueniniu
wae  Mdssasgyideaisaziendesun wazilunisusunisaaneaunisnineedates

Useanad 15 dB - 30 dB Tl

fannauiadwauuusualad 3 wuu [1] lawA (1) Mechanical fdadfAaldanule

&

dzan uataldeAedislunisaaneaulinanniniagnovaussdn (2) Thermo-Optic 19RA

= A& v

figaslunisaaneureudiini uilideidefesaddinesludidnninaaiass (Thermo-Electric
Cooler, TEC) dpadenasauiindu uag (3) Electro-Optic {usanneumauanuulsu
Alanfieyldlutagiu WewniidedfefeUsendandsuasiinisnovaueass

Y [

lngluingrinusaduilagldfmannaumduasuudivala 2 67 degun 2.28

MVOA-A2 99nU3¥ JDSU [29] uaz3uT 2.29 91nU3EM OPTOQUEST [30]
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U 2.29 Faaaneumauauwuyysualgvesusen OPTOQUEST

1NJUN 2.28 Araaveuiduaswuuyiuatlivesuigm JDSU tUuwilia Electro-
Optic wazanguTl 2.29 faaaveuiidsuainuulsuailiveauign OPTOQUEST iWuwiln

Mechanical

2.3.2 lwesinnduas (Optical Power Meter)

o w

a [ Id ¢ v 1o w 1
llLm@i'ﬂﬂﬂﬁﬁx‘]LLﬁQLUHQUﬂiﬂJVﬂGﬂuﬂ’ﬁ?@ﬂ’mﬁaﬂLLﬁ\‘]I@EJﬂa@‘Uﬂaqll EIWIEYINAINNYTT

LY a

AAuuAY Fearldiinsardunaciuufiu (PIN Photodetector) matedalunisnsiadudmayios
was Snvilansfwesiiddyreslimesiafduasietidianunsaiaidaldaseedviening
pnfnegrudy WedmesTamduaswihanaiseesuion (Germanium, Ge) azaunsain
daaslalumig +18 dBm 89 -60 dBm fitaeaueIAAULES 840 nm — 1650 nm wedld
asduisNLnaldeNesiwlun (InGaAs) avausadamalalalugie +3 dBm 59 -73 dBm

MapNeNIRauLALAIiufe 840 nm — 1650 nm 1w Matidusgiuwenndinduinldin



aq

AN IAMaLaININTeswA lululsaznsal WneluineinusaduiagldtmasTaniaawas

0g 2 1ATea AagUil 2.30 AefinesiamAsuas PM320E 91nU3¥n THORLABS [31] usifiines

[

AMAEIIINUTEN JDSU anunsaldauainlugavesiiaanauidsnasuuiiualives

UIHM JDSU faguil 2.28 Taensiaeninuneuadunanieidsnasnninaele

-

CH1

E =

JUY 2.30 dwo3InnIasuasvedusyn THORLABS

2.3.3 §IRTI99ULALLUULDNA (Avalanche Photo Diode, APD)

Y

1Y 1J o I [ = va
1ns9dunanduiisudygrasasiasiilanludygraliin aisesinuauds

v W

[ o o

g
folUll IAaauanngaidisusasaunsasulsa (Optical Receiver’s Sensitivity) A6 &

28

[

dygrasunmunllodisuiudygranasiuazdgygiuliihiulaly Teedygimsuniues

[ Ag]

WnanesAUsznaunsludinsiadulas 1wy svenedgaaliin (Electrical  Amplifier)

Wusu  fnsmevausnudilumsulasdygranaadudygraliin  Suuuaiavinisivi

a1

(Electrical  Bandwidth) ﬂ”mwaﬁaz%’ué{’gpjzyﬂmﬁwé’m'}ﬁm%ga dwnle  awnsanuiu
anmuandenuaznsiasundasgamniinieluviesldneannis uazilengnsldauiiu &
aumngan lutegtuansautsfnmadunasivihunainarsisiuiloidu 2 via (1)
oA (1) fns199uuassuuiiu (PIN Photodetector) Uag (2) fnTI93ulaIwuUULONA
(Avalanche Photo Diode, APD) TmgazesuieiilsauAfinsiadunasuueinmieado sty

ANANUSVINTU

f2M539UEILUULBNA (Avalanche Photo Diode, APD)

= [ o o

AINTIVFURAILUULORAT A S ILaigaNITukaaInsasularaudI eI

Y 10

[ Y oA = = v v LY a A Ao ¥ LY
VUVDALUDLUSIULNYUNUAINTIDAULASLUUNU LWIIZLUDUNIAILAINAIRLUIUTIH

asvfunauuLefiffansansduuadld Inalassadsasdudagui 2.31 [1]
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Electric field

Was %> Avalanche
p —"—“f—-" —————— — " region

Depletion Minimum field
i(m) region required for

‘L impact ionization

U7 2.31 Ins9a 79018195093 uuasuuuseng

Y

INFUN 2.31 MIATIRTULAILUULETANLATIAT19AT 8 UAINTIDTULEUURY WAl
= v + + = ) A o va )
n3ea1stidu p -type waz n -type INISIANTUURN p-type LievilAAANITTUAUTDS
a a £ { 1 1 + (% 1 1
BLanAsoUiLIINTUNTEERDIEWIN N -type kay ptype Ae3U 13801 Usingnisalaay
a8 (Avalanche Effect) Fausingnisaltiiinneundayaraasiinbudsinvensdyaialni
iliandyrusuniuainauiou (Thermal  Noise) lulaUszanamils Woldounsinu

v [ . a [ i 1 | +
luleadoundu (Reverse Bias Voltage) WLAALTIAUNTOYRDTENIN N -type Uay p-type
Weslaurnlwdnannne Avalanche Breakdown agiinluiiusiianisaaunany (Avalanche

Region) vilusiansasanne (Depletion Region) anunsaveneifisidludsans p-type i

'
o 1% =

Anfusag Feusnalasaninsduuiuniganaundulasaraunivisua iignasnauun

(% '

INS1ERETUIDUS NUUADANI ML BN A UTDSUATNE I ULA 1 UT19NN 19U @unsasu

Ardauaarnle
M=— (2.12)

M :unawesnisan (Multiplication Factor)
Iv (A): ﬂizLLaquﬁm

Ip (A) : nszualula

\eannmnsiadunasuuleiinagyihliiinnisaauiiuvseiinusingnisaladunany
yilnluaunisaediin M induaeaunsi (2.12) [1] WewSeuiisuiuiinsiadunasuuuiy
& Sa o = | v Y N
MailiAnsneuauesisannisi (2.13) [1] IngAN5noUaLeIeIRIATITULAIUUULE A

AU M Wi1999879 9299 UnaIMUURY
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Rapp (A/W): mmimauauawaﬂﬁam’m%LLmLLUULaﬂﬁ

n : Use@nsnimmiausiy (Quantum Efficiency)

q (O : A1U529B1anM30U (Electron Charge) Wiy 1.60218x10 " C
h (J-s) L ANASTIVEINEIA WU 6.6256x10-34 J-s

v (Hz) L Al

1AT9a519U09FINTITULAIMUULENANeNTTa1579810 INnGaAs 1WuaIAUsENoU hay
1lAT9A319UUU Separate-Absorption-and-Multiplication (SAM) Fsusaztulsznounig InP
WAz InGaAs MaguR 2.32 [1]

l Light input

InP substrate

InP buffer layer
InGaAs
absorption layer

InP
multiplication layer

/ //7%////7//7
Metai contact
I P 7000

U 2.32 94AUsenauvesa1sndaiineludansadusaauuiona

91N3UN 2.32 Fuansnedit InP - Substrate  Huaua1UnI NG (Bandgap
Energy) #n114 vinlsianngiadunasudneniningnnsadiulugety InGaAs  1a au
a & & a A la @ v X o g a
InGaAs Ushapanauaziduuiiungddnaseulaagnastaduyn daluu InP usiunisan
(Multiplication Region) faailenaunulvifinfiasnweniagilvifnddnsnisvenguasiin

Usingnisalnauvatedu tngldindeyym Tunneling Breakdown

Y L i a a ¢ o & Y Y LY a = 1
fnsradunasleluinednusatulagliduiingiadunaauuieaiia m%agmaﬂu

§ v d ¢« w o o@a 9« 4 1 35 U # 2. 3
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aa

nannIsuaTNgei)neIdas
vannsuagnuinifeadedlaseing aresunelundagindesosdnly

3.1 wansznuannisasdgygrasassiudulendadinasslialuuaifigauinsgiu

(Standard Single Mode Fiber, SSMF)

nsdederanuanedslainedalafaiusinlviinansenuiinduaueliuinides

<

(%
v Y !

sunsasdyaasasudulowiiuasrdalnuafennesguiwuiy Weswinnuided

dedyaaunasiuduloumiwasiisseen1annigawintu 62 Km Jadinansenuiulaseng

& . =~ v o o w a Y Y o X
A N15aANBU (Attenuation) "?NLﬂEJ']GUENﬂ‘Uﬂ']aQLLaQZjQJ/LaEJGLULautLEJLLﬂUU']LLE‘N I@EJ%GU‘LJE]@J

'
[y a1 oo o

vszegmanddauuazinlumuialuiidedes 3.2 dnme uenantuddinanseny

]
=

1Agydnfe lasunfnddinestu (Chromatic Dispersion, CD) Wntuilodsdygaluluszey

Mo

(% s (Y o

nelnadwalidygrunadaeenuazliunsnaendudygyraunadnaniu Wedyyiu

o

WAun1aundeinsunas (Optical Receiver) agvilidndudndanainuazinadusnini

Rawa1nUs (Bit Error Rate, BER) AU

3.1.1 A1saanau (Attenuation)

nsaaveuluduloumunaseliialnuafeninannsasdygialulussoznianis

99y IANANNTAANBUAIANNIST (3.1) [1]

10 P(0
a = Tloglo [% (3.1)

L (Km) D SEHENNY

9 -

P(L) (W) : Adalasnszeenia L Km

o w d‘

P(0) (W) : Aasuaanszeznig 0 Km

s
a a

o (dB/Km): anduusgansnisanneuluidulownitiues

1 [

wiazAugAaulasiltlunsasdygyarudulaumdinassialnuafeatan

o

o

uUsEaANSNIsARVEUuANGNeiY fagun 3.1 [1]
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20F

10 First
window
5.0+
g Standard fiber
3 20}
=}
£ Second
2 10- window Third
8 window
<.
051 %
021 %
| fiber
0.1 L 1 \ L % |
600 800 1000 1200 1400 1600 1800

Wavelength (nm)

U 3.1 Ardudseansnisanveuveduleuniniua

975199 3.1 AIaUUTEENGNITANNOULAALAIIUE1IAEULEINAALUNITITITY

NI AINENIARULAS (nm) AduUsyansnisasvieu (dB/Km)
weienedt 1 850 nm 2 dB/Km
WA 2 1310 nm 0.5 dB/Km
wihenedl 3 1550 nm 0.2 dB/Km

o a £ =

INFUN 3.1 uagm5199 3.1 [1] erdudssansnsanneulauandeivliuegiuaiiy

Y

(%
a A

ganauasnlglunisdsdy gy F9lusuidedidonldninue1idunasis 1550 nm
= [ = Aa 1 o a £ 2/ PN LY A
Wesnnuanugnindunasiiliindulssansnisanneutesfgawas Sadumnuenaiunas

AIULINTFIY ITU-T G.983.3 [24] Bnene

'
(% fa o w

Nﬂigaﬂgﬂﬂﬁaﬂ‘ﬂauLﬁUW'ﬁ’]ﬁLG]@?W?!']?]ZUIUﬂ']iE]@ﬂLL‘LIUIﬂi\‘iGUI']EJ WH8991nNn1g

o

AN
o o o dl 1 > v dl ;% a b‘dgj o o 2
ANUIANNITIUNAINALNANIUINTN 3.2 Tdw1siTdwasilunisaiuinauniaanieluy

TAs99ne
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3.1.2 Iasunfnfaiwesdu (Chromatic Dispersion, CD)

Input pulses

--------------------- Detection threshold (@) Separate pulses at time ¢

(b) Distinguishable pulses at time t,> f;

Attenuation

(c¢) Barely distinguishable
pulses at time £3> 15

Pulse shapes and amplitudes

A
L~ |
Intersymbol interference  (4) Indistinguishable

pulses at time 14> 13

Output pattern

Distance along fiber ——

U1 3.2 113079000V Y QY 1A IUTLEEN N

(% v ¢

NFUN 3.2 [1] (@) Aedpyaauiadndseanaindidaas Ineva 2 dygiuiada

ee

T o

'
1 [ v

[ 1 (Y P =~ [ 1 P <@ I I3
WENAUBYNTALIY JUN 3.2 (b) LNBEY o aurulsz ezl asiundygruiadisy

a

D

o

W
nswWaguulas 5N 3.2 (0 Wedsdyaariulussesnisunduviliisenvesdygyuiad

'
cala v

Aadilesainnisaaneulagyiidyaaiadaesnludsdyyruiadnaniuagy Sundd

A7}

nsunsnaensenInedyanual (Inter Symbol Interference, ISI) 3U# 3.2 (d) todsdayayna

(% [

lUluszegnslng sonvesdyaunadazannainitseausinduln (Detection Threshold)

'
v o v faa

waziinn1sanseanludiduanunadnfniuag1eun ¥lassunasinn1sanaudaianaln

T o

1o

T WeannInginusldsdugyiusseenilnagnindu 62 Km ims1gastuiaiasuing

A7)

slATUNANAALNDSTU IR UAIY

lasuAnfawestuAnInnsasdyg s udulanMiLassinl uaR IR Ina17
Yy v a Y] v dogyva a ) a &
1901 lawdl 2 Jadeudnivilmindawestusiini Ae

1. fialwastuniinaindan (Material Dispersion) lnedadedrdgymvinlminfainasdu
ADAULANASVDIAIATIVURNLULEAS (Refractive Index) FsUuatiUAIAIINEIAAULEAITLY

Y

Tunsdadeyayas daguin 3.3 [1]
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1.540

1.520

1.500

1.480

Index of refraction

1.460

1.440

1.420

1.400
02 04 06 10 20 40

Wavelength (um)

FUT 3.3 MINaUNUS 521 INA A TSYINIUaILaEAIINE IS

INFUN 3.3 Wearugnpdusatwanasiuis ndntesinliainssviinimuas

WANANTY danalrauskasldAuNIwanNA19TUAIe s1zasTuardinalminfane s

FuninINTanTu

a s A a 1 o a - . . a [
2. AFLNDITUNLAAIINNBUIAAY (Waveguide Dispersion) LAAYINNITENAEYEI1EULLES

TuTudulounnhuassiinlnuameaduasdulngazmunisnigluwnunans (Core) vaaiduley

¥

WAIULAITTALNUALR YD WATLAIAIULBeNNen UV IkawAUNI9n8TuIanwy

9 9

[y

(Cladding) Mg lageanuuurieiiadulilldadiuvesuasiluununaraiuianuunnsiaiy

\eanfanestuld ondieg1anisesniuuRagui 3.4 (1]
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=45um| 24 | A=035%
a um 0.35% a=42pm A|1=U‘25%

Matched-cladding f Az = 0.12%

Depressed-cladding

!

A=1.20%

a=22um

o
2q
Step-index
Triangular with annular ring
(®)
a) =3 m a)=34pum
a=4.7pm Ap =0.76% A =0.52%
- s A
&i 0.45% 3[ Ay = 0.55%
] =} j= | j93ca
az a ap
Double-clad or W profile Quadruple-clad profile

(c)
Center core
e

Side _El — 0.58%

Ay = 1.09%
= 1.5 Az=0.27%
r

—] ,

Cladding T A ¢A2 =0.18%
dyds sy | | |
iy dy d)
Large-area dispersion-shified Large-area dispersion-flattened

(d)

JU7 3.4 Auimisavedwsinsnsssid (Cross-Sections of Index Profile) (a) huum7
Wi 1310 nm (1 310-nm-Optimized) (b) WUURIFANE TR (Dispersion-
Shifted) (c) uURIBaWasTUTEY (Dispersion-Flattened) Uag (d) WUURUTIRNUNAN

Usednsaannin (Laree-Effective-Core-Areq)

iszaztunsinlasunAnfameitussidunasiufamwestuniinainiagiuianes

Fuiinanvieiindu daandlugui 3.5 [1]
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20

Material dispersion

Standard single-mode (1300-nm-optimized)

Dispersion [ps/(nm- km)]
=

Dispersion-flattened .

4 Waveguide
dispersions
—20 = Dispersion-shifted

| ] | |
1300 1400 1500 1600
Wavelength (nm}

(a)

1300-nm-optimized

Dispersion-flattened

T~

10

Dispersion [ps/(nm- km)]
=

Dispersion-shified

—20 ] | 1 | |
1300 1400 1500 1600
Wavelength (nm)
)]

U1 3.5 (a) Ao sTuiineIniaguasviotpau (o) wasaufainestuveuaulouraiuas

YL IUNAY IARLUUY

a s

N3UT 3.5 (@) nTMuansnalensendaneituiiinanfanuasiamestuiin
NBUNAAY way (b) NSINNLAAINATINAANDSTUNIUAVDNEULEWAIU LA LA TAUALA LD
3 wuU A9 (1) bEUlgLAIUREILUUAIMLNZEUT 1310 nm (2) LdulegnNIuILaInUUAIRE

¢ o a Y] Y o & 4 a a Y
WastuUasu ay (3) La‘Lﬂ‘EJLLﬂ'Ju’]LLﬁQLLU‘UWU‘V]LLﬂUﬂaqﬂﬂigﬂ‘WﬁNaﬂﬂfﬂﬁ

A1SANWIAUALASINRANAALNDSTUY

nsaseenUesdyyIadluventian (Pulse Broadening Time) anunsamuiadlaes

aunsi (3.2) [1]
tep ® DLoy, (3.2)

D (ps/(nm.Km)): Tasun@infatnasdu
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tep (ps) - MsaeenUesdyalumeuIan

oy (nm) - NN INELUNATULEs (Optical Spectral Width)

3.2 @Un1359UNT83 (Power Budget Equation)

[ = o v

W0991nN15d ez UA Y NI 1A ALTRIA 189U Id Y0l LA AIdIlLag

]

[ d‘

(Optical Transmitter) azdindalasuooniiA1nils Aasulkas (Optical Receiver) @unsasu

AdwasniagalaAmiansaisoninAimatiasingaiaisunasaiunsasuls  (Optical
Receiver’s  Sensitivity) ins1zaviiuaunisauiidssesndueg1ederaniseanwuulasaneg
g.J/ v Y 0 = ¢ o W a . a a Y] 1 A ¢l
umsdsfesmiaemasanidounsn (Insertion Loss, IL) Miinanisensegunsaiiunsn
aglulasavnedniey lneMdaadsunsnueusazgunsalanansadwialaainaunis (3.3)

(1]

P,
IL = 101og101‘;—“t (3.3)

mn

[

IL (dB) : MasgayLduunsn
Pyt (W): Mdsuasneanaingunsal
P, (W) : Mdsuaanidngunsal

£
falal

Weinusiindsvasanaziusumalvnulassdgidnfetoyauas J9meaiasan

Mdsgadsunsnluszuy ienaginsgilainlulasengaiunsaiuseoenisazdnuiu

Asuuimslaunneeiiedle lagaun1snissumasanaunsadinalansaunisi (3.4) [1]

PT = PS - PR = O(fL + Z lCOMP + Z los + SM (34)

Pr (dB) :aunas

PS (dBm) : ﬁf]

v 1

3a4 (Transmitted Power)

Pg (dBm) : Mdauassandisiunasannsaiuls
o (dB/Km): AdulszavsNsaney

L (Km)  :9z8gn9

lcomp (dB): Masgaydeunsnlugunsal

los (dB) @ Mdvaaudeunsnlumnenuas

SM (dB) : System Margin
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[
1Y

NAUNT (3.4) NUINUMAWUeETUNTTmeINmMAIEYDIFIdIas ATulas N3

v C

aavauveduleumuiuas Mdsgydeunsnvasisenazguniainislulaseig wenand

YR

)}

1A59919A159N1973L0eS System  Margin  Lieponuuulasstnelagadefsounnniile

1ASIVNULFBUFNINDNAIEY

: Receiver
Transmitter Splices Optical fibers

Connector Connector

_ N :
Opticalygy % voe (_—_E :g % —p
source o o a || a
P Isp le c

Photon
detector

l L l 1
Fiber S 7
flylead

Connector (optional)

JU7 3.6 faegnnisinnniasgaudsunsnnelulasigie

N3UT 3.6 (1] aziiwinisdsdyaiandiduatiudsinsunadiidegadelu

o

va1eAn1elulasadig Ins1zarium T AINEINNTIUAGT WieasaenLuulaTy

v 1 a a a
Taagnafiuseansnn

3.3 #UN159ULIANVITU (Rise-Time Budget Equation)

1%
=< v 6 1

aunssua1viy Wuaunsildlunisfuiunisasesnvesdy gruiadidimase

v '
v v Aov 1 (Y o v A

fyruiadnaniu Mdddmadunisaiuiunidedniaiiinainlasuidnfaine sHuLive

[y [J

NINTUIMIUANUANNITIUAGIDNATEY FININTUILFALNISALNEIVBINULEU LI LI TER

1

f
Y
v

=

TUNALAYIAIT A1 UUVRITEUU (Rise-Time System) @unsaaiulndlaannaunis (3.5) [1]

tsys = Ztlz (3.5)

tsys (5) : LIA1V1WUvRITEUY (lngunfaefni 10% wag 90% YBIIA1UITL)

t; (s)  : LIANVITULAATNAY

o [

NANVTUVDIAAZNAUNTNNAIUIUNNIAUA 3 WAUAST A1VITUNFIAIET (ty)
NAVVUNRITULAS (ty) tazn1Ta9eenvesdna 1adlumenia (tep) 1ABLIA1UTUNFES
wavuagiunseaniuunIsdidnnsetindngludidias®aunsaguainisiives 19ain

wHudaYa (Data Sheet) WAXATLIAIAIVITUVDIUARENANIINANNTT (3.6) Uag (3.7) [1]
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tey (NS)  : LIANVIVUNFITULAS

B, (MH2): wuumiaviniglniigesdasuas

(%
Y [

INFUNTSN (3.6) ANUNTOAIUIUNIAIVNVUNFISULASLS NIRTIaUIT0AIUIUAN

nsaeenvsdyaluwaunaIfsEunITn (3.7)

tep = [DILoy, (3.7)
tcp (ps) - nsaeanUesdyalumeuIan
D (ps/(nm.Km)): Tasun@naainesdu
L (Km) D ITUENN
oy (nm) L AN NAUNATULAS

NAUNISNA (3.6) wag (3.7) aunsauauianatuluszuulassaunis (3.8) [1]

tsys = \/tgx + t& + t%D (3.8)

NEUN15 (3.8) UnAansInlusEuuLIAIUIUNITeINN AN ARINLASUNRNAZLND S

saa o Y

Fule lnedyyraiinseonluddyaruiadniniuazdesdialiiiu 70% vssudygiu
Wedswuu  Non-Return-to-Zero (NRZ) wazdanlaiiiu 35% wsmudyead lodaluy

Return-to-Zero (RZ) muiadlaainaunis (3.9) uag (3.10) [1]
N5l Non-Return-to-Zero

tsys < 0.7T, (3.9)
N3t Return-to-Zero

teys < 0.35T;, (3.10)
Ty, (s): ATUTedRyeyINadidaly

NEUNT5 (3.9) wa (3.10) Wun1sAuiumvesialulasaineduilioanaINkaves

lasundnfawmeidu annsadiluiiarsanaugivauniswumdsiuniseenuuulaseing
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3.4 HANSZNUIIMNAINTIVAULLEILUULDNG

[ =

P Y LY aa [ 1% d' [ o =
W{0991nAns19dunauuleNAs Uy et Uasu udygrad Wil ed
o a 1 v Y 1 a o PN a & a L4
ﬂiS‘U’J‘Uﬂ’]i@\W]ﬂﬁ’]’ll’ﬂu‘iﬁ’m@ﬂ@EJ 2.3.3  AAFYLYIUTUNIUNINIININATOLANNTBUNE

meluspsadunases Ingnanisaunisvesdygiasunuiifgideslumndedesfa Ul

3.4.1 dyusuNIUAINAIIUTEY (Thermal Noise)

TS uNIuaINANNTaUlaenanuaRANIINANA U U aglwIRs YN
druvslumnsiaduiauuiefinuazludvenedy it (Electrical Amplifier) &

urunmUden (Block Diagram) fagufi 3.7

Photon Electrical Signal
A
Electrical
Photodetector Amplifier

JU7 3.7 dasuuaa

[

Tnefvgedyarauliiihuldlunisveedyau iiAsdyaiusunuaInam

A

(Y <

Fou awnsamuialansannis (3.11) [28] ddgdnwal < > suanaduatadeniaaives
AuLUsUTUTULAazNalsngg

4kpT
(03) = (R—‘i> F,Af (3.11)

(02) (A”): Eyayausuniuaineaudou

kg U/K) : mpsfivesluadeiuil (Boltzmann’s Constant) Wiy 1.38058x10 - J/K
T(K)  : gungiiAaiu

Ry (Q) : anusuyuluien (Load Resistance)

F, L FLAUFRYYIUTUNIUY

Af (H2) : wuusiIninalniln (Electrical Bandwidth)
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3.4.2 dyey1ausunIuAIBUAN (Quantum Noise)

FyeyusunIumBUALLAnAINTNAaU (Photon) LAUNIwNSIdInTIaduLaslinion

[y

fu Fsmnsadunazuladineunlaluilunssualnle Inedusgiunafilineunndeinli

AR QYIATUNIUAIDUAY @usaAIadlafaNnIs (3.12) [28]
(02 app) = 2qM?F, (RP)Af (3.12)

2 o U U U = a
(02 App) (A): HEYEUIUTUNIUAIDUAUVDIFINTIFIUAILUULDNG

q O : A1Usz9didnnseu (Electron Charge) Winffu 1.60218x10 C
M : wlamasnisaas (Multiplication Factor)

Fa - A esdygasunIuEIuAY (Excess Noise Factor)
RAW)  :@AIMIneuausd (Responsivity)

P, (W) . ANAI5U (Received Power)

3.4.3 dygasuniunszuaiia (Dark Current Noise)

[ 1 |

grasumunszalafinunee Adelulidygiatasdnd g nsdunas us

o ALY

a0 v

d
wAFYYIUTUNIUAATULEND FITAIUDUINLLBDLBUAUFYYIUTUNIUAIDUFRN @IN150

AndgIasUNIUnSTualialafsauns (3.13) [28]
(0% app) = 2qM?Fpl4Af (3.13)

2 L IS U % aa
(03 app) (A): HYe)I0UTUNIUNTEUANATDIFINTIVTULAIUUULDNA

Iq (A) : NIzladln

3.5 NANTZNUIINAIVLILDALBNLD

WesanInerinusavuildiivensdfenio (Erbium  Doped-Fiber  Amplifier,

v 1o

EDFA) wiiariinidsusaiiusuiasiulaseng vilaiunsodsdyeralalnaluniaddiuiu

o

'
o o =

A3UUSNTUINTU widvenedftevladdanaliindayayiasuniu (Noise) vinlvidayaaign

< A7} U

=

Y81888NU1HHaVIFYYINTUNIUTINDYALE InTizazduluiidedesiiaznd1dfienis

° o ] a I Y aa o &
ANUIURF YU TUNIURNE) NNYIVDINUAIVEUDALBNLD ﬂﬁm@‘l‘ﬂu
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3.5.1 favdygusuniu (Noise Figure)

Frlavdy g 1usUNIUIN RS TIdIuTE I Nd Y alardy g usunIu (Signal-to-

o

Y
]

Noise Ratio, SNR) vesdyay1aufignueneeenundmanas fauiiinaglamaawaeiiuunniuf

AN @NNTOAUIUAILAVRYYIMTUNIULARIENNTT (3.14) [28]

_ (SNR)in

E N A (3.14)
(SNR) out

Fn

F, - fLavdyQINIUNIUY
(SNR);p, : 99978 UTEWINA A dny
(SNR) gyt : 90518 UIZNINTY 1AL Ty

Q1045UNIUVTT (Input SNR)

18usUNIUYIBN (Output SNR)

NANNIT (3.14)  LHoA19RII@IUTENI A Y aLaz Y IUTUNIURITI9DNIIA

[ 7
Y o 3

anaazyilAavd Y IUTUNIUIALRNNNNTY NILEIaNTaAMA LA TR Y QYIaTUNIUT
AUNUSAUINTI9818  (Gain)  wazuNALABSUDINITIUAILEILUULAATULES (Spontaneous

Emission Factor) lmuaum‘iﬁ (3.15) [28]

F,= znsp(G -1)/G= 2r1sp (3.15)

ng, : WAWBIYDINITUALAUUUANTLLEY

G ORIV
3.5.2 dyIadsunIUAIUSN (Quantum Noise)

deassuniumausuitinluiiveedfeiowlounudygyiuniounuiiinlua,

AFIVFULAILUULONA LUAITDE 08T 3.4.2 WALANAIIAUNGIVE18DALONLDLARN ANFIAIVD
drugeusuniuelead (Optical Power of ASE Noise) bWNTULN s gagduaunisiodu

aunng (3.16) [28]

(07 asg) = 2qM?F, (R(Pr + Psp)) Af (3.16)

2, o o o aa
(02 psp) (A): dyanausumummaudiuvesiive1edionte

1 a | o ’19
q(©) - AUszBlanmAsauaU 1.60218x10  C
M L UNALRDINTAN
Fa - UadudnygyraisuniudiuLnu

R (A/W) - AINISRDUAUDY
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P, (W) : AU
Py, (W) : MAUAIVDIFYYIUTUNIULDLOED
Af (Hz) L LUUAIAINIInTn

3.5.3 A IusunIunsziailn (Dark Current Noise)

[ LYY

FUUIUSUNIUNTLLELAVDIN VL 18D ALONL DML D UNUNUF L UIUTUNIUNTL AL

T o T o

aa v 1 4

‘U@QW’JG]TJT{I%ULL?NLLUUL@Wﬂﬂﬂ%ﬂa’nlﬂiuﬁ’lsﬁaﬁjaﬂ 3.4.3 wagilAuasuniiloliguiy

fyaasunIuAIeus aunsamunlanaunis (3.17) [28]

(Ga_ASE) = 2qM?Fpl4Af (3.17)

2 2, o = 5y aa
(0§ asg) (A): @UQNIAUTUNMUNTZUANATDIFIVEIEDALONLD

Iq (A) : NIzlaln

v v

3.5.4 dye1dsunIUTERINFYY vy oueLoad (Signal-ASE Noise)

1% '
v a a <= A

dygasuniusznIndyganudya e Nadulledyyradiludiiaeed

v
v aa a

Aeneazgldniudyerusuniueieadi MAnTunelufvenediene dauisariuinlans

dun1y (3.18) [28]

<0§—sp) = 4'RZl\/lllil:"ﬁ,l)rsspAf (3.18)

(02_sp) (A)): Fyaunausunmusewinedyanaiudyyose.ead

Ssp (W/Hz) :  annumuwiuaiunasuvesdyay dsuniueledd (Spectral  Density of
Spontaneous-Emission Noise)

o

Naun1s (3.18)  dgyrusuniuseninedypiududyyiueieadIusgiu

WITADIA FINTAMUILIRLUAUNASUTE I R ITUN I AB Tiantn T LIl Fs

aunis (3.19) [28]
Ssp(V) = (G- 1)nsphV (3.19)

G :9®n5IN15VEY

Ngp - LL‘V\|V’1L@@i“ﬂ@\iﬂ?ilﬁﬂa\‘iLLﬁ\‘lLLUULﬂ@“U‘ULBQ
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[y

3.5.5 dyasunIuTEnINdyadeLoadnudyaeLead (ASE-ASE Noise)

FUaTUNIUTEI NE Y adeLead A Ud Y QIULeLOED 1AANEYYIMTUNIULDLOE

ISP 4

dUndsuLaz AU mAndya usunuttu Tneundfiadesnin awnsaruialaniaunis

a

7 (3.20) [28]

2 — 2MAR2Q2
<Gsp—sp) = 4R°M l:‘ASspAVoptAf (3.20)
2, o ' o PR =
(02p—sp) (A): dysyrusunIusEnINdysaieleadivdayanaielead
AVyp (Hz) @ uuusIavinnauas (Optical Bandwidth)
NENNTT (3.20) LUUAIANNUATIANUFIRUSAUNS a1 UNIULDLOE

Seaaunsh (3.21) [28]

l:)sp T SspAVopt (3.21)

1Y

Py, (W) : A89UaUnId ey 1045 UNIULDLOED

sp
3.6 ANORSIANRANAIATURA (Bit Error Rate, BER)

WesnnisdsderuaziindygiasuniunislulassdigAsudsuinasinaiuilu
T99u lainandudyausuniuiinnandinsiadunaInuULleNAvs ofvenedfleie dina

TAAnA19RIIAINURANAINDATY @115aAULAINANNTT (3.22) [28]

BER = %erfc (%) (3.22)

BER : A9#51AURANAATURN

Q :unAme3s Q (Q Factor)

NFUNTT (3.22) @NUITOANUIUMNIALNALADS Q tensauns (3.23) [28]

0= h=l L 1 == (3.23)
0, +t+0y 20, 2

I; (A) :n3zualn 1
Io (A) : nzuaitn 0
oy (A): ﬁhlﬁmwummymaﬂﬁm 1 (Standard Deviation of Bit 1)
oo (A : ﬁhlﬁmwummymaﬂﬁm 0 (Standard Deviation of Bit 0)

SNR : 90518UIEMINFYIMLadyQITUNIU
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1NEUNTT (3.23) @NUSDANUIUMALNAKDS Q 1e1e 2 3T A N1SUIAN9SIRa
Auns7 (3.24) 89 (3.29) [28]

2P,

Pp=—— (3.24)

1010 + 1

[

Py (W) : masasvasle 0

P (W) :Adedu

ER (dB) : A8nsduLdng et

o I o a v 1 [ 1 I3 fa o
1NFUNTT (3.24) ANHUITATUIUAINIALLEAIURIUR O 1A1INANDRTIAIULD NTRITU
S1ERETUAIUNTAUNANMAILEIUDI0R 0 Wknuluanns (3.25) [anAINNaIbaEIaaln 1

I@saunsi (3.25) [28]
P, =2P. - P (3.25)
P, (W) : Aaakasvesdn 1

NN (3.24) WrAmdnarasdn 0 A wamAdssuunIngIuvesdn 0

I@saunsi (3.26) [28]

Gy = JZqMZFA(RPO + I)Af + (02) (3.26)
q(©  :AwWszedinasouiiiy 1.60218x10 C
M : wlApesnITA
Fa - Jadedygyraisuniudiuinu

R (AW) : AIN15ADUAUDY
I nIzuade
Af (Hz) : duusIninngbldin

2, o o
(%) (A): Ay IusUNIUIINAIUTOU

NANNTN (3.25) dimiaauaavesdn 1 induiumandeauuuinsgiuvedn 1

@ aaunsi (3.27) [28]

o, = JZqMZFA(RPl + 1Q)Af + (02) (3.27)

NFUNTTN (3.24) UANA1ALEIUD9TA 0 WIALIUMINTEWETR 0 leRsaunisn
(3.28) [28]
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I, = MRP, (3.28)

dl o ! o U a o a Y dl
INANNITN (3.25) UIAIAIAWLEIVDIUA 1 WIAIUIURINTZRAUN 1 Iasagunisa

(3.29) [28]

I, = MRP, (3.29)

INFUNTSN (3.24) D9 (3.29) @ru5ataAlaluwnuluaunisi (3.23) Wisniawna
193 Q LarA1enIIANURANaInUARe U UanANTTIENITAWINMATILINALADS Q 91NNTS

Uszuna aunsamunlaainaunis (3.30) 94 (3.32) [28]
(I3) = (MRP,)? (3.30)
(IIZ)) (A)) : nszualnla (Photocurrent)

'
a

1NAUNSN (3.30) @1UNSAAIUIUANNTELALNTALAZUNUIAI LIV AN BN IEIUY

SYMINFYYIULAZFYYIUTUNIUTDIAINTIVTULASLUULONALUANNTA (3.31) [28] Lazs
Yeedfeneluaun1sn (3.32) [28] lanwialuil

(13)
SNR = (3.31)
AP G?_APD) + <0-?1_APD> + (0%)

(%

NEFUNTT (3.31) @UITOAIUIUAINISITLABSNINUALAINEUNTA (3.11), (3.12),

(3.13) waz (3.30)

(I2)
SNR = (3.32)
ASE 02 asg) + (03 ase) T (03_sp) + (0%,_sp) + (0F)

(%

INAUNIS (3.32) ANUITOANUIUAINITIRLABININUALPINEUNIST (3.11), (3.16),

(3.17), (3.18), (3.20) wag (3.30)

AERTIEILIEIINE Y LAz Ay IuTUNUAlaAInaNnIs (3.31) waz (3.32) U

wnuAluaNnis (3.23) e ILWAmes Q  WATNIAITNITIANURANaInTARD b
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NNSNAADILASHANITNAAD

4.1 NMFATITHIUAAS (Power Budget Analysis)

o w

msiaTmumasnelulasseiinnudiagyluniseenuuulvlassinesaiunsasu
wazdedyaaila agiiansanainmduasagyidenianun lneauidedldduenuas (Optical

'
= =

Splitter) e?fal,ﬁmﬁﬁé’ﬂLLaaqagL?ﬂmmsﬂﬁau%ﬂmm ﬁy’qﬁé’aﬁﬁﬂé’mmq@awLﬁﬂmﬂmsawau
voaduloutihuasialuuniendnie uiidesaninednusaduilfosnisingldauids
ﬁgwmLﬁ@‘imeﬁmmmmaﬁmﬂﬁqmLLazﬁi’m’guﬁ%’w‘%miﬁu’mﬁqﬂumiﬁqﬁmmﬂm 9
Tilgthmnsndiwes System Margin wdunauaziierdsiilulassiefivhni suaaes lagax

nanenTaaiee aeseluil

nsaif 1 Frdsdgygrauaiwuutagiandisnisganduadulnily (Electro-Absorption

Modulation Laser, EML)

a 1
S1882198AlATIUNY

v 1

Fdaua: fdedyaunawuuNenEnmenIsaanauaaulni
TEYENE: 62 Km

UIUATUUING: 64 JTUUTNT

LARILHUNTNURDNAITUT 4.1
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62-Km SSMF

I it {1:2{ T -1:2} i i -}:16‘ M(@)ET @' "
53.KmSSMF JDSU  A-KmSSMF —  2.8-KmSSMF 2.2-kmSSMF oA

( 3 Spools) EDFA

JUT 4.1 WD IMUADNYBIFTUUTNISTINAY 64 5UUTNTT

o

d' '3 Aa o Yo a v a
ﬁ]qﬂzlhﬂ 4.1 LL?WNLLNu,ﬂ’]WUﬁ@ﬂWNﬁ]qu’JuE\}iUUiﬂqi 64 EﬂiU‘Uﬁfﬂi I@anlﬂiﬂ

AauMaInAMawasgydsniinannmsaaneuludulouniieas AMduasgode

1 [ a

wisniinandmuenuaiwazgunsalnnglulassiy Mellimdauasgydeunsniiinainda

o [

LENLAITLANOUIAAUTIUVDIUSEN Huatai FEWAAIFAIANTINN 2.2 UaNINNLEITNAILa

godeunsniiinaindlaanaumasiawuuysunle (Variable Optical Attenuator, VOA)

o =

wiriu 1.49 dB wazmasagyideunsnitinainidenatgs diurianindu 2.2 dB 3n#inand
99U @nTaIAMAasgFsAIAMIUAElUANN1TA (3.4) FUARINITUINY

[

MRV IMUALAE A UAF Y FITINUARARIRINTIT 4.1

MI5N7 4.1 SUiIasuaMauasgadeianunlunsilsres e 62 Km uay 64 g5UU3075

JUMAY QRENGIGATET

AMALLEIDDNANNAIALES (dBmM) 0.19 | nrsaanauludulowiiyiwas (dB) | 11.515

[

MAsawgANmITULaIEINNTasy
161 (dBm)

[

24 | Masgedsunsnlusiuenuas (dB) | 20.44

BNIINTVLIBVDIAIVY LD ALDNLD
(dB)

v

20 Masgaydeunsnlugunsal dB) | 3.69

UMasiesnun (dB) 44.19 Masussgayiderionun (dB) | 35.645
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o
= v

1NA5N7 4.1 AridnasgadenauaniglulassigagiiAiuinnitauidsluy

o
1%

Tasernganldlemvenediienio s 1zagdunIsunsnA19e18d AWDoY 1ULES
Tneddnsnisueny (Gain) windu 20 dB vilwanunsaiiusumaeisnnalaindu 44.19 dB
=] 1 1 o w a d’j a1 24 1 o w 1 5 1
wuAIMdasgyidenmuaietesnitauiidiey 8.545  dB insizariulasedig

(Y

anunsasvdsdgaalaneldveindnuesaunigg

587 2 FhdsFuanauaswuusin-wunes (Mach-Zehnder Modulation Transmitter, MZM
Transmitter)

NYALLDUALATIVE

Adales: MasdyInlaLuUliA-lTunes
FLELIN: 62 Km
IIUIUHTUUING: 256 HFUUINNT

WAAIUNLNINUADNAIFUT 4.2

1 ""' ..\ 57"?
iy weez=o 2
™ Optical Splitters §

™| -+ ;1:8}|||1:8{ i LAt B
60-Km SSMF Fitel — - 1-KmSSMF - 1-Km SSMF y5p  3-dB Coupler RX

(20-Km SSMF x 3 Spools) EDFA

U7 4.2 Urun MUAenevgs U 1sTINau 256 £5UU3nIs

a < Aa o %Y a Yo a
‘\]WﬂEUV] 4.2 LEAILNUATNUABNNNITUIUKIUUTINTT 256 HIUUINIT JERGRITeER

AaumMaInAmmdwasgedeniinannmsaaneuludulouiiias AMdwasgede
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'
a a 0

wnsnAnnduenaatazaunsalnelulaseie Jeidauasgadounsniinandquen

a I o A a o . ) a Ko a0 o =
LEYUANDUIARUIINVDIUIEN FUJIkUFa AMINIFNITINN 2.1 UDNINNU QiJﬂ']aﬂLLaﬂfﬂﬁylLaEJ
51
]

= A a
bAYLNINNLANAA

o

unsnliinandaanoumadaanuulsualawindu 1.2 dB Adauas
3-dB Coupler Wi 2.91 dB wazMdgayideunsniiinainiiseliniu 2 dB 31n9inaun
1991 @115 ATIREEL s AWIMNIUMATlUANNTST (3.4) WARINITNUMIAS

VNUARAEMAUANFYFSVIVUARINITIN 4.2

M15999] 4.2 UMIAa MAUaIgaeIanuansalszgsn1e 62 Km uaz 256 £5UU5N5

a

JUNNAY AR

ANAILLAIDBNANNFIAILES (dBmM) 0.61 | nsasneauludulowiiiwas (dB) | 11.408

MAsawgamTuLaIEunsasy 4 .
-24 ﬂ’mflfgjiuyLaEJLLVl’iﬂIUG]’JLLEIﬂLLﬁQ (dB) | 27.48

161 (dBm)
NIINTVYIBVDIFIVY I DALENLD 2 )
24 Masgaydeunsnlugunsal dB) | 6.11
(dB)
JuMaInavua (dB) 48.61 Masusegeyidenanun (dB) | 44.998

a v 0 a

PNA15197 4.2 Fsanwdeudufunsdfl 1 wisldnsnisvensvesiivenedionie
Wiy 24 dB wswariuenifinsusidsiommaldunnindidwifu 48.61 dB aufiudaen
ﬂ°’15<1LLﬁQQ@L%U%ﬂMM@ﬁﬁ’]ﬁ@EJﬂ’iNUﬁ’]EQﬁEJE\Jj 361 dB wszaviulassieanunsaduds
Ffyaulanglddedninvessuids

1 o

agulaims 2 nsdlanansasvdsdypralulassieglalagnisunsndivenedfienta

WDLANTNTINISVENY AdMaliLIUnIaInN18lulATIiNe MIHAISILIATILAIUASINSaUNU

FATITMUANTUN Ve R iR LU

4.2 NM5ATITHIUVIA1VITY (Rise-Time Budget Analysis)

'
= ¥ o w A

aunadududndesinndAyvedlassisusniuileainsuigds esainsunan
PIWULAYITDINUNANTZNUTLARINIATNIANAALWESTU (Chromatic Dispersion, CD) @47

nanludagey 3.3 wuin1seulandunsaisasalld

aa v 1w 1Y = =
AseUN 1 W’JaﬂﬁmmquLaﬂLLUUﬂJ@@uLamﬂjﬂﬂqiaﬂﬂaUﬂaiﬂ,Wﬁq
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naNTURIsEUU (Rise-Time System) lulasstrausznause nanwtuiifaduas
AT SULES wagniseeenvesdygadumenian ffinanluimidedes 3.3 &
mu%’aﬁimmumwgﬂm (Eye Diagram) feipa3esilodn 861004 Digital Communications
Analyzer (DCA) 21nUTEm Keysight Technologies [32] LﬁaﬁmimLqumwgﬂmwzs’m
NANITNUYDIIANTURFdaaz et uTisSuuas TngldAnnaveslasunfnpames
Fu uanafaguil 4.3

i file Control Setp Measre Calbrate Utilties Help wuyon w3 |

./ Measure I
, T I TR
Rise time{’) 30.7 ps 30.7 ps 31.1 ps 3% Info
Fall time(:) 30:2ps  29.8ps  20.7ps 3 -L-j

X Eye S/NC) 1371 13.70 13.95 ®
-+ [@Teitodue cock recovery s ostiok
500 /v | gy 10.0mV/dy | Time200psidv | Thg: Nomal | o Pater
1) 2) Clouk Recovery I.u.ow | Yooy | elayaardins | domy I & ok .

JUT 4.3 UaunImgUnvesdIavay 1auasuuueniandgnIseanauna i

g 74

mﬂgﬂﬁ 4.3 Imﬂmﬁuﬁ’;%i’mLqumwgﬂmﬁnmméﬁu 20% ~ 80% mszilon
LLmumwgﬂmﬁnmﬁwﬁu 10% ~ 90% anidunisinivevvesdyananuauly e1avilviend
Solginansenuandyanasuniuvesdnnes (Noise Jitter) Whandae deduldauntsit @.1)
[1] lunsuuaseanniaanudu 20% ~ 80% uanudu 10% ~ 90% wieldlunisfuan

VANUITUVDITEUU

tsys (10%~90%) = 1-25tsys (20%6~80%) (4.1)

/tfx + tZ, = 1.25(30.7ps) = 38.38 ps

a

INAUNTT (4.1) warIUN 4.3 ansarmuium g + th ey 38.38 ps el
WaTIUNANLASUIRNAZNBSTUAIANNISA (3.7) Feaunsadnalasudndawmestulaain
WM5893adn AP/CD/PMD MTS8000 v89us¥w JDSU [33] andaa819n15inns nlasunfnsd

NS TUYBIIIUEULELAILLAITEEENNG 3.374 Km 2ilalasunfnfdinesduwiniu 15.684
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ps/(nm.Km) ag 16.655 ps/(nm.Km) fieueaady 1534.5 nm way 1550 nm Ausu

Faguil a.a

1300

1400
1

/

)

‘ Dispersion

Zero wavelength :

1311.72 nm
Zero slope :

0.083 ps/km.nm"2

=

D at 1534.5 nm = 15.684 ps/Km.nm
CD at 1550 nm = 16.655 ps/Km.nm

1500
1

1600
1

i e
A:1550.09 nm
16.655 ps/km.nm

B

-- nm
- - _ps/km.nm

B-

A

--- nm
--_ps/km.nm

U9 4.4 nsmlasundndaiwessuyes 1

= =] o]
[¥,] =] 9]

Dispersion (ps/nm.Km)
&

1260 1310 1360

1410

Chromatic Dispersion

1460 1510

Wavelength (nm)

1560

1610

U7 4.5 nsmlipsundndamesduveuauleiudniuaanleiaun 6 iy

\Hesanddsdyaauasuuteganaignisaandundulidedyyiunaiue

AAULEAINTY 1534.5 nm AsguRt 4.6 ngun 4.5 Tdhududlouiiduasiovun 6 g

Tagdlanueninamelul 25 Km 379U 2 39u 4 Km, 3 Km, 2.8 Km hag 2.2 Km sg19ay 1

77U NS IZartUIAnANASUNRNARWBSTUTB AUl awNLLEIN ISl ngAR AN L ASUANALND S

Fundsiirnugmaduuas 1534.5 nm Wiy 15316 ps/(nm.Km) fsaunis (4.2)

15.678 + 15.459 + 15.364 + 15.1 + 14.97 + 15.326

= 15.316 ps/(nm. Km)

(4.2)
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WAL eEUne Sua (Optical Spectral Width) 9 3adeip3es 86140F
Optical Spectrum Analyzer (OSA) 2MnUS®¥M Keysight Technologies [34] @1u13ain
awnmunaweshdsdygauauuutegansensganaunduliinldiviafu 0.055 nm 1h
adilafulasunfnfamesduluunualuaunisd (3.7) e uimminisdaiseenvesdyain

991N IASUIRNAANDSTUNTZEENY 62 Km tansaunns (4.3)

tkr 1640 bidkr 1L telkr 1 Fi B CWL
1534.510 nm 1534 485 nm 1534.540 nm 0.055 nm 1534.512 nm
-2.747 dBm =5.775 dBm =5.775 dBm -3.028 dB
20.00

REF: 10.00 dBm

0.00

-20.00

—40.00

60003

—50.00
1532.010 1534510 1537.010

0.08 nim =70.00 dEm
194 Hz 205s off

U7 4.6 annsuuaIreIs A AU VIEgaAAIENITeANEURE Y
tep ~ |D|Loy = (15.316)(62)(0.055) = 52.23 ps (4.3)

WASIEREUUL DVATNIAIVITVUTNIAIEILES LIV NVUNAISULES AL NITON9DDNUDY
o 44' = a ¢ o Yy v = o q' dll &
yeadlosnanlasuiAnfawestulaudn Jailuunuluaunisy (3.8) enwiiaividu

Y995z uUlaRIaNns (4.4)

toys = /t.fx +t2 + t2 = /(38.38ps)? + (52.23ps)? = 64.82 ps (4.4)

LaTMVTUTIMLAvRTIdsd g A UULBganfsn1saanauad i leds

[y

”ﬁgmﬁmLLaaLﬂuizaww 62 Km fawvindu 64.82 ps wagiarsateaulvanaunisi (3.9)

Tumsasdyerauaanuulolawn (OOK) nsal Non-Return-to-Zero (NRZ) azlédaunis (4.5)
64.82ps < 0.7(100ps) (4.5)
Tag T, Sy 100 ps Wedssnsrdndeyadi 10 Gb/s 9naunsdi (4.5) a5

PIWUNINATAIUDYNIT 70% Uo9AUFYRIal InT1zasiulassteliaunsonusonauey

lasudnfaneitunazegneldvedninnisaiesnvesdyy e
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NIUN 2 FdIF I ULASLUULIA-LULADS

v '
! =<

LIAVNVUVBITTUUIULATINEUTENBUMY LIANVNTVUNFIEILEAS LIANVITUNAITULE

[

uaENIIaNe DNV YIMIUDILNANlATIRNAd e STUAIIna Ut AL Fansaldayin
AMIITNBTA9Y WauAunIan 1 aunsainununIngunvassiidsdyaauasiuudia-
wiuneslanagui 4.7

5 fle Contol Setp Measre Calbrate Utiities Help oz e |

-l

+

)l | ===

Wioa Riss tinect) TEMme APR PR glalwes SEMH“’ II
(2.,.3)[ |_Fall line(4) 13.33.ps. 13.33.ps. 14.67ps. 25

122 mv/div 70 mV/div 50.0 mv/div 530 wi/div | Time:20.0 ps/div | Trig: Nomal  Pattem l
2-4.4 my '2013\/ ‘20.0\/ l !2%1’:\!\‘ l Detaz.73.9736ns ' 06 M | 2 Lock

U 4.7 ununImgusvesdiavayg rauasuuvlin-lounes

NNFUT 4.7 AIANTY 20% ~ 80% Wiy 15.56 ps thendilsludunaluannisd

(4.1) 9l¢aanvTu 10% ~ 90% Wity 19.45 ps A9ANNIT (4.6)

/t%x + t%, = 1.25(15.56ps) = 19.45 ps (4.6)

TaalasuAnfawestulneAIas Q7760 Optical Network Analyzer 283USEw

Advantest [35] 9¢lans Ye9is 3 ihulnewsazsiuilnue) 20 Km fase bl
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* ADVANTEST Q7760 DPTICAL NETWORK ANALYZER ¥ 2014-07-08 16:48:06
PC:A/4  0.0deg A HOD FREQ: 1.12136Hz  SAVE
PC:A/2 SWEEP MODE :STEP(DIF)

UNWRAP (ON) dB SENS:HIGH SENS SAVE
TS cAL R SM & FITTING:0FF

co/TRNS (RES:1.000nm) AVG: 1/1
18.4 T y -

MEAS1

SAVE
MEASZ

SAVE
MEAS3

MEM [FD
400.000
fsec/nm = save

/iy~ CD at 1534.5nm=15.857 ps/nm.km e
; CD at 1550.5nm=16.8368 ps/nm.km  HII

1525 .000 1550 .000nN 5.00nm/D  1575.000 g.ue
BITMAP

* ADVANTEST Q7760 OPTICAL NETWORK ANALYZER *#% 2014-07-08 17:06:49
PC:A/4  0.0deg MOD FREQ:AUTO MOD FREQ: 1.12106Hz  SAVE

PC:A/2  0.0deg FIB L6T:  19.9315km SWEEP MODE:STEP(DIF)
UNWRAP(ON): -30.0dB  NORMALIZE:ON SENS:HIGH SENS SAVE
TLS CAL  (AUTOD) PHD HORMALIZ:INVALID ~ SM & FITTING:OFF S
D/TRNS Pk:1573.50000nn  18.219psec/nm/kn  (RES:1.000nm) AVG: 1/1 | oo
18.42 ] T ¥ MEASZ

T
psec/nn
/kn
SAVE
MEAS3

16.42

I MEM [FD!
400000
fsec/nm ™ save

(O CD at 1534.5nm=15.8478 ps/nm.km [
: CD at 1550.5nm=16.1517 ps/nm.km :;:’:I

1550 .000nm 5.00nm/D 1575.000

SAVE
BITMAP

pe* ADVANTEST Q7760 OPTICAL NETWORK ANALYZER ** 2014-07-08 17:22:46
PC:A/4 0.0deg ZAUTD MOD FREQ: 1.1181GHz
PC:a/2 19.9314km  SWEEP MODE:STEP(DIF)
UNWRAP (DI d SENS :HIGH SENS
LS CAL  (AUTD) R IHVALID  SM & FITTING:OFF

CD/TRNS Pk :1570.50000nn 18.257psec/nn/kn (RES:1.000nm) AVG: 1/1
psec}nm

Jkm

16.42

MEM [FDI
400 .000
fsec/nm|| save

/km/Div| ~ : meas
CD at 1534.5nm=16.0534 ps/nm.km
CD at 1550.5nm=16.9117 ps/nm.km [P}
s

1525 .000 1550 .000nn 5.00nm/D 1575.000 SAVE
BITHAP

U7 4.8 nsmlipsundndamesduveuauleuniimuasily

1N3UN 4.6 ANugIRTuLasnsInaTidlumdsdyyiauaiwuutoganiens
annaupdulnindiAiniy 1534.5 nm InsizavtiuIznALadevesAlATIIRNAINE STUT
ANUEIIAAULAS 1534.5 nm InNFUN 4.8 Ty 15.919 ps/(nm.Km) fsauns (4.7)

15.857 + 15.8478 + 16.0534
3

= 15.919 ps/(nm. Km) (4.7)
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ke {8 tlkr 1L ke 1R B WL
1549950 nm 1545 546 nm 1550.013 nm 0.068 nm 1549973 nm
—2.600 dBrm -5625 dBm -5.625 dBrm -3.025 dB
20,00

REF 10.00 dBm

o.on

-20.00

-40.00

—60.00}>

-a0.00
1547 480 1548.530 1552 480

0.08 fm =T0.00 dBm
194 Hz 20535 off

[ % s

JUT 4.9 a1 SuuaIveIsi 189y 1A ULip-1oune s

T T

1NJUN 4.9 Anundsaunasunasvesivdsdy g anasuulin-lgunesianiniu
0.068 nm M1ANEIAAULET 1550 nm @sldinanuenedusadainiuaziiAiniuning
AUNATULALINAUTINTIIAIINEIABULEAS 1534.5 nm Alglunsdsdygiueie aunsai
I a P o I (% = a a s
Al luunuluaunis (3.7) eruamnisaneonvasdygiaiiowianlasufnaanes

JUNTLOLNY 62 Km f9aduns (4.8)

tep ~ |D|Loy = (15.919)(62)(0.068) = 67.11 ps 4.8)

UIAINIIILADIAINEIIUIATUI NI TINVNUVUTINU AVDIA A QYY1 U L&

[y

o ¢ 1 [ a d‘ &
wuvsla-luinesiiledsduanuanduszeznie 62 Km luaunisi (3.8) WD LIANVIVUVDA

A

seuulassaunis (4.9)

t t2, + t3 + t2p = /(19.45ps)? + (67.11ps)? = 69.87 ps (4.9)

sys —
NENNTT (4.9) AITIWVVURINUALINAY 69.87 ps tazgRarsukoulyainauns

(3.9) Tunsdesdygraainuulalawn (OOK) Tunsal Non-Return-to-Zero (NRZ) A9aunig

(4.10)

69.87ps < 0.7(100ps) (4.10)

NALNIT (4.10) 11811TUVBITLUUIAILREAIN 70% VOIAIUAYQYI INTIzazily

lasenelidanunsanudelasindndamesdunazegniglddedndanisaiseanvesdayaya
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4.3 N5ATIZHAATIAMURANAIATN (Bit Error Rate Analysis) NSIA199)

o w

PUDERENILILATIZNAIDNTIANURANAIATAAUNUSHUNAITU (Received Power)
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4.3.1 Adns1@dNg7Aatu (Extinction Ratio, ER)
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Winfu 11.18 dB wag 15.17 dB lnsununwgUnBsiidsnsdrnudndiistusinfianuasiiign

WainasegUN 4.10

L Elle Control  Setp  Measure  Calbrate  Utlltes  Help oeMay20t4 1431 |  “0fle Conol Setp Measwre Calbrale Uiities Hep wunu | |

%

(b)

YA 4.10 wun g ullednIsnsiaaudngiatuyif (a) 8.69 dB ua (b) 15.17 dB



74

4311  fadedygrauaiuvuyegiandignisganauadulnily (Electro-Absorption

Modulation Laser, EML)

| —O— B2B ER=8.69dB

e N

logyo(BER)

-14
26 -258 -256 -254 -252 -25 248 -246 -244 -242 -24
Average Received Power (dBm)

I

U7 4.11 0580 5I1mMANNA I TATIAIEH 98 9UENTTNTU 8.69 dB Yeudadeaeye s

UUUNERIANAILNITRANAURAU NI

mﬂgﬂ‘ﬁ 4.11 Jletna1snsianuianaindngiewn3as  NA901B Bit Error Rate
Tester (BERT) ¥83UTuw Keysight Technologies [36] ﬂszﬁau%wﬂé’waﬂﬁadaé’agmmm
uuvsegLansensgandundulwii Al snsdudndistuiniu 869  dB w Adsfu
waneneiy adnsieuRanandnd 10 Idm&asumindu 24,63 dBm FefianldiAuen
Adsuasgeiisnuuasanunsasuld (Optical Receiver’s Sensitivity) @slunrudoyasey

A1gean (Maximum) 1w -24 dBm [3]
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4.3.1.2 daavatgaiuasuuua-1wines (Mach-Zehnder Modulation Transmitter, MZM

Transmitter)

—O— B2B ER=15.17dB
—[—B2B ER=11.18dB

log,o(BER)

' ' ' '
) — — o — — - — ]

44 i i ]
-28 275 27 -26.5 -26 -25.5 -25 245 -24
Average Received Power (dBm)

JUi 4.12 NTINBHTIAIINAANAINTATNAIONTIFIUONTTNTY 15.17 dB wae 11.18 dB ¥8957
auat el UULA-lTUne T

31n3UN 4.12 Wadamgnsiaudanaintndiginiesiioin  MP1762A Error

1 s

Detector ¥93UTEN Anritsu [37] NIAIUGINGUVDIAIA Y QI ULELUULIA-LEULAB ST
SnTddNgNatuYINAU 15.17 dB uag 11.18 dB a4 MdssuAAna1eiu A1RIIAIL

a a { "12 (] v 1 o o U
RANAIAUAN 10 UM@ISUMNNY -26.13 dBm wag -25.317 dBm mnuanau

LDNANTUINTINAINTIA 3 ANERTIFIULENTTIeTU LLamé'fagUﬁ 413
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B2B ER=15.17dB
B2B ER=11.18dB
B2B ER=8.69dB

log4(BER)

'
-

P,=-2I6.13dBn'I|| | Pr=l-25.3l7ldBm|| IP,=-24.I63dBm|

A1
-28 275 27 -26.5 -26 255 -25 -24.5 -24
Average Received Power (dBm)
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dB
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1w ] [ sa o o (Y IS Y a a r-:ll 1
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U091 1eeanununIngunsziidnuwasiilaninenidi dwalvliinianaininenaiewes

U mgUndesniwhlvidndudngnasannnd

4.3.2 ﬁaéaé’zyzyﬂmumLL‘U‘UM@Lamﬁwﬂﬁ@mﬂﬁmﬁulﬁ/ﬂﬁﬁ (Electro-Absorption
Modulation Laser, EML)
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4.3.2.1 nsalusnay (Loopback)
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4.3.2.2 nsalawinnaulounniuasvidn iundesnnsgisegene 60 Alawms
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4.3.3.1 n3al1usnay (Loopback)
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4.3.3.2 nsalaswinnaulounniuasvidn iumdesnnsgissgene 60 Alawms
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0.6 f------n==-- besnmannanas T I N\ .
i /f/ H1 |
S & e N\ 1
A |
(7] EE— beoeanenes e (oot s, N SRR .
{0 | HO
0 A1 I }
15 I 05 o I o5 1 15
t,,,=0.69

U7 5.1 wansgnuaInlasuidindaine sounoay1ad

9307 5.1 Wefinsandygraiinainnisanesnaintasuifnfamesdudugy
awdeuamy leewseudieuly 1 anudadidwiiu 1 vdle 10 -0.5 e 83 0.5 niae)
wagdituilansnviiv 1 FellReuludswialull L1 fa1egsening 0 89 0.5 Wesn L1 viud

ANNgAUATIANUTR, H1 HA19g5endng 0.5 84 1 18189310 H1 M1uendt 0.5 ins1gaeii
Tsnaudananatndudn 0 1a, L2 fA198581319 0.5 B9 2 1i19991n87 L2 g1unnIiiay

Y
(%

Ml HL 61971 0.5 9nnatsiuduiaruaiawindy 69.87 ps dniansandu 0.69

1 [ <@ 1 A 1 a X o % a1 5 A =
%uY @QE‘U‘USL‘VI‘U’N bBAN tsys ganIuvinli H1 dAisag wag HO ﬂammqw'mmﬂmq
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Y010nNgRniuargeln fansanednsndudndfistu (Extinction Ratio, ER) l@daaunis
(5.1) [1]

H,
0

[y

nauns (5.1) H1 wWisuiieulanuseauaesdn 1 wag HO Wisuisulanuseau
38497 0 srariuansansenuvaslasInAndamestuasvhlrasnsdsndiduanas
dlodn H1  fidnanasuazan HO  fidufiudy dewalisnsinnuianandndidianndu Tag
AdUTUS ST I TIALRaNa A dn T UATS R Id IS N Rt uT LA uRE A AT

Twidegseinll

5.2 MIATUIUAIRTIAMURANAIATN (Bit Error Rate Computation)

N13AIUINAITAIIANNRANAIATAN 1N ullunsadieg lown nsdiflAdnsndiu
& 6a o = 5 o N o aa N o @ | a
OGNt nIEIUGINAU NIAlFIvEERRleN karNIAFINTBIFNIAANIZEUAILDLES

wuvUSUlanuananaiy fasalul

5.2.1 nSEIAdRS1aIBnNgatu (Extinction Ratio, ER)

'
aa o

Weosninenfnusilomdsdyniuuas 2 vila AdA1ns @B RsTuLAnAneiU
Ao 8.69 dB Anedsdyaauasiuutaganmen1saanaunaulii 11.18 dB uay 15.17

dB n@aEsd e TUEIUUNA-lULADS
TAELAAINISINLADTLAZ AT IUNITAUIUNAIDRTIANMURANAINDH AIR15197 5.1

9757991 5.1 WIS1M0TI19A14I0UA 19 TIAIIUARNAINTH

WI3n9% deyanual A Wiy
gn3EudNG7etU (Extinction Ratio, ER) ER 8.69/11.18/15.17 dB
ArmsTivasluadesiug (Boltzmann’s Constant) kg 1.38054x10 " (28] J/K
grunnilAaIu T 300 K
AMUAIUNIUlMan (Load Resistance) R, 2.4x10° [39] Q
frLavudeygusuniu (Noise Figure) F, 2 [28] -
wUUAININSLNAN (Electrical Bandwidth) Af 9x10° [39] Hz
AUszqdianaseu (Electron Charge) q 1.60218x10 " [28] C
wiAwesN13An (Multiplication Factor) M 10 [39] -
unlALmasdryQIuTUNIUEILAL (Excess Noise Factor) Fa 10 [28] -
ANNINBUAUBY (Responsivity) R 0.85 [39] AW
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[N

AN893U (Received Power) P. -26 dBm

nszuailn (Dark Current) Iy 25x10” [39] A

1NANSIN 5.1 kanInis1dwaskazanaziiun A uialuaun1siienonsiaIng
RANAIATH LaNANTUIAITRIIEIULDNGRITUYINIAY 8.69 dB wazAdIsumnfu -26 dBm
ANUTOANUIUAIDASIANURANANA DA LARIEUNIST (5.2) B9 (5.11) TAgALAIUIRAINITANS

1A

NEUNTT (3.11) Ay ausuniuanAusou malananns (5.2)

4kgT
(%) = (2>

)FnAf = 1.2425 x 10713 A2 (5.2)
L
o o ! v -13 2 a
NAUNTT (5.2) FPYIUTUNMIUIINANUTOULANNIAY 1.2425x10 ~ A” Taeunfinis
Analuaun1snneg aldamisiinesvoenassuluniieing Ins1zaziulweuuasnas

suluvheftidudunhend feaunisi (5.3)
Pr_dBm (5 3)
Pow =10 10 x107% =2.5119 x 10-6 W :

wszaztulondsuingu -26 dBm  azuvandusidesuluniietndlawingu

2.512 uW themassunlabuauiaduaunisn (5.4) waz (5.5) WamnadkasueIln 0 way

1Y

ANALAIVDIUS 1 AUAIAU

2P,
Pp = ——=5.9835%x 107" W (5.4)
1010 + 1
P, = 2P, — Py = 4.4254 x 107° W (5.5)

1NaUN15N (5.4) kaz (5.5) AINAILEINBITA 0 AAVINAU 0.598 UW WALAINIET
WA 1 WINAU 4.43 uW UNANANSILEIe90RNY 2 TRRanan bUAUIMMINSEwaln 1

LaENIZLALR 0 aeaaunsh (5.6) waz (5.7)

I, = MRP, = 5.0860 X 107° (A) (5.6)

I; = MRP, = 3.7616 x 107° (A) (5.7)
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NAUNISN (5.6) wag (5.7) ANTTRATR 0 AAVINAU 5.086 UA LAEAINAILEIVD
Tn 1 TAWNIAU 37.616 UA 11AINSERaDNVDNe 2 TRmanann  lUAuum A deuy

W19351uv30n 0 wazALdeauunnsgIuvesdn 1 ladEunisi (5.8) uaz (5.9)

Og = \/ZQMZFA(RPO + Id)Af+ (0'%) = 1.2896 X 10~° (A) (5.8)

01 = \/ZqMZFA(Rpl + Ig)Af + (G%) = 3.3233 x 107° (A) (5.9)

1N&@UN15N (5.8) war (5.9) AnTeauuunsgIuvedn 0 JA1LINAU 1.29 UA wawA
Wesuunnsgiuvesde 1 IANM1AU 3.323 uA diave 2 luanamaames Q lass

AunST (5.10)

L
Q:#: 7.0519 (5.10)
0, + 0y

31NE@NN159 (5.10) AsAwes Q HAwvi1iu 7.0519 gavnethAwames Q Mlaly

ANUIUTIAIDRTIANURANAIATAAIEUNITN (5.11)

1
BER = = erfc (&) —8.8233 x 10713 (5.11)
2 N

! a a a1 ! L ’13 U
1NAUNIT (5.11) ANBRTIAIUNANAIAUAUAILNIAY 8.823x10 Taga1NSanIAN

Fn31PNURANAIATANTA ST IAIULENTNITUNT 3 A1 lewn 8.69 dB, 11.18 dB waz 15.17

dB leamnsad 5.2

915N91 5.2 8M5IAIINAANAINTNDINNITAILIIUNTEINTAINTIFIUONTINT UANS 1971

o ARTIANURANAIA TR
N1833U (dBm)
ER = 8.69dB ER = 11.18dB ER = 15.17dB

-26 8.82E-13 8.21E-17 1.14E-21
-26.3 5.18E-12 9.32E-16 3.00E-20
-26.5 1.58E-11 4.31E-15 2.34E-19
-26.7 4.58E-11 1.86E-14 1.66E-18
-27 2.08E-10 1.47E-13 2.67E-17
-27.3 8.51E-10 1.02E-12 3.56E-16
-27.5 2.07E-09 3.44E-12 1.81E-15
-27.7 4.84E-09 1.10E-11 8.59E-15
-28 1.62E-08 5.71E-11 7.75E-14
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-28.3 4.98E-08 2.66E-10 6.02E-13
-28.5 1.01E-07 6.99E-10 2.18E-12
-28.7 1.99E-07 1.76E-09 7.47E-12
-29 5.21E-07 6.53E-09 4.26E-11
-29.3 1.28E-06 2.22E-08 2.15E-10
-29.5 2.26E-06 4.79E-08 5.97E-10
-29.7 3.87E-06 9.99E-08 1.58E-09
-30 8.35E-06 2.83E-07 6.24E-09
-30.5 2.69E-05 1.38E-06 5.01E-08
-31 7.65E-05 5.66E-06 3.19E-07
-31.5 0.00019471 1.99E-05 1.65E-06
-31.7 0.00027506 3.17E-05 3.01E-06
-32 0.00044898 6.12E-05 7.07E-06
-32.3 0.00070991 0.00011293 1.56E-05
-32.5 0.00094758 0.00016608 2.57E-05
-32.7 0.0012489 0.00024 4.13E-05
-33 0.0018477 0.00040419 8.07E-05
-33.3 0.002665 0.00065722 0.00015047

Ql' o a A av v ° A
I1NNT1I19N 5.2 LLa@Nﬁ’]@mﬁqﬂ'ﬁqﬂmmwaq@I"UG]V]I@"\]']ﬂﬂ']iﬂ']u’)msLUﬂimmllﬂ

LY ! & 6a o A ! [ Y r-:l'
DAINAIULDNYVINVUNLLANHINU LL@%ﬂ’]SJ"IiO'J’]@ﬂﬁ"IWl@@QEUV] 5.2

'
)=

1

-0~ B2B ER=15.17dB
< B2BER=11.18d8 | |
=~ B2B ER=8.69¢B

logo(BER)
T
i

- —— ..- R |

‘ -28.454dBm \ ‘-27 318dBm ‘ \ -26.00dBm ‘

-13—""""": """"" \ """" \ """"" \ """""""""
-14 '

-30 -29 -24

Average Received Power (dBm)

U7 5.2 nsmlensinaudnnandnoinnisa i lunsandasnsiaandngiaduunne 190
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1N3UN 5.2 nsmuaniauduiussenindnsanuianandauazindefuiaie
Tnsusiazidunsndadnsrdindndfsduiiunndaiu Fansiuaiegnisiudieanasien

[y ] =3 fa o d' [ a1 v a a o A
BAINFIULDNYYNTVUNINNFALNINY 15.17 dB uwazuAn AINAIUNANIIAUANINE A Tunns

'
o [ 1

nauiudunsmiegnsinuegnaziiisnsdrudndfistusifigariniu 8.69 dB wazien

gnsinnuRanatndninniign anaun1sn (5.4) WeAdnsarudndfisdumnntuazlainmds

[
| =

WAIP890A 0 TANUDYAY LAYAIAILAIVDIUM 1 UANNINTU dINaULAEINUAUNTELADS O

D

[
v a

waznsezwals 1 yinlronsiAnulanandnfnas NainsnAlaannseuailaSouiieu

wwilduvasnsilaannmmeass aglanagui 5.3

MATLAB ER=15.17dB
MATLAB ER=11.18dB
MATLAB ER=8.69dB
- EXP ER=16.17dB

- EXP ER=11.18dB

- EXP ER=8.69dB

log;o(BER)

Average Received Power (dBm)

U 5.3 WSeuiigunsmiiuainnisaaniuaznsvnaedlun sandnensiandng ey

URNH N

9n3U7 5.3 Wisuiigunsiniinnainmsmuaiaznismeass laensiduiiuilu

nsAlFaINNIsAIMLaENIEuU ST dunsmAlea1nnIsNRand nFUwIlINveINg W

'
[ 1

NiAgnTd NG iaduaNNana NN ININIINNTANUINKAZN TNAABIIL LA U dn

Wufeaiu waswuliuvesnsnidadnsidudndiisiumngaainnsniiunainnisauan
LAZNTNARBINLDYAIUVIAAUAL I LTIz unTIINNITAUIMNIN U LAz T
v v a o a = Y o g v N w

nlgannisnaasslivudliuldlufianisfendy wazannn i linsmnisveaelliAgns
AuEananUngandilesanuavesdyaiausuniunislili (Electrical Noise) 7inain

Trans-Impedance Amplifier (TIA) aelumnsiaduiasdsiilahunmuiaduannis
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1%
o

5.2.2 N3AUTINAU (Loopback)

ddy L7 a L3 1 = U U d' 1 [
ASMUAINITOITAINIT IR DS ULABIAUAUNISIN 5.1 1AALUANAILART Fy
= ° aa ' aXa Y ° W
Wo9NAWIlAeAsN1sUsEUNAT Tunsaliiayindu 2 @1u150AIUINMIAI9RSIAINY
RaNa1ndnaIaunis (5.12) 04 (5.17) munadlasldsidssumingu 28 dBm wlasdumiae

Tadlawiiu 1.5849 uwW Tneldaunisi (5.3)
PNEUNTT (3.12) waz (3.13) @UITaAILIFYYIUTUNIUAIDUANLA BdEy Q0
sunuNsELalinvasnTIaT UL R e R aNnST (5.12) way (5.13)
(0% App) = 2qM?F, (RP)Af = 7.7702 x 10713 A2 (5.12)

(0% app) = 2qMZFI4Af = 1.442 x 1071* A (5.13)

dl U v a1 1 U '13 2

naNnSA (5.12) wag (5.13) dygrusuniumeusuiayindy 7.7702x10 A

o A A v -14 2 ° PN
LASEEIUIUNIUNITAUANAININY 1.442x10 A LLaSﬂqu’lmﬂﬁgLLﬁIWImﬂqﬂﬁﬂJﬂ'ﬁV]

(3.30) l@siaaunisi (5.14)

(112)) = (MRP,)? = 1.8148 x 10710 A2 (5.14)

a1naunsh (5.14) nszualnlndanvindu 1.8148x10 "0 A" wheniilgainaunis (5.2),
(5.12), (5.13) uwag (5.14) WIAIUIUMIAIOATIAIUTEUNINA Y IULATFYQYIUTUNIUDIN
aun1sfl (3.31) lédsaunnsi (5.15)
(15)

O-g_APD) o (G(Zj_APD) + (G'Zr)

SNR zpp = = 198.1937 (5.15)

INAUNTTN (5.15) AERTIAIUTENINA YY1 A Y QYIUTUNIUIDIFINTIDIULAS

LUULDNARALYINAU 198.1937 2MnaUN15H (3.23) @150l wiaLnes Q lasaaunisn

(5.16)

1
Q= EVSNR = 7.0391 (5.16)

a0 1o

NAUNISA (5.16) AmNAmes Q HAwvidu  7.0391 W lUAmuIuAI9nsIAINY

NANaNAUMLaeIENn1si (5.17)

1
BER = —erfc (&) =9.6768 x 10713 (5.17)
2 V2
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dl ! v a a a1 1 U ’13 1
AINANNTIIN (5.17) AIDATIAIUNANAIAUALANINY 9.6768x10 1agd1u5a9IAY

v 6 o v w

Y] a a Ao o = 5 o vyvw = A
DATIAIMUNANAIAUANTUNUTAUNIANT IUﬂimju%jﬂaUlﬂﬂﬂmqiqﬂw 53 LLaSEU‘V] 54

§75799 5.3 A199TIAIIURANS I TN YN T IUTINAUDINAITAIW I8

895U (dBm) ANDRTIAYIUAANAIATR A1895U (dBm) ANDRNIIAIURANANATR
=27 5.12E-16 -29.5 4. 57E-09
-27.3 5.94E-15 -29.7 1.14E-08
-27.5 2.77E-14 -30 4.18E-08
-27.7 1.21E-13 -30.5 2.98E-07
-28 9.68E-13 -31 1.70E-06
-28.3 6.73E-12 -31.5 7.91E-06
-28.5 2.28E-11 -32 3.08E-05
-28.7 7.29E-11 -32.5 0.00010251
-29 3.78E-10 -33 0.000296
-29.3 1.75E-09
'7 T T T T T T T
-
-8—-----;-----"-%----"--‘---"---‘--"----‘-"-----'--------‘; .........
N ________ | . [ [ .
N N N N B S
‘5% ! ! " : : : :
L] it S el ke it it S R
R e e S
N S 5 W S SO SO
1 i i i i i i i
30 295 29 285 28 2715 21 265 2

Average Received Power (dBm)

U 5.4 nslgnTinnmianaIndnlunsalausinduainnisAIan

d’l d‘ o dl ! U a a dl ¥ o
uaﬂmﬂumamﬂﬁwwm 5.4 mamwmmm@‘wmmum‘vﬂ,m’mmsmmmmmmﬂﬁw

= v U 1w a A ay v o =
WIEJ'Jﬂ‘Uﬂ‘Uﬂ']@mi']ﬂ'milN@WQW@UG}WIWQWﬂﬂ'}Tﬂﬂa@Q Q%LLﬂ@Q@QE‘UW 55
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T T

=0— MATLAB B2B
- EXPMzZMB2B ||
<~ Exp EML B2B

log;o(BER)

"30 -29 -28 27 -26 -25 -24 -23
Average Received Power (dBm)

FU7 5.5 nsmlensiniuiianaininlunsalauenauainnIsaIiauaznIsnnaed

n3U7 5.5 dunsmsnausudiegnasidunsmilaainnisiuia daudunsim
awdsudnsadaumisiurailudunsmildannmmeasansduginduvesdddygy i

o ¢ v a  a = Y & Y] av oy
LashuudA-lwunes wazidunsmavdsuvunlenyuiiurinaadudunsnilaainnis

naRINITaUTINSUTeIIAF Y IMLELUUNBEAMENSAAnAuUATULHT

5.2.3 NSFAVLI8DALBNLD

=

NSUAIVENDALNLBTNITANUIUARIAUNUNTHIUTINGU LALANANAUNNSAINY
NAYDIFYYIUTUNIUTDIDALONLDLTINALITDINIEY AINITAATUIAAIAIETNTIAURANA
Tnlasasnaludl

o a A

fnsanidsgadeiiniavaanniuiiveedfioniofununnudendagui 5.6

| Pou=t12.56dBm | -
PM

I }MEM [I:S‘IIILS‘ I |||1:4‘ Ly @ e
T —I 1-Km SSMF ! 1-Km SSMF VOA 3-dB Coupler RX

EDFA TOBPF S —
+ IL = 40.56dB >

U7 5.6 WunIMUABNUAANTIAIgRTenads1ve1goalonio
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9n3U7 5.6 WWuwnunmudennsdlddiveedfevielunsddduaugiuuinig

v )

VNUA 256 {3UUINNT @NNNT0AIIMNMAIgLEENEIINAITe 18 BRI MBS IANAS

Y

Ao v v

WENIAMAITUWNAU -28 dBm lagans1ai 5.4

= v =~

M5 5.4 9I7NUaAINIAIgadE A e 18DALo N

QRGNIGIGRTET
nsaaneuludulouiidngs 2 Km (dB) 0.37
Masgaydeunsnluduenuas (dB) 27.48
Masgaydeunsntugunsal (dB) 5.31
fAdsuasgaydvaudsiiunasiimasiuwindu -28 dBm 7.4
Masusegeuidenaiiveednenia (dB) 40.56

AT 5.4 Armaskasaadedaniiiu 40.56 dB dilumuinmuamesnig
aavoulansaunisn (5.18)

-IL
AF = 1010 = 8.7902 X 10~5 (5.18)

{ 1 | U '5 o o 1
nauN15N (5.18) AunAmesnIsaaneudivindy 8.7902x10 UrlUarulrumnia
AU UALUNATUVDIF Y 10dTUNIULBLOED (Spectral  Density of Spontaneous-

Fmission Noise) tanaaunis (5.19)

Pread

S =—rad AR =6.8831 x 1023 W/H (5.19)
P~ ResBW /Hz

NAUNIST (5.19) A1 oy A8 M&3084 ”ﬁyzymﬁumul,aLaaﬁﬁémié’mﬂﬂmw"l,ugﬂ
7 6.26 azleEuBRoNevesaUnaSuLaiounsFveuasS R WesiA iU -57 dBm
W39 2 nW uazfianuazfeauuusinivesaiesin (Resolution Bandwidth) Lwindu 0.02
nm [38] TnsanunsaudasanuaziBonnuusiaviveunsosinluniig nm Wuniie GHz 16

fadun1s (5.20)

c
ResBW = mA?\ = 2.5481 GHz (5.20)

1NANN1TN (5.20) 1loA1 A winiu 1534.5 nm faguil 4.6 uay AA wiriuen 0.02
& a fa € A Y= Y o 1 A
nm  NSIERETUAINASLDUARUUAINNYBNLATETIATANNIAY  2.5481 GHz ¥1@19 e b

AMUIMATMAIVDSA Y IUTUNIULDLEED D 1ULANNTIN (Pesy) AIEUNTT (5.21)
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-55
Preag = 1010 X 1073 = 1.9953 nW (5.21)

nauN15A (5.18), (5.20) wa (5.21) @u1sarrlumulmIAunuILLuaUNASY
o = Y a1 " w -23 ° |
vosdgrasunmueleadluaunis (5.19) 1o dauviidu 6.8831x10° W/Hz uagAIuamal

(% o a

MaeIdQIMTUNIULLLEDLARIaNNTT (5.22)

Psp = Ssp X Avppe = 2.6308 x 10710 W (5.22)

aa ! U

d‘ ! o U U U ’10
NAUNTN (5.22) ANIAYBY UUNUTUNIULBLDFBUANNINY 2.6308x10 W LLay

UUIAUIAF Y IUTUNIUAIOUANINENNTTT (3.16) Tanall

(02 psg) = 2M?F (R(P; + Pyp) ) Af = 7.7715 x 10713 A2 (5.23)

v a1

i Y] o -13 02 °
NauN1N (5.23) YQYIITUNIUAIBUFULAWNAY 7.7715x10 ~ A” siaunAuIn

AdISUNIUNSELATRINANNTST (3.17) Tanail

(03 asg) = 2qMZFAI4Af = 1.442 x 10714 A? (5.24)

i o -14 2
INSUNIUASELEN AT ANYNAY  1.442x10 A @9

o

PNEUNTA (5.24) fin

1%
% a

iy
U U Q{' Yo a
e uiudygIaeeasaInaunsi (3.18) lansil

ATUIUANA QY ITUNIUTENIN
(03_sp) = 4R*M*FZP.SgpAf = 1.135 x 10713 A? (5.25)

U % U aa 1

NANNITA (5.25) AIFYQYIUTUNIUTTIINF Y 1unUd gy radteLadiianiny

A7}

a

-13 2 o v o °
1.135x10 A LagdtyeyIadIuNIUTENINIFYUNULDLDED RS @@WmL@L@ﬂaﬁﬂmqiﬂﬂ’M’m‘l

I¢naunsi (3.20) fsreludl

(03p-sp) = 4R2M4Ff\S§pAvoptAf = 1.884 x 10717 A? (5.26)

LUUAIANNIILAIAIUITOATUIULAINTIVDIANNY AR ULFINFIVE18DALONLD

a1usavenglatAyinAu 30 nm asuwladannnuie nm 1y Hz laseaunisi (5.27)

C
BVopt = 778 = 3.8222 102 Hz (5.27)

A ca ¢ i o 12 °
ANFUNITA (5.27) LUUAMIANNNLEIIANVIAY  3.8222x10 °  Hz @11190A U
FUIUTUNIUTENINF Y adleLadlas ey ailolodd naunisyn  (5.26) avinAu

1.884x10 " A” siailannaunisi (5.14) agl@innseualnlpdldnyindu 1.8148x10 - A°

PNAUNITN (3.32) DNTIEIUTENINTYYIULAZFYYIUTUNIUFINITAAIUINAN

auns (5.2), (5.14), (5.23), (5.24), (5.25) wag (5.26) Tngunuaeglasaiolui
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(13
Gﬁ_ASE) + <O-§_ASE) + (O-g—sp) + (Ggp—sp) + (0'%)

SNR g = =1763119  (5.28)

ANAUNITN (5.28) @NUITOATUIUNIAIDATIEIUTETIINA Y Y IULaEFYIaTUNIY

<

(%

TGy 176.3119 wazunawes Q aunsoruialdainaunisy (3.23) saseluil

1
Q= EVSNR = 6.6391 (5.29)

10aUN1S (5.29) ANALKDS Q WU 6.6391 UIANMLANIAILIINNERSTIAINY

RANAINAINENNNS (3.22) aseluil

1
BER = — erfc (&) = 1.5778 x 10711 (5.30)
2 V2

d‘ ! U a a a1 ‘11 1
INAUNITN (5.30) ABRTIANUNANAIAUAUAININY 1.5778x10 Tagau1sanan

v ¢ o0 v v

Y] a a Ao ) N o aa Yo PN
DAINAITUNANAIAUANTUNUDTNUNIANT ELUﬂifUW]GUEﬂEJE]@L@WL@I@@Q@WﬁWQW 55

§715999 5.5 LANNA199TIAIIUAANA 1N TAYDINTIH 191889 o o910 1AW I8

A1895U (dBm) AEATINURANAIATH 895U (dBm) ANDRTIAIURANAIATA

-27 4.81E-14 -29.5 1.68E-08
-27.3 3.03E-13 -29.7 3.68E-08
-27.5 9.84E-13 -30 1.13E-07
-27.7 3.07E-12 -30.5 6.38E-07

-28 1.58E-11 -31 3.02E-06
-28.3 7.45E-11 -31.5 1.22E-05
-28.5 2.00E-10 -32 4.28E-05
-28.7 5.20E-10 -32.5 1.31E-04

-29 2.03E-09 -33 0.00035483
-29.3 7.39E-09

1NN LLLBUINTINAIDATIANURANAIAUAIINNITAIUIUVDINTUIUTINAULAY

n3alfvenedRonouAAIUUNTINRLITY AglaRagun 5.7
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5.2.4 nyalfnTsdyaanzguaNuiuauuUsula

NN YAINTDIFU I URNIZEIUAMUABAILUUUSULA TnsAuIMAMTlauiuny

A o aa ! ! U d' o W [ dd‘ ! ' Qll
nsslfvengdfteviie uwikandsiunidwesdyausuniueeadeulaainnsinlu sun
4.26 azlamduminsesdygruanizgiunuduasvosaunasutaslionnsniinsody gy

' a 1Y) v Y 2 -10 = a
Nz 1UANLALEIUUUSUlAIAWINAY -62 dBm %39 6.3096x10 W wazilauaziden
fa [ d' [ 1 a [y % a v aa 1 [
WUUAIANURILATOIIALTULABITUAUNTAAIvNeBAIOWEIAAY 0.02 nm [38] @190
o o U U dd‘ U 1% U dl
AuUIUMAeIdyyIsunuleas e uldaInnTIW Asaun1si (5.31)

—62
Preag = 100 x 1073 = 6.3096 x 1071 W (5.31)

v
0% v

P9I AMUBANAAUTLUUAINNNILED TINTAAV8DAEN0TYIIAINUL1IAFY
wasianusaveredyaald 30 nm  UABUNINAINTOE I AUANIZEIUAMNDLEILUY
USulanassvenedfenie 2evinlre19anu81AAULEIan AN A UAIAINNN AU NASULAS

MULNUTRLAURIRIN TR IAIvaAaEAd TunitasinTandinsesdygamanizenu
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AMUALAILUUUSULARTANUNIEUNASULASYINAU 1 nm [11] Feaunsasuialena

AN (5.32)

Avop = IAZI —— AL = 1.2741 x 10! Hz (5.32)

' fa ¢ a o 11 &
NAUNTT (5.32) AMUUAIANNNWAILANNINY 1.2741x10  Hz 1Ws1zastualunsa
AUIUAIANRUL LA UNATUUDIA Y 10U TUNTULDLOADLAZAI A AIVDIF YY1 TUNIULD

wwad Teseaunsii (5.33) uag (5.34)

lDread

S.. =—rad o AF =2.6533 x 1023 W/H (5.33)
P ~ ResBW /Hz

[

a ! o ) a A
INFUN1IN (5.33) mmwmLLuuaL‘Uﬂ@iﬂ%@ﬂﬁ@ﬁgﬂMiUﬂ’JuLaLaaa UG MINJMIARY)

2.6533x10°° W/Hz

Psp = Ssp X Avgpe = 3.3804 x 10712 W (5.34)

(%
a0 Y

PNFUATY (5.30) &9 GEJENEZUZU’ImiUﬂ’JULE]LE]ﬂE] AAYINAU 3. 3804X10 W NI

funadaaasuniumen lifeaunisi (5.35) i (5.38)

(02 pse) = 2qM?F, (R(P, + Pyp) ) Af = 7.7702 x 1073 A7 (5.35)

.:4' o 1 o -13 .2 . °
1NANNIIN (5.35) UUIUIUNIUAIBDUANUANUNINY 7.7702x10 ~ A ADUIATUILU

-

A -'-NI Y r-:’lj
AdITUNIUNTELAdR NN (3.17) Tansil

(03 asg) = 2qM2FAI4Af = 1.442 x 10714 A? (5.36)

lﬂl 1 U = a0 1 U ’14 2 1
1N@UNITN  (5.36) AN UUNUIUNIUNTELENANAILNIAY - 1.442x10 A a9

AuAdyusUN LTI d Uiy aeeadnaunshl (3.18) T
(02_sp) = 4R*M*F3P.Sgp Af = 4.375 x 107 A? (5.37)
PNAUNTSN  (5.37) AN IUIUNIUTENINF Y udygIaLoLeadlAiAy

-14 2 o o = ° v
4.375x10 A uay iy]fyﬂm’ﬁUﬂfJU'ﬁgwqqﬂﬂinfyﬂmLaLaaﬁ]LLﬁ3 fy]fyﬂmLaLaﬂ@ﬂflﬂfﬁﬂﬂfluqﬂﬂ,ﬂ

naNMSh (3.20) saseluil

(02,—sp) = 4R*M*FZSZ,AvopeAf = 9.3315 x 10720 A? (5.38)

INaun1Tn - (5.38) é’wmmiumuiijwé’mmmaLaa§L.Lavé’agfgmt,maa%ﬁﬁ'1
| 20 2 & &
Wiy 9.3315x10°° A” viaiannaunsi (5.14) agldinszualnlpdanvindu 1.8148x10 A’
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PNAUNTN (3.32) FnI1dIUTEMINE LY UL YYIUTUNIUAINITAFILIURN
aunns (5.2), (5.14), (5.35), (5.36), (5.37) waz (5.38) lngtuwnuebnsasaluil

(1)

=189.1557  (5.39)
02 ase) + (03 ase) + (03_sp) + (0%5_sp) + (07)

SNRASE =

PNFNATN (5.39) @UITOAIUIUNIAIENTIEIUTEIINA YU LA Z T Y IUTUNIU

T

[
a

@i 189.1557 wazunawes Q anunsarunaldainaunisy (3.23) saseluil

1
Q = 5 VSNR = 6.8767 (5.40)

Na@uN1s (5.40) AwlAwas Q AU 6.8767 UNANLAUIATUIUITASIAINY

RANAININALNIS (3.22) fasaluil

1 Q
BER = = erfc (—) — 3.0629 x 10-12 (5.41)
2 V2

lﬂ' U o a a a0 1 o ‘12 1
1nENN159 (5.41) A1BATIANNRANAIATALAIYIIAY 3.0629x10  lagaIuIsanial
nTIAMNRaNaIndnnduRLsAunassulunsaldinsesdyaraanizgnuamuiuasuulsy

1a@an319 1 nm $9m157199 5.6

#I5NI] 5.6 UaANAIATIAIINAANAIATHYDIAN TAI0 N TONTYQY 10N IZE1UAIIWAUFIUUY

Usulainniseuan
895U (dBm) ABRTINURANAIATA 895U (dBm) ANDRTIAIURANAIATA

27 3.46E-15 -29.5 71.72E-09
273 3.08E-14 297 1.83E-08
-27.5 1.23E-13 -30 6.24E-08
-27.7 4.63E-13 -30.5 4.04E-07

-28 3.06E-12 -31 2.13E-06
-28.3 1.81E-11 -31.5 9.40E-06
-28.5 5.55E-11 -32 3.51E-05
-28.7 1.62E-10 -32.5 1.13E-04

-29 7.49E-10 -33 0.000317
-29.3 3.13E-09
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6.1 d3UNan15Y

Ingdnusatuiisznoulassisdnfeoyauas (Optical Access Network) s
WawwIAnnlasstedulonntiuasuulwadn (Passive Optical Network, PON)
Imadaﬁ@@mﬁé’mwﬁwﬁagawhf“fu 9.95328 Gb/s M1ULMIFIU XG-PON ITU-T G.987 [2]
lszasdndnvedlasetngiduloufiiuasuuunadndedsfiszesmslnanas s
Asuusmsnnlulaseing wsariuinendnusaduiisiaunlaswhedleuttuasmuy
uwadl widsdoyatowizanas (Downstream) fivismnueAduuas 1550 nm daduniny
grnduLasdmiunsnsEenmailadil (Broadcast CATV) musmsgiu ITU-T G.983.3

o

[24] uaviflosandednnvesilsudidypruuandanasddiluiniugindunaini

UINTFIU XG-PON  8819unsnae 1198agunsnaIve1edaenie (Erbium  Doped-Fiber
Amplifier)  1lUTulassnaiaiusunds vinlidslassognislnauindulazidiuiu
AFuUsnsunnTuiuieniu iesindverednienieugunsaluuunendin insnzaziuay

Sendulassiedhisdeyauaunulassiaiuunnadm

nnsAIaUMaInielulasenedulanni el nuamelndsseeniebna

a o w =

62 Km Uagd uiugsuuinmsuings 256 §5uusns vibiiamasgaideunsnaigluduen

€

[

Wad (Optical  Splitter) 8819370 UWAAIMAUAIGYLESTIMUATAIUINNINUAAT LAl

U a

a 14 [ [ ] %4 o w 1 QI é]
WNINFIvE88RleNLeMEEnIINISVEBWNAY 24 dB viTlisuidsnielulasaneiiuunnu
wagdlenunnitmdsadenmun Jsaunsadsdyaiunieldvedninvesauiials nallds

NsIAIUAfUIUNaINITUladsreznelnasziiAe gy nilasunfnfaine studsnali

Y

s a 1 L3

dygraiadiianisanseanuasiinnisuningenteninedgydnead  (nter  Symbol

v

Interference, ISI) fudeygyiauiteginiu a1nn1sAudnlunstivesdyyindayawuy Non-

Y

1% '
= ! a1

Return-to-Zero (NRZ) 2glalnanu13uaesssuuiiniy 69.71 ps FeliA1tesnin 70 % wed 1

Qe

Auln nszaztuansadsdyaalangldveindnuesaunaiuitu

LY

YoNINNUTINNTUNATRTIANURANAIATR (Bit Error Rate, BER) Muindulunsel

[

1 v Aaa | & 6a o . . . PN ' ) A 0w !
AN 1@LLﬂ NTUNUAIDATIEIULDNGVIIYU (Extinction Ratio, ER) LLHNFN9NU LUBDANDNTIEIU

WngRstundagsfiaanindu 15.17 dB  ansdedynnaiasuusin-lgulnes (Mach-

Y 9

Zehnder Modulation Transmitter, MZM Transmitter) ¥inl#LA18ASIAINURANAIATAN
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'
Y 1 o o

AnARsIANNRaNa I dnv ey uATA1ons @D ndRsTuAIAI WY 8.69 dB 21

<

Adsdyranasuutaganmenisganiuaduliiin (Electro-Absorption  Modulation

Laser, EML) wlavlSeutisunaainnisauiasasn1snnassas lnannsidiwuilouldludianig

[y

Weniu nsanldidsdyainnas 2 s8anannteel aaoINanIznuINlATUIANAaINeS
U = d! LY dy ] Y o1 (% a a dy 5 0% ]
uhazdyyIusunIwelead ¥ 2 YadeilviliAidnsiauiianaindng@ura 2 dads
o A o = = o ° P & a v a
e wazlilsthwauisuiisudunisaruaazlainns v 2 Suwildululuiianig
Wiy nsunsninsesdyaanizguaudLanuuUsula 2 vlla Jelidianuning
anasuiilananeiufe 0.25 nm wag 1 nm lagseuiisuasasanuianaindnazlain
Wemnsesdyaruanizgiuanuilauuliuladainmuniealnasunesiiaunin g
Tandyrusuniueeadanmvenednenelannii dwaliaisnsianuianaindnmi
nflolguiuA19nI1IANLRANAINTATDIAINTOIF MR NE T UANLALEIMUUUSULA T

IS ¥

Jaunisanasuninenin wstnaunuseuiisuiun1satuInaglailawnIn fangad

[
[ 1

a U VY oY o a A a= a B
dyarananizgruaudlaswuulsulavitlnasnsiauranaindnavunazduulldululy
Aaafeanu lnearanuruLduEUnasuvTesd IuIUNIULELRED (Spectral Density of
Spontaneous-Emission  Noise) 2zd4nafodnI1A1URANAIATANINNITIUUUAIATINILES

(Optical Bandwidth)

asllainaniinanundeiinerinusatuilanunsausenaulaseinednfslayanas
nensrdndeya 10 Gb/s meiduleumiuwasialnuniiennnsgiuseezne 62 Km uagdl

1w

PUIUFITUUING 256 HFUUTNISLA Iagdinsginan1snnaeuas ind18ns1ANURanaIndn

1
v a

Wundn atlddmszrainnisaiuialaenistdluswnsy MATLAB 1ansavSautisudn

[

20K

6.2 VDLAUDLUL

TuswrAnAsiinFAIdonuunsgIuves XG-PON [2] lagléninuegnindunasuiad
(Downstream Wavelength) WU 1577 nm  waviueiAduuasvity  (Upstream
Wavelength) ¥y 1270 nm suinsgu kasiinsiaunlvdslassognalnauasidnuu
FFuninmssiuauann Taeldivensuasiianansoveteuadidluing O-Band wag L-Band

AUYTIARULENVIAAEU VUM AUAUUIATTILAINGT?
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Terrabi

XFP SEfes

Features

& Supports 9.95Gb/s to 11.1Gb/s bit rates
#  Hot-Pluggable XFP Footprint

#  Maximum Link Length of 80km

& Temperature-Stabilized EML transmitter
& Duplex LC Connector

#  Built-in Digital Diagnostic Functions

& Op Case T

Standard: 0'Cto 70°C
Industrial: -5 Cto 75°C
& No extemnal clock required

SP-XF-10G-150-080-Dx

Applications

4 0C192/STM 64
#  10GBASE-ZR/ZW 10G Ethernet
#  1200-SM-LL-L 10G Fiber Channel

4 PIL1-2202
: . * MU-TG709
Specification
Table 1: Absolute Maximum Ratings*®
[} Supply Voltage 1 Vee3 0.5 4.0 v
A Supply Voltage 2 VeeS 05 6.0 v
Temp Ts -40 85 *C
| SP-XF-106-150-080-Dx 0 70 *C
Case Operating Temperature | Top | ¢ 106-150-080-Dx 5 75 'c
Maximum Input Power Pm -8 dBm
* Exceeding any one of these values may destroy the device permanently.
Table 2: Recommended Operating Conditions
= SP-XF-10G-150-080-Dx 0 70 o
Op W Case T
It o SI-XF-106G-150-080-Dx 5 75 °C
Supply Voitage 1 Vee3 313 33 345 v
Supply Voltage 2 VieeS 4.75 S 5.25 v

Table 3: Electrical Characteristics

Main Supply Voltage VeeS 4.75 5.25 v
| Supply Current #2 Vee3 3.13 3.45 v

Supply Current- VeeS Supply IceS 400 mA

Supply Current- Viec3 Supply Iec3 750 mA

- “e
Terrabit
Networks

138, S Somiz beoaak ol Rctammses bach e - 50

For enguiries, plesse emad 1o salee @terrabitnet.com

ol e sriacans
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“l SP-XF-10G-150-080-Dx

1550nm XFP single-Mode for 10GHENOGFCISOHISONET

spectrum L Duplax XFP Transcaiver,
Terrabit KFP Sanes RoHSE Compliant

Modube Total Power 1 3 | | [ as T w ]
e Transmitter
Input Differential Impedance Rin 100 0 3|

' Differential Data Input Swing Win, pp 120 500 820 [
Transmit Disable Violtage v 2.0 Vo v
Transmit Enable Voitage Ven GND GND+.8 [
Transmit Disable Assert Time 10 us

Receiver

Differential Data Cutput Swing Vout, pp 340 650 B50 mV 3
Dats Output Rise Time Tr Er PS
Data Dutput Fall Time T 38 PS
LO5 Fault Vi Faute Vec-0.5 VecHOST " 4
LOS Normal VL Mo GND GNDH0.5 v 4

Note 3: After internal AC coupling.
Mote 4: Loss of signal is open collector. Logic O indicates normal operation; logic 1 indicates no signal detected.

Table 4: Optical Characteristics

Transmitter
Output Opt. Pwr: 9/125 SMF Pout Lo — | @&n
Optical Wavelength e 1530 34,5 1565 nm
Spectral Width (-20d8) Ak 1 nm
Optical Extinction Ratio ER 9 da
Average Launch Power of OFF
Transmitter Poit -30 dBm
:::m Generation|peak-to- ™ a1 ™
TX litter Generation |RMS) THjRMS 001 u
Relative Intensity Molse RN - -130 dB/Hz
Eye Mask Compliant with [TU-T Ge91
Receiver

Receiver Sensitivity @9.956b/s Prrin - BT dBm
Receiver Sensitivity @10.76b/s Prmin & v e Rk oy (S ET) dBm
Masimim Input Pewer Prmax (7)  wher dhow =3 (2-[0] diim
Dptical Canter Wavelength e 1370 1550 1600 nm

| Receiver Reflectance R -27 d8
LOS De-Assart LOSD -30 dBm
LOS Assert LOSA -37 dBm
LOS Hysteresls 0.5 dB
Ordering Information
SP-NF-10G-150-080-Dx 10Ghps EML SMIF H0km L Standard
SHKF-10G-150-080-Dn 10Ghps EML SMAF BOkm Lc Incustrial

'cl""_""‘.‘"
Terrablt - . . P rragiries plesams s 1 ot Gt atalne o
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Splitter Module Inspection Report

Customer Grade S
Part Description 1%2 Module Inspected Temp 20°C
Model No 13471 Inspected Date 2013-8-22
Serial No. 20130822102002 Inspected By
(ongeclor SC/APC Approved By 9]
ltem L ® PRL(dB) Y RL(dR)® Di
Yovelength(om | 1310 | 1490 | 1550 | 1310 | 1490 [ 1550 | 1310 | 1490 [ 1550 | 1310 | 1490 | 1550
Customer Reg. MAX 4.0 MAX 0.2 =60 =60
Port 1 3.71 13.65 [3.82 0.08 0.07 [0.08 | Pass | Pass Pass | Pass | Pass | Pass
Port 2 2.73 13.67 13.65 [0.12 10.06 {0.03 | Pass Pass | Pass | Pass | Pass | Pass
Input N/A Pass | Pass | Pass N/A
MAX 3.73 |3.67 [3.82 10.12 ]0.07 10.08 N/A
MIN 371 13.65 [3.65 [0.08 10.06 {0.03 N/A
Average 3.72 13.66 {3.73 10.10 10.07 {0.05 N/A
Port Uniformity .
(Spec. <0, 6B) 0.02 |0.03 [0.17 N/A
; Input Fiber Qutput Fiber __Module Box Connector
isual Inspectio
Pass Pass Pass Pass
(OMaximun Value
@Minimun Value Checked By:
1%2
Splitter Module Inspection Report
Customer Grade S
Part Descriptio 1#2 Module Inspected Temp 20C
Model No 13471 Inspected Date 2013-8-22
Serial No. 20130822102001 Inspected By
Copnector SC/APC |Approved By 9]
liem L ® L ® RL(dR)® Directivi @
T onth(om 1 1310 | 1490 ] 1550 | 1310 | 1490 [ 1550 | 1310 [ 1490 | 1550 | 1310 [ 1490 [ 1550
Customer Reg. MAX 4.0 MAX 0. 2 =60 =60
Port | 3.74 |3.74 13.81 Jo.11 [0.09 ]0.12 | Pass | Pass Pass | Pass | Pass | Pas
Port 2 3.64 13.76 13.75 10.09 |0.12 10.06 | Pass | Pass | Pass Pass | Pass | Pass
Input N/A Pass | Pass | Pass N/A
MAX 3,74 |3.76 [3.81 |0.11 10.12 0.12 N/A
MIN 3.64 13.74 13.75 10.09 |0.09 ]0.06 N/A
Average 2.69 [3.75 [3.78 10.10 ]0.10 10.09 N/A
Port Uniformity - :
(Spec. <0, 6dB) 0.10 [0.02 ]0.05 N/A
- . Input_Fiber Qutput Fiber Module Box Connector
fisual Inspectio Pass Pass Pass Pass

(DMaximun Value
@Minimun Value

Checked By:
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1%16
Splitter Module Inspection Report
{Customer Grade S
Part Description 1%16 Module Inspected Temp 20°C
Model No. 13471 Inspected Date 2013-8-22
Serial No. 20130822116001 Inspected By
|Connector SC/IAPC Approved By 91
Item 1LdR® ppL(dB) ® Rl (dB)® Directivity (dB)®
i Tengthom 11310 | 1490 | 1550 | 1310 [ 14901 1550 | 13101 14901 1550 | 13101 1490 | 1550
Customer Req. MAX 13.7 MAX 0.3 =60 =60 .
Port 1 12,90 112,99 |12.91 [0.09 ]0.13 10.12 Pass | Pass | Pass | Pass | Pass | Pass
Port 2 12.96 112.91 112.77 10.06 10. 12 10. 07 |Pass Pass | Pass | Pass | Pass | Pass
Port 3 12,88 [12.99 112,71 10.03 ]0.05 10.10 | Pass Pass | Pass | Pass | Pass | Pass
Port 4 12.91 (12,71 |12.98 [0.07 |0.06 {0.12 ;Pass Pass | Pass | Pass | Pass | Pass
Port 5 12.79 [12.72 112.93 10.06 10.07 ]0.11 |Pass Pass | Pass | Pass | Pass | Pass
Port 6 12.93 {12.74 112.73 10. 11 10.04 10.09 | Pass Pass | Pass | Pass | Pags | Pass
Port 7 12.74 112.96 [12.83 10,13 |0.07 {0.10 }Pass Pass | Pass | Pass | Pass | Pass
Port 8 12.96 |12.72 [12.80 [0.10 10.13 {0.11 | Pass| Pass Pass | Pass | Pass | Pass
Port 8 12.82-112.73 112,97 10.04 10.12 10 08 | Pass | Pass | Pass | Pass | Pass | Pass
Port 10 12 71 112.80 112,97 10.09 [0.06 |0.03 | Pass | Pass | Pass | Pass | Pass | Pass
Port 11 12.76 112.75 112.73 (0. 11 0.13 }G. 08 Pass | Pass | Pass | Pass | Pass | Pass
Port 12 i2.91 112.81 112.98 10.08 |0.06 10.09 | Pass | Pass Pass | Pasg | Pass | Pass
Port 13 12.94 [12.82 |12.81 10,07 10.10 0.05 {Pass|Pass Pass | Pass | Pass | Pass
Port 14 12.93 [12.72 112,82 10.07 10.12 10.04 Pass | Pass | Pass | Pass | Pass | Pass
Port 15 12.76 112.92 112.79 10.10 |0.06 {0.05 | Pass Pass | Pass | Pass | Pass | Pass
Port 16 12.79 113.00 112.86 [0.11 10,07 10.09 | Pass | Pass | Pass | Pass | Pass Pass |
Input N/A Pass | Pass | Pass N/A
MAX 12.96 [12.99 [12.98 10,09 |0.13 10.12 N/A
MIN 12.88 (12,71 {12.71 10.03 0.05 0. N/A
Average 12.91 [12.90 112.84 10.06 |0.09 10.10 N/A
Port Uniformity . . '
{Spec. <0, 6dB) 0.07 10.27 1026 N/A
input Fiber Qutput Fiber Module Box Connector
Visual Inspection
Pass Pass Pass Pass

(I Maximun Value
@Minimun Value

Checked By:

TN
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\) JDSU COMMUNICATIONS TEST & MEASUREMENT SOLUTIONS

MAP Erbium-Doped Fiber Amplifier
(mEDFA-A1)

Key Features  * Pre-amp, booster and in-line configurations

o
m « High output power and gain maximize operating range
e / | o . Lo .

« Low noise figure minimizes optical impairment

+ Monitoring and alarms available

« Can be automated when used with MAP-200 LXI-compliant
interfaces and IVI drivers

Applications The Multiple Application Platform (MAP) Erbium-Doped Fiber Amplifier
o In-line, pre-amp and booster (mEDFA-AL1) is optimized for the industry-leading MAP-200 platform from
amplifier emulation JDSU. Based on the previous-generation MAP, the MAP-200 is the first photonic

+ Dense wavelength division layer lab and manufacturing platform that is LAN Extensions for Instrumention

multiplexing (DWDM) transmission (LXI)-compliant by conforming to the required physical attributes, Ethernet connec-
tivity, and interchangeable virtual instrument (IVI) drivers. The MAP-200 platform
is optimized for density and maximum configurability to meet specific application
requirements in the smallest possible foot print. The MAP EDFA has a saturated

for multi-channel applications
+ SONET/SDH systems for single

chal.mel ?P pllcatlons. . output power ranging from 14 dBm to 21 dBm, features noise figures as low as
+ Optical SIgnaI-Fo-nmse Tdho 3.7 dB and has gain flatness better than 2.0 dB. All MAP EDFA models are available
(OSNR) experiments for operation in C- or L-band.

Safety Information

o The MAP EDFA, when installed in a
MAP chassis, complies to CE,
CSA/UL/IEC61010-1, LXI Class C
requirements, meets the require-
ments of Class 3B in standard IEC
60825-1 (2002), and complies with
21 CFR 1040.1 except deviations per
Laser Notice No. 50, July 2001.

INVISIBLE LASER RADIATION

AY0ID EXPOSURE TO BEAM

CLASS 38 LASER PRODUCT
(IEC60825-1,2002)

MAX 508 myw, 700-1680 nm

WEBSITE: www.jdsu.com/test



MAP ERBIUM-DOPED FIBER AMPLIFIER

2

Specifications

Parameter 1550 1552 1552 1554 1558 1590 1592 1594

Amplifier type Pre-amp Booster Booster In-line Booster Pre-amp Booster In-line

high power DWDM

Operating wavelength range 1528t0 1528 to 158t 152810 15280 1565 to 1565to 1565 to
1565 nm 1565 nm 1565 nm 1565 nm 1563 nm 1610 nm 1610nm 1610nm

Input signal Single Single Single Single Multichannel Single Single Single
channel channel channel channel (OWDM) channel channel channel

Saturated output power >14dBm >17 d8m >20dBm >17dBm >21dBm >15d8m >15dBm >20d8m

(minimum)!

Noise figure (maximum}* <37d8 <4548 <5048 <41d8 <5548 <5.2d8 <5548 <5.5d8

Small signal gain >37d8 >30d8 >32dB >35d8 >25dB >24dB >22dB >28d8

(minimum)*

Input/output monitors No Yes Yes No Yes No Yes Yes

Polarization dependent loss <02dB <0.2dB <02dB <028 <025d8 <03dB <03dB <03dB

(PDL) (maximum)

Polarization mode dispersion <05ps <0.4ps <04ps <05ps <065ps <0.6ps <0.6ps <0.6ps

(PMD) (maximum)

Input/output isolation (typical) NAB2dB 453248 45/32d8 3203248 323248 N/A/40dB 40/40 8 40/40 dB

Spectral gain flatness N/A NA N/A WA <2048 N/A N/A N/A

(maximum) (p-p)*

Operating temperature 0to40C

Storage temperature -30t060°C

Humidity Maximum 95% RH non-condensing from 0 to 45°C

Dimensions (Wx Hx D) 4.06%13.26x37.03cm (1.6%5.22 x 1458 in)

Weight 13kg (2871h)

Note: All specifications guaranteed at 1550 nm and at 23°C

. Saturated Output Power measured:
at 1550 nmat P_ = -4 dBm
at 1550 nm at P_ = -4 dBm (mid-span) for models 1550, 1552, 1554, 1558
at 1590 nm at P_ =0 dBm (mid-span) for models 1590, 1592, 1594

. Noise figure measured:
atP,_=-30dBm for model 1550
atP,_=-4dBm for models 1552, 1558, 1592
at P, =-20dBm for models 1554, 1590, 1594
3. Small signal gain measured:
atP_=-30dBm for model 1550
atP =-20 dBm for model 1552, 1554, 1590, 1592, 1594
atP_=-4dBm for model 1558

s

. Flatness optimized:
for P_ = -4 dBm for model 1558
Note: 1558 Input Power Monitor: Min Power displayed typical - 18 dBm and Max Power displayed typical +3 dBm
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Ordering Information

For more information on this or other products and their availability, please contact your local JDSU account manager
or JDSU directly at 1-800-498-JDSU (5378) in North America and +800-5378-JDSU worldwide or via e-mail at

customer.service@jdsu.com.

Product Code

Description

Base Options (Required, selectone)

MEDFA-A15500 14 dBm C-band, Single Channel, Pre-amp
MEDFA-A15520 17 dBm C-band, Single Channel, Booster
MEDFA-A15522 20 dBm C-band, Single Channel, Booster
MEDFA-A15540 17 dBm C-band, Single Channel, In-Line Booster
MEDFA-A15580 21 dBm C-band, DWDM, Booster
MEDFA-A15900 15 dBm L-band, Single Channel, Pre-amp
MEDFA-A15920 15 dBm L-band, Single Channel, Booster
MEDFA-A15940 20 dBm L-band, Single Channel, In-Line Booster
C Options (Required, sel )

MFP FC/PC connector type

MFA FC/APC connector type

UL is a registered trademark of Underwriters Laboratories, inc.

MAP ERBIUM-DOPED FIBER AMPLIFIER
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MAP Tunable Filter
(mTBF-AT)

Applications
« Spontaneous emission suppression
« Amplifier characterization
(Up to 1 W of input power)
« BERtesting
« Tunable laser-based testing

Safety Information

o The MAP Tunable Filter, when
installed in a MAP chassis, complies
to CE, CSA/UL/IEC61010-1, plus
LXIClass C requirements.

WEBSITE: www.jdsu.com/test

COMMUNICATIONS TEST & MEASUREMENT SOLUTIONS

Key Features
« -3 dB bandwidth available at 0.11, 0.25, 0.55 nm

+ Low polarization dependent loss (PDL) (<0.3 dB)
+  Wide wavelength range (1520 to 1630 nm)

+ Can be automated when used with MAP-200 LXI-compliant
interfaces and IVI drivers

The Multiple Application Platform (MAP) Tunable Filter (mTBE-A1) is optimized
for the industry-leading JDSU MAP-200 platform. Based on the previous-generation
MAP, the MAP-200 s the first photonic layer lab and manufacturing platform thatis
LAN Extensions for Instrumentation (LXI)-compliant by conforming to the rquired
physical attributes. Ethernet connectivity, and interchangeable virtual instrument
(IVI) drivers. The MAP-200 platform is optimized for density and maximum
configurability to meet specific application requirements in the smallest possible
foot print. The MAP Tunable Filter is a tunable bandpass filter that offers continuous
wavelength tuning from 1520 to 1630 nm. It is used for applications requiring low
insertion loss (IL), high rejec-tion, narrow bandwidth and wavelength tuning
resolution of 0.005 nm. The standard model has a maximum input power of 300 mW
and the high power option provides amaximum input power of 1000 mW.

Two options are available:

- thepeaksearch option, used to find the absolute maximum transmission power
within the filter's wavelength tuning range or a local maximum transmission
power withina user-defined wavelength range

- 10%tap option for power monitoring

MAP Tunable Filter is ideal for applications where the user needs to suppress amplified
spontaneous emissions (ASE) or isolate specific wavelengths. These applications
include amplifier characterization, bit error rate (BER) testing and optical signal-to-
noiseratio (OSNR) measurement.
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MAP TUNABLE FILTER
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Figure 1.Model “G"filter shape showsthe low IL and sharpness of thefilter.

The filter makes use of a diffraction grating to separate the input light along several
discrete paths. A stepper-motor rotates the grating to transmit the desired wave-
length along the output fiber.

Send CHFALD:

1

3ot Roeh Pammetar)
Viavelength (nm; Wa
550003 ) s smery 108 Wavelenglh
1550.000 8 ||, . . .
ﬁ L Stertionl 1595000 8 Defau | Waveleng ! in)  1620,000 B
—

Steg inm) 1525.000 B8

(<)

~ 10 min

[ . )

-3

( Bagie Functione

Cassefts Configuration
12N JDSU,TBF00002008,1.00

GonigSimgN 1 0 a 14 C.) £/0 25

| 4 = =

d & E

Figure 2. mTBF GUI- detailed view

118



3

MAP TUNABLE FILTER

Specifications
Parameter Model C Model G ModelK
Wavelength range 1520t0 1630 nm 15200 1630 nm 15200 1630 nm
Optical shape Gaussian Gaussian Gaussian
-3 dB bandwidth’ 0.11nm +15% 0.25 nm £15% 0.55nm +15%
3/20 B ratio’ 0.400.05 031£0.05 031005
Insertion loss (IL)*
1520t01610nm <6.0dB <58d8 <58d8
16100 1630 nm <80dB <80dB <80dB
Input power’ 300 mWor TW 300 mW or 1TW 300 mW
Return loss (RL)" >45dB
Wavelength resolution 0.005nm
Polarization dependent loss (PDLY, 1520 to 1630 nm <03dB
Tuning speed >5nm/s
Peak to average background noise >45 dB
Accuracy +02nm
Peak search accuracy <0.2 dB from output peak power
Polarization mode dispersion (PMD) <03ps
Group delay variation within a -3 dB bandwidth <5ps
Recommended calibration period 1year
Operating temperature 10t035°C
Storage temperature ~10t060°C
Dimensions (W x Hx D) 81x1326x37.03cm (3.19x 5.22x 14.58 in)
Weight 23 kg (5.071b)

1. Measured at 1550 nm

2. Add 1.2 dB for tap or peak search option
3. At123°C #5°C

4. At selected wavelength

5.

Input power is within the range of -20 dBm to +20 dBm. Excludes PDL effect

119



\) JDSU MAP TUNABLEFILTER

Ordering Information

For more information on this or other products and their availability, please contact your local JDSU account manager
or JDSU directly at 1-800-498-JDSU (5378) in North America and +800-5378-]JDSU worldwide or via e-mail at
customer.service@jdsu.com.

Product Code Description

Base Options (Required, select one)

MTBF-A1C50 Tunable Filter, C Model, 0.11 nm -3 dB Bandwidth, Standard Power (300 mW)
MTBF-A1650 Tunable Filter, G Model, 0.25 nm -3 dB Bandwidth, Standard Power (300 mW)
MTBF-ATKSO Tunable Filter, K Model, 0.55 nm —3 dB Bandwidth, Standard Power (300 mW)
MTBF-A1CHO Tunable Filter, C Model, 0.11 nm -3 dB Bandwidth, High Power (1 W)
MTBF-A1GHO Tunable Filter, G Model, 0.25 nm -3 dB Bandwidth, High Power (1 W)
MTBF-ATKHO Tunable Filter, K Model, 0.5 nm -3 dB Bandwidth, High Power (1 W)
Built-in Options (Optional, selectone)

M10SPLITTER 10% Output Tap option

MPOWMON Power Monitor option

Connector Options (Required, selectone)

MFP FC/PC connector type

MFA FC/APC connector type (M100 only)

MSC SC/PC connector type

MSU SC/APC connector type (M100 only)

Test & Measurement Regional Sales

NORTH AMERICA LATIN AMERICA ASIAPACIFIC EMEA 'WEBSITE: www jdsu.com/test

TEL: 1866 2283762 TEL: +1 954 688 5660 TEL: +852 2892 0990 TEL: +497121 86 2222
FAX: +1301 353 9216 FAX: +1 954 345 4668 FAX: +852 2892 0770 FAX: +49 7121 86 1222

Product specifications and descriptions in this document subject to change without notice. © 2011 DS Uniphase Corporation 30149435 002 1111 MAPTBEDSLABTMAE January 2011
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COMMUNICATIONS TEST & MEASUREMENT SOLUTIONS

MAP Variable Optical Attenuator

(mVOA-A2)

Applications

* Transmitter dispersion testing and

eye mask testing
* Receiver sensitivity testing
* EDFA noise figure and gain
flatness testing
* Power meter calibration
+ Loss simulation

Safety Information

+ The MAP Variable Optical
Attenuator, when installed in a
MAP chassis, complies to CE,
CSA/UL/TEC61010-1, plus LXI
Class C requirements.

Key Features « Ultra low insertion loss (<1.0 dB) and outstanding

spectral uniformity
* Fastest transition speed in its class (up to 25 dB/s)

+ Configurable by user at time of order (fiber type, density,
built-in options, high power option)

* Optional built-in power monitor provides comprehensive
closed-loop power control settings

* Optional higher power capability can withstand up to 2W
input power for single-mode fiber (500 mW for MMF)

+ Can be automated when used with MAP-200
LXI-compliant interfaces and IVI drivers

The Multiple Application Platform (MAP) Variable Optical Attenuator
(mVOA-A2) is optimized for the industry-leading JDSU MAP-200 platform.
Based on the previous-generation Multiple Application Platform (MAP), the
MAP-200 is the first photonic layer lab and manufacturing platform that is LAN
Extensions for Instrumentation (LXI)-compliant by conforming to the required
physical attributes, Ethernet connectivity, and interchangeable virtual instrument
(IVI) drivers. The MAP-200 platform is optimized for density and maximum
configurability to meet specific application requirements in the smallest possible
foot print.

The mVOA-A2 is a stepper motor and filter based attenuator that takes advantage
of the latest available technologies to provide the highest performance optical
power level control solution with the lowest optical impairments.

— Ultra low insertion loss to minimize loss budget utilization
- High accuracy and high repeatability to reduce measurement uncertainty
— Fast transition speed to reduce testing time

— Flat spectral response to reduce wavelength dependent uncertainty in
multi-wavelength applications (CWDM, DWDM)

— Low backreflection to reduce instabilities due to reflected light

- Optional built-in wavelength calibrated power meter reduces the uncertainty
by reducing external connections

~ High input power capability for EDFA testing and multi-wavelength applications

WEBSITE: www.jdsu.com/test
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MAP VARIABLE OPTICAL ATTENUATOR

The MAP Variable Optical Attenuator is a hot-pluggable cassette designed for use within the Multiple Application Platform
(MAP). The MAP is a general purpose high density test and measurement platform for lab or production environments. Up
to 16 independently controlled attenuators can be installed in a single MAP chassis.

Insertion Loss vs Wavelength
1

0.9
0.8
0.7 1%,

0‘6 \ -l._-‘ -x
Insertion Loss [dB] g “""M L"-.n«-‘*'f'.

0.4
03
0.2
0.1

0
1250 1350 1450 1550 1650
Wavelength [nm]

Figure 1: Example of insertion loss of the MAP Variable Optical Attenuator with single-mode fiber

Spectral Uniformity Relative to 0 dB Attenuation
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Figure 2: Example of spectral uniformity relative to 0 dB attenuation
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MAP VARIABLE OPTICAL ATTENUATOR

Optical Specifications

Parameter

Single-mode

No power control

With power control

Multimode"

No power control

With power control

Insertion loss at minimum attenuation’** <1.0dB* <17 dB° <1.5 dB <2.2dB
Maximum input power +23 dBm/+33 dBm +23 dBm/+27 dBm

(Standard power/High power option)"

Wavelength range 1260 to 1650 nm 750 to 1350 nm

Attenuation range' 70 dB 65 dB

Attenuation flatness*’ +0.04 dB from 0 to 30 dB N/A

Attenuation slew rate (nominal) 25 dB/s typical 20 dB/s typical

Attenuation setting resolution 0.001 dB 0.001 dB

Attenuation accuracy" """ +0.1dB +0.1 dB

Attenuation repeatability, 26" ™" +0.01 dB +0.01 dB

Closed loop output power range N/A -49to +11 dBm @ N/A -40to +5 dBm @
(In-line power monitor option) 1310/1550 +15 nm 850/1310 +15nm
Relative power meter uncertainty”*”’ N/A +0.03 dB N/A +0.03 dB

Power setting repeatability* N/A +0.015 dB N/A +0.015 dB

Power setting resolution N/A 0.001 dBm N/A 0.001 dBm
Polarization dependent loss (from 0to 25 dB)*¢  <0.08 dB <0.15 dB N/A N/A

Return loss’ >55dB typical APC/45dB typical PC >30 dB typical (PC connector)
Shutter isolation 100 dB typical

Warm up time 30 minutes

Calibration period 2 years

Operating temperature 0 to 50°C

Storage temperature -301t0 60°C

Operating humidty (relative, non-condensing)

<90% @ 23°C, <20% @ 50°C

Dimensions (W x Hx D)

4.06 x 13.26 x 37.03 cm (1.6 x 5.22 x 14.58 in)

Weight

1.1 kg (2.43 1b) single/1.3 kg (2.87 Ib) dual

. Including one mated pair of connectors

. At23+5°C

P S,

=

. At 1550 nm £15 mm only

=

© =

. For unpolarized light

10. Multimode specifications are valid for category 4 CPR

. At 1550 nm 15 nm for SME 1300 nm 15 nm for MMF

. From 1480 nm to 1640 nm relative to 0 dB attenuation

. Not including tap coupler loss, if installed. Add 0.7 dB for tap coupler option

. Value shown is for 1550 nm. For 1300/1310 nm the value is typical

11. Constant wavelength, constant temperature, constant state of polarization

12. Measured using low coherence laser source

. At1310 £15 nmand 1550 +15 nm for SM unit and at 850 £15 nm and 1300 £15 nm for MM unit

13. Damage at high optical power due to scratched or poorly cleaned connectors may result. For high power applications, incident light must be applied from “IN” port to

“OUT” port. JDSU assumes no responsibility for these user conditions

14. From 0 to 45 dB attenuation

123



\) JDSU MAP VARIABLE OPTICAL ATTENUATOR

4

Ordering Information

For more information on this or other products and their availability, please contact your local JDSU account manager or
JDSU directly at 1-800-498-JDSU (5378) in North America and +800-5378-JDSU worldwide or via e-mail at
customer.service@jdsu.com.

The MAP Variable Optical Attenuators are defined by selecting the required options from the product configurator in the
table below. Select one option from each of the three categories (Base, Fiber Type, and Connector Type Options).

ProductCode  Description Sample Configuration
Base Options (Required, select one) : i i ;
MVOA-AZ?StO “ Single Attenuator, standard power, no built-in options The followmg conﬁgu Tation spec1fles 4 smgle
MVOA-A25S51 Single Attenuator,standard power, 10/90 splitter for external power monitor attenuator, standard power, no built-in
MVOA-A25SM Single Attenuator,standard power, with integrated power monitor options, 9/125 fiber type, and FC/PC
MVOA-A2SHO Single Attenuator, high power, no built-in options connector type.
MVOA-A2SH! Single Attenuator, high power, 10/90 splitter
MVOA-A2SHM Single Attenuator, high power,with integrated power monitor MVOA-A2550 with options M100 and MFP
MVOA-A20S0 Dual Attenuator, standard power, no built-in options
MVOA-A20S1 Dual Attenuator, standard power, 10/90 splitter
MVOA-A2DSM Dual Attenuator, standard power, with integrated power monitor
MVOA-A2DHO Dual Attenuator, high power, no built-in options
MVOA-A2DH1 Dual Attenuator, high power, 10/90 splitter
MVOA-A20HM Dual Attenuator, high power, with integrated power monitor
Fiber Type Options (Required, select one)
M100 9/125 fiber type
Mi01 50/125 fiber type
M102 62.5/125 fiber type
Connector Type Options (Required, select one)
MFP FC/PC connector type
MFA FU/APC connector type
MSC SC/PC connector type
MSU SC/APC connector type
Attenuator Attenuator Attenuator

In

Out

Without Options With Tap Option With In-line Power Monitor Option

ULisa registered trademark of Underwriters Laboratories Inc.

Test & Measurement Regional Sales

NORTH AMERICA LATIN AMERICA ASIA PACIFIC EMEA www.jdsu.com/test
TOLL FREE: 1866 228 3762 TEL: +1 954 688 5660 TEL: +852 2892 0990 TEL: +49 7121 86 2222
FAX: +1301 353 9216 Fax: +1 954 345 4668 FAX: +852 2892 0770 FAX:+49 7121 86 1222

Product specifications and descriptions in this document subject to change without notice. © 2010 JDS Uniphase Corporation 30149437 002 0210 MAPVOA2.DS.LABTM.AE  February 2010
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1 Overview

The XFP Host Test Board (referenced throughout as XFP HTB) is based on a reference design from
Maxim Integrated Products, the HFRD — 18.0. The Timbercon XFP HTB is an XFP host board designed
on Rogers 3003 material. The host board can be used to test XFP fiber optic / copper transceiver
modules in a clean test environment to more accurately define the modules’ performance. The host board
also includes an RS-232 to I°C conversion controller to simplify communication and control of the XFP
modules from a computer. The XFP HTB is designed to provide an efficient and easy method of
programming and testing XFP Electrical Loopbacks and Transceivers.

XFP HTB provides micro-strip transmission lines and SMA connectors for transmitted and received data.
Jumpers and LED’s are used for monitoring and changing the low-speed digital /0. Connections to the
module board are made through a 30-pin XFP connector.

1.1 Applications
e Custom XFP Loopback and Transceiver
Memory Map Programming
e XFP Loopback Testing
e Incoming Inspection of XFP Transceivers

e Analysis and Testing of XFP Transceiver
Modules

1.2 Features

e XFP MSA Compliant

e Built with Rogers 3003 PC Board
Material

e SMA Connectors for High-Speed data
e Integrated RS-232 to I°C Converter

e Power Supply Port

e Transmit and Receive Ports

e Reference Clock Port

e Operations Software and Schematics
Provided

1.3 Benefits

e Allows Customization of XFP Loopback
and Transceiver Memory Maps

e Enables Low Loss Testing and Evaluation
of XFP Transceiver Modules
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www.timbercon.com « info@timbercon.com
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2 Design Details

The Timbercon XFP HTB was engineered to test fiber optic / copper transceivers that comply with the
XFP Multisource Agreement (MSA). The XFP MSA sets guidelines for the package outline, pin function,
1/0 interface and other aspects of the module design as well as the host board requirements and interface
parameters. By complying with the standard, modules are mechanically and functionally interchangeable.

The XFP HTB is designed to simulate an ideal environment for XFP module testing using Rogers 3003
material and single-ended micro-strip transmission lines. These properties make the host board as
electrically transparent as possible, allowing a more accurate assessment of the modules’ actual
performance. SMA connectors, jumpers and status LEDs are provided to simplify the testing and
interfacing of XFP modules.

XFP HTB also integrates an RS-232 to I2C converter to provide software access and control of the
modules memory, diagnostic and status information. Additionally, resistor jumpers can be placed to
control / monitor the low speed digital control signals (LOS, TX_DISABLE, etc.) with a computer through
the RS-232 serial port and the appropriate software.

The XFP HTB RS232to I°C converter is com patible with software written for the Dallas Semiconductor
DS3900 (see section 5.3). The XFP HTB can therefore be used with existing software that is often
provided by Dallas Semiconductor for their XFP controller ICs.

Note: The microcontroller is pre-programmed with the firmware listed in the application note.

Mulitmater / Computer
LED Indicators (Optional)

LowSpeed Digital L0

: SMA
Recsive Data
Optical
= Fiber Te
e Equipment
Generator/ el
BERT,
Serializer”
De-Serializer
| [
+ —
Fiber
manmitonta [ g

| Reference Clock ’

Figure 1. XFP Test Setup (Block Diagram)

Power Supply
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3 Typical XFP HTB Performance

(Typical values are measured at T, = +25°C)

PARAMETER SYMBOL CONDITIONS TYP UNITS
‘Il'ransmission line Characteristic z 0dd Mode Impedance 50 +10% 0
mpedance
Differential S11 Magnitude f < 7.5GHz (notes 1, 2) -10 o5
(Notes 1, 2) f< 10GHz (notes 1, 2) -5
S21 fags Point fae Notes 1, 3 8 GHz
S21 faqs Point feas Notes 1, 3 11 GHz

*Measurement courtesy of Maxim Integrated Products

Note 1: S-Parameter measurements were made using a four-port network analyzer operating in differential

mode.

Note 2: Measured at RD- and RD+ or TD+ and TD-SMA connections. Measurement includes the XFP
connector with a 50Q termination at end of an XFP adaptor test board (Figure 2).

Note 3: S21measurement path includes the transmission loss added by the adaptor test board.

30-
Pin
XFP

XFP to SMA Adaptor Test

Board

4 PORT 1
3 gheeive Data Path
1

\

Transmit Data t

Transmit Data XFP Host Board PORT2
PORT 1 '
Figure 2. S11and S21 Measurement Setup
Note: XFP to SMA Adaptor Test Board not supplied with the Timbercon XFP Host Test Board
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4 XFP HTB Characteristic Graphs

(Eye diagram was generated using a pattern generator input signal and an XFP to SMA adaptor test board.
Tests and measurements performed by Maxim Integrated Products).

EYE DIAGRAM
(10.3125Gbps, Transmit or Receive Data Path)
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5 Application Information

5.1 RS-232 Cable

A RS-232 cable with DB9 male/female connectors is included with the Timbercon XFP HTB to allow
connection from the HTB to a standard desktop PC running the programming software.

5.2 Status LEDs

Status LEDs are connected to the low-speed output signals from the XFP module. (RX_LOS, MOD_NR,
MOD_ABS, INT_BAR) The LED will illuminate when the signal is asserted. See sections 6.0 and 7.0 for
more information.

5.3 DS3900 Compatibility

The DS3900 is a serial to I°C converter developed by Dallas Semiconductor. The DS3900 is frequently
used for programming digital potentiometer and controller ICs that are often used in optical modules. XFP
HTB uses similar hardware and the same firmware as the DS3900 for the serial to I°C conversion.
Therefore, the same software that was used with the DS3900 to control digital diagnostic ICs can be used
with the XFP HTB.

5.4 Supply Filter

The host board is required to provide power supply decoupling for transmitter and receiver supply
voltages. The XFP HTB is designed with the recommend filters as per the XFP MSA.

17387 SW 63rd Avenue * Lake Oswego, OR 97035 « USA
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6 1/0 and Control Description

Component NAME FUNCTION

J2 REFCLK+ Reference Clock Non-Inverted Input, SMA Connector

J3 REFCLK- Reference Clock Inverted Input, SMA Connector

J4 +5V +5V Supply. Connect a +5V supply to J6.

J5 GND Supply Ground

J6 +3.3V +3.3V Supply. Connect a +3.3V supply to J6.

J7 +1.8V +1.8V Supply. Connect a +1.8V supply to J7.

J8 -5.2v -5.2V Supply. Connect the optional -5.2V supply to J8.

JolJ15 Optional Vcec SMA connections for 3.3 and 5.2 volts.

J10 RD- Received Data Inverted Output, SMA Connector
J11 RD+ Received Data Non-Inverted Output, SMA Connector
J12 TD- Transmitted Data Inverted Input, SMA Connector
J13 TD+ Transmitted Data Non-Inverted Input, SMA Connector
JUd Placing a shunt on JU1 connects the digital power connections (Vppy) to the +3.3V

supply voltage.

Ju2 TX_Dis Placing a shunt on JU2 enables the XFP module.

U3 Mob_DESEL t::‘v::njlslé open allows the XFP module to respond to the 2-Wire interface
ws | eoownmst | Leaing 1ot cpe paces e mode i power down mde. Piacing he umper v
P3 Micro programming jumper. For normal operarlqr) position 1/8 and 2/7 should be

connected. Position 3/6 should be open. Position 4/5 may be open or short.

D1 RX_LOS LED illuminates when RX_LOS asserts.

D2 Mob_NR LED illuminates when Mob_NR asserts.

D3 Mop_ABS LED illuminates when Mob_ABS asserts.

D4 INTERRUPT LED illuminates when INTERRUPT asserts.

D6 Led blinks when communication is established between the PC and the Host board.
TP5 Voo +3.3V Host Board Digital Supply Voltage. Use JU1 to connect Voo to +3.3V supply.
TP7 Mobp_ABS Monitoring Test Point for Mob_ABS signal.

TP8 Mob_NR Monitoring Test Point for Mop_NR signal.

TP9 RX_LOS Monitoring Test Point for RX_LOS signal.

TP11 INTERRUPT Monitoring Test Point for INTERRUPT signal.

TP12 MOD_DESEL | Test point for MOD_DESEL signal

TP14 SDA T_es! Point for SDA signal. T_his test point can be used to_ apply and read the SDA
signal to the module or monitor the SDA signal when using the DS3900.

P15 scL Test Point for SCL signal. This test point can be used to apply the SCL signal to the

module or monitor the SCL signal when using the DS3900.

17387 SW 63rd Avenue * Lake Oswego, OR 97035 « USA
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7 XFP Signal Definitions (30-Pin XFP Connector, J1)

I/O Direction assumes the XFP module as the reference. See XFP MSA section 2.3: Pin Definitions for the
official definitions and more detailed information.

Connector

Pin(J1) | VOType RELLS Definition
1,.7,.1516;
19, 23, 26, GND Module Ground
27,30
2 VEES Optional -5.2V Power Supply Connection
LVTTL Module De-select. Asserting this pin to a logic zero allows the module to
3 Mobp_DESEL 3 B
INPUT respond to 2-wire serial interface commands.
4 LVTTL rERR INTERRUPT. When asserted, Indicates the presence of an important condition
OuTPUT NIERRUPT, that can be read over the 2-Wire serial interface (Note 1).
5 l]x:JTL TX_Dis Transmitter Disable. When high the transmitter optical output is disabled.
6 VCC5 +5V Power Supply Connection
8,9 VCC3 +3.3V Power Supply Connection
LVTTL . X
10 INPUT SCA 2-Wire Serial Interface Clock Line (Note 1)
LVTTL
11 INPUT / SDA 2-Wire Serial Interface Bi-Directional Data Line (Note 1)
OUTPUT
12 LVTTL Mob Ass Module Absent. Indicates that the module is not present. MoD_Ass is
OuTPUT ~ connected to GND inside the module (Note 1).
13 LVTTL Mob NR Module Not Ready. Indicates there is an operational fault in the module
OuTPUT - (Note 1).
14 LVTTL RX LOS Receiver Loss of Signal. Indicates the received optical power has dropped
OutPUT = below a defined level. (Note 1)
CML q
17 OUTPUT RD- Inverted Received Data Output
18 CML RD+ Non-Inverted Received Data Output
OuTPUT
20, 22 VCC2 +1.8V Power Supply Connection
Power Down. Module is required to limit power consumption to 1.5W or
below when this pin is high. 2-Wire serial interface must be functional in
21 L[:(JJTL P_Down/RST | power down mode.
Reset. The falling edge initiates a complete reset of the XFP module
including the serial interface. Equivalent to a power cycle.
24 FIT\E’S'II'- RerFCLK+ Non-Inverted Reference Clock Input, AC-coupled on host board.
PECL
25 e REerFCLK- Inverted Reference Clock Input, AC-coupled on host board.
CML .
28 NPT TD- Inverted Transmitter Data Input
CML :
29 INPUT TD+ Non-Inverted Transmitter Data Input

Note 1: Open collector outputs that must be pulled high (+3 to +3.6V) on host board through a 4.7kQ to 10 kQ resistor
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8 Schematic
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Figure 3. XFP HTB Schema
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9 Operating the GUI Software

To facilitate interface with the XFP module and XFP Host Test Board a GUI software package is
available. This software permits the user to:

Read monitor levels
Access registers

Modify Look up tables
Dump or fill memory tables

here twice to
enable ruemory uce

Click here to  start
conlinuous  aequisilion
of monitors

9.1 shows the General page of the GUI. This page is where the password is entered (default is
all zeros) and the real time monitoring is accessed. After the module has been powered up, the
password WR button should be depressed twice to permit access to the DS 1862 registers.
Pressing the start button under the real time display function will then activate a repetitive update

of the monitor levels.
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9.2 shows the Advanced page display. This page is used to enter the APC control setting that
establishes the average monitor photo current. There is both a coarse and fine setting provided.
Values entered here are in hex. The computed monitor current is displayed just below the
coarse and fine entry settings.
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9.3

62 EV Kit Software

al| Advanced Mem Fi A Table select entered here.

9.3 shows the Memory Map page. This page is used for setting and reading the numerous
memory locations. The table to be accessed is first entered into the Table Select field. One or
two byte read or writes can then be performed. A page mode function is also available. In
addition a memory fill may be performed by entering the start and end addresses along with the
hex value.
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9.4 shows the page used for the manual control of the G
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9.5

|D51862 EV Kit Software

1862 may be filled with a
taxt fils modifisd in excel
which is in the format of the
temglate

Q'
7 Ta
M T
=
7
Ll

A complete template may be

generated  for  modification
| vsing EXCEL then Ioaded back

into 1852 using “Fill Device™

9.5 shows the page used for the reading and writing of complete tables into the DS 1862.
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10 Notes/Options

10.1

The Timbercon XFP HTB is available with a housing cage that is soldered to the board to protect
the connection of the XFP module to the board. The XFP HTB and optional cage can be
ordered with the part number EL-10-07005-112.

Timbercon XFP HTB with optional cage

10.2

Timbercon cannot assume responsibility for use of any circuitry other than circuitry entirely
embodied in a Timbercon product. No circuit patent licenses are implied. Timbercon reserves the
right to change the circuitry and specifications without notice at any time.

10.3

Original testing and measurements provided by Maxim Integrated Products on original design of
the Maxim High Frequency XFP Host Board per HRFD — 18.0 Rev. 3; 04/08 published by Maxim
Integrated Products.
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OPTOSZUEST
Cartridge Series
Polarization Controller/Attenuator

Cassette module enables easy assembly and offers multi—function
7id

Applicable to S, C, L-band
Function as tunable filter
Function as variable optical attenuator

{‘ -EE"
£ £ .- o8
) H ’ b A |
3-stage-polarization controller (PCUA) Tunable Filter

SC receptacle type

>

Low price

Variable Attenuator

2 i‘ Z'_,A osnIRERg

FC receptacle type

PCMBI15-S/F
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polarization controller Model : PCUA

Model: PCUA15-S/F(P/Q/H)
Model: PCUA15-D/F(P/Q/H}

Insertion Loss =<09dB

Loss Variation <0.1dB

Extinction ratio =35dB

Return Loss =50dB

Optical fiber SMF or DSF (¢ 3mm cord)

Optical connector FC/SPC or SC/SPC

polarization controller Model : PCUB

Model: PCUB15-S/F(Q/H)
Model: PCUB15-D/F(Q/H)

Insertion Loss <0.7dB

Loss Variation <0.1dB

Retum Loss 250dB

Optical fiber SMF or DSF( ¢ 3mm cord)

Optical connector FC/SPC or SC/SPC

Rotating Polarizer Model : PCUC

Model: PCUC15-S/F(P)
Modsl: PCUC15-D/F(P}

Insertion Loss =0.7dB

Loss Variation <0.1dB

Extinction ratio =35dB

Retum Loss 250dB

Optical fiber SMF or DSF( ¢ 3mm code)

Optical connector FC/SPC or SC/SPC
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Attenuator (PCC-A) tunable filter cassette

Loss variation : 0~45dB (PGC-F)
Wavelength range : =20nm

Polarizer (PCG15-P) A /4-plate (PGC-Q) A /2-plate (PCC-H)

Extinction ratio : Insertion loss : Insertion loss :
=35dB =0.1dB =0.1dB

@ F(LWPF)+ F(SWPF) pooe| |peed O F——
LWPF SWPF|

: bandwidth tunable module

@A+ F
: Attenuator + wavelength tunable filter

PCC-Al PCC-F] D
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Dimensions

Model : PCUA

163 F o 42 5

—?—’EC : —“\E[BEEF = P

Order Form

1) Product: 3-stage—polarization controller Model: PCUA
Case: Polarizer(PCC15-P)/ A /4-plate(PCC-Q)/ A /2-plate(PCC-H) / Fiber pigtailPCMA)
Order form: PCUA 15- S / E (P/Q/H)
® 20 @
2) Product: 2—-stage—polarization controller Model: PCUB
Case: A /4-plate(PCC-Q)/ A /2-plate(PCC-H)/ Fiber pigtail (PCMA)
Order form: PCUB 15- S/ F(Q /H)
® @0 @
3) Product: Rotating polarizer module Model: PCUC
Case: Polarizer(PCC15-P)/ Fiber pigtail(PCMA)
Order form: PCUC 15 - S/ E (P)
® @0 ®
4) Product: Attenuator module Model: PCUD
Case: Attenuator(PCC—A)/ Fiber pigtail(PCMA)
Order form: PCUD 15-S / E - (A)
D OB @

PCMA Pig—tail type

PCMB Receptacle type

(DWavelength 15:1550nm 13:1310nm
@O0ptical fiber S:SMF D:DSF P:PMF SP:SMF-PMF M:MMF

(@il R all F:FC/SPC S:SC/SPC FA:FC/APC SA:SC/APC

P:Polarizer 5Q: A /4-plate (1554 m) 3Q: A /4-plate (1.31 g m)
@Cassette (PCC) 5H: A /2-plate (1551 m) 3H: A /2-plate (1.31 #m) A:attenuator
F:tunable filter cassette

Contact I-WAVE Corporation.
UT-Building 2F, 2-21-13, Higashi-Ueno, Taito-ku, Tokyo, 110-0015, JAPAN
TEL: +81-3-5812-7401 FAX: +81-3-5812-7402
E-mail: URL: http://www.i-waveco.com OPQ-EC(06/9-1)
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Data Sheet Innovate

Bound
ErFA 11000 Series F“TEL

Desktop type Erbium doped fiber amplifier

Applications

® Suitable for lab applications, test-bed
experiments
® C-band

® L-band

Product type: ErFA11021B,11022,11023,
11031B,11032,11101,
11501,11053

Descriptions

ErFA11000 series are desktop type Erbium doped fiber amplifiers (EDFAs) for
experimental use. ErFA11000 series can be operated with commercial AC power.
Various models are lined up according to the output power level, gain and noise figure.

Features

® Both of EDFAs pumped by 1480nm laser diodes and 980nm laser diodes are available.
® Following three operating modes are available
(1) ACC : Automatic pump laser current control
Pump laser current is controlled to stabilize pump laser power.
(2) APC : Automatic pump power control
Pump power is monitored and controlled using photo diode in pump laser.
(3) ALC : Automatic amplified output power control
Output power level of the amplifier is monitored and controlled.
® Pump laser current, pump laser power, temperature of pump laser, input power output
power and returned power from output terminal are monitored.
® (Input power monitor and returned power monitor are optional for ErFA11031B)
® Pump laser current, pump laser power, temperature of pump laser and output power
are displayed on front panel.
Maximum output power level is over +24dB.(ErFA11023)
Maximum gain is over 45dB.(ErFA11023)
Noise figure is less than 5.5dB.(ErFA11031B and ErFA11032 pumped by 980nm laser
diode(s).)

P10CA750-04
1/5
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Data Sheet —T—
ErFA 11000 Series — — L
Mar. 2010 li | se—
Specifications
Table1 Line- f EDFASs for single channel lication pum 1480 nm laser di
Items ErFA11021B ErFA11022 ErFA11023
Signal wavelength 1530 - 1565 nm
Maximum output power (*1) >+18 dBm >+21 dBm > +24 dBm
Gain (*2) >35dB >40dB >45dB
Gain (*3) > 30 dB >35dB >40dB
Noise figure (*2) <75dB
Polarization dependence of output power <0.15dB
Wavelength of pump laser 1480nm band
Number of pump laser 1 pc. 2 pcs. 4 pcs.
Dimensions (*4) 190 x 270 x 96 mm 190 x 270 x 96 mm 220 x 355 x116 mm

Optical interfaces

See "Ordering information"

Optical fiber SMF ( DSF can be supported.) See " Ordering information”
Power voltage 100-240VAC +4% /-10%
Operating temperature 0 - 40 deg.C

Table 2 Line-up of EDFAs for single channel application pumped by 980 nm laser diodes

ltems ErFA11031B ErFA11032
Signal wavelength 1530 - 1565 nm
Maximum output power (*1) >+15dBm >+18dBm
Gain (*3) >35dB >40dB
Noise figure (*3) <5.5dB
Polarization dependence of output power <0.15dB
Wavelength of pump laser 980nm band
Number of pump laser 1 pc. 2 pes.
Dimensions (*4) 190 x 270 x 96 mm 190 x270 x 96 mm

Optical interfaces

See "Ordering information”

Optical fiber

SMF ( DSF can be supported.) See " Ordering information”

Power voltage

100-240VAC +4% /-10%

Operating temperature

0-40deg.C

*1 : Input power > 0dBm

*2 : Input power = -35 dBm @ 1530 — 1560 nm
*3 : Input power = -35 dBm @ 1530 — 1565 nm

*4 : Excluding protrusions

P10CA750-04
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Table3 C band EDFA for WDM applicatio

Innovate

L

ltems ErFA11101 Note
Signal wavelength 1534 - 1563 nm -
Maximum output power +22 dBm Input power=-8 dBm (total)
Gain 30dB
Noise figure <6.5dB gt p"‘;z:;f;"z?;?' Outpix
Polarization dependence of output power <0.2dB -
Wavelength of pump laser 980nm and 1480nm band
Number of pump laser 4 pcs.
Dimensions 220 x355x116 mm Excluding protrusions
Optical interfaces See "Ordering information”
Optical fiber SMF ( DSF can be supported.) See " Ordering information”
Power voltage 100-240VAC +4% / -10%
Operating temperature 0-40deg.C

Table4 L band EDFA for WDM lication

ltems ErFA11501 Note
Signal wavelength 1570 - 1600 nm -
Maximum output power +22 dBm Input power=-8 dBm (total)
Gain 30dB -
Noise figure <7.0dB put p°‘g§:§fg‘2(;°;2' OupLe
Polarization dependence of output power <0.2dB -
Wavelength of pump laser 1480nm band
Number of pump laser 4 pcs.

Dimensions

220 x 355 x 116 mm

Excluding protrusions

Optical interfaces

See "Ordering information”

Optical fiber

SMF ( DSF can be supported.) S

ee " Ordering information"

Power voltage

100-240VAC +4% /-10%

Operating temperature

15-35deg.C

Table5 EDFAs for single channel application pumped by High power 1480nm laser diodes

Items ErFA11053 Note
Signal wavelength 1530 - 1565 nm =
Maximum output power > +27 dBm Input power>0 dBm
Gain > 45 dB -
Noise figure <7.5d8B hp“‘&%"gg’zﬁ;dam'
Polarization dependence of output power <0.15dB -
Wavelength of pump laser 1480nm band -
Number of pump laser 4 pcs. -
Dimensions 483 x434.5 x 149 mm Excluding protrusions
Optical interfaces SC super PC
Optical fiber SMF ( DSF can be supported.) See " Ordering information”
Power voltage 100-240VAC +10% /-10% -

Operating temperature

0-40deg.C

P10CA750-04
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ErFA 11000 Series F“TEL

General specifications

Items Specification Note
Pump LD Control mode ACC /APC/ALC
. Pump laser current / Pump laser power / .
Bisplay Temperature of pump laser / Amplified output power| Dispiayed:anfrank paiel
Pump LD current alarm -
Temperature alarm When temperature of pump LD is over 30 deg.C.
Alarm Input power alarm (*1) When Pin is under -10dBm. (*2)
. n When returned power from output terminal is over about
Reflectionalarm (*1) +3dBm. (*2)
Shut down Temperature of pump LD When temperature of pump I..D is over 35 deg.C, pump LDs
are automatically shut down.

*1 : Optional for ErFA11031B.
*2 : At the same time, pump LDs are automatically shut down.

Ordering information

ErFA11XXX - XYY

Model number
See Tablet, 2, 3, 4, and 5.

Fiber for optical interfaces
S SMF
D DSF

Optical connector
FS FC super PC
SS SC super PC
SA SC angled PC

High power output
If you need higher output power, we can support up to +27.0 dBm.

This products is not approved for RoHS directive

P10CA750-04
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CLASS

A |

INVISIBLE LASER RADIATION
AVOID EXPOSURE TO BEAM
4 LASER PRODUCT IEC60825-1 : 2007

Furukawa Electric reserves the right to improve, enhance and modify the features and specifications of
FITEL products without prior notifications.

4> FURUKAWA ELECTRIC CO., LTD.

Japan

Head Office

2-2-3, Marunouchi

Chiyoda-ku

Tokyo 100-8322, JAPAN

Tel: +81-3-3286-3253

Fax: + 81-3-3286-3978
http://www.furukawa.co.jp
Email:comsales@ho.furukawa.co.jp

North America

OFS Fitel, LLC

Specialty Photonics Division

25 Schoolhouse Road

Somerset, NJ 08873 USA

Tel: +1-732-748-7402

Fax: +1-732-748-7436
http://www.Specialty Photonics.com

Europe

Furukawa Electric Europe Ltd

3rd Floor, Newcombe H
43-45 Notting Hill Gate
London W11 3FE, UK

Tel: +44-20-7221-6000

louse

Fax: +44-20-7313-5310

http://www.furukawa-fi

tel.co.uk

E-mail:inf yPt com

ur

fitel.co.uk

ASIA

Furukawa Electric Hong Kong Ltd.
Suite 2606, Shell Tower,

Times Square,1 Matheson Street,
Causeway Bay, Hong Kong

Tel: 852-2512-8938

Fax: 852-2512-9717
http://www.fehk.com.hk/

E-mail: guest@fehk.cn
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SUMITOMO OSAKA CEMENT CO.,

Phase Modulator Integrated Intensity Modulator

for Controlled Chirp

Specifications
Model T-MPXH1.5-10PD-R-Y-Z
Operating wavelength 1550%£20nm
Insertion loss </=6.5dB
ON/OFF extinction ratio >/=20dB (@DC)
Polarization extinction ratio >/=20dB
Optical return loss >/=30dB
Electrical characteristics IM part PM part
Optical bandwidth >/=8.0GHz"! -
Drive Voltage(Vr) </=5Vp-p@10Gbps </=10.5V@10GHz
Parasitic intensity modulation - </=%1.0%"
Maximum RF input power +27dBm +27dBm
Termination AC coupled DC coupled
Electrical return loss (S11) </=-10dB(~10GHz) </=-10dB(@10GHz)
0. Parameter </=0.2 -
RF connector K connector (SMA)
Opticalfiber Input 0.4mm® PMF

Output 0.4mm® PMF or SMF
Fiber lead length at each port 1.0~2.0m
Operating temperature 0~70C
IPD Characteristics l
|Sensitivity 0.04~0 40mA/mW
|Extinction ratio >/=10dB l

*1: 3dB down (1GHz reference)
*2: Vpp=15V@1KHz

@Ordering Information

T-MPXH1.5-10PD-R

Y: Output Optical fiber *!
0.4mm® PMF P
0.4mm® SMF S
Other (0]

Z: Connector *12

FC/SPC without key ring | EN
FC/SPC with key ring FK
SC/SPC SC
FC/APC(Angled PC) FA
Other (0)

with as much detail as possible.

SEHQLVTNAOIN N

2003 JULY

@ Package size(Hermetically-sealed)

# IN
157

| 130 |

8 =
= <6
1] B 2414 1T
2 24 44.6 49.5 135 =
I f=e=e]
K conector | &
_____ 3 1 1 I T
‘] @ @ | i i 1 [. —
: o EE,
2-M25 =
Depth2
1 1

E—:_* " 2 T ’i . ——
&
\4—MZ.5
48 Depth 2

[Dimension:mm]

15

*1: When Other O is selected in the above ordering code, please specify your requirements

*2: The Polarization state of input and/or output PMF is slow axis aligned.

Manufactured by :
SUMITOMO OSAKA CEMENT CO.,LTD.
OPTOELECTRONICS BUSINESS DIVISION
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SUMITOMO OSAKA CE}

Phase Modulator Integrated Intensity Modulator
for Controlled Chirp

Typical Data

1, Optical Bandwidth of Phase modulator Integrated Intensity modulator

CH1 MEML log MAC 3 dBs REF -6 dB
wh [y

REREEE

S i Bt =

4B

-

START 1 ©2@ 60A PG GHz STOP 0. 002 0@ OO GH

2, Electrical Characteristics of Phase modulator Integrated Intensity modulator
(S11, S21)

(Intensity Part)

(Phase Part)

2003 JULY Manufactured by :
SUMITOMO OSAKA CEMENT CO.,LTD.
OPTOELECTRONICS BUSINESS DIVISION
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SUMITOMO OSAKA CEMENT

Phase Modulator Integrated Intensity Modulator
for Controlled Chirp

Recommended configuration

* This recommended configuration is only for giving general ideas. Please refer to the
operation manual which is included with the product when you use the product. The
operation manual shows you the appropriate way to use with any note.

(1) For proper adjustment, make optical connection prior to electrical connection otherwise
the product may get damage.
The optical connection between the product and a power meter, or between the product
and a laser source should be made when laser source is off.

2 Any risk of making connection while laser source is working, such as loss of eye-
sight, should be at the user.

(2) The input fiber of the modulator must be optically adjusted with an optical laser
source.
The schematic diagram is illustrated below.

(3) The output fiber of the modulator must be optically adjusted with a power meter.
The schematic diagram is illustrated below.

(4) You can work the laser source.

(5) Adjust the input side connector appropriately so that the input light power to the mod-
ule is maximized.
The internal polarizer will get damage by improper adjustment and cause unexpected
optical loss.

(6) DC Supply is connected to Auto Bias Circuit. Auto Bias Circuit, Bias T, Driver and
phase shifter etc. are appropriately connected to modulator electrical inputs.
The schematic diagram is illustrated below.

Bl Phase Modulator In: nsity Modulator
- TP ;
1‘-5!‘ Phase  sumitomo Osaka Cement Co.. Lut.  Intensity

N——GND

Attenuator Bias Tee
0 A(u:qo Bias C
ircuit
O
. Power
Phase Shifter Meter
Power Divider e
Supply
Driver
(RF)
RFin
*This product is internally terminated, thus you do not need DC Block and Termination.

*Addendum
Electrical RZ signal from MZ part, and the same electrical signal from PM part are entered.
Both electrical signals should be synchronized each other by phase shifter.
2003 JULY Manufactured by :
SUMITOMO OSAKA CEMENT CO.,LTD.

OPTOELECTRONICS BUSINESS DIVISION
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