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The Enhancement of XG-PON Using Bidirectional Optical Amplifier) 8.7

USnwmian : 5@, A9.02905 353N

Inendnudiniiausisiivaussausveslaseieondawey (10-Gigabit-capable
Passive Optical Network, XG-PON) 8198911015571 ITU-T G.987 AR8fIU818haIaIng
(Bidirectional optical amplifier) 1fia5035UsZ8EN1T 20 km wagdlduInig 1024 51
Tasstneendineulddnndnuias 9.9532 Gb/s fivaearueiadu 1577 nm wagdns1On
T 2.4883 Gb/s 71 1270 nm fhveneuasdasmalszneusiediitenio (Erbium-Doped
Fiber Amplifier, EDFA) dmSuAINEIIAALIIALAZoaleLe (Semiconductor Optical
Amplifier, SOA) dmfupuemrauaty Tnerinusiiianisimesvesinvetsuaddos
yafiofiansandedrtavesgunsal Mndudunuaunsauiduiiemiasiiavedlasie
Mnnidsgadevenduloduastnuniiiesinsgiu (Standard single-mode fiber) uazs
LanuaeAIR1eg Tua 1:256 way 1:1024 oFAs1Einan1MAa84IINAISAIIAY
Aanatndn nisdsdoyariasdnansgnunanuianlasuidnaane sty (Chromatic
dispersion) vesduloruaslvunifennasgiu 20 km wazid$U (Chirp) vouawes n1sds
%’a;&aﬁwﬁuﬁNaﬂiwuué’ﬂmamé’@iyﬂmsummawa?} (Amplified Spontaneous
Emission noise, ASE noise) Ua9tadLaLa IuﬁﬁaﬁqmaﬂmﬁmaaﬂmwwLaﬂﬁzﬁwaué’m

1 ¥ b

wulotuaadnuaiednnggiu 20 km uagn1suus 1024 azdsdayansauiuianauazan
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# # 6070342821 : MAJOR ELECTRICAL ENGINEERING
KEYWORD: Bidirectional Optical Amplifier, Erbium-Doped Fiber Amplifier (EDFA),
Semiconductor Optical Amplifier (SOA), XG-PON
Suchaj Rakkammee : The Enhancement of XG-PON Using
Bidirectional Optical Amplifier. ~ Advisor:  Assoc.  Prof.  Duang-rudee

Worasucheep, Ph.D.

This thesis presents a method to enhance the 10-Gigabit-capable Passive
Optical Network (XG-PON) based on ITU-T G.987 standard using the bidirectional
optical amplifier to support 20-km distance and 1024 users. The XG-PON uses a
downstream bit rate of 9.9532 Gb/s at wavelength range 1577 nm and an
upstream bit rate of 2.4883 Gb/s at 1270 nm. The bidirectional optical amplifier
consists of an Erbium-Doped Fiber Amplifier (EDFA) for downstream wavelength
and Semiconductor Optical Amplifier (SOA) for upstream wavelength. First, this
thesis measures many parameters of the bidirectional optical amplifier to consider
its restriction. Then, the power budget equation is calculated to find network
limitation from the power loss of Standard Single-Mode Fiber (SSMF) and optical
splitter with different ratios such as 1:256 and 1:1024. When analyzing the Bit Error
Rate (BER) results, the chromatic dispersion of 20-km SSMF and the laser chirp are
major effects in downstream data transmission. The Amplified Spontaneous
Emission (ASE) noise of SOA is a major effect in upstream data transmission. Finally,
in an experimental of XG-PON with 20-km SSMF and 1024 splits, the data are
transmitted simultaneously in both downstream and upstream: The downstream
transmission is error-free. On the other hand, the upstream transmission has BER
equal to 3.64x107. This passes the XG-PON’s requirement that specified to be less

than 1074
Field of Study:  Electrical Engineering Student's Signature .......ccoecevvieennen

Academic Year: 2020 Advisor's Signature .......ccccccceviennen.
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U 1

uni

1.1 annadunuazanudrfgassdem

ALY (Fiber-To-The-Home, FTTH) 1Julassdnetdnga (Access Network) ﬁgﬂ
Idognsunsnarslutagiu IneduinsgrudAgfouinsgiulaseiieneu (Passive Optical
Network Standard, PON Standard) mmgmiﬂizﬂauéfaEJIﬂN“d’]EJﬂizﬁ]WEJLLm (Optical
Distribution Network, ODN) ﬁﬁLLﬁiqUﬂsaiLLwa%w (Passive Device) tawn wduleuunas
(Optical Fiber) wagdwenias (Optical Splitter) L{‘Judauﬁamaiwdwé’wﬁfﬂmu@uéﬂma
(Central Office, CO) fAugfl§u3n1s (User) n1sdsdoyauasuias (Downstream) uazu1iy
(Upstream) g nnelutdulotuanduifioadu n3efdnduludenisdeanafianis
(Bidirectional Transmission) Wuitnisidounoseninasads (Transmitter, Tx) AUFISU
(Receiver, Rx) va3lAsa1eneu uwmigﬂuﬁﬂizﬂaué’wqﬂmfﬁﬂﬁugm 4 wilp éﬁ’qgﬂﬁ 1.1 fe

(1) w30dlouail (Optical Line Termination, OLT) viniinliieusedeyauasiuiniod

IaLSuq (Optical Network Unit, ONU) %#&a1g ¢ TR ﬁﬁﬂiﬂ@ﬂ%ﬂdﬂ (Transceiver Module)

Mmasuneluaies Favihmihduoyauatviaiay Sudayanasuniu

(2) ulouuaslnualie1119551u (Standard Single-Mode Fiber, SSMF) §1484m1
1A5§IU ITU-T G.652.8 W38 G.652.D [1] ansnsadsiunastnuniiedlurisaiueniniy
1260 13 1625 nm FaduUszAnsn1sanNeY (Attenuation Coefficient) fiAnlsilAu 0.4 uas
0.3 dB/km AiMNNE1IAAY 1310 LaAE 1550 nm AadIRTU

(3) fhusnuas vthiluendegauasmiasnninsedlensaiilugarseslobugyniaiady
Tnsstne uazsmdoyauamiuanadododuglusuaiadeusad

(@) ededaiduy vihiliBeudedeyaaingléuinsiuindesloweaiiselugaiuds @

nthidsdeyauasunfulasSudayaunaaniag

Central office (CO) | Optical Distribution Network (ODN) User
rd ONU
Transceiver Module (2) g (4)|C
( ( ( ) ©] st ONU
W[ oLT —
SSMF 3 .
Downstream —p OLT: Optical Line Termination -g_ =
Upstream ¢ I SSMF: Standard Single-Mode Fiber @) ONU
! ONU: Optical Network Unit \

U7 1.1 gUnsalitugiu 4 viln mumsgiulasegneu



'
aa v

Wnsgulassneneuniansln (Bit Rate) N1 10 Gb/s gnldagrenineuingluina
lan Fadagiudlvusmsieniiierlulsswalvenlduinsgiunguil unsgrulassieneund

9n310n 10 Gb/s ugninuntdluvisUsemanisenisonsdngestu wu guu Ju 1usu Tu

[ a 1

UnguITesenInsUsemalasudnwiifgaduuinsgiulaseineneuniisnsidngnin 10

Gb/s sz‘uU?iamiahuimgi%mmgmmm International Telecommunication Union

Telecommunication Standardization Sector (ITU-T) Lt a ¢ Institute of Electrical and

v

Electronics Engineers (IEEE) Tutagtuanasgiulasstieneunddadl 7 adu fannsan 1.1

#1599 1.1 0 msgrulaseienauves ITU-T kag IEEE

UINTFIY %o an31URYIAY St
G.984 [2] G-PON 2.4883 Gb/s @ 1490 nm 2.4883 Gb/s @ 1310 nm
| G.987 [3] XG-PON | 9.9532 Gb/s @ 1577 nm | 2.4883 Gb/s @ 1270 nm
g G.9807.1 [4] | XGS-PON | 9.9532 Gb/s @ 1577 nm 9.9532 Gb/s @ 1270 nm
G.989 [5] NG-PON2 | 4x9.9532 Gb/s @ 1600 nm | 4x9.9532 Gb/s @ 1535 nm
802.3ah [6] | EPON 1.25 Gb/s @ 1490 nm 1.25 Gb/s @ 1310 nm
E 802.3av [7] | 10G-EPON | 10.3125 Gb/s @ 1577 nm | 10.3125 Gb/s @ 1270 nm
802.3ca [8] | 50G-EPON | 2x25 Gb/s @ O-Band 2x25 Gb/s @ O-Band

enfinusatuiaulateniivievsnldlulvauniuns (Metropolis) Feiinualiuaing

MUNUUUYBIT UL I UTN ST UDE 193N Lﬁaﬂmﬂﬁagmﬁaﬁé’ﬂwmmﬂummwum

v

TngiusenaumieneadauIuuIn 1w 81A13% (Condominium) %esyn (Apartment) tUusiu

[
v v o @ v [

fatutonAerdduanlunesdstoyanasluszasniclng uARoId1N15a5995UNIINTEINY

Y

Toyauadlinseunauglduinisdiuiunin lnemsiadaduenuainszatglunuusdastuiay

WiardIuYeIe1ANT Askanslugun 1.2

CcO ODN i User

r‘ ONU L /S
:X%‘
(u) /s
oLT . E= /s
SSMF : oS
> |EE L
Downstream —p . . ~ ONU L
Optical splitter 1) N

Upstream Condominium, Apartment o [—,465

U 1.2 weniiievluetmsvwinlvgl Higleuinisdivaunin




Inerdinusatuiidenldlaseneienddnou (10-Gigabit-Capable PON, XG-PON)
PUANASTIL ITU-T G.987 [3] lunsvnaesionun esaninasgnillisnsdnuas 9.9532
Gb/s AAuETIAAY 1577 nm wavanTu 2.4883 Gb/s fiAue13AAY 1270 nm Fuiieane
sonufesreslduimefiiindy wavanmsgudflugasvdadandiudveudlutagtu
vldaunsadanazimssinanisnaassldmiloutulassdreildnuass uonainily
83U UAN15998 Electro-Magnetic Research Laboratory (EMRL) Hiigalugasudeuas

a o

= = d{' @ .Y a = o 1
Lﬂi@ﬂi@LL@ﬁWLLﬁSLﬁi@QIE]LE]ug V39N Huawei muamﬂugﬂ‘m 1.3 %Qi@ﬂiUNﬂ@iﬂ?ﬂIﬂﬁﬂ‘U’]ﬂ

Y] o

ngIneu asuinerdnusatuifedududedduinsgulassisendinsulunisinuas

AATEANANITNAADS

:PL:QX\TIEI xoLJg7221 -BH+
OMS5270X101 -PON1-ONU-N1

g0 88 AL B i SN F548A002990 Class 1 Lase Produd 21 CFRLY)
o 4003567 o
oo sisaxcunse | I I T

! Hisense

uinsgrudulnglussnsi 1.1 gneenuuulsileurmads (Power Budget) 917
dmusossudliuinmssiuiunnngn 64 510 deieiosleusadt 1 1A30s Tslsiifimesionin
fosnsvesiunuglivinsluanumuns fagtutamignudlasenmsiaiuaiadowsd
wazfuaaadadulotuaniiu wisnstlfuamuiiguaddediasumssessusiun
aendalunsazidunis Inerinusisuavensdenlunisifinsuideiesvensua
(Optical Amplifier) ifugUnsaludniivl (Active Device) 6'?5&L'%'ugﬂﬁwmﬁam’[,uiﬂﬁaszhawau
mMadenfvesuaddinzaudesriadirmisfivesuazdesitiasng 4 veslasened
i lUlgau

INANUSATULANILALNAADIPIVLBWET 2 FUA A

(1) 3Rensa (Erbium-Doped Fiber Amplifier, EDFA) 1Jusaveeuasfifouldfuuin
wsglidnsIn1svee (Gain) g¢ wagldiduloduandudiinarawdniin (Active Medium) 3
Lufinansznuannantuzuasinailsdy (State of Polarization) dftoWloaIusaue18A183
waslddeiawesiu (Pump Laser) finanue1inay 980 way 1480 nm uaildesinde
ansavensuadlagannianglulauanudd (C-Band: 1530-1565 nm) wazveeldtesad
Tuwouaaudiuea (L-Band: 1565-1625 nm)

(2) saalaa (Serniconductor Optical Amplifier, SOA) 1 usave1suasfiviiauldly

aegANLeMAauLal lngdusgiuviavesasisinhniadilvlutulasaie walete



v A v

fouhunldlutenuenedudy q isfenerhauldld uwilfesdafedesuuanuzaes

Inanlsistuveaawitiealeelimngaunou Jaaslisnsnsveofifian
nerinusatulAnuInasNaaefiIvegLaId0 NI (Bidirectional Optical

Amplifier) fauandluzud 1.4 melulszneudediierketinauazioaloweiiniu lasdi

o [ a

ﬂmaﬂuwaqalﬁm (Wavelength Division Multiplexing Coupler, WDM Coupler) i

Y

LY

a dy a @ d‘ 1 .
FINUAZUINNINLAUTOIUAY UONINUTITFINTDINAUAINDKIULAS (Optical Band-Pass
Filter, OBPF) @%5UAMUE1IAAUAINATN 1577 way 1270 nm @nRasdiuAIAIINg1InaY

VPIBIAZVITUVBININTFIULATIVILDNFINDU AUEIFU

N
_~|EDFA  OBPF N
— X,
% Ua ~H 3
Y Q —
§ 1577 nm 3 1577 nm /X/ < 1577 nm
| sV i — 8 A
gl e 1270 nm o [[izr0
i’ o - A . <+ S /X/ 1270 nm c <_nm
EDFA: Erbium-Doped Fiber Amplifier D N o HO\J < = -p_
OBPF: Optical Band-Pass Filter e ' ; ’X/ (_2
SOA: Semiconductor Optical Amplifier Upstream: <— \ OBPF SOA /

WDM coupler: Wavelength Division Multiplexing coupler

U 1.4 Favenguasansnivuagesnussnavn gl

Mnfind1n Ingndnusatuianineiodeusaiiuasaiodedugindasdlasee
Tldmuansgiulassdisiendineu Tunsudouiagindiversuasanamisdenigly
Usgnaudedieniedmivtoyanamiasuasioalotodniuteyauasundy unsnidnluly
Tnsseiiteifinsuinds antdutanasiinsizinanisnaass ofigatindvesuasansmg

anansaLiinaussaurvedlasatgsuI g ldusnslulaunnduiede

1.2 ASNUNIUITIUNTTY

NNMSNUMILISIAUNSSUTAEY iUt Inednusatull TngldununTtuves
welulaguaznsiaugunsallu 3 wwimeee
(n) shusnsudwEemaildsmonetuauasldioalowilaniu

unA1ui (1 9] Tlud 2014 ngu3de National Institute of Information and

Communications Technology (NICT) ludssinaguu a3519iivensuadaninis deuadlddn
LONWLBVYNYWAINIYINAUENIAAU 1577 nm 997171010 l819v818kAINYIIAINUEIAFY
1310 nm nslaAaelniln (Power Consumption) U09A19818LEIEDNILNBY 0.73 W LA

anansadstoyauasialng 60 km uazsessuglduinig 64 118



() FAULBEIADININ YLD ALDLENIRIUIAILAZUITU

unaudl (2) [10] Tl 2015 nau3de Nippon Telegraph and Telephone (NTT) Tu

Uszmadlu af1efveisuaaainig dunaddiealalovstouasiitianinuenniu 1577
uay 1490 nm agazdn Henduldiealeie 2 ddeFesfuilovssuasiidasanuenaiy
1270 uag 1310 nm wiouiu MYEILLEIEDINILNTAIUANINTINTVEBLUUSALULR 1ag
wshduannanaduidntesuddoundunszuavesealowlilidnsnisvenedifeanis ¢
YuasIIENNIadsayakadlalng 41.3 km wavsessudliuinis 128 sne

una il (3) [111 Tl 2017 ngudds NTT Usuussivensnasaosmdlud 2015 Tag
ansiuauealeteiliunduimde 1 & uazvaasululasitnovesudsn NTT West nquidoi
NanAaedTIsAnTIUIsuiisuiu ielfinsianuminzauuaziaiosnnlunnsg
ponLuulATIvY %a%sﬁwamwahaé’mmﬁamu (Capital Expenditure, CAPEX) Wa¢
37891891UN13AL I (Operation Expenditure, OPEX)

(A) FAVLBLAIADINIIN LT DR LWL N9 1aILaEVITY

UnAMi (4) [12] T 2016 ngu3dey NTT a3519i2e18uada019 Havnaslddnienio
YYYLAINYINAIUENIAAY 1600 nm H9v19 G070 DNAIVENEWEINYIIAINULIAAY
1530 nm Mvgnguasaemagneenwuulvidftevleisviduegiiieaa 0.7 m (ngundagly
ANNE17 10 D9 30 M [13]) WIBAAKNANTLNUNLAAAINANULANAIUBIN SISV WAL UY
AINNENIAAY 1530 nm wagtmduavenaweslunkignliludfieniovdundunildluga
RIIGANREN

NUNANUN (1) FIve8wasanInIelaneusinilouInednusatull wanmA19msa
AUENIAFUTITUNLY 1310 nm FaliinsanuuInIgIulATvIgenganey unaun (2) way
(3) 1aanleealeLe9v1adLary1IU HTofARaILITIERNTI9ANEIRAULTIUlAdEAIN
4 a A Y o 1 a v @) Yo v I aa
Jaidsdatalawldnaslniiuinninwaslurazmedunlieons1N1S818 UounN3197 Lo WLe
UNAMUN (4) 199ALWeITIU1aIMazV1TY NSIBMeNINERaT 1600 nm Turiasdaduig
ANENIPAUNDALENLEVEBWAILANeY WATlaUNUINSNINUSTUALYDALeNVENLEs 1577 nm

a P v oW a a s o A Ad Py
1NUNAMLT (1) 83 (@) arunsaagulainfveieiasaeiniswadingrinusatull Nkswasly
PP X v a ' e ~ A
Renanaz1IUltealar @U1SINNANTIOULVBIIATIUNULDNFINDUNAINUL1IAAUVNE

1577 nm ag1Ju 1270 nm b9
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1.3 InQUszaeALAZURULYAYBINITIRY

95U3

v
19

AIAYDINISITE

1. W IANARDULAEIATIZRATNITIELADIANN & VBIAIVY1BLEIEDIS (Bidirectional

Optical Amplifier) Fan1eludssnaudaedaienie (Erbium-Doped Fiber Amplifier,
EDFA) d1m5uni1sdedayauadvias (Downstream) waztaalaie (Semiconductor
Optical Amplifier, SOA) ﬁm%’umsdq%’agmmmﬁu (Upstream) 1ng/9198911915571
lasanglendaney
Wefnuiuazuszneulaseingauuinsgiulasigiondineu Tarunsadald
srgreeg ey 20 Alawns wasdduugliuinisedtey 64 51¢

e anaaeuuagiinmeganssousvedlaseneilduinsgulassineendineu e

wnsnvenguasaaamatitululaseng wemudwiugldusnisiiunau

YDULUAUDINITIVE

1.

v
(% v a

AAINITIINOIANN 9 VORIV B IFRINNIDAEIeLazLealote tawn (1) 929
aruenapauldy (Operating Wavelength Range), (2) 89351N15U818FUIUN
&0 (Small Signal Gain), (3) A2 ugaydedusgFulnailsiedu (Polarization
Dependent Loss, PDL), (4) n15ldm1asluidn (Power Consumption), la (5) @1a%
dnyeyradsuniu (Noise Figure, NF)

UsznaulasevneengdIne muuInsgIu ITU-T G.987 lagdedns1dnuias 9.9532
Gb/s finueIAaY 1577 nm wardwnsdnuitu 2.4883 Gb/s finueInay
1270 nm lagdas1gifisnsiaauiinnainds (Bit Error Rate, BER) Houni1nie
winu 107

Jannasulasstiedlounsniveeuasaemnia Tnedednsdnuias 9.9532 Gb/s 7
ANEIAAY 1577 nm wazdsdns0nunTu 2.4883 Gb/s finnue1anau 1270 nm
Iaunsadalaszegnisedeties 20 Alawns wazdduiudldusnisedetes 256

518 (U 4 WirresAnInsgu) lnedeszinsnsianuianaindndesniinie

Winiu 107

1.4 YUMBUNITATUIY

VUNIUITTUNTTULALUINTF 1NN TR VNN TINUS
TANAFUAIMIIITADIAN 9 VDIFIVYIUUAIADININ

AnwuazUsenaulasannenlduinsgiulasaiigendineu


http://scholar.google.co.th/scholar?q=Polarization+dependent+loss&hl=th&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0ahUKEwiuxo_ypIDPAhUgSo8KHc5OBiEQgQMIGjAA
http://scholar.google.co.th/scholar?q=Polarization+dependent+loss&hl=th&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0ahUKEwiuxo_ypIDPAhUgSo8KHc5OBiEQgQMIGjAA

4. JANAADULAZIATIZNLATIVIYLIBLNTNAIVENULEIEDINS

5. Wewinendnwusatuauysal

1.5 Uszlprunaininazlasu
1. @u50InuagiATsiAINSIImMesANN 9 YosRIuegLadla
2. awnsaiinlalassnelduinsgulassieendineul

3. AN ALAYILAT AN STOUSVDILATIUNUL BN TNV LS be

1.6 Uszuladingninus

d' o & ' = [ o =2
Unv 1 unun: UV]U’R]%ﬂﬁ’]’JﬂQﬂ’J']QJLUU@J’]LL@%Q?’]@J?{WQZUUGZJ@Q{IELJ}%W 3'33J1‘1.Jﬂ\‘1ﬂ'1’§

v
v A

FalTnnUs LA LA VBULIAVBINITIA ¢

q
a ¥

NEouNIURDUNMIAL LUz YT levinAInINazlaSUBNAIe

NUNIUITTUNTTUMNYITDINUINYITNUS WaNIN

unil 2 gunsaifildfamuelulasse: unindnigunsaifiugululaseieendd
woudsUsznauseiniedenead, idulotuadvunifeinnasgiu, Musnuas, uagaiodle
Bugy Bnvisdsfigunsaitasifivausiourlasstnedesznauieivesuasanmisuas i
muaulnailsidu wazduganefeindesiieiananisvaaes

undl 3 winnsuasnguiieates: uniaveSurevdnnisuasnguiiifeites T
Junnsesurgaunisuassudsiidmanssnuselasetng liun maimefuosfvesua,
wansynuiiddyvesguniailulasetng, uazmsliesgiliadrfauazaaninveslassne 4e
swldduniunsimssinanisveasduundaly

[ 1
A a

UN9 4 N1TNABBILATHANITNAADY: UNUNIdon A fuNanIINaasILaznis
AATzvnanngulluund 3 Ineusenausiy AATIEENITNMes U IRV UWAADINY,
WATILAVAIAVOIATIVY, LazIlATIErAuNINURId LAz lATITIY

unil 5 unasuuazdolausuus: unilazaguisziiudrdgluineinus wouis

nadstyminu wazdoauatuzduniunsneass enmunlulglulassneass



uni 2
gunsaisnuanldlulasetng

[ [ a

unil 2 nantegunsainamuanldlulaseineneaes 3 dwdfgy dagun 2.1 fe

<

54

(1) gunsaituglulasstenuasgulaseieendineu thua (1.1) wisdleusadl,
(1.2) diloshuastnuaifennnnsgiu, (1.3) fuenuas, wag (1.4) invasloldug

(2) gunsaldroifinaussauzveslasaine T (2.1) fvgisuasaesmisdanigly
Useneudedeniedwmduilsnasuasiealodmduileniy, way (2.2) Aaauaulnailsiy
9u (Polarization Controller, PC)

(3) i3eaiieTananismaans Idud (3.1) gaiesesiieTnsnsrnuianaindn (Bit Error
Rate Tester, BERT) waguuun1ngun1 (Eye Diagram) Usenoudiewnded BERTWave 109
USHN Anritsu, Aaaneuuasusuale (Variable Optical Attenuator, VOA), Wag@an$133u
wasvfliafilatdu (pin Photodetector), Lag (3.2) qum%'aaﬁai’m We (Optical Measuring
Instruments) Usznausiefinasianidauas (Optical Power Meter), wazin3a331A5199

ardnmsuuas (Optical Spectrum Analyzer, OSA)

LADOT R B (AHONY
{ Transceiver Module | : : { Transceiver Module |
{[ Evaluation Evaluation ||
' board E SSMF ’ Polarization : ' board E
Downstream — SOR . Controller . <—Upstream
9.9532 Gb/s @ 1577 nm (218204 X /PO 2.4883 Gb/s @ 1270 nm
Bidirectional Optical Amplifier
(3.1) (3.2)

(Bit Error Rate Tester (BERT) & Eye diagram\'i g"Optical Measuring Instruments

{* BERTWave (Anritsu)
1* Variable Optical Attenuator (VOA)

* pin photodetector

* Optical power meter
| * Optical Spectrum Analyzer (OSA) |

.

U 2.1 gUnsalisvuaililulassignnass

2.1 gunsalvugululasedng

2.1.1 w3edlousail (Optical Line Termination, OLT)

o '
a U 1a o o s

isedlauoaiiazinmiegiidninnugudnans vimihnsudsloyauasludaueiodedu

Y

a

A ! ° ! Y a A ~ = o 1o '
gYNIATRININTEALagRUiULMUIe I ldUINT ngluinIedlensaiaziilugasududevey

1% = 1Y)

AT dmulddidayauaciaciiansidn 9.9532 Gb/s MUENIAFY 1577 nm wagsu

ToyaunasvITunens1dn 2.4883 Gb/s 11ue1IAdY 1270 nm lunisnaassilazlduesa



Uszilluwa (Evaluation Board) 31nu3¥W Finisar fisguf 2.2 ununisldnuiesasletsad tite
AuazaIn (Wassimuadmerenings) dmsuatuaunissudidayauavasiungasuds

U Huawei Ju XGPON-OLT-N1 (S/N OM5270x101) fisuandluunil 15U 1.3 ()

. S eed .
. (o3 0. ":'. S o (e "

seall Transceiver Module

A

U7 2.2 vesauszdunavesuiuyy Finisar

asrUsznaunglulugaiudweuasedlowsadl i 3 diunan auanddugun 2.3 fie
(1) sihdsmausenausiedidulaiwes (Laser Driver) uastalwes (Laser), (2) faenanullagh
[ v o = 1% Y L a A o LY a
By, wae (3) MFuBssenaumgfiinTiadunasiaeis/fdveredyaralnivdansiu
Sudiumud (Avalanche Photo-Detector/Trans-Impedance Amplifier, APD/TIA) ha e 62

veredygralnieiind e (Limiting Amplifier, LA)

Tx Laser Laser 1577 nm g Downstream
—1> | driver —> | 2| | —>9.9532Gb/s @ 1577 nm
' 3 4— 24883 Gb/s @ 1270 nm
Rx 1270 nm| & Upstream
= LA APD/TIA < joi LA: Limiting Amplifier
Electrical | Optical L APD: Avalanche Photo-Detector
{ Uptica TIA: Trans-Impedance Amplifier

U 2.3 avAvsznauniglulugasuaiveaniodloueail

2.1.1.1 ¢899 (Transmitter, Tx)

‘Uisﬂaué’aas?hﬁffuLaL%%ﬁmﬁwﬁmmaﬁfy@wm%agaiﬂﬁﬁ waziaesyiutifiasng
Tyanauandyanadliihfidenandduawes

2.1.1.1.1 fdulawes (Laser Driver)

Tassinelondinoudedoyauamwiaaiisnsndn 9.9532 Gb/s fuisuoganlnense
(Direct Modulation) Fsld#duiaiwesmuauvuinvesnseualiii () fauandlugui 2.4 1%

laA18nsIdueng?iedy (Extinction Ratio, ER) 41nN31%A381111U 8.2 dB udannunues

WnsgulasseendiIney
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r \
Optical output
Power (P )
Pil a o . 1 ]
Extinction Ratio
__________________ Tm——————— ER=8.2dB
|( Ix ! |
i |
| L |
| Data | Laser / P
| . 1 Laser —2— |
. —> | driver [ — —> |
| . i . |
\_____________Flectrical {Optical ____,
PlY | J UL
0 __) R
iy Current
<«

JUN 2.4 nonnnsvineiuyessaas [14]

2.1.1.1.2 w3 (Laser)

aesliruindyuiauwasdaliaanunisanady (Spectrum Width) fiuauni
Loadd (Light Emitting Diode, LED) Melutaleesiin1syinauiianan 3 nssuiuns fauans
Tugud 2.5 A (1) nszuIuNNIANAY (Absorption) 1unsgandundsauainlnmeuiiels
Sidnnseuldeuananiugiiu (Ground State) fissdundsnu £, uludvanuenszdu
(Excited State) fsraundeay E,, (2) nszUunITUaILAILUULAALDY (Spontaneous
Emission) tinandianmseuagluannsgliduna waidiannsousimInanIuenszauaun
anugity ylianudesnduueony, wag (3) nTrUIunsiaauauUgNnIERY

(Stimulated Emission) inantnaeulunsziulididnaseulandaesndanusanunviafy

aa & '

naauvedlineuiiusn A hy luruenBidnnseusinan uenseuaunanIue iy au

Idulnmeudna nszurunsaavnedldindedyaauaifonis

Absorption Spontaneous emission Stimulated Emission
(1) Before | After (2) Before| After (3) Before | After
Excited state, E, E, _E,
- . hv
hv hv hv NALT>
NAA> AR | | A NAA>
Ground state, E, E, E, hv

U1 2.5 (1) n52UIumsRnnau (2) nTeUaunIsiasuaauuiinies uag (3) nssuiauns

wWasawuugnnsesy [14]
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awesiinanevin uiinerdnudatuiaulaiewawesaend (Distrbuted Feed-
Back Laser, DFB Laser) ?jqiﬁé’ﬂummgmimwwaLaﬂeﬁﬁwau LATIAINUAINSAUNASUBAUNIN
1 nm ssAUsENeUvRaIsHend faguil 2.6 Heiudreuaziurnvesiuawesiiszuy
dioaztounadlu-uineluusioamdndial (Active Region) iitelwidwaniiudu insnis
Uaunauuuunsgae (Distributed Feedback Grating) viliiAiassviininuas (Refractive
Index) unnsnsiu Tnetdenainmnufislonuudvanealiivaerdvanayilindsgsgaennin

gl ruameinue 39 lAaUNASULAILAULINAIUAADINTS

Metal contact layer

Distributed
feedback grating | P-doped substrate

Laser output

Active region
N-doped substrate

U 2.6 evAUsznavyeawesaend [14]

2.1.1.2 dgmosuidagaiey (WDM Coupler)

VAR AULTAYALDNYINTNNTINLASUENLAUN AUV ILAINTAIAHE IR WY

Y

Iilusanimesasdnaiu lunsdlilfeaiug1indu 1577 nm fu 1270 nm dawanslugun 2.3

74

= a &, o A aa 1 v °
LlIEJlIEN‘i]Wﬂﬂﬁle'J’WIU‘U’]EJﬁ]SLUUﬂﬂiLL‘EJﬂLLﬁQ‘VNﬁENﬂ’J']llEJTJﬂau‘l/nfliﬁlllEJ%JJﬂWE’JIULﬂUSLEJU']LLﬁ\‘]

1w a &

UL TANIUAIAs s UL DagALNLeN LU BNINDIAUUAUANITWTOUADAULALYDS WAL AN

U Y

nsRdunastilaene/Mveedggialnivilansuduiivaud auaiau Tunisnduiud
1 ndadglurzidunsTuLanaasnasailadelnlUaannasafeituluilavn
2.1.1.3 923U (Receiver, Rx)

Usznaumiiiniadulasriiaeni/asedygruliiviansuduiuaugyii

' '
v [

nihAdsudugrauaadudugalnin wazivenedugraliihsdasdaviuinndndula

yaaufidmduie 1 v3e 0 Feagladyauvisendunswiulninaiiiesasen

o oo

a v [

2.1.1.3.1 fansradvnassiinedi/diversdygraldiivdansiuduiuaudg

(Avalanche Photo-Detector/Trans-Impedance Amplifier, APD/TIA)

=

fnsradunasimihiulasdeyanaslududeyalniln § 2 wlia Ae (1) fansradu

¥ L2

Y
a = [ a1 e . 1 Y = v
wasrdadloduiiaraanulanas (Sensitivity) we waldoffAoas19dyyI1usUNIUL DY

aqﬁﬂizﬂamﬁuﬁqgﬂﬁ 2.7 @e) wag (2) Mnsrdusasrdaefinmnuliwaafnia esand
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U3LaIuemaud (Avalanche Region) Wiinduandangiadunasyiiniiledu niugud 2.7

(177) whaseFYIUTUNILNINATIY

Avalanche region

oA Depletion region -
}_’: — » Q_U‘:J , Depletion region i :
1
g | ; g ! Lo
e I I ‘= 1 | |
s + 1 1
3 | i & Ay DL x
L T T > L T | | -
P* I N* p* I Pl N*
«—®, 0 0 ,0— P
A v& o>
Optical input Optical input
(= p :.X pin, P P APD
pin photodetector APD

U 2.7 9AUsEnauveisansa9dukan (478) sidailoidu uay (v31) viaeid [14]

deedygraliihydansudufivaudezdoudeyalugunszualui (pp) iy
Toyatuzuussdulni (V) mendnmeinudsgun 2.8 ansgiulassieendineuasldm
asRdusasrliaeiinvinnusuiuieedyyaliiviansuduivnudauenigluluga

Suds Toyaveenilaluuussiulninazgndsseludsivenadyaalnidaly

A
(Bx X -
: Optical "pD v :
I input s |
: —— | APD/TIA 2] LA |- : Voltage to LA
|
N p.

_._
v

Current from ] |

photodetector ] |
[

U 2.8 nanmsyNIuYessInsIavuLas/faveeay 1adlwihyildansuduilunud [14]

2.1.1.3.2 shvenedyeraliiuiiniide (Limiting Amplifier, LA)

Jusvenedygralwihideuldnusasmunzdudeyadidsia wildluldiudeyaue

[ o v A [ A LY a [y 14 = 14
ugaan VI'WT'LJ’W]GUEJ'IEJEI@QJ}']E]JVLWW’WWNNﬁ@’]ﬂi%ﬂ?']\‘iLL'ﬁﬂﬂu‘U@ﬂUm 1nu0 Ty "GUIG]

Y
[

dye1av10nAsiansTeiu TurusReIA U INan19IEIssuesdn 1 Au 0 auduly

Y

wNPVUIAUBIFYIMUIeN IRl UADITEAUAITITIY 9
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2.1.2 élovhuadviniiennnnsgiu (Standard Single-Mode Fiber, SSMF)

LﬁuiaﬁﬁLLmLﬁuﬁaﬂaWﬂumﬁhé’ﬁy@mumiwdmLﬂ%"aﬂaLLaaﬁﬁ’ULﬂ%aﬂaLﬁug
Tneluleulfidulodinadnuaieannninduleuamateluun (Multi-Mode Fiber,
MMF) is1ganuisadenadiisdlnuniioddssessusnidngenituazdesseenilalnanidn
dmiualasunfnfainesdu (Chromatic Dispersion, CD) 8198491n105§11lASIU8LONGT
woudaadalaiiAu 20 uay -7 ps/Anmekm) finueIAdu 1577 uag 1270 nm N1y
uasgulasstnglendineuszdesaunsasesiuduloruadvunifeinnssussegmig
989U 20 km 161

2.1.3 fnusnuas (Optical Splitter)

fangnuasariiandadiunisuen (Splitting Ratio) Ly 1:4, 1:8 1\Judu ueind
nszedananiasesleusaiilufurdesleduy warvazioiiuAsudyaauasan
wdodlaidugnniniesnduludueiodlowoatt Tunismaaesiaslifuonuas 1:4 uaz 1:8 &
nandlugud 2.9 ($e) waz (¥17) awdiu thandefuvaedfielildrdadiunsusniia
avtunuillasstieaninansessu sumesgulassineendineusosdin dndaunisuenty

Mo 1:64

Ui 2.9 fauenuas ($19) 1:4 uag (¥37) 1:8

2.1.4 \p3eslaidug (Optical Network Unit, ONU)

wsesladugriminigensedeyavingldusnmanduldsdinauaudnans Tneaz
dateyauasuTundnsin 2.4883 Gb/s ANULIARY 1270 nm UaySutoyauaiv1amions)
Um 9.9532 Gb/s AMe1IRaN 1577 nm Tumsnaaesiazldveiauseiiunadnuasaunui

wsadladuy WieauasnIndmsuauANNTSTUdIayanavadlugasuds USEN Huawei

[

U XG-PONT-ONU-N1 (S/N RTXM166-501) fauanaluumil 1 37 1.3 @21) Ingyn

[

aaduszneunelulugaiudwenasadloduy Agun 2.10 svmieudulugasudwenniadle

Y

woa?l aunleesuleluwailuiige 2.1.1
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T~ Laser Lalser 1270 nm | =
— . 9| |Upstream
> river — Ps
drive i S| | —> 24883 Gb/s @ 1270 nm
' o 4+—9.9532 Gb/s @ 1577 nm
Rx LA APD/TIA 1577 nm -S Downstream
“— - o
Electrical | Optical P

U7 2.10 avAvssnauniglulugasvuasvennsodeiduy

2.2 gunsalYIEmNaNTIauslATInY
2.2.1 fRvEN8LAIAnINIY (Bidirectional Optical Amplifier)
31n5U7 2.11 levrassenaumgdaleniedmiuvenedeyanasndnsiin 9.9532

Gb/s kazifINTILUANUDINIULEIANNYIIAFUNINANA 1577 nm H991TUUsENaUIe

walaled miuvenedoyauasidnsitn 2.4883 Gb/s kardfiaNToAUANUAHIULAIAIY

A d' Y o [y a a &8 A o Y o v
g13ARUNINANIN 1270 nm IWEJWQQGIGWULUE%%WL@MQJT\HU’JU 2 A7 MRUINTIULAZLLYAN

Y

MAAUBILanuNelufivengLE@a g

Downstream
—> -] EDFA OBPF ™\
E G 1577 nm % g
o
1577 npn § I/ - X % 1577 nm
e s X, 1270 nm/l 2 o
= X L
N oBrF SOA L Tocream
-

31/77 2.11 99AUsEnaUNIelus1ve18uagaa99 19

2.2.1.1 dAkewie (Erbium-Doped Fiber Amplifier, EDFA)
Tassadnavesdiiienio faguil 2.12 Uszneude (1) Wulovuasiidearseiesis

wostlon lnenaluiinanuend 10 89 30 m, (2) wWulgdiwasdnsuinnaadn-aandnen.s,

(3) Lo sUuilanueIAaLLET 980 Wse 1480 nm

(2) (1) Erbium-doped fiber 2)

Input power

(3) Pump laser
980 or 1480 nm

gﬁﬁ 2.12 lpsyaseveadfionia [15]
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nannsinuvesdaeweAssudygraaatan Tuduloinlasiidoans waysunas

Y a

NLaasUNAIINEIAGY 980 MT0 1480 nm wienseRuUBLanATouvateasileulviUdey

FEAUTUNS UG WoBlannTouanseAuNdIuaIagtuiy azlanUaeendasnu

v

sonuluUredlnmouniinuemdusadugssmauanudd nanedudgygyrauaswioaniid

AAINASEUY PUFUR 2.13

A

E,

Fast nonradiative
ecay

980 nm 1550 nm
1480 nm 1550 nm

Energy

1550 nm

;. = ¥ E,

JU7 2.13 yanmsvirnuvesdiienie [13]

fregnalnslidanasu (Spectrum Profile) Ta9daannua18onaINdRone 3
Fepnszuaty (Pump Current) fiwansineiu ﬁé’ﬂwmzﬁ"’ﬂﬂmmgﬂﬁ 2.14 zdunalainainu
gqmaa%uﬁmmﬂmsUﬂau (Noise Floor) ¥999fLa9Le #3813unI&YQYIdTUNIULLOED
(Amplified Spontaneous Emission Noise, ASE Noise) wstumunszuatufianelismene

wazeglugianugafuldaume 1530 89 1560 nm lagaug1Inay 1530 nm 48ms1n1s

VYGINAR

9.8

Operating Wavelength: 1530 nm - 1560 nm |.____. __________

59,9 ‘
(1502. @ag)rm (157@. 8aa)m (14.@@rm o (1642. @aa)rm
U7 2.14 e nlnsindaunasuvestudygrasunauvesdiienio
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9n3INNVeveIIvegLaulI BUgUTUAMG AN vemusUR 2.15 lag
wuseondu 2 929 Apv19dus (Saturation Range) LarY198RIINITVUNBE Y QYIUIUIALEN
LanInIEAILUT G, Tugiadudiasiimawmasvidnganitwaglndnsinisvetswdsunduiy
Mduas g witadnsnsvenedyginuuadnaziidnsnsvenedilndagande G,
351

30

25
20

15

Gain (dB)

10

5

0 | 1 I:
-60 -50 -40 -30 -20 ~-10 0 10
Input signal power (dBm)

FUT 2.15 9051015981898V NEMaNUS U UA U 1a vy T [13]

2.2.1.2 19alate (Semiconductor Optical Amplifier, SOA)

lassasvaaealatelsznaume (1) waulansdnsusessunssuady, (2) AMuLLn-
91980 (Input-Output Facets), waz (3) USaudnAinyuiluvietadiu augui 2.16
wann1sviiuveedlons Irensyudliin ienszdudidnaseureasansidniluuing

@ Aa v a v 9 [y X A o o v a < A a

wanitnliludguszdutundenugeiu Wesudyyrnuasnidiunluuinaudnin sidnnseu
ranTEAUNRIINAIag TuALwAIanUdeendusanunluguvadlnney Nila1ue17
AAULAMTIIUF Y MLa D) ansINTsuengvasedlelediuisugnile gl

wazlnan s turaakasdlasuld

Output
Current power
A (2) Output facet
é{ (3) Active region and waveguide
| t \
npu (2) Input facet
power

3‘1/17/ 2.16 lpsvasvvaaaalaia [16]



17

(%
YY)

0819 AL UNATUVBITUA U IUTUNIUANNLEALELD LiaRIAINSELaULAR19IUY

T
(%

rdanvaueilunugun 2.17 lunsalfiealawegnileanslinaulugisanuenindu 1290

§i9 1330 nm lagdiAndn31n15ve1889@aNtIenNe1IAaY 1310 nm daunaldinssiuninugs

o

Vot udYIuTUNIUATLUSHUsNnszuatunaneliedalew

o

1w.u

---------- Operating Wavelength: 1290 nm - 1330 nm |---------

cBm

L R

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

S— JEPRNRPRISH SpRpIPIPRPRpL - Sy N v "SESI IR NP

9. ’ ' -
(1210. Bad]rm rim rim/D nm
U7 2.17 dreehlnsindainasuyesdudyaasuniuvedioalon

2.2.1.3 §an50alnUAIINBRILULE (Optical Band Pass Filter, OBPF)

FanseauauaRRIuLaw Rt TinseauA AT e sldey Wiisasnanszny
Y9y IUTUNIU ImsaﬂmmaaﬂLLUUWVTNW”LGM%’NMWmmﬁ'u 91NUATFIULATIUE
NFINOU Y2AINULIATUYIAILALVITY A 1575 B9 1580 nm wag 1260 89 1280 nm
audeU FatuSedeadennnuniwesuauauREuLadlEnUsELIY 20 nm

2.2.1.4 dagsedusdagaon

T o oa a s a o ° a A a v Y%
'JE‘]G]EJ@UL‘UﬁE.JJ@Lallllcl/iaﬂﬂ"li“l/]'N’]ULWﬂJ@UW@ﬁU"IEJbL‘ULLa'ﬂuu'ﬂsU@ 2.1.1.2

2.2.2 gmuaulnatlsiedu

\Wesndnsnisvengvedealaioaziudsuiuainuaniuzvasdnalsidure ey
% & =i % o & v Y v g v A g w
W sgariduneufvazidealelednlussgnusulnalsedulvivunzay welvieale
o = a a = o Y o % oA
wyhauegeliusansnmuniige Taemludmauaulnatlsiedulsene umeusua3niu
(Half Wave Plate, HWP) uazusunildludniu (Quarter Wave Plate, QWP) fauandlugud

2.18 MsnyuHUsapzdIgUTuanuzvasinatlsieduveswa i iealals Tnsaiuves

= v o & I o A

Uiauudniivd@divihmduvieinadiu ssvilildsnsnsvetvasgn
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I
¥

U1 2.18 dmavpulnarlsivdiu

2.3 AS29UIANANITNAADY

2.3.1 UALAS9959InOMSIAURANAIAUS (BERT) wazkkuwnInsus1 (Eye Diasram

2.3.1.1 1n399 BERTWave

[

Tuguil 2.19 1A39s BERTWAVE Ju MP2100B 9suU3sm Anritsu siwmiidiaisuag3y
dygraudayanigdiil Tnsauisasudygyraduiala 2 wuu Ao (1) Sudygyruniuda
H32ANIPURANANN (Error Detector) LﬁaﬁfﬂﬂmfmﬁmﬁmuﬁmﬂﬂwmmﬁLﬁwﬁﬂu%agaﬁ
Fu L%’wmm‘%auLﬁauﬁu{fa;ﬂaﬁdaaanlﬂ, waz (2) Sudyrualveodadaladlay

(3 v

(Oscilloscope) tauwanHuANUMEnIUTTIATIERAMANvesdyy I Tun1svaael

9

dyaadliihaglasuinannuesaussliunamdeulugasvdwisesnafunaiiailoduly

9D 2.3.1.3

517 2.19 BERTWave 3u MP2100B %09u3sM Anritsu

2.3.1.2 Faasmeulastsunile (Variable Optical Attenuator, VOA)
maanauuasuiualaviminaaneuiduasisziingunsalsng q welvladns
AuAanaInnkazuaungUnmuisedns Tugui 2.20 Wusannauwasusuelinldly

navaaed Inegudreiluveauien JDSU Ju MV4TL drugduiduvesu3gn Optoquest
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af i

5UT1 2.20 franveuuaasumls (§1e) USE IDSU uas (937) U3 Optoquest

2.3.1.3 fansavduuavridniiloiou (pin Photodetector)

Tugul 2.21 damsradunassiiniilowdu Ju XPDV2320R 409USH Finisar inntinil

Y
v o

asadudygradoyanawaruvanludygradeyalii audldeSurgluide 2.1.1.3

e
1% '

gunsalMmilazuanaindinsadunasiegaelulugasuds insglifisveedoyaaliin

wipla 9 megnelugunsaime Asiudyaruteyalnihuieenasidyyimsuniudsdumn

Wesnhdaailaanlugaiuds dselmiazvigunimvesdyyialaniu

U1 2.21 Fansantuuaswiailleidu §u XPDV2320R ya3u3um Finisar

2.3.2 yawAseslednuas (Optical Measuring Instruments)

2.3.2.1 fmasinmdiaaas (Optical Power Meter)
Tusuin 2.22 Swmesinfiiaeuas U PM320E veeuTen Thorlab ARINTI93UMES U
S155C fipagiuyneLATed B9au15an T3 uadlugI9ALe1IREN 800 89 1700 nm uaz

ANUTOLADNYIPNNENIAAUNADINT TR LA

U 2.22 maTinmauas Ju PM320E 9esu3sm Thorlab
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2.3.2.2 1930931 UNASULE (Optical Spectrum Analyzer, OSA)
Tuguil 2.23 in3esiirsevialUnnunas Ju AQ6370D asuTem Yokogawa &N

uReiaiduasiutiaau 9 lagldfnsesuavaudiiunasiauway (Narrow Optical

Band Pass Filter) waanansmasuasiinladugadn g Tuwnulwiss aantuadusnsesly

q

o

muaugaduluwnuLuIyey wieninrimdeiasvzligauaninasgsdeiiios vilv

ansousaiulnsividanasuvesdyqrauasle

I
|
;

I t
E
|
i

JU7 2.23 1n5093iA51eviaiUngsuias 3u AQ6370D ¥89U3 Yokogawa
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uni 3

o aa a v
WaﬂﬂqﬁLLagﬂqt‘J{]mLﬂﬂ?ﬂﬂﬁ

¥
v A

unil 3 namdandnmIuarnguifiieites wady 3 wdeddy dil
(1) wiwesvesiiveouasliiefnwimveisuasasama vl lanuauifuazdn
ANUENNNTYRINITIINY Aeuiluunsnlulaseig
(2) wansznuiddnesgunsallulaseeltifiofnuilaseine viliidladsdediinves
gunsalfng 9
(3) MTIATIENTATIIALALAMAINYBILATIVIY AIYUNUATNTUATLALAIENTIAIY

NawaaUs (Bit Error Rate, BER)

3.1 WISLADTUDIAIVUIIUES

Frvgreuadl 5 wasfiwesfid1dy Ae (1) ¥rsai1ueaaduldau (Operating
Wavelength Range), (2) 99310150818 (Gain), (3) Aatavdyay1asuniy (Noise Figure, NF),
(@) mmgiy,l,ﬁ&lsﬁuagjﬁ’uiwmlwzj%’u (Polarization Dependent Loss, PDL), uag (5) n15l4

masli (Power Consumption)

3.1.1 Haaauennduldiiy (Operating Wavelensth Range)

ADYINAINUYNMAAUNAIVY1ULAIAIUTDV18FIbEIV DA Tun1snaassazly
A3 ATITAUNASULAT AN IdanmnSur1eandivenewkas Insliaaiunasuuaadnen
luaviealaledlanuuiandluuni 2 3UN 2.14 uaggun 2.17 audau

3.1.2 91510159818 (Gain)

aM51N5VE18IUNUIEY dB ABKNARANIYBINIAILEINIEBNAULINF IV LA UNLIY dBmM
mldanaun1sn (3.1) [13] et uansvazidussuni 2 JUN 2.15 Fa198R5IN150818

duanauinan (G,) fvuaasiiuazlnalAusrigadn

G = Pout_dBm - Pin_dBm woy G= POUt (3.1)
P
Toefl G A9 8n31N15U818 (dB)
Pt dom Ao ANduaIu1aen (dBm)
Py dem Ao ANAILa91LT (dBm)
G AD 8931N15V88 (111)
P Ao AduaIuIaen (W)
P A ANAILAILTY (W)

=1
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3.1.3 AavdnIusunu (Noise Figure, NF)

Judwnsrduteadusns (Signal-to-Noise Ratio, SNR) LinsLeaLdUa1500NAIvE1Y

wetd (SNR,, /SNR )Iﬂaé’zgzgmmLsﬁwLLazaaﬂ(?f'mmsJLmemﬂammsﬁ?i (3.2) [13, 16, 17]

i2, = (%P’ (3.2)
el 05, Ao dygradaisniduasidasaduuasiuld ()
R A9 AINITRBUAUDS (Responsivity) UBIFINTIITULEAT (A/W)

out

P Ao AMasasUesdyIAnfInTITuLassulea (W)

r

ANNNSABUAUDIUDIFINTIVIULEIMLAANNEUNTSA (3.3) [13]

o= 19 _ 194 (3.3)
hy  hc
el 7 Ao Uszansnmaausy (Quantum Efficiency)
q  #e AUseadidinasou wiiiu 1.602 x 10" (C)
h AlD ANAIFIVBINGIA WINAU 6.626 x 107> (Jss)
% Ao Audwas (Hz)
A o AuEIAALLAY (m)
c Ao AMULSILAT WinAU 2.998 x 108 (m/s)

Ty msunauiiianun 5 Wslees Ustneudae (1) fuaiasuniuaeuiives
doyeyad (Signal Quantum Noise), (2) &geYIUTUNIUAIDUANVOIA Y YIUTUNIULDLDED
(ASE Quantum Noise), (3) dyeyrausuniusznindeyiuivdygrasuniueioad (Signal-
ASE Noise), (4) &qyey1adsuniussniNdgIasuniuLeeadnuieload (ASE-ASE Noise), uag
(5) dyayrausuniuaInauieu (Thermal Noise)

3.1.3.1 a9 10d3UNIUAIDUFNYDIEYS 184 (Signal Quantum Noise)

Fyanasunmumeusuidnvasdunmsnszarenisada saintuannisiliiase
Us¢91gm (Discrete Charge) luraigiiuasmnnsznuuuiinsaduuas dyaiusunmunieudy
NG wﬁymmié\’mﬂammﬁﬁ (3.4) [13, 16, 17]

06 sq = 20(RP.)B, (3.4)
Toedi 0o sg PO AyaynusunIumBUiLYDsdy I (A7)
B, Ao wuumavvslnin (Hz) vesisu
3.1.3.2 G 1045UNIUMIDUSNYONEY Y 10UTUNIUDIEES (ASE Quantum Noise)
AYIUTUNIUAIDUANVOITYYIUTUNIULDLOED Lﬁmﬁuaﬁﬂ%uﬁmmwmiUﬂauﬁﬁa

YeBUEIEETY wldanaunish (3.5) [13, 16, 17]
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2
Oo_nse =20 R(MS B, ) |B, (3.5)
I = 2 A o ) o = 2
AU O as A9 FYEUIUTUNIUAMBUANYDIAYYIUTUNIULDLEED (A%)
M Ao SrwulrualnanlsiwduresdygIasunIueLeEd

(M = 2 dunsunsdaasiudulediadrunneinnsgiu)
S st A AUUILULAUNATUURIFY I TUNIULELEED (W/HZ)
B A9 LUUMIAYIVINLEY (HZ) U9IFINTDIAUANANIULES

(o]

AMNTLLUEAUNA S TR Id I MTUMIWBLRED M IANEUNTT (3.6) [13, 16, 17]

p
S =_ASE (3.6)
A M xRes

el Py A9 AAIaIeddeygIasuniuewead (W)
Res Ao LuuaInvinuazdeauas (Optical Resolution Bandwidth) 9941A394
ARTzaUNaSuLEs (Hz)
- ° 1 % fa & A = i |
119999NNIAUIAUNEANNTS fodlduuuminNrEatenudwadluriig Hz wu B,
AR 1NN15Tn a3zl utearueadukaslundag m unu dsluddesldansds

aunsi (3.7) [13] vilewasumtiag

Av|= (%)IMI (3.7)
Toedl  Av  fe Yaeanuduas (Hz)
AL fie YnpnaeIRduLas (m)
3.1.3.3 SYQITUNIUTSHINAY QI UaY Y 1045UNIULeaS (Signal-ASE Noise)
H QU IUTUNIUTENINF Y UAUFY Y IUTUNIULDLOED Lﬁmﬁﬁul,ﬁaé’agapml,l,mmaaﬂ
Tnfudyausuniueieadaednvenauas wldainaunisi (3.8) [13, 16, 17]
Oagnse =4(RP.)(RS s ) B, (3.8)
Towil Oagnse AB dQAUTUMUTETINTYQfUdygIusUNIULLLEED (A7)
3.1.3.4 9NaisUNIUTERINGYYI4TUNIULDIOaINULDLOaE (ASE-ASE Noise)

AYEYIUTUNIUTENINFYYIAUTUNIULDLOEDNULBLEAD 1HANN1TTRAUTDIF Y10

v
a [ S

suMuLeLead yiliAndyyusuniudau mlaanaunisi (3.9) [13, 16, 17]

Oase_nse = MR?S5 (2B, - B,) B, (3.9)

A o 1

W87 Ol e AD FYYIUTUNIUTTNINTYYIUTUNIULDLADULOLDEAD (A7)
3.1.3.5 g 1a4sunIuINAINseau (Thermal Noise)
dyeyrnusuninainauFeuinanaNuaunudegluyniaasinii tneislusn

Y

asraduLaszreniufveedya Il Jedveedygraliinfassdygiusuniuein
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ANUTOURUAUKANANEINININ FYQYINTUNIUIINAINTBUIINANUAUNIULTAA AU

Ieeaunisd (3.10) [13, 17]

7= 4';5 B, (3.10)
edl o2 fe dyanasuniuainaudeu (A)
ke A9 Amssluasiesiug v 1.381 x 102 (J/K)
T Aa gauniiAaiu (K)

R, A9 anuaunmiuluan (Q)

LA UDISNAWAUIVNTN VDIV LEIMEFINAUNITN (3.11) [13]

2
|

SNR,, = ——2 (3.11)
Og sig_in T O7
N A =3 ca o ' [ Y ]
lme?l  SNR. AD LOALDUDIINALAUIVIVIVDINIVLIYUEAS (1111)
i5g in Ao dys i (A) et igy , =RP,
T4 sig_in D HEINTUNIUAIDUAN YR IUTT (A7)

AL UDISNAUNUIVIDDNVDIRIVEBUAI LARINANNTTA (3.12) [13]
=2

i2

Sig _out
2 ficce 12 0] A P (3.12)
Oq sig_out TO0_ase T Osig_out-ase T Oase-ase TO7

SNR,,, =

Tae?  SNR, A9 LOALDUINAUNUIVIDONVDIFIVLBUES (V1)
.2 A o 2 . /
%y ou Ao dyanmvieen (A) 1aed ig, o, = RGP,
Op g o PO AQYANUTUMUAMBUANYDIA YUY IDEN (A7)
Oy ounse N0 SRYIAUTUNIUTEWINGYYIIIENAUEYYIUSUNIULBLEAD (AY)

luynegaduavdyausuniulumie dB mleanaunisi (3.13) [13]

SNR.
NF,.. =10lo n 3.13
B g[SNR j (3.13)

out

lne  NF, A9 favdoygyiusuniu (dB)
Wiesandedinlunisindavdygiusuniuneinasiaduasinilewuluide

A = a ° o § Yo o =~ a !

1 2.3.1.3 FefArnsneuauen yilidgygiusuniuainanuisudanuguuseniiond

FoU U IUTUNIUDY LazINe1TNUSUA0INITINAIRLATR YY1 TUNMUNLAAIINAIVE 1B LES

LA

(% (% (%
6 N=® A o

WY A9UUAN TN USTUIWADNAIUIUAINIA LAANNLATBIIASIENALUNASULAILLNY TAgTIU

1%
v o

dun1s (3.1) 84 (3.13) Bntsnmua bildiinavesdygyiusuniuainanudeululsasivii
LAZLUUAIANNIILEILINNTILUUAIRNIglHTn (B, >> B,) azlaaunsi (3.14) dsu

ihlummnamiardyaiusunuresdnenisiaziodalow (eduigiiuinluniauuln)
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2
NF,, =10log| =+ sePo_ 2P, 1Pich, (3.14)
G G°P,Res hcMResG hcMRes“GP,

[

dusuilsr1devoaunsi (3.14) watusnAsAYQIATUNIUAIDURLYDIF Y107

g7

80N (0] gy o) NAUTARIADAYYIUTUNIUAIDUANVBITYYIUTUNIULDLOED (0] pe)

WA WA AYYINTUNIUTENINAYYINVDNAUTYYIUTUNIWDIOAD (02, g pse)

=

LaYNAUNFRDE Y QIUTUNIUTENINFYYIUTUNIULDLOEDAULOLDEAD (02 ree )

o

£

3.1.4 anugadesTuegiulnailsiedu (Polarization Dependent Loss, PDL)

v
v A

Augaydsduegiulnalsiwduenarieseninmasgegaiuidmgaiieanunan

IS o £

Mg iausulnanlswduvesdygyravndiluliasunnaniusiediauaulnailsiy

A7)

4 Auadldanaunisy (3.15) [16]

PDLys = Frax out_aem = Prin_out_asm (3.15)
lneg  PDLg R m’mg@yﬁ&%u@gjﬁ’uiwaﬂimﬁffu (dB)
Pro out_dem 71 f-ﬂ'ﬂﬁwé’ummaaﬂqqﬁqm (dBm)
Poin ot dsm 71 f-ﬂ'ﬂﬁﬂé’qt,l,msmaaﬂﬁ’wﬁfjﬂ (dBm)
3.1.5 nmslgnaslwiln (Power Consumption)
nsldmasindinAerasluihfisnelisvenswasinay mildnaunisi (3.16)
Power consumption =V x | (3.16)

lag  Power consumption #g n1stgtastuily (W)
Vv Ao wssuliia (V)
I Ao n3zualni (A)

3.2 wanszmuﬁﬁﬂﬁmﬂmqﬂnmﬂuiﬂiww

waﬂiwuﬁﬁ’wﬁ’mﬁ 4 @74 AD (1) NANTENUVBIAIVY U LAILATAILENLES, (2)
NaNTENUTRIFI3Y, (3) Hansznuveadulouaslnunifennnnsgu, way (4) NansEnuYed
fhdsaziodlow

3.2.1 WANTENUVDIAIVENYLAILALAILENLLEAS

3.2.1.1 HANTENUYDIR IV 1A
MveLaIIrIeedyMLasiNdy g usUNILeleadidun LAy 31 ngUTN

3.1 uansbiiiuindyanansengnuenemefiveeuatas Ay InsUNIUeLED Y
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— N
Input Output

U7 3.1 atye)1aignvenen g6 198 1eua

3.2.1.2 HANTENUYDIGTIMEINUET
Aankgniasyiliiiniasagideunsn (nsertion Loss, IL) Funelulasadng fds
qzyﬁmmsmmﬁ’gLLsJﬂLmelé’mnaumiﬁ (3.17) mﬂgﬂﬁ 3.2 uansliiuindyavieen
QNAAYUIAMIYFIUENUEN
IL =3log, (splitting ratio) (3.17)
Taofl L Ao MasgayLdewnsn (dB)

splitting ratio e ArdadIuNsLeN lauA 2, 4, 8,...

Input Output

/Optical splitte\

U 3.2 a0ye)10i9nanYInaIEH NI

3.2.2 NANSENUVDIAISU

v W

fsulsznaumefinsaTuuasazdveiesdygraluin Tuuni 2 %aden 2.1.1.3

Y a

FaneliiAndygrausuniudululaseiy auilaesuisliudrluiiden 3.1.3.1 §93.1.35

o

wagdaIUTUNIUITEHANSEUSBA M AegUR 3.3

Optical Receiver Electrical
input output

JU7 3.3 dgyarausunaugniiandrunludgya o

Aa o o

dusulasarneffisnveneuas Sududeddlawaidusis (Optical SNR, OSNR) A

AUA5Y (3.18) [13] AMSUMTIATIERAUTIOULURILATITNE

P
OSNR,; =10log {L”t} waz OSNR _ P (3.18)

ASE ASE
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Toe@i  OSNR,, Ao loloadusis (dB)

dlosimaunisfi (3.14) wae (3.18) agldanuduiusvedloeadueisfiavdyayin
JUNTU FIAUNIST (3.19) dmSuiesieidavdygiasuniudisleeaduens (e3ute
difnlunianuan) suuiiavianuazdeauanaiodinsgiaunasusaiivingaudndu

[ [ A
n5inloloalousIsAe 0.1 nm

NF,, —10log EWLEBO/ZRes+ 2nA P, N 2nA P, B,/2Res (3.19)
G G OSNR hcMRes OSNR hcMRes OSNR OSNR

3.2.3 nansgnuvedduloiinad iunfeiunnsgu

HANTENUTUAUTEUILAIEINNTOUANIAIUAUNITVLTOR 105 LT (Nonlinear
Schrodinger Equation) fi4aun1s9 (3.20) [18] d@1wiuilev11ile watnsnAsnisannoulu
duloduas wadiiaesfslasuifnfawesdu wasnatgavinefenansenulidadu lng

a a o’glj 1 I a % d' a0 v
Ieninusillaulanansenuliidady Wesanndadseun

; 2
%:_%A(t,z)_%ﬂz%+ jr|At2) At,2) (3.20)
Tnedl At z) Ao PUINLTITOUVRIT U
a fio AduuszanBnsasvewvesdilethuas (dB/km)
B, Ao Wifiwesfawesturesmuniingy (ps/km)
y Ao W5 fimeT LT aEY (1/Wekm)

Wfiweshamesiurasmusingunlaainaunsi (3.21) [13]

/12
— _ D (3.21)
% 27C

el D fe lasui@nfainesdu (ps/(nmekm)
A a P ° & Y] ~ a
Hansenuiiinannsaaneuluduleduasniloudusuin 3.2 uagnaainlasuidn

a & o 1d [ PN d‘ a a fou a1 [y '
ﬂaLW@i“UU"\]%Lﬂu@\TEUW 3.4 alasuAnAainestulauin ALUUUATOWDBNUIN

A (D _~_

Input  SSMF Output
U 3.4 dyaaiiianesniidesamnlasuidndaine iy

3.2.0 HANIENUYDPIEILLALLOELDLD

AAIUTENDUMIEAITULALYDTLAZLADS bUUNT 2 ANNWITIN 2.1.1.1 lnenansenu

YaaduAnINIBNeanlaen Baaginliaesiianansenuiliiendt WsU (Chirp) way
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walaenilassasamilouawasAvinlmAndsuruny Wilvasamashaziodloloaradinasns

A o

doyaadluguanufiniiouiu uiuand1aiuinIewsneveInud fagui 3.5

Y

Intensity J\
+

G +

F;equency SOA ~ V

U7 3.5 aanailasusansenuaIndsy [19]

Laser

FSUvanawasmlganaunsi (3.22) [20]
Re(n)
C =/F (3.22)
Laser Im(n)

Ao 1151 0WsYsUTaLaLes JA15E1rIng 2 D4 8 [20]

Tnefi C

n Ao AssvivnkaslulAsIas19ve ALY e

Laser

FSUveaealoomlaanaunisid (3.23) [19]

/. (deB/dPin_dBm)
CSOA 7 CLaser 1+(deB/dPin_dBm) (323)

lae?l  Cy, D M9imesiBsUvndealow

3.3 N1FAATINUATINAUAZAMUAINYRLATIYIY

desenuuulassdeduiudossuamiadifaneuaus wWelisuigunsaitule
Judedrinveslasstie iennassaiaaziingsinuameesnsaiuianaindauay
uunmgUnn ielimsuadmeng 9 lulassine

3.3.1 aANaUedlaseang

=Y

nsdsdygyralulaseniedl 2 nansznunanfe (1) HaNITNUADYUIAUDIFY QYT

[ 4 [

AUTOUNTVATIANANUTZYTN AL EAFIUNITUYNLES AIPFNNTITIVUATRS (Power Budget
Equation) kag (2) #ansenusen1siaguniasgusisvesdyaniad awnsamdadidneiu
TrEeENaEEnTIUnTaLaMEaNN1TIuLIAIUIAY (Rise-Time Budget Equation)

3.3.1.1 aun7139un1a9 (Power Budget Equation)

[ [

' a v ° ° N P s
NDUALLIUNITNAADIANDIATUIUFUNITIUNIGY ANEUN1TN (3.24) [13] L1UD9NNLALYDT

[ | v A

fMduasdandinfe Py g, wardnsinduuaanidnnnuansalunissuidauainanls

'
= A

SELAUNNLIAD P

e SS9zdANUAsuLlasiiounsniivesuasiulasetie Inealuuanig

sgyinmaauasaesdlife P, Sedenindnassiiningauluniseanuuulasstieiiolv
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Ieszozmalnauasunugléuinsuingn Wedn P, Liveswe awnsaiudivetouas
WhlTulasstnels lnednsnisveneds G, wnsnidilUluaunis Ineaziiansandnassnds
TAmn9 9 a4 (1) nsasveuluduletuas, 2) MAsELALUNINVDIILENUEY, WA (3)
f1&aileve9sruy (syetem margin) tue1asi 1w 6 dB ﬁm%’mﬁaiﬂﬁaqﬂﬂﬁaiﬁ'mmiu

TasaUnegensyinaulanuusnanawiininaaasazanmell 6 dB

P 6 =(Ps_gom — Pr_gom )+ Ggs = L+ IL +syetem margin (3.24)
Towil P A9 UMaeslATITIe (dB)
P e Ao AaskasdsaInialwes (dBm)
P fie dauashaeaimnadunassuld dsm)
a fie Aduuszansmsasvewvandiulethuas (dB/km)
L Ao szeznvvaadulouinay (km)
syetem margin flo Mdufiavessyuy (dB)

3.3.1.2 d1n159UL981979U (Rise-Time Budget Equation)

AUNNSIUNAVITUNLAINFUNTNA (3.25) [13] BeluAnerdnusilladanseaeniaves

' '
o a

dulodwaslia 20 km Faduszoznsumnuinsgiulassigendineuiinuall Snvsen

dnsdadeyatilumunnsgiudimun daAnednusatuiazldmunaunisiunaivd
ievTaidnveslaseineiinainmsuasuwlasgusaesdyauiad nszlugasudd

Tanunsarhaulanuansgiu

Y
we(3%)
i=1

et A9 NAVVUNINUAVDILATIVE

sys

N Ao nuruaUnsallulasetne

]

t Aa nawTuYesgUnIaling 9 Tulassne

3.3.2 AUAMNYBLATIYY
Inerinusiaglduunmunuardnsanuianaindalunsiesgiauninues
Tase31e Tnsununmzuninainnisdeusiviuveanatsy sUaAdY wHUAMIUAIA1L15a
LanINaNsENUINgUnsaling 9 uagiueAdnsnNAanatadnld Fannsgiulasaie
endanauiiudutiinin (mask) vesusuniwgusm fagudl 3.6 Tasdl Ul (Unit Interval) fovils
auin Sasanuianaindaiunisiaseuianaiaiiindusidulassdie adnsianm
Anmanndningninannansl lasmsmuauidsuasiiddnsiaduuas titethaninses

AMNNVRALATIVIETLANAINHANTENUAN 9|
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0.75 5
0.5
. 0.4 Ul
0.25
0 b : i
ou 02Ul i gy

U 3.6 MININYONUAUN IMFUNININIATTIUIATIVISONTINEY [3]

3.3.2.1 UNUUUIAIYDIUAUNINGUR

A18MI1ANUAANEIA TR UAINFUNT MlaanMITinsEAuksatuliin (V) uag
oA a o ‘za' & aa a ¢ al Y ]
ANdetuuIgIgIU (o) vaein 1 ua 0 AsgUR 3.7 LTWITMslasevngnldegisunsvay
TnsAndoavuninsgruitindunfenansenuaindgygrasuniuluiide 3.1.3 wdnnis
drfyueaistfemmualiandosuuinasgiuvesdadunisuanuasund wdr3eruimnIy

Aanaandn Vi, Wedludnde dnsinnutinnaindnuansnsaunisn (3.26) [13]

Voltage Voltage
A A

Bit error

Vi, HI Vs
Vomm}m \ J \“-“1 a, /

pt L, Probability
U 3.7 AINAUAUSYOIUAUN INGURIAURISH TIAIMHANAIA TR [14]

1 Q 1 92
BER=|1—erf| -% ||~ —=— 3.26
2{ o [\IZH 2 Q 326

lng  BER f8 ANDASIANURANAIATA

erf(x) Ao WsATuAIPaIRLARDY
& a &a
Q Ao N151TMasAR
W151TwasAINlAAINaNNIST (3.27) [13]
_ V1 _Vo _ Vs

= (3.27)
o,+0, 0,+0,
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Toed v, Ao szauLssulnivesina 1 (V)
V,  fe szaunsssulniihuesin 0 (V)
o, e Adeuunnsgiuvesdn 1 (V)
o, Mo AndouuuinnsgIuLeda 0 (V)
Vy A nassveawsesuliiivesta 1 Au 0 (V)

AnuFLuSsErIansIlmasmtueald ue1sulaanaunisn (3.28) [21]
Q=Y"""* (3.28)

laefl  SNR, e lealduenindumisrndidnsiaduneas (i)
LA UDSNA WALV FINTITULEI LA INALN1TN (3.29) [13]
2
RP
SNR, —— (%R)

2 2 2 2 (3.29)
Oq sig 700 ase T Osig_ase T Oase_nse T 07

Wesandisunelulunasuds unil 2 siaden 2.1.1.3 Ysenaudvenedyaialui

'
a a a o w =

FAANTIUBUNLAUTHALVRATITN TINYIRNUSTLUNTIVAIAIUAIUNIUTRAAYDIRIVENE

(% (%
[

azyﬁgﬁmlw%ﬁ'qaawﬁmﬁ AeaiuNsAINAIRTIANEANAIR TR IINLHUAINUR Tl
My usuninananudeu eliiesenisesuenanisnnass Inednusiagih
an137 (3.29) indagulvs Iéaunsii (3.30) (EBurerisdslunamwan)

1 (B

R =+ &

2 OSNR

P = (3.30)
q 1 (1 1 1+ B,/2Res
4B,SNR, | MRes J\ OSNR OSNR

HIaNA15UNIIINANNTTN (3.26), (3.28), waw (3.30) arunsaaguladnliondnatves

fyaiifinnadusassuldviolaadueisisiudsuwlas ashldadasanuianain
DefAasunlanduieay

NSWAAURANAINAI91IN (Forward Error Correction) wuusiasalalatey (Reed
Solomon, RS) gniunldauluinesgulaseingiendineu siasalelateuvedasaieuas
LA [22] 79 RS (248,216) wag RS (248,232) AUa1FiU 39811150LA8ATIALAANETR
Dalawannsnsdt 3.1

§75N9 3.1 NI5UAPIIUAANAINTRR185V AT o laueY

[

ANDANTIAURANANA DAL

ANDRIIANURANAIAURBBRN = 1072 9184, BER=1.1x10> | 9174, BER=1.8x10"*
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9NA519% 3.1 INerdnusieriiasieilaseneviaariiy f1esnsIAIy
Hanaindawindu 102 wag 10° auainu dmsuninsgiulasstisionddnaulanuzinli
SinswilaseiedesnsianuRanatndawiniu 10 Mlaseieuauazeiy
3.3.2.2 UNUUUINDUYDIUALUN INTUR)
NNV 3.6 Asnsnnuianatndnazintudled fyananilueglunseudivaey
n3INA193Y %qmﬁi’ﬂlﬁimmuLLmuaumamwumwgﬂmﬁa ﬂ'wLﬁ"mwummgmmaqmﬂm

Uitter) FBnsinAuandlugui 3.8

201 psidiv ‘ 9953 280 kbps
Lin 0.64 U1 4

U7 3.8 35m3inAnTeaunaInIgINYeInIsinIenuaun g

ANTEUUUNIATFINVBINITIIAIUITAAIUINAIBANNITUTENBUNITAI00N
(Broadening Factor Equation) muaunsdl (3.31) [18] §935n15isnludesinadsauy

UINIFIUVBINT IMISUAUNDUEAND F9aUNTnIATIIRANSENUAAIINgUNsalsng « 161
27Y2

2
O jitter — (1_ CﬁZLJ +(ﬂ2LJ (3.31)

2 2
O jitter 0 T, T,

1081 O e /Tier o D FIUTENDUANTENSREN

'
' a

Ao ANTeRUuIIRSgILYDINITINIENAY (ps)

O-Jit’[er_O
C A9 W1NmsIsU
= = v ) o ea P
T, AB ASIAINNINNVDIFYYIUTAATIYA 1/e VBIALLTY (ps)

ASIAUN TV IURRENIN 1/e V09AUTY MLARNaNN1TH (3.32) [18]

T, = e /(212 (3.32)

I =

Wehl Ty A0 Wuauniwesdygiaiadngainalwesnnudugsgn (ps)

q
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U 4
ANSNAADILASHANISNAAD

£%
v A

undl 4 namdaniIneastkarianIsnAaed wiadu 3 ideddy fail

(1) Wrsginniinesvesiivensuaaeama ielridnddnnoutiluldam

2) Awsendniiaveddaseng feaunsauiids dWelimmuiadesitaveddasetie
(3) IATEvAUNMYRIHYYIMLAZIATINIY MBUNUATNIUALAZAIERTIAIURANAA

a A g v v = i |
Un el latanansenudng 9 vasgunsailulasedng

4.1 JATIINITTNDTVDIRIVENBUAIFDINN
L 4 dy Y o a . .
nan1snaaestuiiitedldunauelulusiuyseguivginas Third International
Conference on Photonics Solutions (ICPS2017) [23] Tastduni1sinainisidmesvesdd
YYIURAIERINN Ap (1) FaemngInduldam, (2) asnisvensuasdnardygyiusuniy,
(3) mnugsydeTusgiulnanlsiwdy, uay (@) nsldmaslni

4.1.1 929A3081AaUlTNUYB IV ULEIER NS

Yuasosiiassnanasunas Talnslndaunnsuveemdsnaiuneon f e o uas
4099 FeUsEneumsdiieniefufinsemauANRULaRINEIAAUR AT 1577 nm
LazlealeLe A UfINToIaUANARIULAIRIINEIAALAINAa1T 1270 nm Wioldfuased
mmmumwuﬁaﬂé’fagﬂﬁ 4.1 mamamaawaq%ﬁL@WL@LLamé’agﬂﬁ 4.2 ($1) Femarnnszua
Husinaify fsil 0.038 A (usilan), 0.075 A, 0.113 A, 0.15 A, 0.188 A, 0.225 A uaw 0.263
A (Lﬁuqaﬁqm) wam'ﬁmaawaaLaaIaLaLLaqﬁagﬂﬁ 4.2 (477 Fadarnszuati fail 0.081 A

a

(1usiniign), 0.163 A, 0.244 A, 0.325 A uay 0.406 A (idugeiian)

Bidirectional Optical Amplifier

/ EDFA OBPF \

Ko P S A

Q ] 1 O

3 ol | 2 ||1577 0
~-f © 9 —— OSA
1 1270 nm c ,
: g —% = G H E ETI OSA: Optical Spectrum Analyzer
LS | Py ® S
roIN] o8P SOA|” !
1 ]
1 1
e e e e e, ———————— J

JUi 4.1 UAILNINUADNNITIAY AN 1IPAULTI7U
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<MEAS CONDITION: ‘ {MEAS CONDITION> ‘
|sar: 1565, 00BN rop: 1605, 000NN center: 15800000 sean: 30,0 TarT: 1257, 008N Toe: 1287000 ___centes:1272.000nn __ span: 30.0mm

01 Bles. o res: [ B0 rm  sens: HIGHL ave:[ 1] sveu:[TE01 @I 10 0)ueo res: [0 00)m  sens:[HIGHL ave:[ 1)

sve: [ TEOLTALTON
18.8 ; 18.0 - -

Operating Wavelength:1263.-.1280.nm

Y/
-T.9) : /

-98.0 =
ren o [EE. 000w (57008 (2. Gedrm =080 (2T 08 rm

-98.8
(1565, A0e] o

JU7 4.2 awnesuvesuasyieeniinssuatiunvnu: (11e) Moo uay (¥17) 1ealeaie

mﬂmamwammaawaﬁﬁmﬂwgﬂﬁ 4.2 (1) LLammsﬁ’muangLuSdNﬂ’nmmm?m
Faus 1570 B9 1589 nm tiesannilfansesuauauasiuLasnde 20 nm muitesuneluun
fi 2 vt 2.2.1.3 Taegngluiesuasaomns dmiurunisvhaumesoalowaziuegiv
anshesimi et luludulassadie lunsdikanimaaeszuil 4.2 (421) uansnisyieueg
TugIAUETIAAULARIUA 1263 nm B9 1280 nm LiesanruiinsasLauAILERITULES
NT9UsZUI 20 nm LUuAY

4.1.2 9931NITVLILALANAVF U UTUNIUYDIFIVH B LAIADIN

NARBINUUNUNTNUADNTUT 4.3 1H0AWAIAINENIAAY 1577 nm 1 iBFieviefiss

Y

ANNSEWAUNYINAU 0.15 A kagA1Ng1IAaY 1270 nm [WealelefinaaInsehdlumnnu
0.325 A lagdnmaduasvidn, 91990, LardnI1IUNIULOLDEDUDIFIVLIULENEDINIIAE

A a 6 (% = & fa '3 a Yo @
LAIBIILATIERLUNATULLES GZNGNF’YWLLU‘IJG’I’JG]VIF‘YJ’WELI&SLEJ'EJ@ILLENI’]LVHHU 0.1 nm

VOA: Variable Optical Attenuator ] Optical Power Meter
Q
=]
Laser 9 p EDFA 19 nm P
o | 1 OSA
1577 nm for EDFA  YOA 2= da ?\(’/ P>
Ny ASE
1270 nm for SOA Y
Y
/\/ G
Xy
17 nm SOA

Bidirectional Optical Amplifier
JUTT 4.3 WRINIMUABNNITINBNTINITVEE UdsHUAVAYYINTUNIY

ATUIIDNTINTVIILAUANNITN (3.1) WaTANAVFYQYIUTUNIUALENNITN (3.14)

s

NUUABE 9 UTUASEIUILIIRITEIBLasBAIanauasusuale iemanuduus
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AUdRIINITVEIBLAZFAVAYQYIIUNIU NaULINIANT I Tnaamnsdimesdsudn

Aavdyausunukanslun1seg 4.1

#1509 4.1 AMNITIUNDTAINTUAIUIUT UAVEYQY1845UA I

WIS nDS Fydnwal [ anae | vy
Tnulvualnanlsiedure sdyaIusunIuLeLOED M 2
LuuAIaviA LAz BeaLat vanAdeslinTsiaUnaiuuas | Res(nm) 0.1
WUUAIAYIVINANES B,(nm) | 19.02 | 17.04
UsgansSninalousy n 1
AYINETIARULAS A(nm) 1577 1270
ANPIAIVDINGIA h (Jes) 6.626 x 107
ALIS LA ¢ (m/s) 2.998 x 10°

22 9.5

20

Gain (dB)
o o

—
=Y

—
ro

-9~
b= = _ - =
i S U s

| == Gain @ 0.15 A
- & - NF (B, = 19.02 nm)

—
(=]

8

| Operating range | 9
P

¢~ lgs @
4 N
(1

8 =

1]

e

o

475 iC
o

]

o

Tz

~20 -18 -16 ~14 -12 -10 -8 -6 -4 -2
Input power (dBm)

JU7 4.4 895107159eeinszuali 0.15 A uazfuavaga1aisunauveddalenie

JUN 4.4 uanaanuduiusseninednnisvensuasdiavdayausuniuiuigauas

YUIBReNLe WaMAA NI WANTY SRT1NTVE18LABY 9 ARAY TIBATINTVEILZIER

WINAU 20.24 dB WefIavd g usunIuIgiiNtL 1nA1UsEaM 6.6 dB Tuganauasu

intdes 1WuAviniu 8.66 dB firdauasvid 0 dBm eedfemegnldaulugisiduesn

1 -4 84 0 dBm esanilidulethuadvuaeduinggiu 20 km neunihuagldduenuas

IARUNS IRV LAIFDIN
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12 T 22
S{O;Oe : -9- Zou‘t
10 RN i a1 Hao
: A
E 8 g s
o _ o—9Operating range
- —p —~
g 6| 16 3
8 1 =
4 = 0 L el ©
£ 5\099_____7,,,. e 149
a | e
8 21 & i 12
o
of 10
) l ] I : | 8
%0  -18  -16 -4 -12  -10 f 6 4 2 0

8
Input power (dBm)
U 4.5 MAuaIY108n kazdnInIsveIgvednionie

'
a

SUN

Y

4.5 LAAIANNAUNUTTENINNNAILEIVIDBNBALDNTINITVENYAUNISILEIVILTN
RLNLD LMLV WRLTY AFILAIaN AR LT ULaE ANNT UL uAAINTus 919
aa Y ;4 U Y] :1" = a }%4 o d'
UVDIDALONLD ASINUTIUAUDNTINTVIIYTILAIANAILUULTILEY U1@UN15N (3.1) U1

InSganalmlazleaunsi (4.1)
I:>out_dBm _GdB = I:)in_dBm (41)

NAUNISA (4.1) F1USUT9LTINUVDIDALDNLD HARITENINAMUTUVDINA LAV

29NAUAMUTUVDIDNTINTITVLNBTANNITU 1 TIAADSNTINITNLVUVDIAEILAIV T DAL

1%
=

0 aylldndnsnisveenanandudadu waduainiduawieondseviedadaniiniy
WAREAMUTUNANAY (YI9BUAIVDIDALONLD)
dmiudadldanuvesdnienio MlavdyyIasuNIUAINANNIST (3.14) FBQNATUIN

= ¢ o .«.:4' a o w v v
LLUNNASNIU G]x‘iLLﬁqumi’NVl 4.2 IfﬂﬂLiﬂ\?ﬂqaﬂLLaﬂsﬂqL?J’H]"Iﬂu@ﬂ‘lﬂlmﬂ
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SEAUIATIANURANAIATA 10° TANV1AU 0.14 dB way 0.12 dB uaIfu drvsuallny

AdamiduAfnautdntesnuieauinluiineiduinduas

=9 T T T T T

@ B2B

- - 1:645P
—e— 1:10245P

log (BER)

B0 Power penalty -0.04 dB

-9 | 1
~38 -37.5 -37 -36.5 -36 -355 -35 -34.5
Received power (dBm)

U 4.18 n7Wm8n5IA1NAANA 1 THYe9lATIYIEYITY NIHIFIETUF IENUAT




a7

1NFUN 4.18 UanaNan1saaeInsaldetoyn 2.4883 Gb/s 1AMETIAGU 1270 nm

NUALE NLAIUDILATIVIEVITUL LAUNTINT LU LA pUAUNUNTALS LAY LaNANTNA NG

v Y v Y 1% 1 LYY

o = QI U ! 1 L2 dl
AN TULTUAUNULNINAILENLEINIYAFAFIUNITUENLNINY 1:64 Way 1:1024 NT2AUDAT)

a [ Y]

AMURANaIatn 10 dAwniiu -0.17 dB uay -0.14 dB AUA1AU N5EAUTnIIAINY
Hana1ndn 10° dAwiniu -0.01 dB uag —0.04 dB ANy
INFUN 4.17 wag3uhl 4.18 arunsaasuladn Muenuasliinansenudednsinig

Ranatnidn aennasfuannisi (3.30) Wslowarduans (OSNR) Lilvdsunlawayiidasy

(P.) wiritu toauduens (SNR, ) azdirasil Bsadnsianuianaindnazasiiguieniv

4.3.2 mamzmmﬂmiﬁ@Lﬁawaaﬁ'mzy’lm
dmsunsdifaravlanansenuiiinnnduleduadmnieinsgu lunsmeaes

wIndrsnsanuianatndnfumdefuvesnsdiuduivwnsniduleduadvuaiien

UMTFIUTEIEINS 20 km WAz 40 km ldkanisvaaesuanafaguil 4.19 uazguil 4.20 dmsy

1AV IAILALVITE FIUAIAU

@~ B2B
—k— 20kmSSMF | |

-3 S

Power penalty 0.45 dB [o-

log (BER)

_6 T
Power penalty 0.65 dB I
o,

-9 I I I 1 .,
=35 -34 -33 -32 -31 30 _29 -28 _27
Received power (dBm)

U7 4.19 n5IA18n5IAIudnnaIndnvedlnsivieyIad nsalaasituszeena 20, 40 km

HANIINAAD304LATIUIEVIAY AINTUN 4.19 ezdanaladndunsvuduidould

Y

7119977 L1952 8EMBANTUAIN 20 km U 40 km RANTUIANNYANGITERININTASUAUNY
wnsniduletnadlnunfeInnsgIusEeen1e 20 km wag 40 km N5EAUdnIIANURANGIA

T, 107 fdAwinnu 0.45 dB hay 0.98 dB aua19u NSLAUDnTIANURANAIATM 10° A0

WINAU 0.65 dB hay 1.27 dB auanfu
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wilulassedelinansenuiiininisuegiantaense Jslivansliiuluununmsy

aiamelugasuds dndudeslddnmadusaduiite 2.3.1.3 Taununimguni wiauns

AUIUIUENNTTA (3.31) AIEAINISITMBSAINSUAIUIUAIUTENBUNISANDDN A5 4.6

97519 4.6 AINITITADTAISUAINIGIUSENDUNITH N8

WISWRDS deyanwal Y189 iy
WnessUTeaIwes [20] Cracer 6 6
TAsInfAnAgLwo It D (ps/(nmekm) 20 -7
syagnevondulodnas L (km) 20 uag 40
Wuaunevesdyanaiad 7 99RINa108 | Try (0S) 100 400
ANULTLEIER
ANAEIAAULAS A(nm) 1577 1270
ALIS LA c(m/s) 2.998 x 10°

Y1A191n019199 4.6 uneuaailuaunsi (3.21), (3.31), way (3.32) 2z a9

U52naUN1361998nv0uduleduaslnunfeiu1nsgIunsseen1s 20 km wag 40 km A

M5T 4.7 UAzA151N 4.8 LaRILKNUNINSURIIRAIERInTIaTuLES Adesu -8 dBm

§I5N9 4.7 §21Us¥naunIsa1NeenYadlasitIgYIad seeEne 20 kay 40 km

é'f'nJ'iznaumidwaanﬁizazma (km) V18N m%u
20 1.88 0.99
40 20 0.98

9757971 4.8 WU IMFUN AT I8V IavInA 86997198 Uavrdailewdy 1895y -8 dBm

B-B

40 km

20 km

WI50L905

B-B 20 km 40 km
AndeaiuninnsgIuveInsimn (ps) 4.51 9.39 11.61
FrusenaunIseseenitinass - 2.08 2.57
FUsENIUNITANDINIINNITATUINS - 1.88 2.77
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91nA5199 4.8 fuszneunsasesniiinaiardarlnadssiunsaiuin Judy
Hansenuantasudnfamestuluduloduaduunneininsgiu (5,) waslslveuawes
(C) Mnansluaunisn (3.31) dmsunansegnuiifaandsululasenesiasazyinlndyey o

WnN1sangeanuInnInsaivunliddsululasatne

2 T T
@~ B2B
e e o Bt —de— 20kmSSMF

Power penalty -0.09 dB

Power penalty 0 dB

log (BER)

-9 | | I ! ! ~
-38 =37.5 =37 -36.5 -36 -35.5 -35 -34.5

Received power (dBm)
FU7 4.20 n51A18n5IAuAnnaIndnvedlasivievIdu nsalasnusyeznIe 20, 40 km

In3UT 4.20 Wunanisneassvedassineundu duns il dumilousudiunsdl

[

Sus AlnymasseninnsalsuauiusnsniduleduadnunfeInnsgIuseeenie 20 km

WA 40 km N5EAUDNIIAURANAIATUN 107% TAWNIAU -0.09 dB way -0.15 dB AuaIRAU

o 1

NILAUAIDNTIAURANAIAUM 10° TAWNINU 0 dB wag -0.05 dB A1UEIRU @1%SU
uHuANgUMvedlassieuIuagligniiuniin e Wewinfiuseneunisansesnientey

170 WarkUULYRAUNT N BUNUNTILSUAY F9danraeeiuANNAILILALLANS1SN 4.7

[ 1

dmsulasevignasaziinansenuannnisinledveady I Juisininuidu
= ~ a | ' | A a ¢ o | | P
Weniivuiamudauaunii 4 Wi uazerlasundndamesdugendt 3 i 9n3UR 4.19
1AS99189189 ANNEAIAITENINNTHBUAUNUTLEENIE 20 km hag 40km NSEAUBNTIAINY
Hanwatads 107 dAwwiniu 0.45 dB way 0.98 dB MUAIRY BINIUAINTBNNUAYBININTTIY
TAsevngendInouAaliiiu 1 dB wag 2 dB @1nsuszesnig 20 km wag 40 km anuaiau

NFUN 4.20 Tasatngv1du mlnsmasiumudeimunvewnsgiudsliiy 0.5 dB
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4.3.3 NANIZNUNAUYITUNIULDLOAD
dmsulasengviasazaulanansenuNnaandaenia Tun1sneaseaz Innsallsuau,
dntenefMasiasnUiiasaqyde Wiy 3.8 dB (szaenie 20 km), wazidulediuas

MUAAEINIATFINTEEENI 20 km + BAtevie Agldkansmeaesisgun 4.21

@ B2B
,,,,, —— EDFA(loss=3.8dB)

-3 \k
[Power penalty -0.08 dB[*

-2

|
2

|
;]
T

log (BER)

|
(o)}

Power penalty 0.05 dB

-9 | | | |
-35 -34 -33 -32 -31 -30 -29 -28 -27
Received power (dBm)

U1 4.21 n9laensInudananinvedlaseheias nsdassiussionie

n3U7 4.21 1@unsvesdierieduudlifnmiounsdlSudu udillounsn
dulovuaslnunifennnsgiu 20 km Whlddhamtdiienie Wunswazusuluniawanie
mﬁauﬁ’ugﬂﬁ 4.19 AlnerdessninensaBudutuunsndaene wazsdulotinasiuug
Lﬁmmmgmiwzma 20 km + Bievle fiszusnsiauianainds 102 davitu
~0.08 dB waz 0.52 dB muadiu fiszdusnsmnuianainda 10 Ay 0.05 dB uas
0.67 dB gu&aeU

WU ULYRIA INEMRINTELNTNDALENLD aamﬂﬁaaﬁugﬂﬁ 4.6 Fsrreilduvesdh
wvlie (Auvndevessy) daloteaduesgeuin é’qﬁ?uwaﬂswumﬂé’au@wmaummmaaﬁ
Jeflantosuarhidmarednmauianaindn uideunsnidulotuasdnunionnasgu
5859119 20 km Eunsvazeduluniewan wWesainnansenuveslasufndamesduly
wWuleduasiasidsuvasamas faandtuide 4.3.2

dvulassineuntuazanlanansenurediealote Tunsnaaesaziinsaisudy, i
LENUESTIAEREILNISUENINAU 1:64 + Lodlewe, 1:256 + Loalole, waz 1:1024 + 1ealeLe

lpkan1snaaesisgui 4.22
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_2 T T T
“ @~ B2B
s ‘>.\

L o ety 657 dB,i --M-= 1:2565P+SOA
SRR A : —h— 1:10245P+50A
S \

—ﬂ‘ M

ry-s = -

x | Power penalty 2.62 dBl

~ © .
E 75" l.", \\
om = Ny
= -
b4 6 Y s
- ,.-..:L: ....... -y ::‘in
1IPower penalty 1.40 dB! ‘\\ | Power penalty 4.41 dBI
I8 SR S Siars Ml e ™, |
", \\
"'. \\
0 \\
_8 | -, ¢ _|
. N
\\
n \,
-9 I ! L LN ! ! L
-38 -37 -36 -35 -34 -33 -32 -31 =30 -29 -28

Received power (dBm)
FU 4.22 n9lAanensInudanaIninveslnssnguiu nsadesuealele

mﬂgﬂﬁ 4.22 wulguvewduns1azrdulun1enin audnsidiuniswen 1:64,
1:256, uay 1:1024 @asnndesiuAilelodlsuosianas Gﬁ’qg‘dﬁ 4.10 (Mugneila) Il
Lﬁmwaﬂiwwaqé’m@ymsumuLaLaaﬁﬁquumﬁmﬁu Alnutdaseninansdisuduiuunsn
Fauenuas 1:64 + Loalels, 1:256 + wales, 1:1024 + walale AszdusnsAuRanandn
10 fldwwiriu 0.24 dB, 0.94 dB, ua 2.62 dB MINEU TIszRushsAuRanNaIndn 10
gaunnfiu 0.32 dB, 1.40 dB, wag 4.41 dB miuaIsu

Wiaihaunisn (3.30) dntnguliaesadasiueilneige selaaunisn (4.4)

P
PP =10log| A (3.30)
r_B-B

Tnefi PP fe Avlnwriids (dB)

P o o0 v w [ % Y

r soa f® ANAITUNAILNTNA LY ALAILAEHIVEBLES (W)

P ., Ao massunsalisudu (W)

dlethaletoadusisviesniealale 31n5U7 4.10, ANLOALDUBISINANNTN (3.26)

ez (3.28) fapn51991 4.9, uazihalowaldunsdizuauainun 4.23 wdwialuaunisi

LYY a

(4.4) TawUaNsEAUINSIANURANAINDN 107 way 10° azlamnuduiussenInemlnenas

[y [

Aumaauanduaglowaduens daguin 4.24

§75199 4.9 AINAUNUSYDIaaPUDISAUSNTIAINAANAINTS

DRINANMURANAIATN = 107 | DnFIAURANaINUm = 10°

Wwadues () 55.32 90.38
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3.0+

(Res 0.1nm) |

Y : : :
i25aaTdm 8. — [E=n
7

U7 4.23 mileseasoverinsdlisuduelnsivieyIdu inue19pau1270 nm

OSNR (dB)

2 25 5 a0
20 - . 2 = ‘

18P : —k— BER=10"*
L @+ BER=10"°

16]%

Operating range

N

14

121

Power Penalty, PP (dB)

ok | R O C
23 o5 -20 1:64 SP _15 -10 -5
Input power (dBm)

U7 4.24 mlnwiiaiveslesinigvidu nsdawiuealate

¥
= 1

a dl' o w Y a o w 1 I3 | Ao w
f\]’]ﬂE‘U‘VI 4.24 MU I UALTY ANlNEA8998ana9981959AL57 TUT99IA89

'
v LYY a

LASUNUUDY (B9 TULLELDLD) ANNEYNSINTLAUDRTIANURANEINTR 107 way 10° 9l

]
1 o W 14

AANANAY Wallamasandtiuduazialndifesiu aonadeeiusuin 4.22 Jaalny

' '
1 a = [y a

Mdsdlanfiuty Wermdwawdnanas uazaAtlneidafisssumiuianaindn 107 9ziien
Uoanii 10°
N15BATIERA1dnTIANEanaIndafgurunmgUavldlaeTada s imestu
aumsii (3.27) e mualiindeiuniniy (-35 dBm) Andesvumasgiuvesdn 1 uaz 0
axdlAiinty donndosfudndiunisueniiiuty Famseit 4.10 Wesannnansenuves

HU1TUNIULBLOED
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M15799 4.10 UaunmgUslassrievIduiinmelugasuas fadsy -35 dBm

B-B 1:64 + 1281040 1:256 + LodlaLd 1:1024 + 12&laLd

W1sdnas B-B 1:64 + 1:256 + | 1:1024 +

LoalaLe LoalaLe 1oalaLe
Andeauunasguesta 1 (mv) 8.12 8.35 8.55 10.25
Andeauunasguesta 0 (mv) 7.95 8.07 8.57 11.21

4.3.4 115ATINAUNINYBLATIVIEUIA

Power penalty 0.45 dB !

& | 1
<)
o | e
S-¢
-7F =
«@~ B2B
“81" | -9 - 20kmSSMF+1:64SP (XG-PON standard) 5.
—k— 20kmSSMF+EDFA+1:1024SP (Thesis’s goal)
-9 | 1 1 | | 1 "
l35 -34 -33 -32 -31 -30 -29 -28 -27

Received power (dBm)
U 4.25 n51MA1905IANARNS 19 TnYe9lATIVIEYIaY MUYV TN 1TNUT

1n5U7 4.25 wudltuveadunsmazadulunisn esnnlasundnfamesduly
dulotuaslnunifennnsgiuszeenng 20 km uazidsUvesawed Weofinrsandlnuigs
serhansdisuduiuwmsnidulotuaunfennnssuszeeng 20 km + Funuad 1:64
wazdulovuadlvuafennnasgiuszeynng 20 km + SAowie + fuenuas 1:1024 fiszeiu
dnsranuiianaindn 102 dAuvifu 043 dB wag 0.45 dB audIdy Aisedudnsiny

RAwaatm 10° TaAwnnu 0.59 dB way 0.69 dB muasu




4.3.5 1159ATNAUAINYBNATIVIEUITY
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dAnsulasenevusndudesaulanndsuvouealaw ngauisanialdsuvaad

1otal9a1naun1sA (3.23) WianunuUalynis1dmasiisUveawas iU 6 azlananis

NARBIAIFUN 4.26

7
| % Gain @ 0.325 A @~ Chirp |
6.5 |
S e U WU SE— e e ﬂ
6 | i — Operating range
! 12
_.55 :
o ‘
T N P o WP ! 0
c b J A = 90 -o---
'S} 1:1024 SP 1:256 SP T
45 3 ‘o ..-G_.v- _2
- ! e,
q ! S
| oL
| ._q..' q
3.5 o
3 | | | | -6
-30 -25 -20 -15 -10 -5

Input power (dBm)
JU7 4.26 \35Uvevealeie

Chirp Parameter

INFUN 4.26 Andsuvedealereariinninlndaud lurisldnuresealate faluen

A P | PR A e X %
WsUveealaeazliinansynululasatieiinednustoantuul)

-2 T
~@- B2B
S —He— 1:10245P+SOA+20kmSSMF (Thesis’s goal) | |
-4
! | Power penalty 2.28 dBl

— B "o -
&S
)
o | Power penalty 4.39 dB L
OS¢ O ~

7t G |

"'33
-8 ,
-9 | | | ! 1 I I I
-38 =37 -36 -35 -34 -33 -32 -31 =30 -29 -28

Received power (dBm)

U7 4.27 n5mA18nsImnuannaIndnvedlnssvievidu mundmuigvesiveiinug



55

NNFUN 4.27 unsmazeduluniw Werinuansenuvesdy1ssuniueLdd

A

[ ¥

FUNNINLDALDLENANAILEIVIINLDY NINTUIANNYANDITERINN TS UAUAUBNTARILEN
e 1:64 + duleunuadnunfedInsgIusseenig 20 km wagiikenuas 1:1024 + Loale

@ + ulodiuadlnunifednInggIusseeng 20 km Nszdudnsanuiianainds 107 a0

YY)

WA -0.18 dB way 2.28 dB ANua1nU NSLAUsNTIAURANAIATUA 10° dAwnAU —0.05

v

dB wag 4.39 dB suaInu

4.3.6 n15dadayansauAuNlAsIiIevIAUaEUITY

Ingrinusilovnaosdsdyyindoyanias 9.9532 Gb/s wavdoyaviiu 2.4883
Gb/s Tulasevrensaudu Wunan 1 97lus lnglaseveUsenaumerdulavinadluuniien
UINTFIUTZHLNN 20 km, FIVEIBLENEDINI, wazimuunias 1:1024 dusuilsvadlifingig

v v a1 Y 1

Hanaindninduiagiindedu —23.37 dBm lesainidegaideiiatesninilen iy uas

[ Y]

dssufienunnniduasihaeaiirmatuiasiuld Sehlilbifnnnuiawaindatuasd
v dvduilanniulaAisnsiaiuianain Dawindu 3.64x10°° ifda¥u —33.94 dBm
Lﬁaamﬂsﬁagamwﬁuﬁmaﬂiwwaaé’aujzymiummaLaaﬁﬁgumﬂ warMAsaaydeianunnd
Hevnas FiliiRnAsnTnuRanandnty uisasanuianarndndiliifiudefrunves
unsgiulasenelondineu (BER<10%) fawanimmaassuandlvifuinlasstsdamisn

iauldnuunsgu
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unil 5
unauuazdalauauuy

5.1 a@3Unan133e

IneInusileau S iiuaNsInULY0lATIUELENTINDUAIYFIVYE LAIADINI

iesessulasanengnldluumuas Fallanuvuiiduvesdliusnisgeann yaussasdnan

A = a

399N ITeReAn v Ime fvedvesuadamianeutluunsnlulasene aantuds
Usznaulasstioiendaneu Seidnsidnvias 9.9532 Gb/s fimusniaduinais 1577 nm
Larsns10MYNTY 2.4883 Gb/s finueIAaURINaTs 1270 nm IHsesdusyeenia 20 km
wazgliu3nig 64 918 udrdshmvesuasassmunsniilululaseing esesussazma
20 km uaghl¥u3Ins 1024 918

AIVENLAEDININUTENOUMEDALNLREINS U9 akazLealoea s UEla1Tu 1ae

a

AALeNYNUlUYI9AINUE1IAAY 1570 nm B9 1589 nm 189N TIAINTDILAUAMUDNIULA

[

1Y v aa N o o 13 - Y
NINDYV NN '939]L@WL@@J@@?WW}T‘UEJ']EJﬂQJ}ZUU']m“UUWWLﬁﬂLVI’mU 20.24 dB hagmLast el

AR}

1 [

sUNIUBYLUYIN 6.6 §1 8.66 dB d1mSULRALDLENHURINTBIAUAIUARNIULNTNBYU1 NS

Y

WULREINUDAENLD V191U UTIIANENIAAY 1263 nm D9 1280 nm 1adalawelonsInis

YU YYIUVUIALENYINTY 7.03 dB hagaaadygasuniumingu 13.3, 9.1, uag 10 dB

[ v

AMdaasudi -30, -15, uag -5 dBm mudwu dnvisdiaugayideduegiulnailsedu
Wi 33 dB Astiulunisnaaesdnduseadfmmuauinailseduiienuauuasneoudiodals
wlane Msldmdalniveswivensuasaamnaiiy 1.5675 W

INUUAIUIUIUAAIVDILATIVIELONTINDUNWNTNAY ENULAIADINI 198DDAWUU

[y

Taseunglisossuszaen1e 20 km wazdldusnig 1024 518 aumdeifwaLandliiugg
lassganunsainaule dadnieegluilenniu iWesniealalelidnsinisveeiiesning

fene waznisannauluiduletnaavestlavTuiaIuInnINiewIas ansunITepnNwUUT Ha

o A o A

IVUALLNBWHNOVDITEUUUDYUIN WA IUNITNAAD9I9TI9LTNIAIHNDVDITEUUNLYUY 10 dB

waziang liusnsvae 256 518 AMEUHBYDITEULALLHNINEN 6 dB Wulkgliy

'
= YY)

TuN153ATLRAUNINUBILATIUIEILTANTUIATMYAET T158AUTNTINNURANER
Tm 107 @ nsulaseuiead, 107 @1usulasawnevndu, 10° dmsulasnguadkary1yy
NaNTENUNd1AgYvoIlaTItIeTIatAnaInAlAsuIRnAdINesTUTREUlsUILalRLALA YYD

UINIFIAVANTITUTD1a0T NANTENUTBILATIVIEVITUAAIINAIAIEVDIF Y QY1 UTUNIY
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1ead Sefiausuusafisdudoduandiedleedianas aonadostuloadueiid
fAanaguReIny
definsanalneiidaeddasaiigriassznitnsdlifusuiulasaeiendiney
(dulothuastuunifonninggiu 20 km + fausnuas 1:60) uazlassienuinguszasd
(Eulouadvunfiennnsgiu 20 km + 3ftovle + fausnuas 1:1024) iszfudniinii
Aanaindn 107 dewvinfu 0.43 dB wag 0.45 dB auddy iszdudniauianainds
107° Ay 0.59 wag 0.69 dB MINEIAU
Slofnsanainuhdsmedasdeuniuserinsd Susuiulnsisendineu 6
wonuas 1:64 + Eulethuaslrniionnnsgiu 20 km) uazlassinenuinguszasd Fuen

v v

wae 1:1024 + woalete + tduletiuadnunfedunsgiu 20 km) N5EAUIRTIANURANGIA

v W

Tn 10 TAwiriu -0.18 dB uae 2.28 dB AUy fiszdudasanufinnaindn 107 Sian
WU -0.05 uag 4.39 dB mua1du lunsaifiaineidsfnaudndosaneainuinlufian
Tnwihdauintululasaneg
slevnassdeduaamdeutuilasidieranazariudune 1 93lus Inelasene
Uszneuseduletiuaduunifeninsgiuseeenie 20 km, Fgnenasdem, wagdauen
uas 1:1024 nan1snaassvesiiviadhifiauionainaiatuasifidasu —23.37 dBm
dmiuiliwtuldadnsauRanaindauiatu 3.64x107° AU ~33.94 dBm wASAT]
ANuRananadiliiutairunreansgiulasstieendIney (BER<10)
MniinaudrsiuineinusiannsalszneulasaisendIneuiiunsniven
wasaes Tisessuiduloduaslvanifeonnsgiuszoemie 20 km wazglduinng 1024 51
lagIAsEiNansenufe 9 v039UnsallulasadngmernunMIUnLaEsnIIANRANATA
fn Famansvaaenivandenedownudormunvesnasgiulasisiondiney
5.2 dgymitnuuazdaiauauus
1) 33¥ndnsnisvensuaziiavdug usumuiieniansiadnafukadnensd
AN LﬁaamﬂéfamﬂL%ﬁ—aaﬂé’f’mmEJLLaqaaammﬂﬂ%y’a Soufusduasdn Fadu
Inerdnusisndonamsimesisnduvesiivensuademns antuiuan AT
VYIYUATAUNAVEYYIUTUNIUAIANNITUNUNITIALAER TS I liRan1TnaosdngIm
wsUsutoeas
2) nnmaneaesiifioalele Wewdsuulasnssuiasunisesgunsallulassine

Pdudesususmmuaulnailsiwduaue
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3) lugafudsitdefuvesausziliunavzszuisauiouldlis drausnvesnislde
$ududoadafisld auniugneduinauariduamesame fagil

a) ununmgUmidalianlugasudsiiaeadudoutuane liaunsoudlald iosan
Jugunsaldsagy

5) insfmesiinldanusunmsun wehludualuaunissasauianainds
(3.27) agldAdnmanuianaindnidosnin 1072 Fsliaansaiunieszsismiuasng
AsRanandaiinaale

6) Wounsnidulothuastuunifennnsgiu uwuawgUnnazaes q deulunisinie
vowthasiane friuinednusiiciaununimguniduian 10 3unit do 1 5U ieanaa
wUsUTIUURINISt (itter)

7) fudsuealaeliisnnmavenefisduuasaugadetusgiunanlagdulonas

U IS a a d-ﬁy
AIVYYLLAIEDIN9ATUUTEEANTNINAVU
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OLT transmitter (optical interface Oha)

Nominal line rate Ghit's 0.95328
Operating wavelength (Note 1) nm 15751580
Line code - NEZ
Mask of the transmutter eye diagram - see clanse 9.2.7.6.1
Maximum reflectance at 5B measured at dB WA
transmitter wavelength
Minimum OFL of ODN at Os, and Cha dB more than 32
(Motes 2 and 3)
ODN Class I N1 N2 El E2
Nla | Nlb Ela Elb

Mean laumched power MIN dBm | +20 | +0 [ +103 +6 +8 +14.5
Mean launched power MAX dBm | +6.0 | +80 | #1235 | +10 +12 | +16.5
Launched optical power without input to dBm NA
the transmutter
Mimimum extinction ratio dB 22
Transmitter tolerance to reflected optical dB more than —15
power (Note 7)
Dispersion Range ps/nm 0-400 (DD20)

0-800 (DD40)
Minimmm side mode suppression ratio dB 30
Maximum differential optical path loss dB 15
Jitter generation - see clause 92073

ONU receiver (optical interface Oga)
Maximum optical path penalty (MNote 6. dB 1.0 1.0DD20
Note §) 2.0 (DDA0)
Maximum reflectance at /S, measured at dB less than —20
receiver wavelength
Bit error ratio reference level - 107 (Note 4)
ODN Class N1 N2 El E2
Nla | Nlb Ela Elb

Minimum sensitivity at BER. reference dBm | —280 | 280 | 215 | =280 | =280 | 215
level (Mote 5)

Mimimum everload at BER reference dBm | B0 | B0 [ 35 -8.0 -80 | 33
level

Consecutive identical digit immumity bit more than 72

Jitter tolerance - see clause 92.9.72

Reecerver tolerance to reflected optical dB less than 10

power (Note 8)

NOTE 1 — In the case of outdoor OLT deployment, it 15 allowed for the operating wavelength to span
between 1575 — 1581 nm.

NOTE 2 — There are optional cases where the "minimum OFL of ODN at O and Oys" can be as low as
20 dB. (see [b-ITU-T G.983.1] Appendix I)

NOTE 3 — The value of ONU transceiver reflectance corresponding to the "minimum ORL of ODN at O,
and Ohg" 15 =20 dB. (see [b-ITU-T G.983.1] Appendix IT)

NOTE 4 - See [ITU-T G.5up39], clause 9.4.1 for additional details.

NOTE 5 — This sensitivity shall be met in the presence of G-PON and video overlay on the same ODN. If
either G-PON, or video overlay, or both of them are absent, the sensitivity may be different (precise value
is FFS).

NOTE 6 — The specified penalty nmst be met by optics complying with the specified lavmch power range.
If a transmutter exhibits a higher penalty, it can stll comply if it equally increases the minimum launch
power while remaming under the maximum launch power. In ne case should the OFP exceed 2.5 dB.

63



NOTE 7 — Parameter known m [ITU-T G.984.2] as "Tolerance to the transmitter incident light power”.
NOTE 8 — Parameter known i [TTU-T G.984.2] as "Tolerance to the reflected optical power”.
MNOTE 9 — For ODN branches with a masximum OLT-ONU fibre lensth greater than 30 km. the applicable

e th & T raT a8 ¢ gt the g ae] e 2 rer

that at the upstream wavelength and this more than compensates for the extra OFF of DD40 vs
DD20 (e _the upstream wavelength loss limits the link distance and therefore loss margin exists for the

dowmstream sismal). For systems that conmect OMLz at both short and long distances (up to 40 km) to the
zame OLT port. the optical link nmist comply with the DD20 maxinmm QPP value for ONs at =< =20 km

and the DD40 maximum QPP valoe for ONUs at = 20 km

ONU transmitter (optical interface On)

Nominal line rate Ghit/s 248832
Operating wavelength nm 1260 — 1280
Line code - NEZ
MMask of the transmitter eye diagram - see clause 9.2.7.6.2
Maximum reflectance at B/S, measured at dB less than —6
transmitter wavelength
Minimum OFL of ODN at O, and O, (Notes 1 dB more than 32
and )
QDN Class N1 N2 El E2
Mean launched power MIN dBm +2.0 +2.0 +2.0 +2.0
Mean launched power MAY dBm +7.0 +7.0 +1.0 +7.0
Lam:mh_ed opheal power without nput to the dBm less than "Mimnmmm sen§i1i1‘itj; at BER
transmitter (MNote 3) reference level” — 10
Maximum Tx enable (MNote 3) bits 32
Maximum Tx disable (Note 3} bits 32
Minimoum extinction ratio dB 82
Transmitter tolerance to reflected optical power | dB more than —13
(Note &)
Dispersion Range (Note 4, Note 5) ps/nm 0 to —140 (DD20)
0 to —280 (DD40)
Minimoum side mode suppression ratio dB 30
Jifter transfer - see clause 9.2.9.7.1
Jitter generation - see clause 9.2.9.73
OLT receiver (optical interface Og)
Maximum optical path penalty (Note 7) dB 0.5
Maximum reflectance at 5/F. measured at dB less than —20
receiver wavelength
Bit error ratio reference level | — 10~ (Note 6)
ODN Class N1 N2 El E2
Minimum sensitivity at BEE. reference level dBm =275 -2935 =315 -335
Minimum overload at BER reference level dBm =10 9.0 -11 -13
Consecutive identical digit immumity bit more than 72
Jitter tolerance - see clanse 9.2.0.7.2
Receiver tolerance to reflected optical power dB less tham 10
(Mote 9)

NOTE 1 — There are optional cases where the "minimum ORL of ODN at Oy and O " can be as low as
20 dB. (see [b-ITU-T G.983.1] Appendix I)

NOTE 2 — The value of ONU transceiver reflectance corresponding to the "minimum ORL of ODN at Ox
and Q" 15 =20 dB. (see [b-ITU-T G.983.1] Appendix IT)

NOTE 3 — As defined in clanse 9.2.73.1.

NOTE 4 — Dispersion range 1s considered to be the most appropniate method of specifying a laser’s
spectral characteristic. These values are considered to be compatible with the older method of specifying
values using maximum —20 dB width, for line rates below 2.5 Ghat's.

NOTE 3 -The equivalent maximum —20 dB width value is specified as less than 1 nmm.

NOTE 6 — See [ITU-T G.5up39], clause 9.4.1 for additional details.

64



65

10.3  Forward error correction

The PHY adaptation sublayer employs forward error correction (FEC) to introduce redundancy in the
transmitted data. This allows the decoder to detect and correct certain transmission errors. In an XG-
PON system, FEC encoding 1s based on Reed-Solomon (RS) codes.

Reed-Solomon (RS) codes are non-binary codes, which operate on byte symbols and belong to the
family of systematic linear cyclic block codes. An RS code takes a data block of constant size and
adds extra parity bytes at the end, thus creating a codeword. Using those extra bytes, the FEC decoder
processes the data stream, discovers errors, corrects errors, and recovers the original data.

The most commonly used RS codes are RS(255, 239), where a 255-byte codeword consists of
239 data bytes followed by 16 parity bytes, and RS(255, 223), where a 255-byte codeword consists
of 223 data bytes followed by 32 parity bytes. The RS(255, 239) code 1s specified n [ITU-T G.709].

This Recommendation employs RS codes in a truncated, or shortened, form, thus allowing to work
with a more convenient codeword and data block size. The shortened codeword of 248 symbols 1s
padded at the encoder with 7 leading zero symbols which are not transmitted but which are reinserted
at the receiver prior to decoding.

In the downstream direction. the FEC code 1s RS (248, 216), which is a truncated form of RS(255,
223) code. In the upstream direction, the FEC code is RS (248, 232), which is a truncated form of
RS(255. 239) code. The RS(248, 216) and RS(248, 232) codes are formally described in Annex B.

FEC support 1s mandatory for both OLT and ONU 1n the upstream as well as downstream directions.
In the downstream direction, FEC is always on; in the upstream direction, the use of FEC is under
dynamic control by the OLT.
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PON Amplifier System
Model: PON EDFA

Serial No.: 14112701 Date of repair: 26 April 2017
RMA No.: 623

1. Performance based on integration
***The performances of the PON Amplifier are measured after Down-stream
and Up-stream WDM filters are embedded inside the PON Amplifier. The test
data shown below is not related to the specification, excluding power

consumption.

1.1. Down-stream L-band Amplifier Performances

Parameter Unit Test Data
Mode of Operation - W
Operating Wavelength nm 1575 to 1580
Input Power Level dBR 20 ta 2
Optical Gain
@ -12dBm 1580nm input signal B 18:62
Output Power
@ -2dBm 1580nm input signal dbi 7
Noise Figure
@ -12dBm 1580nm input signal 48 o
Output Isolation dB Min. 30
Polarization Mode Dispersion ps Typ. 0.2, Max. 0.3

. k3

Measured Power Consumption w 0.495% (3.3Vx0.15A)

(Switch on Down-stream unit only)
# Include the driver board current is around 0.02A
* The power consumption is optimized when operated with Up-stream unit

A Optical Spectrum Analyzer =
— Optical Amp Test Spect Div On
NF ( SASE ) 6.98 dB Res 0.092 nm NF Cal 1.000
Gain 1862 dB Loss { Pin 0.00 dB / Pout 0.00 dB)
Signal Wi 1580020 nm Fitting ( Fit 3.00 nm / Mask 200 nm)
ASE Lvi(/Res) - 3300 dBm
Pin Lvl - 1200 dBm Opt BPF Lvi Cal 0.00 dB
Pout Lvl 662 dBm Opt BPF BW 3.00 nm
Res: 0.1nm Smplg: 501pt Swphvg : & Pioman |
VBW : 100Hz Sm: Off Intvli: Of
[ TMkr  Peak | [ % el e I | Normal |
1580 0 4 hoaladaiotl

am ~ ‘ !
200dBm gy 352 9B ] DRI | 1

b § | 1
ol LA, I ] — £l
22 = — = | -
30.0dBm : JUl - —
i Sl | PN AR Ji SR -
10.0dB —F
/ div 1 , B RS
| W Offset o B
" Level Offset — 1 REE e =
$0.0dBm
1575.00 nm 1.00 nm/div 1580.00 nm in Vacuum 1585.00 nm
EYrix Wil | CaBA Cal H-A

Figure 1: Down-stream L-band Amplifier Gain and Noise Figure measured by Agilent
81680A tunable laser and Anritsu MS9740A optical spectrum analyzer.
(Input signal = 1580nm, -12dBm)
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Parameter Unit Test Data
Mode of Operation - CW
Operating Wavelength nm 1268
Optical Gain v
(@ -15dBm 1268nm input signal B v
Output Power
@ -15dBm 1268nm input signal 4B i
Noise Figure
@ -15dBm 1268nm input signal dB 818
Polarization Dependent Gain dB ~8"
Measured Power Consumption” o
(Switch on Up-stream unit only) il LIREE =Y 0)

vV Optical Gain has 8dB variation due to high polarization dependent gain
# Include the driver board current is around 0.02A
* The power consumption is optimized when operated with Down-stream unit
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— Optical Amp Test Spect Div On
NF ( SASE ) 8.78 dB Res 0092 nm NF Cal 1.000
Gain 674 dB Loss { Pin 000 dB / Pout 0.00 dB)
Signal Wi 1268380 nm Fitting { Fit 300 nm / Mask 200 nm)
ASE Lvi(/Res) - 40.18 dBm
Pin Lvi - 1500 dBm Opt BPF Lvi Cal 000 dB
Pout Lvl - 8.26 dBm Opt BPF BW 300 nm
Res: 0.1nm Smplg: S501pt SwpAvyg : 11 3]
VBW : 100Hz Sm: Off Intvi: Off
Thike ak 1 Normal
150dBm |y 325 9Bm
35.0dBm
4
10.0dB l
7 div AN l £~ =
o —T — — T —
Wi Offset
Level Offset
85.0dBm A
1263.18 nm 1.00 nm/div 1268.18 nm in Vacuum 1273.18 nm
Erix Bwioy  casa Eir HA

Figure 3: SOA Gain and Noise Figure measured by Amonics 1268nm DFB laser and
Anritsu MS9740A optical spectrum analyzer. (Input signal = 1268nm, -15dBm)

SOA

023 025 027 029 031 033 035
Current(A)

Figure 4: Relationship of US-SOA Gain and current measured by ASOA-1268 and
Anritsu MS9740A optical spectrum analyzer.
(Input signal = 1268nm, -15 dBm)



2. Operating Conditions:

Parameter

Unit

Specification

Optical Fiber & Connector

SMEF-28
Min. 0.5m long 900um tubing
SC/UPC connector

Control Mode

M Automatic current control (ACC)
B Automatic power control (APC)
Xl Automatic gain control (AGC)

Monitoring

DS-Amp. Output
US-Amp. Output

3. Electrical and Mechanical Specifications:

(DS-Amp. & US-Amp.)

Parameter Unit Specification
Operating Temperature Range °C 0 to +40
Storage Temperature Range 2G -10 to +70
Dimensions mm 90(W) x 70(D) x 14(H)
Electrical Connector - 4-Pin (2mm Pitch)
Supply voltage VDC +3.3%0.1
Maximum Power Consumption W 1.7
Measured Total Power Consumption” W 1.367%(3.3V*0.415A) to

1.683** (3.3Vx0.51A)

# Include the driver board current is around 0.03A

* The lowest total power consumption is based on minimum specification of Down-

stream and Up-stream.

** The optimization of total power consumption is based on optimized power
consumption of Down-stream and Up-stream.




vasUseiuna [25]

FINISAR

70

Product Specification

FDB-1032-SFP+ Evaluation Board for SFP/SFP+/SFP28

OVERVIEW

Finisar's FDB-1032-SFP+ Evaluation Board
is designed for testing and evaluating all
SFP, SFP+ and SFP28 transceivers as well
as SFPwire® Active Optical Cables. This is
not a module compliance board, but it is
compatible with MSA compliant SFP, SFP+
and SFP28 transceivers.

CONTENTS

The board consists of a single SFP28 edge
connector and SFP28 cage assembly, four
50-ohm SMA female coaxial connectors
(J15-J18) for the high-speed differential
transmitter input and receiver output
signals, and test points for monitoring the
following pins:

Module RX_LOS

Module RX Rate Select 0

Module TX Rate Select 1

Module Absent

TWI (Two Wire Interface) SCL and SDA
TX Disable

TX Fault

Eval Board Ground and Vcc

Module Vce RX and TX

Module Ground

Case Ground

The Evaluation Board has LED’s for the:
RX_LOS

RX Rate Select 0

TX Rate Select 1

Module Absent

TWI — SDA and SCL (Low)

TX Disable

TX Fault

Eval Board Power 5V

Eval Board Power 3.3V

Customized Finisar Software that is specific
to this product is available. Please contact
your local Finisar Representative for details.
The GUI needs to be installed on a
Windows® XP or 7 Operating System (32bit
or 64bit machine) that has an available
USB port. The USB (type B) port is on the
daughter card (called a FDB-INT-USB3).
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SPECIFICATIONS
The FDB-1032-SFP+ Evaluation Board has
several different power options:

+ A laboratory grade power supply with
a voltage of 3.3VDC at a maximum
of 1.2A at “Eval_Vcc™ (J12); Set 57
to "oV REG™. Set S8 to
"COMBINED". This will use the one
power supply to power the Eval
board and the SFP. Note that there
will be a voltage drop at the SFP due
to a diode that protects against
accidental reverse voltages. Itis
recommended to measure the Vcc to
the SFP at the "Mod_Vcc” tap near
the SFP cage to make sure it is
within operating limits. This power
drop can be avoided in this setting
by attaching the power supply to
Mod_Vcc (J14), but the voltage
protection will also be avoided.

« An 8-20VDC source (e.g. laptop
power supply) at J7; Set S7 to "5V
REG". Set S8 to "COMBINED".

This is the recommended
configuration. The Eval Board has
reverse voltage protection and is
fused against shorts, but there is no
voltage drop at the SFP connector.
The jumper-hook labeled 8-20vDC
and the ground pin next to it, may
also be used in this configuration.

« A laboratory grade power supply with
a voltage of 3.3VDC at a maximum
of 1.2A at "Module_Vcc” (J14); Set
S7to "5V USE". SetS8to
"SEPARATE". This will use the
power supply to power the SFP
alone and have the Eval board
powered by the USB. There is no
reverse voltage protection diode on
this supply input.

+ For Class 1 (1W max) SFP/SFP+/
SFP28 power applications, power via
USB. Set 57 to "2V USB". Sets8to
"COMBINED". This will use the USB
voltage for the Eval board as well as
the SFP. It is recommended to

measure the Vcc to the SFP at
@ Finisar Corporation 03FEB2016 Rev C

“Mod_WVcc” near the SFP cage to
make sure it is within operating
limits.
Mote that the MSA compliant pi fitter will still
be used for the SFP port in any of the
above configurations.
The high speed lines are designed so there
is <1ps skew between each differential pair.
The standard SMA. connectors used for the
high speed differential pairs are female.
MANUAL MODE OPERATION
If the GUI interface is not used, the Eval
Board can still be used in manual mode,
where it can serve as a test platform for the
SFP, SFP+ or SFP28 module to be
mounted. Set slider switches, 5S4, 55 and
S6 to the "SW™ position, which is toward the
SFP cage.
For the TWI (Two Wire Interface), use the
taps that are labeled "MODSDA™ and
*MODSCL" near the LEDs. The other TWI
taps are for internal use only.

AUTOMATED CONTROL MODE
OFERATION

For GUI controlled operation set slider
switches 5S4, 55, and 56 to the "PC”
position, away from the SFP cage. Launch
the GUI called Transceiver Workbench SFP
MSA. This GUI will give you access to the
DDM (Digital Diagnostic Monitors) as well
as let you see and control masks for the
Alarms and Warmings.

GUI INSTALLATION

Please contact Finisar for the required
driver and software GUI. See the
datasheet (FDB-INT-USEB3) for the
installation of the drivers necessary for the
USB connection. Once the Eval Board is
“seen” by the machine, the GUI can be
installed. Copy the folder
“Transceiver_Workbench_SFP_
Customer_x.x.xx” to the computer's hard
drive. Find the executable file
“Transceiver_Workbench_SFP_MSA. exe”
and run this application.

Page 2
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NOTES

Figure 1 below shows the locations of

The rest of the connectors, pins, tap points,  important points mentioned in this
headers and IC’s are for Finisar internal use  datasheet.

only.

Figure 2 below shows test points and LEDs.

There is one momentary switch on the
daughter card of the Eval Board. This is a
manual reset of the TWI.

TWI reset
button

FDB-INT-
USB-3 board
with USB
type B port

3.3V Module Veo 3.3V Eval Veo | 8-20VDC Power connection ”

| Stider (red/blue) and

Toggle (white)
Switches

RX female
SMA
connectors

SFP/SFP+/SFP28

TX female
SMA
connectors

Figure 1. Top view of FDB-1032-SFP+
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RX Loss of Signal LED and tap —
HIGH when no DC signal to RX.

Rate Select 0 (RX) LED and tap
— HIGH when set to high
bandwidth mode (S1).

Rate Select 1 (TX) LED and tap
— HIGH when set to high
bandwidth mode (S2).

Module Absent LED and tap —
HIGH when SFP is not installed.

Module TWI Clock LED and tap —
LED is HIGH and tap is LOW
when TWI clock is low.

Module TWI Data LED and tap —
LED is HIGH and tap is LOW
when TWI data is low.

Transmitter Disabled LED and tap
— HIGH when the TX is turned off
(S3).

Transmitter Fault LED and tap —
HIGH when the SFP reports a

problem with the TX.

Figure 2. Test Points and LEDs

Finisar Corporation

1389 Moffett Park Drive
Sunnyvale, CA 94089-1134
Tel. 1-408-548-1000

Fax 1-408-541-6138
sales@finisar.com

www finisar.com
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Product Specification
50 GHz dual-window Photodetector
XPDV2320R

PRODUCT FEATURES

* 50 GHz electrical 3 dB bandwidth

& [Excellent flat response within 3 dB
bandwidth

* Sppport of 1310 and 1550nm
¢ Well matched 50 £ cutput S
* Tlnigue on-chip integrated bias network

A\PPLICATIONS

*  Commmnication system at 40 Gh's
# High-speed lightwave characterization
&  Microwave photenics up to 60 GHz

[he XPDV23x0R platform exhibits an optimized frequency response in both, power and phase. It 1s
deally suited for OC-768/5TM-256 long haul systems. The on-chip integrated bias network with
jprimized design ensures an undisturbed frequency response to the 3dB cut-off frequency and saves
:osts for internal bias-tees. The module is especially desizned for both eptical windows at 1310nm and
550nm. Further advantage of the waveguide structure is the unbeatable RF high-power behavior. The
shotodetector shows a linear response up to an optical input power of 10dBm. resulting in a high
mitput voltage swing aveiding the need for electrical amplification

ORDERING INFORMATION

XPDV2320R-Vx-vy

Vx: =V connector® female (standard)

F
M =V connector® male

¥y FP = FC/PC (standard)
other connectors available upon request
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I. Pin Description

# Pin Symbol

Description

1 Visia: PD bias supply, typical 2.8
2 GHD caseground
II. Block Diagram
) : 1 )
optical PD chip I A
connector | | |~ ,l rf out
I’ T - A
* 40 pF |:| 500 |
| | } I
)
3000 1
|
100 aF
-
A A2
¥ hiae GND
IIT. Absolute Maximum Ratings
Parameter Symbol Condition Min. | Typ. | Max. |'Unit
Photodiode BiasVoltage Veo 0 35 W
HAverageDptical Input Power Pope OW orMRZ 13 dBm
Max. Output peak voltage ook 15 W
A C=100 pF, RB=1.5 k2
Electro Static Discharge Veen HEM -250 250 W
Fier Bend Radius 16 mim

o
Aiad

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This isa stress rating only and functional operation of the device at these or any other

conditions above those indicated in the operations section for extended pericds of time may affect

rediability.

The inherent design of this component causes it to be sensitive to electrostatic discharge (ESD). To
prevent ESDHinduced damage and/or degradation to equipment, take normal ESD precautions when

handling this product.

Confidential and Proprietary © 2015 Finisar Corporation. All nights reserved
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30 GHz Photodetector
IV. Environmental Conditions
Parameter Symbol Condition Min. | Typ. | Max. |Unit
Relative Humidity RH o condensing 5 85 %
Storage Temperature Tt 40 85 iz
V. Operating Conditions
Parameter Symbol Condition Min. | Typ. | Max. | Unit
Operating Case Temperature Taaw L 75 =iz
1300 1330
Cperating Wavelength Range A i
1530 1620
Ayvg. Optical Input Power Range Poer 10 | dBm
Photodiode Bias Voltage Ve 20 28 33 W
VI.  Electro-Optical Specifications
Parameter Symbol Condition Min. | Typ. | Max. |Unit
1310mm 045
Photodiode DC Responsivity R AAN
1550mm 10.65
1310nm 0.4 07
Polarization Dependent Loss FOL dB
1550nmm 03 05
) 1310 24
Optical Return Los ORL nm dB
1550mm 27
3dB Cut-off Frequency” fae 45 50 GHz
Cutput Reflection Coefficient 512 0.05 ... 50GHz -10 -8 dB
Photodiode Dark Current . 5 200 i
Pulse Width 9 10 ps
Motes:
1. A =1550mm or 1310nm, Toase= 259C
. measured using Agllent Be0304 500GHz Lightwave component analyzer
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VII. Typical Performance Curves
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VII. Mechanical Specifications
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IX. Accessories

We recommend usage of our individually accessible photodetector power supply (PPS). in
particular for optimized performance at high optical input levels. As portable device it provides
stable biasing voltage supply and a front display for review on photocurrent.

ORDERING INFORMATION

X: Power supply for XPDV21xxR series
Consists of 1x PPS and 1x cable X-type,
all PPS versions include two 1.5V
batteries and a BNC-to-female connector
plug cable

A

X. Revision History

78

Revision Date Description
Al 07/24/2014 | « Document created
A2 12/15/2014 | » Block diagram revised

Notes

e Any trademarks used in this document are properties of their respective owners.
o Finisar Corporation reserves the right to make changes without notice.

For More Information

Finisar Corporation

1389 Moffett Park Drive
Sunnyvale, CA 94089-1133
Tel. 1-408-548-1000

Fax 1-408-541-6138
sales@finisar com
www.finisar com
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Cartridge Series

In this senies, a large vanety of optical components are modulanzed as
cassettes which enable easy application for vanous optical
expenments and optical me

The polanzation state, attenuation volume, optical charactenstics of
:éa_\felength can be adjusted easily without cumbersome optical axis

This series 15 recommended to be used as a tool for various research
and development.

* This series can be applied for near-infrared and vizible regions
in addition to communication wavelength bands.

3-Stnge Palarixation Contreller
. (PCUA)
Features
- Easy cassette exchange and replacement
- Low insertion loss
- Crystals, etc. of your request can be
modulanzed as cassettes.
New Line-Up

This cassette can be installed to a standard
cartridge type coupling module, which enables
confirmation of the optical transmission volume
without reconnection of optical fibers.

( *Applied wavelength: 1470-1630 nm)

—e e
\d
s | r|_~.m:m:=:
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Standard Configuration  (&xample: 1550 nm)
3-Stage Polarization Controller (Model:PCUA)

=09dB

=01dB

= 35 dB (Polasizar Casserts) *1

=3d8

SMF or DSF (p3-z=a Cord)

FC/SPC or SC/SPC

2-Stage Polarization Controller (Model:PCUB)

=07dB

=01dB

=50dB

SMF or DSF (g3-zm Cord)

FC/SPC or SC/SPC

1-Stage Polarization Controller (Model:PCUC)

=07dB

=01dB

= 35 dB (Polarizer Cassens) *1

=50dB

SMF or DSF (g3-zz Coxd)

FC/SPC or SC/SPC

#1) Extinction ratios may vary depending on the fiber condition.

Table of Contents
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Product Dimensions

Model (Example): PCUA

T

SK]

ey e S

Ordering Instructions
+Polarization Controller
Order format: (1) - (2} - (33 /(43 [ U5 205 /(20501
1)Configuration example: 3-5tage Polarization Controller

Order format example: PCUA-13-5F (15P/15Q/15H)

(Configuration: X:1550mm, Coupling module+ Polanzer + L4+ 2, Fiber: SMF, Connector: FC/SPC)
Configuration example: 2-Stage Polarization Controller

Order format example: PCUB-13-5/5A (13Q/13H)

(Configuration: 3-:1310mm, Coupling module + 3/4+ 12, Fiber: SMF, Connector: SC/Angled PC)
+Polarizer, ;./4, »./2 Cassette

Order format: (1) - (2) - (5)

Order format example: PCC-15-P (Polarizer Cassette, A:1550mm)

+Artenuator Cassette
Order format: PCC-A

+Wavelength Tunable Filter Cassette™
Order format: PCC-F  *Please refer to 23 pages.

+Power monitor Cassette™

Order format:

PCC-15-M *Applied wavelength is form 1470nm to 1630nm.

81

PCUA: 3-Stage  PCUB: 2-Stage PCUC: 1-Stage
PCMA: (-Stage (Coupling module only for 3-stage)  PCC: Cassette

15 1550mnm  13: 1310mm  10: 1060 mm  98: 980nm 83 850 nm
78: 780nm 63 630mm  53: 530mm 48 480mm  B: Broadband(1260-1620nm)

5 SMF D: DSF P PMF M: MMF

E: FC/5PC  5: 5C/SPC  FA: FC/Angled PC 5A- S5C/Angled PC

P: Polanzer : M4 Waveplate H: L2 Wave plate
A: Attermator  F: Wavelength Timable Filter  M: Power Monitor

=1. Light sources need to be supplied for manufacturing in the casze of wavelength zone: with no prepared

light sources, such as 450 nm.

March 01, 2015
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Product Dimensions
Model (Example): PCUA

103.7

TEET

& ] & | &

Ordering Instructions
+Polarization Controller
Order format: (1) - (2) - (3) / (4) | R)E) / QNS / 2u5) |
1)Configuration example: 3-Stage Polarization Controller
Order format example: PCUA-15-5/F (15P/150)/15H)
(Configuration: A:1550nm, Coupling module+ Polanzer + L4+ /2, Fiber: SMF, Connector: FC/SPC,)
2YConfiguration example: 2-Stage Polarization Controller
Order format example: PCUB-13-5/SA (130Q/13H)
{Configuration: A:1310nm, Coupling module + 34+ 3/2, Fiber: SMF, Connector: SC/Angled PC)
+Polarizer, /4, ,/2 Cassette
Order format: (1) - (2) - (5)
Order format example: PCC-15-P (Polarizer Cassette, A:1550nm)

+Attenuator Cassette
Order format: PCC-A

+Wavelength Tunable Filter Cassette®
Order format: PCC-F  *Please refer to 23 pages.

+Power monitor Cassette®
Order format: PCC- 15-M  *Applied wavelength is form 1470nm to 1630nm.

PCUA: 3-Stage PCUB: 2-Stage PCUC: 1-Stage
PCMA: 0-Stage (Coupling module only for 3-stage) PCC: Cassette

15: 1550nm  13: 1310nm  10; 1060 nm  98: 980 nm &5 850 nm
T8 780 nm 65 650nm  53; 530nm 48 480 nm  B: Broadband( 1260-1620nm)

S5 SMF D: DSF P: PMF M: MMF

F: FC/SPC S8 SC/SPC FA: FC/Angled PC SA: SC/Angled PC

P Polarizer Q: L4 Waveplate H: A2 Wave plate
A: Attenuator F: Wavelength Tunable Filter  M: Power Monitor

*1. Light sources need to be supplied for manufacturing in the case of wavelength zones with noe prepared
light sources, such as 480 nm.




Variations

Table of Contents

Various types of polarization controllers are successfully developed to meet the needs of polarization control.

Non-cartridge tvpe polarization controllers are also available.

Please refer to the following list for an introduction to some of the available variations.

- 5-Stage Cartridge Tvpe
> Features

- Capebility to contain up to 5 cartndges, instead
of 3 which is the limit for the standard type

- Free carirdge combination as the standard type
- Custormizable for any wavelength range to be
applied

A=l ) ]

> Features

- Used for direct excitation of polanzation-controlled
light to an arbrrary fiber

- Adjustment 15 needed in the case of fiber
attachment to an adapter part.

- Applicable adapters: SC FC MU and LC

- No tools are needed to exchange SC and FC types.

- Positioner-Equipped Polarization Controller 1

> Features

- Used for direct excitation of linearly polanized light
to an arbitrary fiber m an arbitrary direction

- Adjustment 1s needed n the case of fiber
attachment to an adapter part.

- Applicable adapters: SC FC MU and LC

- Mo tools are needed to exchange SC and FC types.

Buih-In Polanzer Collimator

PMIF

- Small Polarization Controller
= Features
- Small-sed and itegrated with a bulk-type wave plate
for embedded use
- 2-Stage (()-H or (}-H + Polanzer-Equipped PMEF*)

* Polarizers are fixed, alignng with the polarization-
maintaining axes of fibers.

- 3-Stage (P-(-H or (}-H-0(}}

- .25 bare fibers and 0.9 fibers are supported.

21 Pt ot Bt Vi 5 Plar ik B e
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Back-to-Back, B2B

Pump Current

Forward Error Correction

Power Consumption

Absorption

Responsivity

Spontaneous Emission
Stimulated Emission
Bidirectional Transmission
system margin

Received Power

Insertion Loss, IL

Distributed Feedback Grating
Upstream

Downstream

Spectrum Width

Sensitivity

Polarization Dependent Loss, PDL
Refractive Index

Power Penalty

Jitter

Optical Measuring Instruments
Bit Error Rate Tester, BERT
Optical Spectrum Analyzer, OSA
Optical Network Unit, ONU
Optical Line Termination, OLT
Optical Distribution Network, ODN
Access Network

10-Gigabit-Capable PON, XG-PON
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Chromatic Dispersion, CD
Power Budget

Operating Wavelength Range
Saturation Range

Noise Floor

Chirp

Input-Output Facets

Optical Band-Pass Filter, OBPF
Narrow Optical Band Pass Filter
Active Medium

Limiting Amplifier, LA
Trans-Impedance Amplifier, TIA
Optical Amplifier

Bidirectional Optical Amplifier
Laser Driver

Polarization Controller, PC
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Wavelength Division Multiplexing Coupler,

WDM Coupler

pin Photodetector

Avalanche Photo-Detector, APD
Error Detector

Optical Splitter

Receiver, Rx

Variable Optical Attenuator, VOA
Noise Figure, NF

Transmitter, Tx

C-Band

L-Band

Active Region

Avalanche Region

Evaluation Board
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Optical Resolution Bandwidth
Discrete Charge

Quantum Efficiency

User

Half Wave Plate, HWP

Eye Diagram

Quarter Wave Plate, QWP
Spectrum Profile

Metropolis

Passive Optical Network Standard, PON
Standard

Digital Multimeter

Optical Power Meter
Transceiver Module

Reed Solomon, RS

Operation Expenditure, OPEX
Capital Expenditure, CAPEX
Laser

Distributed Feed-Back Laser, DFB Laser
Pump Laser

Direct Modulation

Excited State

State of Polarization

Ground State

Power Budget Equation
Rise-Time Budget Equation
(Nonlinear Schrodinger Equation
Broadening Factor Equation

Signal Quantum Noise

deueu1ad ASE Quantum Noise
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Amplified Spontaneous Emission Noise,

ASE Noise

Splitting Ratio

Attenuation Coefficient

Central Office, CO

Optical Fiber

Multi-Mode Fiber, MMF

Standard Single-Mode Fiber, SSMF
mask

Apartment

Oscilloscope

Gain

Small Signal Gain

Bit Error Rate, BER

Bit Rate

Extinction Ratio, ER

Condominium

Erbium-Doped Fiber Amplifier, EDFA
Passive Device

Active Device

Fiber-To-The-Home, FTTH
Signal-to-Noise Ratio, SNR
Semiconductor Optical Amplifier, SOA
Light Emitting Diode, LED

Optical SNR, OSNR
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