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# # 6070312021 : MAJOR ELECTRICAL ENGINEERING
KEYWORD: Duplex Optical Amplifiers, Erbium-Doped Fiber Amplifier, Burst-Mode
EDFA, Ethernet Link, Aggregation Network, Extended Distance, 5G
Network
Vittavat Vorapamorn : Optimum Placement of Duplex Optical Amplifier for 10
Gb/s Ethernet Link. Advisor: Assoc. Prof. Duang-rudee Worasucheep, Ph.D.

This thesis shows experimental placements of duplex optical amplifiers for
10 Gb/s ethernet link in C-band wavelength (1530 - 1565 nm) based on IEEE 802.3ae
standard. Its purpose is to extend the maximum link distance between typical optical
transceivers in aggregation networks by inserting duplex Conventional-Erbium Doped-
Fiber Amplifier (duplex C-EDFA) at different locations, such as in-line, booster and
pre-amplifier. Both power budget and rise-time budget equations are considered to
calculate the link limitation due to optical power and pulse broadening caused by
Chromatic Dispersion (CD). Based on, level diagrams, the optimum placement is found
to be in-line amplifier at mid-span (50%), or 30% to 70% of maximum Standard Single-
Mode Fiber (SSMF). Moreover, the eye-diagram and Bit Error Rate (BER) at 107 & 1072 are
analyzed in 2 cases: (1) effects of a link’s components and (2) duplex C-EDFA
placements. According to experimental results, CD has the most effect on the link. The
Dispersion Compensation Fiber (DCF) and 1-nm Tunable Optical Band-Pass Filter (TOBPF)
can reduce CD effect and EDFA noises respectively. 50% in-line amplifier shows the best
BER, and the 30% to 70% position has similar BERs. Furthermore, the power variations
of ethernet packets when using 2 types of EDFA, Burst-Mode EDFA show that has the
lowest power variation than duplex C-EDFA. Finally, this thesis can achieve the data
transmission over 80 km (80 km SSMF & 10 km DCF) and 120 km (120 km SSMF & 15 km
DCF) by using duplex C-EDFA with 1-nm TOBPF.

Field of Study: Electrical Engineering Student's Signature ......cocovveverencenes

Academic Year: 2020 Advisor's Signature ........cceoveveeereenn.
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undl 1

unin
1.1 fuazauddny

szvudeanslutlagtuiimsiulnedanai é’uLﬁaﬂmmﬂﬁwmumﬂsﬁam‘mq

Sumesidnvaslduinig (Users) fisuauiuandu Tneaniy za1ngunsaldidnnsed findd
Wuadee1fidu AeuRImes, WAuldn (Tablet) wazauninliy (Smartphone) Favinli ”L
U3IN15LA38UY (Service provider) aﬁmumaqLﬁmgmiwu‘%ﬂmmaszim,ﬁmmﬁu 53U89N13
Winsyeynaseningaliuinsdnn o Lﬁasaa%’umﬂsi’fmusum;ﬂ%ﬁmﬂé’aéwﬂ"ﬁq Tu
Ingninusatuijadufnunasidimesidn (Ethemet link) dmusesiulasstng 43-ueaild
(4™ Generation Long Term Evolution, 4G-LTE) ﬁﬁm’iwmuagiuﬂwﬁuLLaziﬂiﬂﬁzj’lEJ 53
(5" Generation, 5G) [1] #38 Tetdu-2020 (International Mobile Telecommunication for

2020, IMT-2020) [2] Aifinaadesn1sndnleun amwmwawu (high bit rate) Faus 10 Gb/s

Ui 20 Gb/s, mmamammmimy (massive connection) flanunsnsesiu 10° Q‘Uﬂimm

(%

service access equipment) ¥83U3¥% Huawei n1elulasesUiusiungy (Aggregation

Network) 4aznsza180gnuvaurailasaigLlng (Metropolitan network) w1y

1w

Ainaseusadya1ateyadinlasieununan (Core network) Hulasetielnsnaen
ufialasanadnfs (Access Network) Liesudsdyqrudeyadinesidnidnsitn (Bit rate)
10 Gb/s TugasaueInau 1550 nm Lgiganssanedyyias NodeB (NB), eNodeB (eNB)

ey gNodeB (gNB) a4 @n1figu (base station) wAFlEUINITATIY 1.1 NUAAININTIUYDY

1AS9918919%1A
Core Metro Network Aggregatlo Network Access Network/Last Mile
Network 53 ,-/ NodeB (NB) .
i E
Central

Central ((A) .
[m Office Office ATN router ’) User E

=7 \‘“(A)

=T

OW 1
L

/_l) Ethernet (A)

= @

= co co e W A
el eNodeB (eNB)/

ATN router gNodeB (gNB)

e

gﬁﬁ" 1.1 952ulP5997¢[3]



derdmedidnilddoanslugaingOndimesdiin (Gigabit Ethernet) agidarimunly
nsdsteyadivesiinnuuinsgIu Institute of Electrical and Electronics Engineers (IEEE)
Felsanndedosnefnauietiagiu Tnefuesguddyiinednusatudaulafmss
1.1 Wisuifeu 5 wmsgruded

MITNA 1.1 WUSGUTIgUNINTTIV IEEE

INIFIY T §adn (Gb/s) | ¥asmrmenieauldey | ssezniagegn
IEEE 802.3ah GbE 1.25 1260 - 1360 nm 10 km
IEEE 802.3ae | 10 GbE | 9.95328/10.3125 1530 - 1565 nm 40 km
IEEE 802.3cc | 25 GbE 25.78125 1295 - 1325 nm 40 km
IEEE 802.3bm | 40 GbE 10.3125 x4 1264.5 - 1277.5 nm 40 km

1284.5 - 1297.5 nm
1304.5 - 1317.5 nm
1324.5 - 1337.5 nm

IEEE 802.3ba | 100 GbE 2578125 x 4 1294.53 - 1296.59 nm 40 km
1299.02 - 1301.09 nm
1303.54 - 1305.63 nm
1308.09- 1310.19 nm

9119197991 1.1 LARSIATFIU IEEE 802.3ah [4] dwmiuBimedidn 1 Ansla (1 Gb/s
Ethernet, GbE) ii§ns1Unteya 1.25 Gb/s figsnuepduluwauaiudle (Original Band,
O-band) fausl 1260 nm @9 1360 nm d19SU 1000BASE-LX10 axasnsndsdayaaiuadlé
F88EN9EeEA 10 km

1193514 [EEE 802.3ae [5] dmsudwesida 10 Anzdn (10 Gb/s Ethernet, 10 GbE)
fi8nsOndoya 9.95328/10.3125 Gb/s 12sAmeIAALILLAUAIINAT (Conventional /
Central Band, C-band) #aus 1530 nm @4 1565 nm @3y 10GBASE-EW/ER agamnsnds
doyarounaslassoeniegega 40 km

WA5U IEEE 802.3cc [6] dmiudmasiia 25 Ansln (25 Gb/s Etheret, 25 GbE)
fi8ns1Dndaya 2578125 Gb/s fitasarueniadulukauaatuilofaus 1295 nm &4
1325 nm dm3u 25GBASE-ER aganunsadsdayayauaslaseeeniegegn 40 km

WIA3gIY IEEE 802.3bm [7] @vFudimesidia 40 Angln (40 Gb/s Ethernet,

40 GbE) igms1Undeya 10.3125 Gb/s 311U 4 Yo NFaugadululaualuile



lAuA 1264.5 nm 69 1277.5 nm, 1284.5 nm @3 1297.5 nm, 1304.5 nm &3 1317.5 nm
Wag 1324.5 nm 914 1337.5 nm @1%5U 40GBASE-ERA az@unsaasdy ey 1aduaslassuznig
g9dm 40 km

U1M3g11 IEEE 802.3ba [8] @ wmsuBmesiiia 100 Ansda (100 Gb/s Ethernet,
100 GbE) fisasdndeyadl 25.78125 Gb/s $1uau 4 Fos Avrsanuemadululauauile
lauA 1294.53 nm 9 1296.59 nm, 1299.02 nm &4 1301.09 nm, 1303.54 nm &4
1305.63 nm tag 1308.09 nm 94 1310.69 nm @950 100GBASE-ER4 azanunsnaadayeyal
waalfsreen1asan 40 km

Mnumsgufindundeduinerinusaduilidenlduinsgiu IEEE 802.3ae dwidy
darBwmesiin 10 AnzdnlunisAnwinnast esndaindeuselulasenediulng agld
Biedifinluslanaa (Ethermet Protocols) §05130m 10 Gb/s FemsefuAINfBINISUas
Tasatne 53 susasdnuaraindediinvesgunsaifiiinmeluiesufjifinisids Wumlides
Fonlduegasudsdnsndn 10 Anzdaiid 2 sUnuuAe (1) uegafudaendienit (10 Gigabit
Small Form-factor Pluggable, XFP Transceiver module) wag (2) uaaa%’uﬁmmaﬂﬁwé’a
(Small Form-factor Pluggable, SFP+ Transceiver module) Lﬁuua@a%duamaWﬁgme

1 £ ¥

fawnannsosudsdyaadoyauasdnsidn 10 Angdn dwsunegasudsguuuuiendieni

[
a A

AtluAnednusilde vogaiuduendlenivesuism Huawei [9] uazaogaiudondiond
¥83U3E Terrabit Network [10] drunagasudsgunuvioaenfindailife uagasuds
oaovindavesuiv Finisar [11] Tnsuegaiudsiiaiuuegaaunsasesiudyyudoya
Lassmsndn 9.95 Gb/s fa 11.1 Gb/s TurasAnueIndy 1550 nm vinlsiuegaiudd
donldsesiunnsgu IEEE 802.3ae dmsudsdwesiin 10 Anzdn
slsangvesinginusatuiauladsidmesidndmiuniiuiivislnaninides
vans 1y edufisnudios, waitufivuun wasweiiuivswnussme Hudu Seiuusly
mswaumalulanisdeaisuagnisvenefivesiliuinsidiuninduluuinudndt

s duseaimuinelulaglinseunquuinviuduiuaiuiidiomarunniu usiilioweuws

14 1
A A

giunUsznoulddenyiuiiederdensednnsraraduviianiidsseevinaiuansieiu

2

a = ) i % W I3 v Y a A '
Wszezieszninaandguiuusazngdiuldvindu JGumalidldusnisiiegindlnaly

Sa)))

anunsosudyaadd Welianunsadndiadlduinisld gliusnistnduseniussesnenisds

Qe

[ 1 a (3

dyqnasznianidgiu semsfiunsfedundimesszninaaipuisaielddudmag

o o [ $ %

deysuau (repeater) vi3aMsiasuNegasudsdyy uuansoungadsutegansesiule

i lvglvusnsdeaiiuauyudmiunsiensivi wagluuisuinaniisseginalnaiiundd



U a (5% 1

Yaimunvasgunsal (Specification) aglaaunsasudayralauby dadensvdedayyiu
= [ I 1% o w P £%
wasdlszpznsdsdyaandulunuannsgususuiigs (Power Budget) Lilasain1ssseenng
deduaauastnaduisdudussaiivsumaineluds lnedsiusumasaziivainuaieds
1o U Aa a s LY a’lj = as a o v v Y . e
wiidgusuInednusatulauladnuiBiinsuiiasmenisldiiveisuas (Optical Amplifier)
a &l &

1unsnluaansinesiile

o I3 = aa A a o vy o 2 Avo N 9]

venouanfunidduisianansaiinaumsld Tnedvenouanduniinuasdould
uegranntudagdu damsussendldnuiiveeuadimingautuegiuliediauaz iy
foensvesdeininsanunnanRvesiiveauausaryiln dusufivenswasaunsaunuaiy
3 4da lown (1) 8Awenie (Erbium Doped Fiber Amplifier, EDFA) ufiveneuasydniiil
Mawasanluiaiwes (Pump laser) 8g71919A314819AGU 980 nm uay 1480 nm vl
A1U15099189F Y I ULALANIE TULIIAINYIIAAULAUAINDTAILAYIY 1530 nm £19
1565 nm lagaunn wenainaglilaSunansznuainlnanlsiwdu (Polarization
Independent) senisldiinaraudniin (Active medium) iWuidulevuanioarsiaesis
wostlau (Erbium, Er), (2) 1ealeie (Semiconductor Optical Amplifier, SOA) 1Jusivee

Lasiued fuansaai i edlulaseate ﬁaﬁﬂ‘wmmsmmalm‘vmszmﬂmmnﬂﬁu&fﬁLLm'

Y

a A

Laum1uale 1280 nm qufieg (U-Band) 1650 nm udilteoideAalasunanssnuain
Tnanlsiwdy Fedasusunnulnanlsiwdunou Welilesusnsaesiimmnzeay waz (3) fvens
L&93181% (Raman Optical Amplifier) Husvenouasisuiunansznuldifuidadu
(Non-linear effect) “U@x‘]ﬂ?iﬂi&%x‘ii’]ll’]ﬂﬂi%é]:u (Stimulated Raman Scattering, SRS)
anunsavieulddaustaeuaay 1260 nm auds 1650 nm Taerdauasanduamesens
ANEIAAY 1400 nm §9 1500 nm A2a115098 8§ QA luYI9ANE1I AR LAY
AuAdRaus 1530 nm 9ufisuea (L-Band) 1625 nm léMdsuasgauin uddoidsdo
Fududeseenuuvdsimilininssdsuunssduienlinssgadifeanisuasiszoznisi
wanzanfuSnswens DavtuasriliiAndudygiusuniuiuluded G’hmm‘ﬁ%qﬁﬂﬁ
Fnerinusatuiauladnuianziivesuawindmonie esandivenouasiniil
Qmauﬂ’aGmmummé\’aamiLﬁmufi’wé’ﬂuéaﬁﬁ'?mmmmmé"umumm?{%é}'juwi 1530 nm
fi3 1565 nm @oAAdBIRNLINIFIU IEEE 802.3ae dusudsndwmesids 10 Anzln

Uszinnaesdmenioatunsaudald 2 Uszinnlawnd (1) wuushly (Conventional

£%
aad v

EDFA, C-EDFA) Tunsdfifefvesuasdoarsaoanig (Duplex Optical Amplifier) ¥4

U3¥N Optoquest AInednusadudaulednul uaz (2) wuudsduduynetiausa

1%
aaa

(Burst-Mode EDFA, BM-EDFA) TunseiiAaveauS¥n Amonics lagunsazUseinnasivs



IHuFeudeUioufivandetununisldnuniglude adufinweanisfinviuioudiou
HANTENUABLANINABIMNDSILA (Ethernet Packets) M1192919a1A15 9 ULaLIUIANTTES
foyaiidangludsdseniedfionie 2 Vssionil Weunsnaeludsidmedidn 10 Aneda
MniingmuTiverinugatuiaulaifvssuaideasaesmedmiuassimesiin
uwnsnsEUInasRnesefiiu o dumisdng q meludeddsgy 1.2 Auansdeiunianis
1Mefvgguasdeatsasandmivaeidmesidnnislulasaiigsiungy iefnw
AudITUSSE LN i srssnansasdyanauaduduletuadnun
L?immmj;m (Standard Single Mode Fiber, SSMF) 1ag 8198913195514 [TU-T G.652
[12] hwaszveadulevuaslnundeuaginida (Characteristics of a single-mode optical

fibre and cable) MipufpsEINGIMInes OB Ul Tlssoynesudedaulnaduiunin

a

M55 IEEE 802.3ae dwfudsidmedidn 10 Anzdn Adns19n 9.95328/10.3125 Gb/s

' o
I aa (Y

o w ¢ Y [ v ) ¢ = a |
dwsugunsaluegasudenfnntey Wnalianunsoudsdyaraluianridguiedlnalalaely

a o ¢ ¢ A2 a A gy o 9 v O ~ !
a&m@mLimmaiLa‘V]LE]HLW@JLWENLWE)GL"ULUUWWDU EUEUEU NIDUMILUTIUNYUNANTENUH D

e

&
[y Y A

INAUDA L’e)‘1/\|LEJLLUU’JS&QLUU“UW’EJEJ’NLTJ laglyiag ﬂﬂE]ﬂ’]iLUaEJ‘lJLLUaQﬂ']aQSUENLLﬁﬂLﬂﬁl

D)

Y q./

Smesiin (Power Variations on Ethernet Packets) wazinauanisinassdining
Yeneuasdeasaem s sainanssous s liun n1sinsziaurds (Power Budget)
Lﬁaﬁwmmszwmaﬁmmﬁmmalﬁqaq@, AM59iAsEReUnaTTY (Rise-time Budget),
gnsdIudy IR edy QUi IUNIUNIILAY (Optical Signal to Noise Ratio, OSNR),

MTUATIVWNUAINIUAN (Eye-diagram) uagA8ns1AIuEanatnde (Bit Error Rate, BER)

Core Metro Network Aggregation Network Access Network/Last Mile Optical
Network

Central . Optical Line
D link
/ \ w / Termination
i Duplex C-EDFA
— B Tx P QR" - / (OLT)
/'/ - —/ /// - —/
250 '4 @) é’—:’/ NodeB(NB)
Rx Tr o () .. .
ATN Routers ljﬂ)ln 1,} \ (( )) A ))
co co Uplink , . User

eNodeB(eNB)A

¢gNodeB(gNB)

JUT 1.2 §erdmesidna msusuaeaygIasseeen v lnaldounsneave euaaaoa)saedn



1.2 ANSNUNIUITIUNTTY
v v X % | av o | A =3 o Ao
nsnumussanssuluiided asiiuludiuvesnuidunsusennaudelagiund
ANULNEITBINULH DU TUANGITNUS L HBUINIANWILALUSLABUNITIASIENETNSUNE
N15NAADY Al
1. Tud 1991 [13] nquide Center for Broadband Telecommunications Usgine

¢ ya ¢ ° ° ° ! aa aa A
LAUNIIN VLMLMW‘MLLUU%Haaﬁmu’JmmmNmLLWLN%JENE)@LE)WLEJ I@EJT"I'Wi'J'N@@L@WL@VI

o

AUNUININATN (In-line Amplifier) AITINNGIAUL 0.4 - 0.6 VOITZUENNNAIFIEIUAIZII

Tﬁé’mwmmﬂmwmmﬁmaﬁwuaﬁam FAUVUENALNUINTIRFIES (Booster) Az 1AN

q

o

SanenuRanaindniidfseiledforiefifdsugauaglildnsoas uddumisdounii
Mns2a9uLas (Pre-Amplifier) Iﬁﬁwé’miwﬂawmﬁﬂwawmﬁmLLsJajﬂLﬁaLﬁauﬁ’Uﬁaaﬁi’mmaLLiﬂ

Fesunisteuntinsiatunasaslinasnsinnanfneosiosmonievuse3stuaiunis

q

[y

AUy 1047101 (counter propagating pump) IAe3stiNaNTIaUENLUEUIAD ATV
wuletnasdnyin (active fiber) 1%119310071A5U (Receiver) anuf1&dstuva99mane 1wy

219 n1a9UN 20 MW A2595UNI99INNA1ASUUSEUN 20 km wazlddinsaawas

a o w

(optical Filter) dusunsosdgyeyIusunIu mamamammaq{juqamiaﬂ%’é’mimLLaa‘ﬁ'ﬁﬁm
WAULYUAY

2. 14U 1995 [14] nguide AT&T Bell Laboratories lanaaasasdayayiaiuadiuuaiu
fugeafieamns (Bidirectional) fiss18n 10 Gb/s Fedalwaieuuas (Optical Circulator) I

srgen1anamun 120 km laglddfieviednuiuassinludanaseglusunimdsidaaiwag

a

nountIAIns19duLad lagusnisaduledinassiinsnsefainostu (Dispersion

a

Compensating Fiber, DCF) Tusunusfenansdsidmsuasing nsdesdy g aaiunieiy

A7)

s

ilranusaundgmlasuifnfaimesdu (Chromatic Dispersion) lavisdsnvtukazuiasiy

o‘dd v

Wiaunu @aiﬂﬂdﬂﬁu%mmmammamzmlm' LUUL%QLﬁu(ﬂﬂiﬂuax‘iﬂVllIﬂ’]iﬂﬂﬁiUiU"lﬂJLLﬁ\‘iﬂ’m\‘i

T o
a

v =1 [ a Y A a a . .
gala wenanlagnudgyvinansenuldiduilgadude n1snseideusagdu Brillouin

Y

Scattering) 91N BALENLONINIAILAUINAIRIAUET LAaTNITNILLIINAULSLAN (Rayleigh back-

N 1 [ a a

scattered, RB) 91nN1383& 8y Y 1adnuaan19ai Uil 39aANanIsNuaNNIINILIIIUTaadu

Y

1%
[

é’wamzywmﬁu@amﬁaugﬂi%ﬂ (sinusoidal dithering signal) 10 MHz L@31UWN1TNED
Feyauradtatwos (laser modulation) wagldinsa@adulounasuuuazviou (reflection fiber
grating) 'ﬁ':mﬁ’uﬁ’sﬂimuaqﬁﬁag@%aﬁﬁ (low loss filter) AuNsnABUNTINFINTIATULES
(Photodetector) azvinlfanldnanansenuainn1snsvidsnduisiast wasdyyrasuniu

10Le@d (Amplified Spontaneous Emission, ASE noise) 31n8ALaNLD



3. Tud 2007 [15] ngudde NICT YsewmagJusiuduusyn Amonics 31n884n9
lAduneriudfenieUssinviniiaunsnannansenuvewnsve1eding (Gain transient)

Tusguunsainduiininauas (Optical Packet Switching, OPS) lngoanuuudatenialnly

=

Fulodwasiidoansdaesigieasiden (Erbium Doped Fiber, EDF) il uiludniiv
(active area) YW ImEUHIUANENANUTENNN 4.3 um BanTendnvuefsatenienatuld

4. el 2009 [16] ngu3de NICT UsemadiUusiuiuusem Amonics 988409

= =

laadensdifnwiigitunansenuvesdnsiveneding 3ndaeniausasUssinnsiuds

Ya v v

g
AaeNlAIuNAUITUIINT 2007 A28 FINUINYAT81n (1) F1uIUvedfenenlely

an, (2) MAIWAIVNIDALeNLD, (3) DNs1dIULNGTAITU (Extinction Ratio, ER) Uaaf2@4

DD

[ Y

dryy i UTELA NV AT I ULES LAY (4) ANUNUILULYBIMIINTIN (traffic
density) Aonasiuszezaveuinnateualuniiund e 4 Jesedmanosnsivens
Han3 Tnoannzanumuiuiuvessniinidudadeiidmauiniian Gedinnuvuiuvuyes
nswlilndosazvirlfdnsvensdingutas Sudumeliidumsiauidaenedunuudy
Uszinnuuuisduiugnegnuda

5.1 2010 [17] nqu

]
a o S

338 NICT Uszwmadilusiuiuusey Amonics a1naaandlawmun

v o9

1 <

walulagdniunisvenenuuisdaduynaegiasi ludedfilevlieannading (Transient-

9

Suppressed EDFA, TS-EDFA) daidudfiovienltnulaiienasiiusyansnm anunsafnnsls

nnaunslulassiealnduiininaues (Optical Packet Switch Network) wagiungdmnsu

a® IS

szuudiuilagidu (Wavelength Division Multiplexing, WDM) tfiasainszuudiuilagiidud
N | a A v a o o o aa
nswWaguiUasmnunuiuvemsmiings uenanilldlausuwiAnneliunisinadfienie
annatiAIuIYUTINAUISIug deunduniaas (Optical feedback loop) vinl#ifin
aussanIngadmsunisvensuuuItdaduynegiuia

6. Tud 2018 [18] nquide NICT lavpaednazilsauiisunansenuandeiaumanlu

2 Y

TnsaelaglddieviegesUszanfawuuiilluazuuuiSdadugnegiass Tnsunflasaied

¢ 1 o s =

DANLOLUUNILUNIZANMNEINAIN 9 HOUNAINNANNITI TNV AN ILAIVILTN

9

dnonanas dawaliiindnsvenetinnaanudenewazinlumawadlufsiduniu lag
nszurunsnaudnizuniagldiaiui ddunsalillddassnanisaldanauma 55% 210

Nanue Welddnevieuwuuniluagyilidnisiasullasvesmasuas (Variation of power)

1 [

Tudsiussanm 7.5 dB wadleld8fenienuuiSdnduynegrasiaziinisudsuwlasiauas

Uszanay 0.3 dB asUlaindievenuuidduiuyneruiiausaannanssnuresdnsvene

q

Fpglaanduuunily
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NUNAIUN (1) UTTENEDIALAUINTTINDALNLD F99LIUANUAAIYARINUIVN
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cfa YV =

INYANUSUABINITANBIABUILIYIBTATILIN15I198 LD ALa N Tud Nl wallde
' A & ° ° P v WM oye a ~ a
wane9ilun1s9nassAmuIununguwinlulidlafin1siuseuis unan1snna eI
~ A A v P Y a | ~ v o a

UnANT (2) Aeliduiinanendehs ausseennanaunsoddlalnananwaznisldmilvaiou

o YU a 2= & & d‘l [ d‘ a a 4 Ly a’lj
e anunsatnuUszendldivandmesidandsdyaiadearsaemsluinerdnusatuil
yananddlaausdalousauannisididulovnasrdaua e fana sty o AILAUIn S
nanssenIaduludinasinunfe) wazleymnAnTunaiainn1s1199ae NI ALY

1 Y 1

Y| Y] aa ° va | a ¢ = aa o PN
W?ﬂﬂLLﬁﬂWﬁ@N’JﬁLLmeﬂ WWI“N%’JU%?SIUﬂWi’JLﬂiqg'ﬁﬂimaqﬂaﬂL@V\IL@WaQWUﬂQLLaQW

D

a

¢ A vee Y Y I A a a 7= yaa P =% o o )
'JVIEJ']UWUﬁu‘lﬂﬁﬂUrlﬂfJﬁl LLG]NGU'P]LLWﬂWWQﬂ@’JWEJ’]UWUﬁu‘i]gIGU@@L@WL@LWUQWUQ@?@WW?ULQW']%

a s

dafuTunarvias Tuunanui (3) WuunanuiAunusUsuuiieiuiwdiienionuus

'
=

dulugnegusy Fduinerdnusaduildesnisfnwuduieddiu dmsuunanud (@) uaz (5)
] a P ) aa ad 1 & ' < P o A
Juunenuiinandinsiawidaeviewuuiddalugnegiaii sauludsdadendmanssnu
= o v | a ¢ a Y < a ¢ & o )
el du28TuNTIASIZARAN1INABBINSHUAS UL UAINAIUULIANLNADNBSINE1 1S U
egndnusaduililuegiwin wazaavinaunanud (6) Wuunanufivdaienienass
Usznnnaaodlulasaviy fevilimiiunansenuveddneniasanidwasnielulassiney
o a a ¢ o Ao aa A a &a ] o A& | '
FALU wiInednusaulidferlennassieadaniferdadussaundnnintassng
nuNANNAtAnaINIue szasuladmnunanuilanuniulissunssuiaig
Netaiurives o Tuanendnusi a1y nmsdentdaunsalnieluden, Uadendea
AIENUADAIN LarNITIATIZMRANSENUMARTUN 8RR
1.3 dnguszea
1. efnwiazUsenaudendwmesidnnensidn 9.95328/10.3125 Gb/s Iau1snds

¥

Tryanaudayauadlaszegnialng dlounsnseeuasdoasaemie Baemo)

2. Wefnwinazuieufisunisldeudienie 2 Ussiande wuuiilu (Conventional)
wazidndugaag1uda (Burst-Mode) dﬁﬁmaﬁiagmwmﬁu (Waveform) vasdaysyna
Yoyadimesidndisnsiin 9.95328/10.3125 Gb/s oesls

3. e tanarinszinsiunieniivensnasdeansaenie Eee) n1eluded
Sinesiinfimunzay 1wy Asnansden (n-line), wasiasuas (Booster) uaziounting

#3299 9ULEN (Pre-amplifier)



1.4 W anguazvauuniuiay

1.

s & A a

Usgnaudendwmesidnnensidn 9.95328/10.3125 Gb/s auuInsg U IEEES02.3ae

o v A [

< a a A d‘ A 14 [
ANNTUBNBITLUA 10 NNTUA NYINAINY1IAFU 1550 nm LW@iWﬁ']ﬂJ’ﬁﬂﬁ\‘iﬁﬁyliyﬂﬁu

[

Toyauadlaszaynalnaninsvernnsdsdyyindoyauadaanvesgunsal

Y

1 a

TAAMNTITNOIAN 9 VOIRIVEBLAIEDETAIN (BRteNe) Taun F9aueAdY
19911 (Operating Wavelength Range), 891319818 (Gain) WazAlavdyy1asunIu
(Noise Figure)

Y] a ¢ a ¢ 4A ) = aa Y]
TALALIATITAENTIOUL VIR OUNINAIVENIUAI FDANTERINN (BALeLe) lnein
WHUANIURN (Eye-diagram) UagdiasigniniAndnsanuranatndamiiu 107
Tauasias1grin1sasulUaInasuuLinINAdImesiin (Power Variations on
Ethernet Packets) a038alantonsaosuseianis wuunaly (Conventional) wag

wuuisdudugaegiasa (Burst-Mode)

1.5 JUABUNITAILUIIUIFY

1.
2.

8.

NUMIUITIUNTTLNAEINATT ISR BIme Sl Aeadesfuauide
AnwaussouzvesgUninilagirdesiion

AualaosnIuIEAUMEas (Level diagram) 1loa9ivenonasdoansaanig
(BAvenie) fiskunising q Tnedeulusunss MATLAB

JanpaeuAmsineding o vesveneuasdeansaems Baiovie)

<

dmesilinndnsln 9.95328/10.3125 Gb/s n1uuIN5§IU IEEES02.3ae

a [

Usenauaan
) v a & @ a a Y P ada a ¢ A
ANSUDWB5LUR 10 ANTTN LATWNSNAIVYIBLEIEDE1TEDINN (BALENLD) TuAIN e
TANAFDUNAVDIALNUIN IV ULAIFDETEBINNG (BRLENL)
%wmaa‘uLLaz%LﬂswﬁmaﬁiagﬂLLUUﬂﬁuﬁané’@mwm%’aaﬂaﬁmaiﬁmﬁé’mwﬁm
9.95328/10.3125 Gb/s U899aeNa79d9UseenN

¥

TanaaauA1dnsiAuianaIndnlazins1eiununIngUan vesdyy1udoya

v U

SiesidndisnsnOn 9.95328/10.3125 Gb/s Tunsdling 9 uazagunanisnnaos

Weuneinwusaduauysal

1.6 Uszlevinaindnaglasu

Souslusunst MATLAB WathunauHULAE AT IR INANSNARBINNLME WYt
anunsausznoukaziiledeidmesdnnuunnsgiu IEEES02.3ae 1ol

aunsadnuarliasgivanvuanmdnune (Specifications) vesdatonionldau
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a.  awnsawIeuiisunaveanislidfieieudazUssinsesunuuaduvesdngyateya
BimesiinAinus 9.95328/10.3125 Gb/s 1@

5 @unsedauasdinssvanssauzvesdidlouwnsndmeniols
1.7 Uszuranainednug

unii 1 uni: Umﬁjwﬂa'”nﬁﬂﬁmuazmmﬁwﬁmmaﬁw&mﬁwuﬁ‘aﬂ’uﬁ sauluds
miﬁﬂmmmgmuasmiwummimﬂssuﬁLﬁwﬁm Saluniriuuniiezusznoulude
Toguszase, lmnguasrounaulde, Sumounseiunuise uasUselevifiaiainag
Igsunnaised

o W =

un 2 gunsaldrAgldluden: unilasiieniieidugunsainldludannimue
dmsuinertinusadull Inedsenaumendnnisyinnuvesgunsal, tassadnniglugunsal
waznsldaugunsal Faziinuyszinnvasgunsailann gunsalivugiunieludn, aunsel
WLENSTOULVRIRIN wartAsaIlainnngau
a ) aa A 9 h ¢ | Py o Aa a Py

N9 3 naNNsHaLNgENINEITeL: UNtagnaniwanniswasngufitneites lay
DFUNYAUNITALFILUSNANANTENUABAIN WA NIS1HABSVDIDALENLD, FUN1TIUANSY,
AUNITIVIAVIVY, Feyayrausunaungludien, ununmguni, dnsianuranaindn uwaz
Taazwnsuseau wWintlUaonwuunsnnasdtazyseiluaussausyaan luungs il

UN 4 ANSNAABDILATNANITNAADY: UNUILLLUDNILNLINITNAADILALNANITNAADI
ildonuuunnanundnsuazngufiietos saluisnsinszsinanisnaassils lne
UzNaUAIY N5IATITUNITINLADIU09DALOLE, FUANRY, JULIAN1TU, Fa1adsuniu,
LHUAINIURT, Sn1auianaindn, laesunsusedu waznisiisuwlasiidsuuuiinng
a & @
Anosiin

unfl 5 unagy: unilazasuiszinudidgyianuadmivinednusadull wieuds

\ P ~ vy A o A o ¢ '

nandsdymnnu waglvdaiausiuziiovnmmaass tietdluussenduasudlutdymising q

a ¢a § <
neludendmesiin
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unii 2
gunsaldRyildluded
unil 2 agnamiagunsalddildludsisuil 2.1 fu 2.2 wansunun wudonnis
neaesargUnsnifldluiesufoinis Insluuniazusseredomniliniedauiinaiuau
aasdsznaunglugunsalinudidu Uszneuluse 3 shdevdndsd (2.1) gunsaiugmily
Aer, (2.2) gunsaliiiuaussouzvesied uay (2.3) idesiieYaveaey dmiudasluady

AvegdrasasaunsalluununInguil 2.1 du 2.2 .Wumngavianaintedos wWisaay

azNlun13aIUTIvadunvaQUN Tl 9

i ]

I ]

| ]

Transceiver : :

1 Rx 1

Evaluation : |
Board 1L Lty /Ly :
- Dispersion  SSMF vy iape : I

= Single-Mode Duplex Inm  Compensation Optical | Optical Power Meter |(2.3.2) !

Tunable Fiber (DCF)

Fiber :
C-EDFA 2 Attenuat Optical Spectrum Analyzer ] 1(2.3.3)
Optical
SSMF)  0211)  poipaes 22D (VOA) :
(2.1.2) Filter (TOBPF) 2.1.3) D[ Digital Communication Analyzer ]
222) 234

Pre-Amplifier EDFA 2212
(Burst-Mode EDFA) (2-2:1.2)

(2.2.12)

2 Duplex Optical Amplifier
R 211 =

CHY -
SSMF & DCF

==X 2
o 4
25| 1 nm TOBPF |

Transceiver Module & Evaluation Board =

U7 2.1 ununImudenmsvnaesnisudsggunsaliazin sesdenlsinainimmaas
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2. Downlink

| 10.3125 Gb/s @ 1535 nm or 1552 nm 120 km SSMF + 15 km DCF I

P>

Duplex
C-EDFA

Transceiver Transceiver

SSMF
40 km

10 km

Evaluation
Board

Evaluation
Board

40 km TOBPF

| 10.3125 Gb/s @ 1559 nm 80 km SSMF + 10 km DCF |

1. Uplink

| SSMF & DCF

e ' 4

; =\ - r
“| Burst-Mode EDFA |

: " ‘ Optical ‘3."' TN
@#  Circulator  NEEEEIEES

JUT 2.2 winmuaennisnmaesnsaumiegUnsaluazie sedenltnagovaidyoiboans

FoINN
2.1 qunsaiuguluded
2.1.1 vaiauszfiuna (Evaluation Board) uazuagaiuda (Transceiver
modules)
wpusimefiefiuiifnsiludinnuasiidesdsudmiuuegasudeisaossuuuy

= 9 = [ ) 1 a o = o w
A9 (1) HOYATUANDNTLONN LAY (2) NOYATUAUDALDNANGE DYUILIUNUIATDIAINTUNIT

Su-dadeyandnsiin 9.95328/10.3125 Gb/s s¥1319U BaInerinusiazdiaeusdines
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wildusensidvesausafiung tneazdendovnegasudaivaesguuuuidniuiisie 30 pin

YBIUBIAUTIIUNAUTEN Finisar dwmSuiendienii [19] uagiealeoninga [20] Asgun 2.3

d’ - v

niuldaneinilaTiuwnu (Coaxial cable) 4 wdu Weusadyayadoyadelninwidiuag

[ I

PoonlUfuniosindnitauianaIndn d1nsuinA1enTIANURANAIATALAZLEULAIN
sUANTalulvin (Electrical Eye-diagram) wanainilusedulufinainundsdngnids (Power
Supply Voltage) Ndauiinuesausziliunadmiunegasuduandieniife +3.3 V uag +5 V

drunsadulnihndeudrveiausviliunadmsuregasudueaeniingadie +3.3 V 1oy

nsvhuveinUseliunaLarienasud

R iy S

SFP+ Module
® o o o

U 2.3 vosaussidlunad iy (918) londienil uaz (¥31) loaianiinaa

2.1.1.1 uaga%’udemnﬁaﬂﬁ (XFP Transceiver module)

(%
v o 1

AnerdnusiltuenasuduendoNiuedusen Terrabit Network [10] hay

Y

' 1Y

USEY Huawei [9] 881%ay 1 uoga Aslugudl 2.4 (b) uaz (0 eIy Tauagasuds
lendleNAivesuien Huawel £i1%29A210819AAUYMIUYTENNQ 152955 nm T
1560.61 nm mmsadaé’igiyﬂmshmﬁuiaﬁﬂLLaﬂI‘wmLﬁaaumagwulé’izazqafjm 40 km @21
uogadudendlonivesuiem Temabit Network 1923A218819AA U UUTEN Y
1530 nm £ 1565 nm LLaquﬁmmme1ULﬁuiaﬁﬂLmﬂwmﬁmmmgwlﬁswzqqq@
80 km
2.1.1.2 wagaiuduadlawiinad (SFP+ Transceiver module)

fnanAnivilioututogasuduendienfiudazdunalsinuogasudaueaendiinga
guwndnniuagldussiuliihfesnituegaiudaendionii dwiuuegasuduoaoniinda
9¢14vesuiem Finisar [11] fislugy 2.4 (a) T92sarme1IAaUrOLUTENIAL 1530 nm A

[ 1

1565 nm wazdsdygarnudulodiwadvaninesiinsgiulaseeggegn 80 km
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! L % FINISAR
Sunnyvale, CA 94089
I (a) g ETLXIaTIMBCL

SP-XF- 1OG 150-000-00

l”&u IIIIIIIIIIIIIIIIII

e-pnnmm 1040.10 ang 1040.11

> e 1

030MJG10G2000068 Y 01

| 4 bt lllllllllllllllll\llﬂlll

U7 2.4 49gasuas () woaeniimaavasu3sm Finisar, (b) tlondionivesussm
Terrabit Network Uag (c) londonivesusEn Huawei
2.1.1.3 asAusznaunmelusagaiuds
Imaaqﬁﬂizﬂawé’ﬂﬂwiuma@a%’uﬁaﬁgﬂaaqgﬂmezﬂazﬂaulﬂé’w 2 d1u Ao

Y

(1) wwas (Laser) Wusadedynimunas way (2) fnsraduuas (Photodetector) Liasu

dyaauasnigluden Al
(1) ko3 (Laser)

\Hussiuszneuiiddguesuegasuds vhuthilaedyaadeyauasdedanunia
aUnm¥u (Spectrum Width) uAvLnn dstalwesiinszuiunisianun 3 n3zuaunisie
(1) nsgUIUN1IRANEU (Absorption) Hunszuaumsilisidnnseundouananiugii
(Ground State) Tulugaanugnszdu (Excited State) Insnsgandundsuaininneu &
LLaqugﬂﬁ 2.5 (a), (2) AsyuIuMSIUAIALLUULAALRY (Spontaneous Emission) 1AM
anneisidnnseuldanga vilwaidnaseutantdosndsnusenuifegy 25 (b) uas
(3) nszUIUNSIUALEUUQNNTEAY (Stimulated Emission) 1Anandianaseugnnsziu

Inglvineulvivanudesnasnuesniniliammdsnuiiulneudiusn dagu 2.5 (©) muadu

Ez EZ EZ
» Q Q
I I 1
| | 1
hviy ! ! ; hvyy
—~—— P | |l A~~~ W,JI— —~—
: 1 thZ |
| | L i Gt
E; I E, E vi2 (in phase
1
5 i ‘
(a) Absorption (b) Spontaneous emission (c) Stimulated emission

JUT 2.5 NN uIun15vevasees[21]
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' v v
v s 0

wweinldanuludaninatedsvinn wivegasuddluinerdnusinsauuegaazly
LaLszja%LLUUﬁaéqé’@@wmuauwwa@Laméjwmigmﬂﬁmﬁulvm'] (Electro-Absorption
Modulation Laser, EML) Us¢naunag tawwosateny (Distributed Feed-Back Laser, DFB
Laser) uag ﬁ’aﬂgwé’w,igﬁmLLmLLUU@Jmﬂﬁuﬂ?{uMﬂw (Electro-Absorption Modulator, EAM)
Ingazarusainlnsivdaidnnsu (Spectrum Profile) vasnagasuduandianiivesusen
Huawei, ¥aaasudLandanivaIuTEW Terrabit Network uazdogasudaeniindaves
USE Finisar I8A1800AM0812A8UUSENR 1559 nm, 1535 nm way 1552 nm 3

SU# 2.6 (a), (b) wae () muad

@m THEAS CONDITIGNS
[Srarr: (554.0000n  evop: 564,000 cenven: 1559.0000  sman: 10,0 | ramr: 1529, 608NN stop: 1589608 cenrer: 1534688 ___ssan: 10,80 |
PR ) seves: L avo: [ svew: PSOLTETTOY N e o B e BT svo:[1) _svew - [ZEATEITT)
M M
L) (R - o
i : t
: | !
i i
£ [J |‘ B8 4
A1 S OO SO SO (NN SO SUUNE SO SO SO M ______________________________
% fi4 o fid
Do f \\ - — Lol ¥
e TN \Jﬁ ‘\_// e _ R \J \_/ N e I
-7, r =1 -70.8]- ; -
!
(a);1558.972 nm!} : i (b)i 1534.608 nm;
o __ F e e S, -

™~ H : : : - : : :

(54, B (15538, 28] m Lo (S 000w [1523. 688 rm 1624, 688rm o Y 1523, 6@8]rm
HEAS CONDITION

sTarT: 1547. 412nm =Top: 1567, 412mm center: 1852, 4120m span:  10.@nm

o 7S =T JENPHi i o) even ZYTEID

= e
.................................................. TSN SRR SRR S
-
f [T
o LA
S VAV 2V INALYih G
SR S — (< 1552.408 nmi
'19537.412|m. ‘ ‘ I __155é.41 nm‘ - 1.8 rmo 1557, A128)rm

U 2.6 nslaavunasuveauegasuad (a) londienitvesusen Huawei, (b) longieniived
US¥Y Terrabit Network Uag (c) loaloninaavesusey Finisar

(2) fIm5293ULAY (Photodetector)

'
YY) v =

Mnsdunasldlusegasudaivansgiiuy vimihinsiadudyaudeyauadie

wlasdudyanadeyalni azuvadu 2 wiede

<

1. fansa9dunasulindilowwu (pin photodetector) WufInsI9dUMaAIE15N AN

anududeutiey FeldnulunegasuduandioniivesuIen Huawe Niumaaess lngian

auliuas (Sensitivity) geuszanas -16 dBm wasiidyayasuniunghufatuiissdniios
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2. $785299UKAIALENA (Avalanche Photo Diode, APD) tJuf#5798Ulasansng
sihildlunenasudsendieniiuasuium Terrabit Network Uazdagasudaaaoniingaves
USE Finisar fadiA1a1nulnassuszuna -24 dBm wWawisvduvdadilodu vinlraiuise

[ 1 [

Asadudyaaiamduasinile wiezdidygasunmuneluiniuinanineie
flowdu
uaﬂmﬂﬁé’fmmaé’iyiywmlw%ﬁﬁaﬂ%maiumaaa%wﬁaﬁ"ﬂﬂﬁa faue1y
dygralwiawuudnda (Limiting Amplifier, LA) %ﬁé’ﬂwmzmiﬁwmﬁqgﬂﬁ 2.7 ol
Fy eyl irendn (V) ldanazlivuranan1sznineda 0 way 1 unndseiiiesla
Soyanasueen (V,,,) widsunmsvengliiimasiivindy
Vout
Bit 1

” Vin
Bit 0

31]77 2.7 mMsVMNIuYesiIvegay g el Wiy uain[22)
2.1.2 dulehusslvunifelansgiu (Standard Single Mode Fiber, SSMF)

Wuduleduadnuniieansredsuinsgiu ITU-T G652 [12] fe5U 2.8 1A

'3

FuUszansnsanneu (Attenuation Coefficient) Uszainas 0.2 dB/km f1429A11187179AAY

[ 1

1530 nm £14 1565 nm Fsluingrdnusatuidaznaasssvdsdyyinnasdiudulodiues

TuALReISEaEN19IURE19T08 80 km Juld

U 2.8 waulerduaslyunieisnnsgi

2.1.3 Araanauniauasusuala (Variable Optical Attenuator, VOA)

Jugunsallivsvaniduaslaliiegaivlvauadanudeneliungunsalss

FaluTuden Tudnednusilddranneumadnasusuals dasuin 2.9 aduvsg

U
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U3 Optoquest [23] iaUFuanmatiasnidin1nsuresenasudiulastasodiinsIeinig

doanImendva eTanadeuAIAURANEIATALALINUATNGUR

.......

JU7 2.9 Faaaveumasuaausualavesusen Optoquest

2.1.4 a1luadsuuds (Optical Circulator)

¢ Ao o a

Jugunsalimvuafiavnsnisdsdyaiamasnialuden ddnwazdigui 2.10 Faduda

Y

a

Tnadsulaswesuiem Agiltron [24] Wiesanaigludsndndudesdsdygyrnuuasdoasaos

e wagunsalfldauliduudiie Fndudesddifedmuaiianinisdedygiaunawuy

dosiensrtugunIainaunsaldusIniule

U7 2.10 dalwaTeuuaeilterumesusem Agiltron
2.2 gunsaliiinaussauzvasdn
2.2.1 Av8uas (Optical Amplifier)

srensuasifenldnudmiunsdsdyyudeyaszornalnalaemluasdl 3 via
Taun (1) 8Atewie (Erbium Doped Fiber Amplifier, EDFA) , (2) ta@lata (Semiconductor
Optical Amplifier, SOA) wag (3) AVELAI5IUIU (Raman Optical Amplifier) Fafinanlu
unih wiluinednusatuiinasesineuegaiuds 2 JUnuuivhanlugisaueaduuag
1550 nm eviliinerinusaduiifesnsineiansdiienie Faudeenidu 2 Ussanie
wuuhly (Conventional) way wuuisduiuynegiad (Burst-Mode) Tneuszianusnienld

3 [y g

uiuegrunsratsluszuumlleniiwu ssuuduilagfiauiiveadyyimuasdnuauuin
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wazdehdanasninditonioodsioilosne iduiounsd nioszuuifinsdsunyas
Mdsngluszuue lummsadmussianiiaosgniauinniieldfussuuiiddaminis
Wasuulasidaneluszuugedio seuunsainduininauas (Optical Packet Switching) i3]
Muawnddfiemenuiduuuiinnniidaneluszuy Mlsimdaundednnnuazin
powldutag q widedunafdunasionnaindienieUszinnitaeaazwuinfimdsnis
Wasuulastien vilvansaansiuunsifndeyafianatatuluufininald dwmiusienie
uiazUssanildanuluinednusd asfandnunsasdelfiuiotasussedluidedos
foludeil
2.2.1.1 8eiauuuiialy (Conventional EDFA, C-EDFA)

TuiverdnusildsaseuasiildSuianuisn Optoquest InesoanifluazSente
auteveinassin SAeiodeansasanie (Duplex Conventional-EDFA, Duplex C-EDFA)
é’qé’ﬂwmﬂugﬂﬁ 2.11 anusaveedygrndeyauadlannd1dnsidn uidmiuinerdnug
atuiifie dns10m 9.95328/10.3125 Gb/s H929A211U812ARUNTSYIATU 1530 nm Fs
1562 nm uaziideldiuToudall (Wusonauuinidn, Mdwuamieondusigs (High saturation
output power), 8051981884 (High gain), IA31utafiesas (High stability) wagdeyey1a
sUnaus (Low noise) uenaniiaglddfaiorialuvosuisv Viavi $u mEDFA-AL [25]
FagU 2.12 Tuundl 4 ade 4.8 windu iWelddmiunisvisuidisunanisnaassssning

AMLENLDAIIUTIN

P

Downlink

U7 2.11 datoniodoa)saesnIa uassaunmUAeNYaIaNAYENaUN Iy
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ctor

U 2.12 Senehluesusvm Viavi u mEDFA-AL
2.2.1.2 Baenionuuisdaduynag1a3a (Burst-Mode EDFA, BM-EDFA)
dnsudiienieuuuitduluyneginiaazldvosuisn Amonics u (Model) AEDFA-
PKT-DWDM-15-8-SC [26] fsdnwauzluguil 2.13 amnsaveredgygiudeyauadldyndd
Sardaduiertusuuiild Tnsewigluineninusiie Snndn 9.95328/10.3125 Gb/s i
29U TIAAUNITINOIL 1537.37 nm 89 1561.62 nm wariideldiuseussdl nseenuuy
1§5Uan3U03 (Patented design), ftaudayayIaisunIush (Low noise figure), d13150a0NE
%l’aﬂg' (Transient suppressed), ﬁuﬁgmmémﬁwmﬁﬂ (Small foot print) LagdnsIvenyes

anuinlUazusseetisesrusenausng o meludiienie

[remomeeee]

U7 2.13 Bleviouvuissudugnosiusavesudsi Amonics u
AEDFA-PKT-DWDM-15-8-5C

meludaenieUsznauniy (1) Uutawes (Pump laser) Ndoumaiuainiuginau

[ I

980 nm %38 1480 nm 1lUSs (2) FaAreidenainuenIndu (Wavelength Selective

Y

Coupler, WSC) Wufisiudgyrauasvndifvnasiuiannduiawes wedslund
3) uledwasdoarsatesineasidon (Erbium, En T6dudnarsudniin (Active

medium) sagviaulaedidnnseuressineesifengnnssduaniaesdies 19seLiiadyi

v
[y = { a

Idsusgautunasnuiulusedugdu Wedidnnsouanseivasnegduiauivanldaesy

¥
[ o w =

wasueennanelludyauLarIeeniliaaulugenugIAauLEs 1550 nm
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dmsuiianieanistuvesdatenieasiieyg 3 sUuuuland (1) nastusiudianig
(Co-directional pumping), (2) nsUngaunau (Counter-directional pumping) wag (3) N3

Juaoans (Oual pumping) wanewssU 2.14 (a), (b) uag () muamu

ol Pump
Signal @ Ol .
in _'é_“@_'m WSC - L signal
P EDFA Tap  out
Pump laser
(a)
Pump
n— Ol
signal__ b 2 @ W _,@_.é_,Signal
in Tap —  EDFA Tap  out
(b) Pump laser
Pu
Siomal ol —=F Rump o _
SIEN a*é__@_. _,@_,<J__)_,Slgnal
n Tap WSC EDFA WSC Tap out
Pump laser Pump laser
()

U7 2.14 fiAmnmstusaeneludiienia21]
nsUszendldauvesdfiereazuisnusniinsnludend Tnewdadu 3 duns
fagu 2.15 (a), (b) ua (c) MuaGiUAD

(a) Au11U9NINA19E3A (In-line amplifier) Hntininanesiaiudayaia Insludiria

€

v °o v v

arligndrfnsmenansenuanlasundndainesdu (Chromatic Dispersion) usigniinnae

Y

=D

'
1A

nansenuvsdnitsannaulutduleudnas (Fiber Attenuation) 39yl usundanaig

aa ~ o w =) = a o w a ¢
9LONLD memL%mquy,mwmmeumaﬂuam

[

(b) sunusneuntindIngaduuas (Pre-amplifier) WWusuwiaievenefidsdygn

2

]
aa L2 ¥ L2

LAY INDUAINTIVIULAINL A AN NINTLAUAIU ILFIVDIAINTIATULES TALNNSS

1 v
a1 "Liluwo

wasgeauvinliiinsadunasaunson T udygiaidanle dauduvididusundd

NedneaeIiuANULEwsINATURY QIBLES

[

(0) Funusnasndauas (Power/Booster amplifier) Wusuviafioiiumiasiaes

LY 1 o ¥ o %

fdawas vibianunsodedygadeyanasvezlinanaus 10 km Wuduly Juediudnsveny

aa a ¥ o
50@\'1@91L@‘V\|LE)LL@%ﬂ’]ﬁQZyJLﬁEJELULﬁUIEJUWLLE‘N
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Fiber lines

/ \
Optical ﬂ-ﬂ Oﬂﬂ IG\ﬂ-ﬂ O TUL | Optical
Pl RX

TX

In-line amplifier

(a)
Optical Mm O S i Optical| |
TX v RX |
) " Preamplifier

Optical ﬂ”- s ﬂ—ﬂ @ JUL|Optical

X lG/ Long fiber RX
e link
Power (booster) amplifier ©

U 2.15 M3Usegnal999ulngn 5396 Wi 1ve guaananeie 9[21]

Aoy

NN EANE1INIT19A UV A UINSIRNUSTL T UA N WIA N UINITI19N AU LAY

a [

° ) a s & ‘:1' P Y] ' ° | aa a v A
A1 IUANNDENDILUALUUADAITABINN Lu@ﬂﬂ?ﬁlLL@@B@WLLVUQﬂWT}WQ@@L@WL@Nﬂﬁ]ﬁ]ﬂﬂ

1 U ¥

1 [ = 4' o 1 aa A o o/ v
waneaiy Juduvgivenisunisnisnedaenenyiliaunsodedyaudeyatadlassey

'
a ¥ = =) =

MalnaiuNdunggIu wazlinunnvesd I tayana v aldnTAnuRanaIn TR

9

musmsgruivual’ Jaduinguszasivandifgaessuinerdnusadull
2.2.2 fansagianizguanuauasuuulsula (Tunable Optical Band Pass Filter,

TOBPF)

L3 v A

< o 1 0o v o . a a 45 aa e v
Jugunsaldfgniisidndyminsuniu (Noise) MinTuaindaenienldnielu

'
¥ U a

A9 Fas19d Y 1uTUNIULELEED (Amplified Spontaneous Emission, ASE noise) 9890311

YY)

fudaauadilasunisens vlinednudaduisiludenifnsesanizgninud
wasuuuUSuldnumsaluswimésanndionie iensesdyaadoyauasiifonis a g
msduasildanuludsd Tasangud 2.16 wansiinseaamzguauiuamuuliulfves
U3%M Optoquest Ju WTFA-1580-1-5/5 [27] 1ugunsaisunuuuiuideudontasaimen

AAULAILTIUAE 1520 nm AUDe 1580 nm =AU NEUNASULAIUSEN 1 nm
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U7 2.16 fnseaamzeunubuamuusulavesuivn Optoquest
1 WTFA-1580-1-5/5
2.2.3 Wulethuasvlinyaivefaiwasdu (Dispersion Compensating Fiber, DCF)
Hudulethuasiignesnuuuinifleanwansyuvestasundndamesdu aneluded
Srunedaguil 2.17 axfidlannfndmnestududfnauiin q daus -100 ps/(nm.km) s
-200 ps/(nm.km) Tug29A18719A3Y 1550 nm FeazanusatiuvasefuA1uInves
dlethuasivuadesfivszana 10 ps/inm.km) 89 20 ps/(nm.km) faagnani3snisiuaa
Tuundl 3 e 3.3 aumssunmutu Fadumeliiednusasuiidenldidulotuasin
YogeRdnaITuLILNInAgludN LﬁaLLﬁﬂzymsﬁaaT'lﬁmaqwL’Jmmﬂ‘ﬁu Suileawnanua
nsavanvosilasnAnAamestuludeiilledesdsdynndoyauasszoznidlng Sndoya
diinde @ulstuaswinsawefanesduiadudssaninisanneuyszana 0.4 dB/km

dususunaluaunissumasinge 3.2 aaly

U7 2.17 wleruasvidnvaiveaaine s
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2.3 1A3a9dadnnngdau
2.3.1 1A3299INN51AURANAIAUN (Bit Error Rate Tester, BERT)

nthfinAdnsanuianatndawazununmuagiimensae-Sudeyaids

Infre17iu dyayrauniing (Clock Signal, CLK) wazdeyayraudoya (Data Signal) die

[ 2Rg]

o o [

Usgaunan (Synchronized) ﬁ'um%ﬁLﬂmzﬁﬂ’13?1'93'13maafﬁmammmmmumwgﬂmLS?N
wasnazUszanunainielueiosdmiuiaasnsanuianainde Jansiatusiuiuie
ﬁmwmmﬁLﬁm%uiué’mmﬂmsﬁauuamwLﬁﬂmLﬁwﬁ’ué’mmm%gaﬁdqaaﬂiﬂ Tnatadasina
Snmmufianaindaildauluinednustiuvesuisn Anrtsu Su MP2100A [28] wanad
U7l 2.18 uaﬂmﬂﬁiﬂ%qﬁé’ammsﬁmLLmumwgﬂmL%ﬂWﬁwﬁ'gaaimi’ﬂmv‘aqlw%
(Electrical Eye-scope) 841U ﬂdﬂijum%ﬂﬁmuﬁma':}LLaz%’Uﬁﬁau“alé’aawimé’aujqmzu

(Channel) waufiu

U 2.18 1n309970M 180 TIAIUARNAIATAVOIUTIN Anritsu §1 MP2100A

2.3.2 Awasinnnasuds (Optical Power Meter)

o w

o ¥ d'o.l o a & ei v = a 6
wmmmﬂmamaqmeﬂumﬂmLLamMg‘Uw 2.19 (318) ADULABDIIANIAILLAIVDY

U3 Thorlab 3u PM320E [29] lnatesesiianunsningisnnuenaiuiaianeifeinisla

Y |

Fuasosdazldfnmaduiaseiaiilodugu S155C iroagiundnasawagy 2.18 (131) lu

Y Y

LYY

NTFTIVIUEEYEYEULLEN

o

e ey R0 —_—
E o] ?._? "
=-dBm
ETER B R —
~53.994Bm

I
i

U7 2.19 (§718) Dimosiamasuas usy (¥37) Famsandusailoidu
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2.3.3 3padneaUnaiuues (Optical Spectrum Analyzer, OSA)
yimififaiduasnoludeduanadulnslidanady 903U 2.20 Aetades
ArTzsiaUnn3uLAIYeIUIEN Yokogawa Ju AQ6370D [30] TnelaTesazaunuinmauas
YosuazgaANEIAAULAz oy Seilvusuiududuanniuvesdyyrudoya
was neluedesdifinseuauanuinusawiauay (Narrow Optical Bandpass Filter) %38
#138n71 Resolution Bandwidth Taeiiarliidenléun 0.02 nm, 0.05 nm wag 0.1 nm

Wusu vildanunsadeaunesuleaziden

EEER el e e e .
YOKOGAWA 4 AQ6370D £15%8 muscrs nitimes i1 !
|

5U71 2.20 1A30931AT 12 AUANSAIMEIY8USEY Yokogawa U AQ6370D
2.3.4 \A3093A51ERN15E081M9RAA (Digital Communication Analyzer, DCA)
ﬁmﬁﬁﬁi’mmumwgﬂm Fazanusauanasnsfwesiialdnasrgu ¥aaman
YA ufuIae, Snsduendfiedy (Extinction Ratio, ER), n5&ulmivesm (Eye jitter) wag
AIUNT19/89009m7 (Eye Width/Height) 1 usiu Lﬁmj’mﬁmeﬁﬁsmﬁuammwmaa

doyaautoyaniglude lagluguin 2.21 AaiTesiinsgrinsieasAviiavesusun Agilent

= 174

3u DCA-J 86100C [31] Tuauid PIULRNIEUB QR 861058 15 GHz optical/ 20 GHz

T o U

electrical module [32] dmsusudanatauawaabazinin

a o

in1580875991AY09USIN Agilent 31 DCA-J 86100C

U1 2.21 1p399UAT)
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unil 3
vinnsuasnguiiieades
unit 3 dagnanimdnnisuaznguiifestesduinednudaduil Uszneudae
7 vhdoudnded (3.1) M dwmeduesdiitene, (3.2) aunisauids, (3.3) dUn15IUNRaITY,
(3.6) dyyrausuniunieluded, 3.5) lnozunsusedu, (3.6) bnuaINgUal uae
(3.7) 8n31ANURANAINTH
3.1 WS dilmasvasdntanie (EDFA Parameters)
3.1.1 929a21ue17AAUTHU (Operating Wavelength Range)
Hutnnuemeduiidiienoausaveieiiduaidi feduegiuuiengnanay
s Taensnageuiagisanuenaiualfinsesiinssiaunasuuas Saanaduas

sanandatenioillelifiuasundy aglddsgy 3.1 Auansgranueneiuldnuvedaienie

MlUagsendng 1530 nm fs 1565 nm Wieldidstuiunnsiaiu

|<T|EAS CONDTTION> ‘
sTaRT: 1500, BOBNM sTop: 1600, B0ANM center: 1550, B0ANm sean: 100, @nm

10 10.0)es. 0 RES: rm - sens: [HIGHT ] ave:[ 1] sweL:[2ERBT(AITO)
1141 1530.10000Nm T : : i : i :
r2: 1565, 0000nm
et ssdpooorm | T T N T T A
rer-----+--.  Operating Wavelength: 1530-1565 nm ...
<& : i 35om__ i 5 : 3

-30.8

1| SR

-18.8

-98.8
1508, B03)rm 1550, @88 rm 10. @@rm o 1608 308} rm
Specifications

C-Band Mini EDFA

Saturation Output Power Typ. +13dBm, Min. +12dBm
(at 0 dBm input signal)
Small Signal Gain Min. 28dB
input signal at -30dBm, 1550nm
Noise Figure (at -3dBm input signal) Max. 5.5dB
Operating Wavelength 1530 — 1565nm I

U 3.1 ¥29AI0eI0AUNLTIINYRDAeNe 52T 1530 89 1565 Wilukuns[33]
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3.1.2 99519818 (Gain, G)
= 1 1 o - v ¥ o - 1
ADNAMIITENINNNIS LAV Py, NUATSIWAIVI88A Pyyp 1UNUAE dB

faaunng (3.1) [21]

G = Pout_dBm - Pin_dBm (3.1)
W08 P apm AD MAUAIU IRV BUEs (dBm)
Pout am Ao AAULEUIDDNFIYEIBLES (dBm)

dlomenuduiussenindnsweneiuiauadiasdudgui 3.2

5

P, amp, sat

]
—
T

Saturation
region

Gain (dB)

w o
I T

—
wh
T

0 1 ! | 1 ]
—-60 -50 40 -30 =20 -10 0 10

Input signal power (dBm)
FUT 3.2 A0uduiussenInNensIveIeunmauasynti(21]
3.1.3 Aavdyayraesundu (Noise Figure, NF)

Aavdyaasuniy lnelenufedndiuseninedyyiadeyatazdynyinsuniy

o

(Signal to Noise Ratio, SNR) M1LHUULIMAZY189NIINAIVLIUUAIAIENNTTN (3.2) [21]
gedaaliinndos 890 U9T316298180EIUAINIANE Y1 IUNIULLeE D (Amplified

Spontaneous Emission, ASE) fifounin

NF = M (3.2)
SNRoutput
lne?l  NF Ao AavdyeIUTUNIU (W)
= L7 1 ! 7 ¥ £ ¥ 1
SNRinput A dnauserinedyyndeyanasdynasuniue il (i)
SNRoyrpue A8 dndiuseninsdyanadeyauiasdyyinsuniuviesn (1)

demanuduiussenindnswenenuiavdugasuniu azdunssud 3.3

Y
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O~ —
=0 _
Gain O~

Counterpumped
noise figure

Noise figure (dB)
Gain (dB)

.| Copumped
27 noise figure
| 1 | L
-28 24 -20 -16 -12 -8 —4
Input power (dBm)

&

JU7 3.3 AIIUAUTUE SE NI NONTIVE LA U UAVAY Y 104TUNIN[21]

[ { £ Y [ o £ Y o Y v
auni1sfanafedldiinsiafunatwdasdygradeyaliiludyyraliiudiin

1 U ¥

nausENI Ny toyauasdy g1 sUNIUNINEUTLATERNAINAIVYIBUAT UHLUNIY

o

R dindndiuseninedyyadoyatardyaimsuniu MNLEUAMIUINAzARLAT Y

Y
dyarulidiidendeaindingiadusas JaduUsanguy 3.4 urunuaily

dunns (3.3) [34]

LN
Ghv G hv
lne?l  NF @9 daavdgeusuniu (dB)

2 1 2
NF = 10[091()( Ptotal _ Psszs) (3.3)

Protar AO AIMUMUUUALUNATUVDIFYQYIUTUNIULBLOEDVISRLA (W/HzZ)

(% a

Pssg A ATUNUIMUUALUNATUYDIT QY1 TUNIULEALDED (Source

Spontaneous Emission, SSE) (W/Hz)

h Ao AAINYBINEIA (Planck’s constant) Winfu 6.625 x 107% J-s
& o o & Y al
v Ao ﬂ?qﬂiﬂmgﬂaﬁyﬁyﬂm&aq (HZ) (= ﬂ’mllLijLLﬁQVﬁi@qgﬁjqﬂJﬂq?ﬂaU)
;:zsl-c]oi”ggmémlﬂomw STop: 1550, 500N enreR: 1550, 0000 sean: 1.0 | ns-\m Top: 1550, 50Anm wTeR: 1550, 000 P nm
[l R oD s ; [ L i com T ) svei[ 1 e[ SOLENT
H H H H H H GPin + pASE _’_‘ G'PSSE ; H H H H
——t@Igﬁ-———:———‘——,ffl—,———:———-“
""""""" Py - ;
9.9 ‘ -18. !
-48. =30,
= eSSE e T pase + Gpss
i cosu ' T T T = T

U 3.4 nsldainesas (a) neud s avenguas uay (b) vasueIveeuaa
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D99 INUNNENUNITADINT ITATLUUNINTLASIUNISAIUI LALDYINNSNaaRIA1N e
nAsainaztduAIAINazdaaLUUAIANLAY (Resolution Bandwidth) 393 ndudaald

AUNN5UAIUAIAIUALLD AU LRI ANLALTUALUUAIANLEIFIFNNTT (3.4) [21]

IB,| = (%) |AA (3.0)
efi B, e wuusiavinas (Hz)
c A ArAISEs Wity 3 x 10° m/s
A flo ANLETIAAULAS (M)

AN A8 ANUALLRYARUUAIANILES (M)
3.2 @UN139UNN8Y (Power budget equation)

aun1seumMAsldinseniasuasvesgunsaling q NUsenausiunegluden weldly

'
aa

neanLUUAINBmesinddaudidginn Weshedediinvesgunsalnindandnduas

deananaigesuazn1aTunauIsansRuMGLasaaladinfiAmile Bnvisdasenilad
wansenuannisaaneuluduleiduasarmdsgyideunsn (nsertion Loss, IL) vagunsal

I
v o w =

19 9 Aeludensaunis (3.5) [21] lnesiusmasaaideainiisie (Connector Loss) uaz

agm%amia (Splice Loss)

[

[ gfl a a 4 1y ‘&JI v oa 1 a ¥ = o I~ 2
AatiIneinusaduliuiuinsdsdyarasadudaninlassognising 3s3nluses

o

'
| a

LAV LATUN IO NI VY (Gain) YIBLALUAISILUAIN IAgaUASIdINNTOAIUIN

loanaunis (3.6) [21]

IL = Py, — Poye (3.5)
ol 1L Ao Masgaydsuwnsnvesaunsal (dB)
P, Ao Masuasvdngunsal (dBm)
Py Ao Mauasueangunsad (dBm)
Pr=P;—Py+G=al+ z IL + margin (3.6)
Tnedi  Pp Ao sufdaiauavedastng (dB)
P A NMawasdseanaINaLLes (dBm)
Py Ao Mdsuasanainsaduuasls (dBm)
G A9 9M319818 (Gain) YaIfIveEMas (dB)
a fio n1sanveuveLdulatueas (dB/km)
L Ao szpyvevaaduledneas (km)

A o w

margin AD MAUNOVDITEUU (dB)
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3.3 #UNTTIULIANVITU (Rise-Time Budget Equation)
aun1saunaIvIduazlimAinisasesnvesiadveyaduiilosaingunsaling q lu

FTUUNTSU-aed ey auas anansaAwalaanaunis (3.7) [21]

Y= Jth+the+ iy 37
i

Wehl  tgys A IANVTUVBINITEUU (AAT 10% - 90% VD4IANUNTU) (5)

[

t; Aa naTuveusazaunsal (s) Fdlunsdlilaulant 3 gunsaivdn fadl

[ '
Y

try A9 LANVITUNRIALES

£ '
= a o

try  AD LIA19VUNAITULEAS FOlEFINTOIHIUAINIBUUUAIAY Bry (Hz) 019

dunng (3.8) [21]
035

tcp AR AFYYILEIaeendulgdnalnuAR g9 ULl INlATHARAN

(3.8)

Rawnes9u (Chromatic Dispersion, CD) &sUsvanaildanaunis (3.9) [21] luniae ps
tep = |DssmrLssmr + DocrLpcr|oa (3.9)
o7l Degyr %82 Dpep A8 Alasuifnfdinasduaed SSMF wag DCF a1uafiu
(ps/(nm-km))
Losyr W88 Lpop Ao svegnisweuduludines SSMF wag DCF muadu (km)
o, Ain AUNNSEUNASULES (nm)

UninsdsdyaranasdouldsuuuulinduAuaud (Non-Return-to-Zero, NRZ)

(% (%
[V Y

MUUIAIVITVUVDINITZUUN LA INANNTT (3.7) AT bILAY 70% woar1uln T, 79

'
= a A ! 1Y

aunns (3.10) [21] Beprudnpediunauresdnsiintoya T, = 1/R, doRlWwaduas
dveeninniuludntoyatiufgaruindninnain
tsyst <0.7 (3.10)
mseenwuvdiiszesnndlnaszidesitnainiasunfnfanestu Feiansandoula
YOURANTUAENNS (3.11) [21] AIUANUIUMAIAIALNT (3.6) Melaxe

t10%—-90% = 1.25 t200—-80% (3.11)
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3.4 deueyrausundu (Noise) neluden

Y
e usUNIUMAAT U UNAL19IN NITITITUAIVSELAILAZAINTIT VLA FaTu

g7

UNINANITINIAMUIAFIQIUTUNIUANN 9 ANz UTToNesne Ul

3.4.1 FygurusunIUINNNETUAINTIITUKES

o

eniinusaduillduenaiuds 3 uaga lneniasureusaviagaglduiingiady

o

wassnsriinfufe fnsredunasmiinfilodudiuefa JevinlifesmuiudyyiusunIui

Nedunielulenasudediail

3.4.1.1 dYYIITUNIUADUAN (Quantum Noise)

AYYIATUNIUAIDUANNTOFYYIUTUNIUTON (Shot noise) tARANLHABULALNILA

T o

Y [y

nsenuinsaduuasliniondu vinlidinsradunasuuadlinoudunszualila (Photo
Current) Tng@uiugaa1Nlinaunfagyin Ae& eI aTUNIUAIDUAN FIUITOAIUIAS

dunns (3.12) [21]

Oehot = 2qRPrxB.M*F (M) (3.12)

Toedl 62, Ao ey IaTuNIUAIDURL (A?)

q Ao AUszeBannIau Wiy 1.60218x10™%° C

R A AINITNBUAUBY (Responsivity) (A/W)

Pry fio M&TlFSY (Received Power) (W)

B, D wuuaInnelWin (Electrical Bandwidth) (Hz)

M Ao unALaIN13AR) (Multiplication Factor)

F(M) Ao uwlAwasdy g IasUNIUEIUAY (Excess Noise Factor)

duSuinsidunasiailedullan M way F(M) Wiy 1 diudnsiaduuassiin
LONALUAINITNDUAUDY (Rypp) ASENNTT (3.13) [21]
Rapp = RM (3.13)
3.4.1.2 deysyreusuniunseuadia (Dark Current Noise)
o A a v ' . . .
dyerusuniunszualiaiinannsziandenslnaniuisasiuned (Bias Circuit) nelu
gunIal Yuslaildynuaaannenuiinsaduuas yililidyaiasuniuniglugunsal

AADALIAT ANUITOAUIAIANNTS (3.14) [21]
o5 = 2qIpM*F(M)B, (3.14)

o IS

ne9l o Ao dyeadsunIuNTEULailn (A%)

T o

Ip Ao nIzuaia (Dark Current) (A)
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3.4.1.3 fryau1usunIUIINAIIUTBU (Thermal Noise)

£ ¥

AUEUIUIUNIUIINAINNIDU 11315 avensELalniiiIuAI s 1unIultan

o

nelursashiiivesiveedygruliiinazdinsisdunasdsinlminnnuioudu ey

Amunlasaanns (3.15) [21]

4kyT
02 = R, B,

9 A IITUNIUIINAINTOU (A?)

(3.15)

o))

loodl o2

!
1 f

ky Ao Arpsiluaduiud (Boltzmann’s Constant) 1Ay 1.38054x1072° J/K
T

o))

9 gaungil (Temperature) (K)
R, A9 anudunuluan (Load Resistance) (Q)
3.4.2 Hysy1uIUNIUIINAIVYIBLEN
Inendinuatuidenlifussuaniudmeonodmuduaasunmueeas 1an
nslantassnuuiaiesnisludiveisuas InsalnasuvesdygyiadsuniuLeLeadanise
AMUIUUIAIAIEIAUAUILLLALU NATUTBIF Y I1ITUNIULELOED (Power Spectral Density

of the ASE noise) lansaunis (3.16) [21]

PASE
Sase(f) = hvng [G(f) — 1] = B (3.16)
o Res
Tnedn SusE R mmwmLuiuaLUﬂm%’mmé’@fgmiumuLaLaaﬁ (W/Hz)

'
1 P

8 ANAINUINEIA (Planck’s Constant) winfu 6.625x107% J+s

o))

h
Ngp A9 WNALMBSTOINSIUALAILUUAATULDY (Spontaneous Emission-Factor)

G

[y

9 9MI1VYIWVDIAIVLBUET (1911)

o))

[

Pisr A9 AMasdygIaisunuLeLead (W)

B, pes A9 WUUAIAYILEIBLATDIIA (HZ)

[

ANMSULNALNBSUDINTIUAILAILUULNATULDY ANUINAINANNTT (3.17) [21] Belu

a1 [

nstdgauARNANGU 1 wilneunfAvediAtegluge 1.4 fe 4
n;
Ngp = — A7
sp n, —ny (3.17)
el ny A9 Ussrnsomaudiadidniuziiu (Atomic Population for Ground State)
n, A8 UseyInseznauiinfianiugnseu (Atomic Population for Excited

State)



32

3.4.2.1 AYYIUTUNIUAIBUANIINDALDNLD
[ v da X [ 1 al v @ [y I a ) vaa
dgrsuniuntousuiiaduduldulielfuainsiadukas waludanlddnienie
= o § va o aa X o ° o
9 liNaUeIdy U IUSUNIULBLRABNLTULIME d1115aALIMAIENNTS (3.18) [21]

O-szhot EDFA — O-szhot—s + O-szhot—ASE = ZqRGPs,inBe + 2qRS45BoBe (3.18)

W7 02, pppa PO SensUNIUATEURNRINE RO (A2
02 s fio dyanasunmuiiinandaaia (A2
02 i asp PO dugnasumuiiiaandyynsuniueiead (A)
P in AD NMAIFYE LAY NTIAIVEBLES (W)

3.4.2.2 SYUIITUNIUIENINT U IUAUSYYIUTUNIULDLOFD
(Signal-ASE Noise)

AYITUNIUIEINA Y IUNUFYYIUTUNIULDLEAD LANIINFYIAUAINHILF

v v a

veeuasludn (beat) AudyausunIUeIeEd avAulansEuns (3.19) [21]
GSZ—ASE = 4(RGP;s i) (RSsseBe) (3.19)

P [y 1

neh 02 4 Ao deygasunausesd i udygasuniueLead (A%

o

o/

3.4.2.3 AYIMTUNIUTENINAYQYIUTUNIULDLRE AU YYITUNIULDLDED

(ASE-ASE Noise)

[ =

FYUIUTUNIUTENINFYYIUTUNIULDLEDNUF YY1 TUNIULDLEED LAAIN

[ g

FugasunmiueeadUniues agAmnlansauns (3.20) [21]
Oisg-asg = R?Sisp(2B, — B.)B, (3.20)

Wef  02Zp_asp AD FYQIMTUNIUTTIINTYQYIUTUNIULDLOADNUA Y Y 1aITUNIU
LoLead (A?)
3.5 la@zunsuseau (Level Diagram)

LLamszéﬁ’Uﬁﬁé’aLLaasuaqé*aquym%agaLﬁwf"fmzwmaqaqmaqﬁmmmdq SRTRTRY!
foyald Tnerdeiiusznaude 3 wimimevdnie

3.5.1 Masdeyey1ad (Signal Power)

AaMauasrteananmidsdyguuasngnaaeuiaslvludulodiuaduniae,

wmsgrusasidulediaiovnefamesdu faaunis (3.21) [21]

Prink = Psignat + G — QssmrLssmr — ApcrLper (3.21)
Ql' = 0 W o a L3
0o Pk Ao Masdnyeaunasluaen (dB)
Psignal A NAIFYEIULEIVIDDNAINFIET (dBm)



3.5.2 HfYsyIUIUNIULBLDED

o aa aa o
fugadsunIuLeLRad NN INDAlvioRsENNT (3.16)

o 1

3.5.3 dAa3UNIAE Y IULLEIA

Judndiuseninamasdyaauas1oondmons Prpra oue (dBmM) AU

o o

[

JUNIULOLOAD Py (BM) @1MNSOAIUIMASANNTT (3.22) [21]

OSNR

= Pgpra out,dBm — P ASE,dBm

o9l OSNR Ao dadumasdygiaasradygyiasuniu (dB)
Pepra out Ao MasdeyIuLas19andAeNle (dBm)
{MEAS CONDITION>
LSTART:1547.4B@nm sTop; 1557, 40@nm cenTeRr: 1552, 400nm span:  10.8nm |
EBE‘IE.E CLA) _Res: @.Ban ISENS:H!GH1 .I AVG:I SHPL: 2‘5@1 (AUTO)
__________ ‘Ef’wmut
S S - S— S - - (\ -----------------------------------------------------
<sm ; ; ; : :
""""""" i1 T OSNR| r}t
PO — SN SN O T 1 MR NN SN S S
: : § i |‘j :
: 3 : : [
Y| e TN U S . WY 3 L. WP A W S N RR——
P sk
600
-39,
(1547 408w ({552 400w C L8 o

1557, 400]nm

JU7 3.5 NISAINIEAE IUNIAIAY Q) 10U DAY IUTUNIU
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2aYeY1aUIUNIU (Optical Signal-to-Noise, OSNR)

[

GAGRTRIEY

(3.22)

gj a cal ! v ¥ = o v % v f d'
INYNATUNITIURNDINNATINIVINAY LllEJ‘L!']@J'TJ'W]ﬂﬁ?Wﬁ]%lﬂﬂ’J’]ﬂJﬁNWHﬁ@flzﬂm 3.6

Signal power or ASE noise (dBm)

Distance along the fiber ———

10

S

T

R Signal power

| 1
\ \ | |
AV RN RV ERNENERY
noise \\I \I \I \ \\I \\l
\
1 \ \ ) ‘1 1 !
1 2 3 4 5 6 7

Amplifier number in span length

U7 3.6 lnogunsuseauidaunsnaenial21]

th — = BN N W W
S g S G S G
Optical SNR (dB)

<
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3.6 wWHuUNINIUA1 (Eye-diagram)

ft A W

Wunildlwitussfiuqunmvesdygiunisludnddidnvuzadian1veuyyd

o

aa o

aunsanadeUfeLAse A EinIsAeansnaRavia Inonsinunuangmaznaaeuluds
81 YOULUAUULAZASAERD1TANA1NTEAUI09TR 1 uaz 0 Nuanilay by, WA by
PRy fagudl 3.7 uaﬂmﬂﬁLqumngmé’aafluﬁamemamiﬁmlﬁmmaqgmwm?{u
(waveform distortion), 241981917U-1281918998935 U LaEN15EUIMIYEIIAT (timing

jitter) 191

20t0 80% 80 t020%
Rise time - ~ Fall time

— Eye jitter

— Zero crossing

Eye width
U 3.7 waun g ity
mﬂgﬂﬁ 3.7 mmrﬁwmaqLLmumwg‘Um%LLamsu'Nnmﬁmmsa%’U Ffouadlalaglal
InaAURAANAIN N Y YIUNDUNTINTOLIENNIT NITUNTNADATZNINNFYSnwal (Inter
symbol Interference, ISI) WaZAIUFIVBINUAINTUAIALUANIAIILLANFA VBT Y Y I0UAD
Fyanasumiu Welauwuamgumeasliuuamgumidanisiian elvssdiudyyinves
Um 1 waz 0 LeneanANAURd NTAL IRIEADNITIATIZANANITVNAADY
3.7 9ns1Anukanwataln (Bit Error Rate, BER)
é’mwmmﬂmwmmﬁmLﬁuﬁaﬂqsﬁ@mmwmm Fyaaufiddludeilaeaainaiasu d1u
IFannasesindnsiauianatndn (Bit Error Rate Tester, BERT) lnunss niamuiaann
uwunmgUnlagldesgiuussiuliiuagandosuunnsgiuvesde 0 wag 1 ATl
funnAuilames (Q-factor) MntuIsmAuduiusszninduiamesiusasning

Anwanndalddeaunis (3.23) way (3.29) [21] uendiniarldnsmaruduiusiegy 3.8 (21]
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0= by — b, _ 2v/20SNR (3.23)
o, + 0, 1++v1+40SNR
Q Ao Aunames
b, o seauussulnivestn 1 (V)
b, fio syaulsenulninvesdn 0 (V)
0y Ao Andevuannsguvesdn 1 (V)
o, Ao ﬁ%ﬁmwummgmmaﬁﬁm 0 (V)
1 0 11  —Q2
BER = aP,(V,,) + bPy(Vyy) = —er c(—) ~ ——exp(— (3.24)
1( th) O( th) 2 f \/? \/EQ p( 2 )
BER Ao enT1ANURANAIADA
a fo arutanduiioen 1 Aedu Jslunsdiiviniu 0.5
b Ao Az duiitn 0 deTu Fddunsdivingu 0.5
P,(Vy) Ao Anuesduiion 1 szianan
Po(Ven) fio anuesduiin 0 azfinnas
Vin Ao seauussulav@anus (v)
100~
10-3F .
10«6- 4
P, | i
10°r 0 =5.99781 for .
L P,=10"° ]
10—12_ .
_]5 1 1 1 L 1 1 1
10 0 2 4 6 8

FU7 3.8 mIIUATUETEnINenTIAINARNA I TR UA AN T[21]
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a
unn 4
ASNAADILLATHANITNAADY
UNN 4 UAZNaNIDINITNAABILALHNANISNAABITIUDINITILATIZING F99TD L
o Y a ~ N v v v o X a & A & aa
IAL58991989M1UUNT 3 1agdFITenanaall (4.1) N15IATITENITINNDIVDIDALENLD,
(4.2) MTIATIZIAIUAGY, (4.3) NMTIATIZAIVNAVITY, (4.0) NITUATITRAYYIUTUNIL,
(4.5) MINATILALADLUNTUTEAULALNAWAUITLIUZAY, (4.6) NITHATIBRUHUNINIUR,
(4.7) AIFIASIENOATIANURANAIATA hae (4.8) N15ILATIELNNISUALULUAINIAIUY
WANLNABNDSLTN
4.1 NMsAATENIAnasvaedRlanLa (EDFA Parameters Analysis)
a & a ¢ aa A o 3 ) aa P
N1TIATIINITMesVRIBRENL eI IINITIUAMEN YL a 9B Al NE NN SN
Aeludandwasidin IneiansanannIs1dwmasaadl (1) reanuedulday, ) dnsiveny
way (3) flavdyeIusuniu Antsusseigasudall
4.1.1 NM5AAsIERYeANNE1RaUTEIU (Wavelength Range Analysis)
ANFIATIZIYIIAINULIAAULGINUIIN AN IULIIAINUL1IAAUTAL AU NS ULNSTA
dneangluden lnenaassintiemiueginauldanurednienienigy 4.1 MLanguEunIn
= Y a v A ' Y aa & = ¢ o
ydannsIngeanueeaultudle ifiuaawd1dmene antuldaseimsisiaunasy
e (Optical Spectrum Analyzer, OSA) 81UANNISILEIUI08NANNDALENLID LDTUTINLAY

a 3 o o Y
IPSTIHANISNAAaRIluAPUaA LU

—
O O f Optical Spectrum Analyzer
EDFA 0 | oe) ]
Patch cord  Patch cord Rx

JUi 4.1 BAUAINUADNNITINTIAINE1IPAUITIINYIDMoNse
AINNANITVNABDIUBIDALDNLDADANTADINIIAIUNTERAVUANNY 4 AlAsUTEUUNIT

[
a L3 =

0.05 A (tus1an), 0.10 A, 0.15 A uag 0.20 A (Fugaan) finssuatlugeandasdeioniy
(Uplink) wanadagudi 4.2 (de) Tdnszuadia 0.195 A wagtasdeivras (Downlink) faguil 4.2
(@971) 14 0.197 A Tnedfleedoasanmsailsdsiuntunazvnasiivismnueneduldaoui
FPUANLKUTBAIMUA (Specification sheet) Al 1530 nm AU 1562 nm 139HY19AY
gnauldauniiessanm 32 nm %aﬁﬂﬁmmamm%’umﬂ%’muma@a%’uéaﬁgmmma@jaﬁ

Jruneassneludnla
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THEAE COMDITION THEAS COMDTTION: ‘
lsTarT: 1508. BAANM sTop: 1600. APANM cenTer: 1550. BAANM sean: 100, @nm ‘ |sTarT: 1509, BAANM sTor: 1680. APANM center: 1550, BAANM sean: 100, @nm

) RES: mnm sens: HIGH] AG:\:L] st [ZERP1 (AUTON) 8.0 res: [0 00rm  sens:[HIGHL ] Awn:I:Ll ste: [FEIALEITON

1: 1830, DooCnM
Zi 1862.0000nm

..... : i AN S N
; < PP+ Finisar | 1 XEP Huawei wa-tar azpooarn | seps Finisa , XFP Huawei
P Terrabit e 1552 nm i+ @ 1559 nm mﬂ;ﬂ i XFP Terrabit r-=--) @ 1552 7 1 & 1559 nm
-1 r—fq © @ 1535 nm 1 :"_','I Y I
- i T e " L T H o 4 R
5 Tpump =02 A -9.0f- - .
Ny s
w—-ﬁ:i‘f}\ """ i \ """""""""
=005 4 L 5] 2 I —mhA Y -
1""1 H . E - pramp
i RS o= S
- i ==l I . ]
()pu ating Wavelength: 13?!1 1562 nm : i Operating Wa\elength 1530- 1562 nm
T 32 nm 7.8 : H 32 nm I H
ot 550G O@@@rno o i m 0o 1500, 608

'51/1/1 4.2 ZwsZWzvmz/ﬁmz/wmamaWAaﬁamiﬁamN (%18) 39797170 Uay (?/97) A9Y1a9
onszuaihusiu

drunansmnassesdionionuuitduduynesruifinszuailusnaiu 5 Arded

0.095 A (t&usi1gn), 0.175 A, 0.190 A, 0.285 A Uag 0.380 A (Hugsgn) faguil 4.3 Tnefieg

Anuenauldeude 1537.37 nm 9ufla 1561.62 nm n3eiitannuennduldauniig

Usganas 24.25 nm Fadudeiissylilusiuteimunvesdfeieuvuisdadugnogiaia

[26] faganunsamuaudnsmesiafeslidiviidy Weldnunegasudsifinnuenaduld

PUALTNAANUA 91997 ITARNAIEIBLad QY ITUNIULINAITUNGA

sTop: 1600, A0AnM cenTer: 1550, BPAnn span: 100.0nn |
RES: E:@ hm SENs: GHl sve: 1] sweu:[EE0RL A0
T ]"_ T T

SFF’+ Finisar | XFP Huawei
2 | @ 1552 nm Z @ 1559 nm

CIEgfrer—--- XFF Terrabit | HRR R
E=l : l

+ @ 1535 nm Iq H
L

A pump = 0380 A
7 N

SN

Ty = 0095 4 |

188 Operanng Wavi elengrh 1537.37- 1%61 62 nm
|+ 24250m il

-53.6
150@. B0@}rm 1550. 32d)rm 10, Brmo 1690, B rm

U7 4.3 nslnaaunasuvesdienouvuissuiugaagiusa idenseuatus 9

o A qu aa & Y1 aa
PNNaNMINAaesingnuenefulduvedfeneniaetUssny ajulaindaen

IS [

LV9ADIUTLLANIALNS MR AL UNASULAITIMT oUNY fd ANUNTEAUNANE LABIIANUL1IAAULY

a0

aa ad 1 & 1 < A o ! ~ 1
\‘i’]L!SUENEJG’IL@WL@LL‘U‘U’JﬁﬁQLiJUGQG’IE)EJ’NLi'Jf\]%SJ‘U’NVIﬂWMUG’]LL?’]‘Uﬂ’J’] Wesannaulaenizaialuu

sy FeilEsRerouuuisdaiugnerailirdmensilndifestursmng fussuy
aemsﬁl,l,ﬁﬂLﬂmmﬂuﬁi’mﬂ'smm’mé‘lusléi’fmuﬁﬁﬂmuﬁumumaaﬁwé’qLL?N@UN woiluniangduniu

Srlovledeasanmnaaznzaniuszuuduidagiduitmdauasindifsatuy ilesansyuy
fuidagduazimuntisauemeduldausimevdodunia (gid) daaziimueninaud

wanvane v bieAenedeansaenensaunautIrNeIAaUltulaunndd
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4.1.2 NM5ASIZHBAS1V88 (Gain Analysis)
ATIATILINONTIVL8YILANTIURNTAINNAN1TVLUMRULE VDDA Tne NAass
AN UAINUEENY 4.4 #ruE1IAAY 1550 nm #aedneviiedeaisasimafinssuady
Uszanas 0.2 A (nsyuatuawntunazanasldussana 0.195 A wag 0.197 A audidu) dau
ShienouuuItdaudugnogiaiafinszuatiu 0.175 A uag 0.380 A SegruAnaiisszning
ganra e esanasurIoanfur s IsIAs asliassiaUne SuLas 9z laASnsIeeds
dun1s (3.1) Mntudes q USumdwmawndndieniefefanneusacfuls dew

v o & o o o Y & o d'
ﬂ'JWNﬂiJWUﬁ’i%%’NQE]Wﬁ']‘UEﬂEJLLﬁBﬂ’]aﬂLLﬁﬂ“U’]L‘?J’]L‘U‘H@QE‘LJV] 4.5
—_—

3 dB Coupler

Optical Spectrum Analyzer
(0SA)

Tx VOA EDFA Rx
T [ Optical Power Meter (PM) ]

FU7 4.4 ununImuaennIsnnaesingnsve e vesdnionie

32 I 6
—@- Gain @ Uplink 0.2 A

30 —- Gain @ Downlink 0.2 A 58

28 -k~ Noise Figure @ Uplink 0.2 A 56
-¥F- Noise Figure @ Downlink 0.2 A ’

g
>
T —
(a) [
a
z
Input power (dBm)
32 T T ]
0 - Gain @ 0.175 A
e Gain @ 0.380 A 158
28 -¥- Noise Figure @ 0.175A | 56
26
5.4
=24 g
g 1523
(b) :22 l:;
© 45 @
O 20 2
-4.8
18
16 4.6
14 4.4

12
-30 -25 -20 15 -10 -5 0

Input po-wer (dBm)
JU7 4.5 8957198184asA UAVAYYIUTUNINYBIBNO N TINTLUTUNSH 197 :

4.2

(a) 8dlovlodearsaoan s uaz (b) dnenouvuisanduynoe s
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9103V 4.5 uansnansvinaeveBRleiedeansanmaLarilevlonuuTEdaduyp
2819157 ﬁé’mwmaqaqmszmm 24.5 dB, 24.5 dBuay 31 dB ‘ﬁﬂizu,a%:u 0.200 A,
0.175 A uaz 0.380 A aud1su Taswuinfisnsnvensgegawiniu Saenouvuisduduys
oehasrarlinssuatiudosnindfonedomsanini

[
Y v v 6 A [ [

AAUUAINUFTURNUTILUINDIAT VLA UNIAILFIVUIAD DNTIVEYASUINAFDLID

£ (%
= a a

AMAUAITNTUOY NUUILADY 9 anadilomSua LT LNLTY Inerdnusatulinesnis
Wisuleudienansusznnil Jsadlaandnszuaduvesdonouuuisdadugaagianga
i Yo v a o A aa =~ o a sa s &
\eliladnsvevasanlndifigaiulienaassunsndseniefasfmlufndmesin
4.1.3 MIIATILAAANAVAYYIUTUNIU (Noise Figure Analysis)
ATIATIAANAVEYYIUTUNIU LANT VR 1aUsUNIUNLAAAIND AL WLO T S
danansenusionun ndyaauwaineludn lnensmaardyaiusuniulunalfisiie

adadIuTENINd Y INYeYa LAANUINTUNIUIINUHUAINIUA1ITARIALAT DU

e

09 NHEYYIUTUNIUDUIINAIBITU FYQYITUNIUIINAIINTOUNIDAINFAIVYE
Sy ulninAnevasiansiadunas Iwinliaaudyyiusuniuaiuisanagounsouiu
9NTVEAITUN 4.4 WuiuaIgATesInsIERaUnNnTuwas

1N3UN 4.5 wanarnuduiusseninsiardyyinsuniudumdwidilad en

[ ]

NIIVYIUIILAE LA TIDUINANAVF YY1 TUNIUILL NNV UL 080 T198188AAIN LAY

o w Y o % 1

TommualaseyAauas @ SUB AR TR IMSUNIU FIFAUFYYINTUNIUTDS

<

Sondeansassneiudiionienuuitdaduyaeginda darlndifssiudszau 4.6 dB

£

287 -3 dBm F9A1ANITAUINIDNARBISU-AIA U UTDUAREILLARDNITIANURANAIATAT

U v v Y
v

InaiAg Uiy Larkan1sNAaedgun 4.6 wansdlagren1sinAInIsdme sutunuly

'
=Y

A1N1T (3.3) WIBANUIUMIAIAVAYYIUTUNIU

LY o

Atumunuedae e luasazdImanszNUA AR S1VUBLAE A LAUR Bt

] ) v

JUNIU AR DunsnAiTserdunnidelimauaidngs alasnsvengiusniiag

[ v 1 Id

waudeyauaingas sruwmaiidalufiuiveanis

o

dyaInusunIuge uazdwralvinunInes
ﬁ’]ﬂ’JﬂJLLﬁ%LLﬁﬂﬂNﬁLLUUIﬂE]%LLﬂiNi%ﬁU

PN 1 v v X o L% = J a ca o o 1% v Y v [ o

MnAnanuituindeilvinlinsviminsdwmesndAgual wdedaliaziunisin

i a ¢ 1 AN Y a ¢ A a ¢a ¢ & Y] ¢l v
ATNITIULADTINN € Wl@ﬂqﬁLﬂﬁqngW@@@ﬂLL‘U'U@Qﬂ@Lm@iLumm']ll’JG]QUi%ﬁflﬂV]'}’Nl’]
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4.2 NMSAATIZHIVNNAS (Power Budget Analysis)

s & o

ANFIATILIIUANDI UL TN D YN AN IIUDITA NN AU DIRINDENBSLLATNODNLUUN

'
v 1 =

AIENSITDALEWDHADENTADINIIING B FILIUILANANULYY ARIRIFULEAS, NINAIAIN WAy

AountimnTIRdulas lngasiiansanfnwaunisvenesseenedsdyaadeyanatlagan

oo U

Ju 2 n3dlfie (1) ndlveneszeznvdsdyarudoyagean 80 Alawns (Fuleiuadnun

Y Y

Wennessudu 80 Alawnshufusasfanefiudodulotuawinvaefamesdy
10 Alawnas) wag (2) nsdlifinszoymsdsdyanateyagean 120 Alawms (dulovuadua
wennasgudu 120 Alawpssufusaeiamesfusodiloiuamiovavefaneidu
15 Alawuns) dsfavussenediudnly

4.2.1 sumasnsalasnsmesidafivenessesmddygyindoyagegn 80 Alawns

'
a

telaglduenaiuduandionivesuion Huawei Nseusvernvdadyaynuadle

o

o & s &

g9gn 40 km FednTudenedaeiedeaisassmialudendmedide o duneeing 4 1ive

o v

1 £ [ =~ <
ﬂﬂqﬂigﬂgﬂqﬂﬁﬂﬂmmqmmamaLLﬁQﬂ']EJIULﬂUIEJUWLLﬁQIW@J@L@El')ll']ﬁﬁi']u‘iﬂﬂ 40 km tJu

] U

1%

80 km Insapaaduloiuassinvaefanesdu 10 km euAlyninisazauailasun@n

Aamastulude F9n1599nuULaieg 1991881 1TNRBNUUUAULNLATNUGBNNTSNAABS

e [ Bit Error Rate Tester (BERT) ]_ --------------------
10.3125 Gb/s @ 1559 nm 80 km SSMF + 10 km DCF

ILcomp Apcrlpcr aSMFL.S'MF Transceiver

Rx

- Evaluation Board ]
—

T Ps Py .[ Optical Power Met
SSMF  Duplex 1 nm DCF SSMF  © { phical Tower eer]

40km  C-EDFA  TOBPF 10km 40 km

U7 4.6 wrninmudennisnaaesandaenialuasisimesidnssezniegign 80 Alawns
Y1AIN15100 05N UUAN18TURIN N LAINN1SNAaDITAATLAELHUYDAINUN

ANNENYAY WIAUINNRUMEEIRIENNTT (3.5) kae (3.6) AlANaN1IATLINAINITI 4.1
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m157997 4.1 qumavevasnideltuegasuauandieniiveausen Huawei

deyanwal WISADS Booster In-line Pre-amp
Ps (dBm) | mMadsuasuianainiondgioni -2
MAILAIANEANAINTIITY
Pr (dBm) " -16
wassule
G (dB) | 8ns1ve18v098mLaNL 16.5 20 24
JUNMAINMUA (dB) 30.5 34 38
assyrLssy] MIaanauluduleduas 16
(dB) Immﬁmmmgm (@ssmr = 0.2 dB/km, Lgspyr = 80 km)
aperlper | Nsaaveuluduleuas 4
(dB) sAYALTURANDITUY (apcr = 0.4 dB/km, Lpcr = 10 km)
ILcomp | Mavasydaunsnlugunsal
3.35
(dB) (ILroppr+ILcircutator)
Masgaydeunsnluisie
ILcoy (dB) L 3.2
LAZALTLAD
margin | . . 4 ‘
MMAINOVDITZUY
(dB)
Masgeyidenavian (dB) EOLT

a

NANTIN 4.1 WUINUASIVIAUAVDIALAUIIN DAL NLDFDANTADINIININAN9AIA

LAz N UNTIAINTIIULABIAININN TN TINAIRIGL AL INR 1neNaf195erI199Ui&Y

ManuafumMageidenaanindu 1.45 dB uag 5.45 dB auanu wansinideiiddienie
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#0a158099719919 0 @eei el vy aunsadidyaradeyanasinudannvensle
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TRUIRAIA
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UUUBUALLEN
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SreEn19g9an 80 km uilunansetudmiunisIednenio deansaaaniei
dauas dAumasimaadesninmasgoydeiavan Feaviiivsnenanisaedsy
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19AfDIlnanNMSUNDYDITZUUAIRIN 6 dB Wae 3 dB Feviludunuandfeniodeansans

mMellanansodsdyaudeyauaaiuaaninueglasseenegegn 80 km wuriy



a2

1 o v

4.2.2 yumasnsalasnsmesilafivensssesnisdsdyandoyagedn 120 Alawns

v v

WUalAeIN15v81852 8N LA bNaNINNI1T0 4.2.1 Fududoaiinaunidsly

auns (3.6) menswdeulduenasudauendionfitiuresuium Terrabit Network vi3euena

[

Sudaeaeniindavasusum Finisar Nzysroznsdadyaauunaciagega 80 km lngdiade

[ o w

LAsI0engInIariInsIfuLasamsfuiduasldiniiuegasudsendieniives
USEV Huawei ﬁﬂﬁmmsmmaszazquaé’@@msﬁagaLmesﬂuLé’u%ﬁwLLaﬂmeﬁm
1175511310 80 km 18w 120 km Lumeliideafiuszegnisvenduloinaswiavaiye
Fawesduuiuann 10 km Ju 15 km dWewdlymnsazauailasuifnfamwesduludeii

PR [ <
bNUYU mumumwuaaﬂmimaaqgﬂ 4.7

P e [ Bit Error Rate Tester (BERT) ] _____________________
10.3125 Gb/s @ 1535 nm or 1552 nm 120 km SSMF + 15 km DCF

ILcomp 9pcrlpcr OsmrLsmr [ Transceiver

Rx

Evaluation Board ]

s P [ Optical Power Met
SSMF  Duplex  1nm  DCF SSMF { Optical Power Meter |

60 km C-EDFA  TOBPF 15km 60 km

JUT 4.7 wrninmudennisnaaesandaenieluasisimesidnssezniegegn 120 Alawns
RAIUAUTITD 4.2.1 dAmisiimesnauanteluden ueuiasundsazlonanis
ATUIUAIANITIE 4.2 Wag 4.3 fIUaINU

M15799] 4.2 qunaavevasniieliuegasuaiendionityesusen Terrabit Network

w151dnes Booster In-line Pre-amp Optimum
P (dBm) 0
Py (dBm) -24
G (dB) 16 26 32 28
suhdaavan (dB) 40 50 56 52
AssmrLssyr (dB) 24 (agsyr = 0.2 dB/km, Lggpyr = 120 km)
ApcrLlpcr (dB) 6 (apcr = 0.4 dB/km, Lpcp = 15 km)
ILcomp (dB) 3.35
ILcoy (dB) 5.4
margin (dB) 6
ﬁqﬁquuLﬁsﬁ'qwuﬂ (dB) 44.75




a3

wansAuInaumdduns 4.2 Wuldlumadesiufunss 4.1 Aevasdiumisd
MaBevidoasassmsniumumimdsiaduas fauiidmtamununnnithdsgade
s uwidowdsulfuegasudsuendionfiuvesuisn Terrabit Network agshlsuriga
Fovaiutuainiade 4.2.1 1nndn 10 dB aufusaTwenevesdileniedoasassmai
Audunnninnd esandamuenegsaanageuiinnuenaduldou 1550 nm uduega

= =

vdallarug1induldaui 1535 nm deegludiuvenlnslidaiunniuvesdnsiveny

(3

afl

Sevliodeansanemis JwinliliAsninversganitdnsvensgean vilsinasnaszninssy
n ”qﬁy’wmﬁuﬁwé’aqmﬁaﬁy’wmL‘%mmmhmemimq%amma?iamiaaww U AN
Asnansden, Aeunthfnsiadunas wazsuntavangiigavinfu 5.25 dB, 11.25 dB uaz
7.25 dB auddiu wansinilenadiieiodeansanmis a sumisiilinanunannsads
doyaadoyananinuaanlaszezniegedn 120 km dausunianasiduaidnlusesan
f&uflovesszuuamin 6 dB wie 1 dB Swzdsdyaarindaildiduiy

MI57 4.3 JuiasvevasridlelduegasuaieaoWinaaveausyn Finisar

w158nes Booster In-line Pre-amp | Optimum
Ps (dBm) 0
Pg (dBm) -24
G (dB) 16 22.5 24.5 23
sundsavaa (dB) 40 46.5 48.5 47
ssmpLssyp (dB) 28 (atggyr = 0.2 dB/km, Lgsyr = 120 k)
apcrLpcr (dB) 6 (apcp = 0.4 dB/km, Lpcp = 15 km)
ILeopp (dB) 335
ILcoy (dB) 5.4
margin (dB) 6
fdsgapdeviansa (dB) 44.75

TuvuswAeITuAUA1519 4.2 YITANAN1SAIUIAUIUNIFIINAI5Y 4.3 TA2NY
AANYAAINUAITI 4.2 WALl I18718UD99RLaNLD @DE1TABININANAY LTLDI9INAINUYT?
d' ¥ U U ! d‘ ¥ ! U [ ! = [ a o .. =
maulduvesdazuenaiudanldunnd1aiu lnsuegasudueaeniingavosusum Finisar &
A o a =3 v ) A Y a Y]
ANNE1IAAULTINUN 1552 nm FINALABINUAIUEINIAFUITINUNNAABUDHITIVY18 DY
dhevledeansaocng Wuwmelidnsienalunisng 4.3 fanldiudnsvenegaan wenanil

HAF9TENINNUMAINUATUAS g LA IMUALT R UAILIALIN1TIBALEILE Bl FU1Ld
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A9Na19897, ABUNTNAINTIITULAY wavdILnULnIIENgawindy 1.75 dB, 3.75 dB uaz

1o ¥

2.25 dB auEIAY wansIasadsdy s ateyanawuinlasreen1eEEn 120 km @
o ! v oo 1 o @ v o o A A =2 |
mundanaeidauasinluieanmauiloressuuasain 6 dB made 1 dB Jsagdadyayn
HuFenlauFeiy

nfinauluiide 4.2.1 wag 4.2.2 aguliindnsvengvesdaienie Feansaamis
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[ [ Y

snaspsumaananuan1eluden wnlilaltamenieazyinlisunidaianue

Wutadundnd
] o w a o a ¢ & A a sdao ! aa
wesnifMasgadeviavunnigludsn uenanililossnkuudnnmumniin15inawedienie
doansaananneuvissniiusiunlamdaidauandndudesanddiovesssuuad 9z
a1unsnveneTreensdsdy g udeyaaudulodwatinuameunsgulassesaud
ABINTS dmsudvUanITNrEEngaazeiueluiide 4.5 deluiiladAyveinis
vengszeznsdsd uneludsndmesidndmsuinginusatuilife n1sldaudaenie
= o | aa = = & Yo v o a ¢
doa3aRInItarNITLIBAleNie doasaean1e Jaduwgliidedalusziiasey
P ) =3 a sa ¢ & avy ~ "y a ¢ &
NeIfuIuIavITuYesdndmesidalieanuuuin iensigeuinteyadinesidni
9n310m 9.95328/10.3125 Gb/s azausaasnIudsioaniuule

4.3 N159LATIZAIUNANUNUY (Rise-Time Budget Analysis)
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anpsuLAmINAEoRAIUNATILANISIUTEANM 3 dB uenanilAlasinAnfane sy
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Insldanny 1Wudu Jeazldnanisinafegudl 4.10 uaz 4.11 uansdnlasuin
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{SPECTRAL WIDTH ANALVSIS: THRESHOLDY
THRESH LeveL: 13, PAdB An:
K: 1.00 Aac: 155879708 nm

MoDE FIT: (OFF MoDE: 1

TMEAS CONDITIONS
sTarT: 1558, 472nm sTop: 1569, 472nm center: 1558, 972nm span: 1.

B L (00w sens:[HIGHL ave:[ 1] swec: [ SBLEAITO)

-38.8

-58.8

-18.8

"
‘
'

-38.8 : - -
1668, 472]nm 1558, 972]rm 8. 10)rmo
[(SPECTRAL WIDTH ANALYS1S: THRESHOLDS
THRESH LeveL: 13, 00dB an: . B60@nm
K: 1,00 ac: 153X E03Inm
MopE F1T: (QFF MODE: |

TMEAS CONDITION:
sTamT: 1534, 108nm sTop: 1535, 102nm center: 1534, 608nm sean:  1.00m

10 flae o @S: [B.88)rm sens:[HIGHL ] ave:[1] smec:[ SO A0TO)

16.8 : T T : : : T

(-16.5]

dBm

-38.8

-56.8

-78.8

width 0.060 nm

1534. 628]rm 8. 1@lrmo 1535, 188]rm

-90.8 -
1534, 108]nm
A

(SPECTRAL WIDTH ANALYSIS: THRESHOLDY
THRESH LeveL: 13, 008dB an: @, @762nm

K: 1.0 ac: 1 LA onm
MoODE FIT: OFF MoDE: |

TMEAS CONDITION:
sTanT: 1551, 910nm

16.8

(-10.5]

dBm

-36.8

-58.8

oo

P — ‘ i i . i i L —
....... (c) 3 dB Spectral width 0.0762 nm ___
r\m ‘ : . : ’%_A:lg'nm‘ nn:vD : [1552. 910 rm

U 4.9 MAnunINaUnasiuasvetegasuai: (a) lendienivesusyy Huawei,

(b) tanTaWAYeIUsHy Terrabit Network 4ag (c) loaoWANaavaIusey Finisar
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""""""""""""""""""""""" A Dispersion
ta) SSMF CD at 1559 nm 17.029 ps/km- nm' _[Zero wavelength
___________________________________________ T 1317.98 nm
L 15 _— Zero slope
— 0.087 ps/km.nm?
- 10
-~ 5
~0
e 1300 1400 1500 ‘ 1600
AL1550.00 m B: - nm B-A: - nm '
17.029 ps/km.nm - - - ps/km.nm - ps/km.nm
lm _______________________________ A Dispersion
(b) " SSMF CD at 1535 nm 15.492 ps/km-nm! %7 weelength
............................... ! Zero slope
o " 0.087 ps/km.nm?
10 —
5
~0
L & 1300 1400 1500 1600 m
A53500 nm B: ---nmm T B-A: ---mm ‘
15.492 ps/km.nm ps/km.nm --- ps’/km.nm
______.__.IE Dispersionﬁ
(o) SSMF CD at 1552 nm 16.533 ps/km-nm . zerowavelengin
.95 nm
--—--—--—--—--—--—--—--—--7’ Zeroslope
18 _— 0.087 ps/km.nm?
10
~5
~0
5 - 1aou 14|un 1500 w‘un
A 155200 nm B: ---nm B-A: ---nm
16.533 ps/km.nm - - - ps/km.nm - -- ps/km.nm
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19RATUA (a) Lonienivedusyn Huawei, (b) londioniivasusum Terrabit Network 4ay
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o5 k.| & ‘_Dispersion
[ h Zero wavelength
- 1272.53 nm
Zero slope
- -0.472 ps/km.nm?
~ 50 -
- 100 ™~
I ——————————————————————————————————————————;i‘..
-+ (a) {DCF’CD at 1559 nm -135.121 ps/km-nm ||
; 13‘00"'“““““"'"1163 """""""" Ts‘ﬁd' """" 3 | 1600 -
|A:1559.00 nm B: ---nm B-A: ---nm
-135.121 ps/km.nm --- ps/lkm.nm --- ps/km.nm
]m . . R - Dispersion
T Zero wavelength
— 80 Z-e;o-slope
L -100 N
(b) IDCF CD at 1535 nm -125.59 ps/km- nm| ~
150 b o mm s mm s Em s Em D EE s EE s EE  EE S EE s EE S EEm r Em s Em s oEm s - ~
1300 1400 1500 1600 I )
A 153500 nm B: ---nm — B-A: -—-—-mm l
-125.590 ps/km.nm --- ps/km.nm --- ps/km.nm
m A Dispersion
o 5 Zero wavelength
- -50 Z-e;o-slope
I 100 N
i (c) DCF CD at 1552 nm -132.013 ps/km-nm :
| 1300 .......... 1300_”_“_”_1560'_”_'; 1600-~ lﬂll
‘A:1552.00 nm B: ---nm B-A: ---nm
-132.013 ps/km.nm --- ps’/km.nm - ps’lkm.nm
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JU% 4.11 alpsuidndanestuvesduleuasrinvavesainesvuia e 1Inaulge:
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AraTINawIuneuliandua a dunia 20% - 80% fegu 4.8 Vinllllovun

AIMIUNAITUIRUadlioY o fiumrie 10% - 90% unuluauns (3.11)

th%—90% (Huawei) = 125 ( ’t%x + t}%x> == 125(34‘2) == 4‘275 pS
th%—90% (Terrabit) = 125 < /trlzwx + t12?x> == 125(307) == 38375 pS
th%—90% (Finisar) = 125 ( /trlzwx + t12?x> = 125(329) == 4‘1125 pS

nunansinAlugy 4.9, 4.10 uay 4.11 InELNUAINNTIENBIA 9 IAIUINIY

NANYITUVBIRININENNIS (3.7), (3.9) waz (3.10) A ANANITAIUIUNAINNTIN 4.4

M75799 4.4 9ULI871971TUYe9a9rlile lTenaTua AN 191

Huawei Terrabit Finisar
Heyanwal W30 03 XFP XFP SFP+
@1559nm | @1535nm | @1552nm
/tTZ"x + t2 | warnTuvesuegaiuds (ps) 42.75 38.375 41.125
lasuAnAainesTuLD
Dssyr | lloniuadlvunifgnsnnsgiu 17.029 15.492 16.533
(ps/(nm-km))
syagevaaduloduaslug
Leswr | 4 80 120 120
WEILINIgIY (km)
IAsIANALWOTTUUDY
Dper | ulethuawiavmaefamesdu | -135.121 | -12559 | -132.013
(ps/(nm-km))
syeznvdaulodlasiin
Lpcr L 10 15 15
YALBHRFNDITU (km)
o AMUNTEUNATURES (nm) 0.0747 0.060 0.0762
nadaaasnseaniiienin
tep A 0.829 1.489 0.287
lAsUANAALWE YU (ps)
tsys ANV UVBINITEUY (ps) 42.758 38.403 41.126
Ry ans1dntayauas (Gb/s) 10.3125
tsvsR <07 0.44 0.396 0.424
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HANISAIUIUAITNN 4.4 WUTINATINIAIUITUY 2 ALY 10% - 90% V9u8na

o ] 4

SudaendioniuasuTen Huawei, US¥W Terrabit Network wazaagaiudaoaieingaves

U Finisar 11U 42.75 ps, 38.375 ps kag 41.125 ps AMNAINU 2NUUNAAIUINLIAT

QYIAINBINANNALNIT (3.9) MIAU 0.829 ps, 1.489 ps way 0.287 ps L3LIAMNEAIRU

MNe

41991 HAUIUIAINITIT BN LA LN UIUANNIT (3.7) 32 LALIa1V1TUVBINITLUUMNAU

42.758 ps, 38.403 ps way 41.126 ps aua1du wlethaunts (3.10) 1finrsanfunaiviiu

= DR 4 I

y i . 2 3z z 9
YOIITLUUNIAAENUTNIAVVUNITEUUTRIIE LN agATUAA1ToaNnd1 7T0% (< 0.7) 109

a & ~ o v o U 1 Ay v | v o ¥ a ¢ & A
mudamuieuly Juhlinsanusegasudanldanuaansaduas Sudyayrudeyadimesidni
9m510% 10.3125 Gb/s N1UAINTNDBNRUUNILNNS LT DALNLEHDANTARINIE8lASEEENa

A98ALINAU 80 km wag 120 km MudIfu

Y 9
nfinanudsuauledn uledwasdavaefawestulutadud Ay nvie
o 1 =

ANNANTENUIINNITANDDNVOIAYQIUTINALEAS LHBIIINLLRAUIMIAIF Y 1E1900NT

As>) U

sEUEN1aRg 9 AnlasuAnaawestuvendulethuawiavaefanestudumanau 1t
gaweiualasuIAnfdmestuvesduleduasinuaeiuinsgiuniduaiuan irlian
duarunsesniiamdofissanios RntudioAuIaaIvITUYBIesTULAEdLNA lioes

68’@1Lf\]ud’]Lamﬁuﬁummizwﬁmuﬂw‘ﬁmﬁmLﬁﬂﬁam’mmaiwLamm%u%ma@a%’uda op

'
=

Duwmsbiimendnusildduloduamdasamsfana sty ioivaussauzunasdlagnisan

'
[y =

HaNTENUTDIlATNIANAALWESTUSUIUDILNAINNTAd Y IuTaNaLAsTEEENIelNG idina

Y
ns¥nuUAaNIsiseanvesdyyIuteyatasngluden uenantilledin1sldnugunsainig

&4 Y

Iniaeludeilasanizdnmadunaasdneedoasaeamne Jevlmduniunvesnis

a 6 o v v [

Apszvdyausunuluiitedaly

4.4 N3AIITRFYYIUTUNIU (Noise Analysis)
N153ATIERFINsUNIUI NS wsdy s unIuiinTuaIngunsaliig 9 &

danansenusenunmdauteyataingludn lneidetiazudsiansananunegaiudai

Tdudu 3 Widedosdsdl (1) vegasuduendienfivesuiem Huawei, (2) uagasuds

o |

lengLaniivaIuTem Terrabit Network Wag (3) uegasudaaoniindavesusum Finisar 310
@ a

U808 NNAINNL T LTI NLINUNITIATIEAR UUIUSUNIUTLAAN8 TUAINTIFFULEIAU

A

NNSIENUD AN FDANTADINIULARYAILALIUSENDUAIY AILUNUININANNEIN, NAIA?

dauas, NEUNTNAINTIITULES Uagiunusmngaungn Aazussenssialuil



4.4.1 Wisldunagaiuduandianivasuien Huawei
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wenasudsendieniivesus¥m Huawei ludgruniafuinisldfmnsaiuwamiiailoduy

F99zLANMNIITADIANNSUANUIUAINNST1N 4.5

915799 4.5 AINIT109 85 WLAALH NN 151198 Ao Wia Aoa 159N 1NA I TUA 1Y I8

dyqausuniu ielduenasuauendieniivesuiyn Huawei

deyanwal WISADS Booster In-line Pre-amp
B, (Hz) | wuusiaviuas 123.4 x 10°
By res (H2) | wuusdinvinasveandesin 2.47 x 10°
Pisp (W) | masdyerausunmiuetead | 3.15x10° | 4.99x10° | 1.26 x 10°
Sask ANUNLULEUNATUURS . . 1
. = 255 x 10" | 4.05x 107 | 1.02x 107
(W/Hz) | Fuaausuniuesead
h(s) | Aasiiveandsd 6.625 x 10™*
G (W) | dnsvensuaeiiveeLas 44.67 100 251.19
q©Q | Aszqdianaseu 1.6 x 107
Rpin (/W) | Amsmaueaues 0.95 [21], [36]
Ip pin W) | n3zUALR 2 x 107 [21]
wALwBINIIAR
M 1[21]
(Multiplication Factor)
unALRB S QIMTUNIU
F(M) d1uLAu (Excess Noise 1 [21]
Factor)
M&silesu
Pry pin (W) 104 x 107
) (Received Power)
QU ATRTRTETRIN
Psin (W) | 0.851 x 10° | 0.138 x 10> | 0.023 x 10
L TIRITGN
Be pin (H2) | wuusdavimialuivi 2 x 107 [21], [36]
ky /K | Aeafivesluasusiul 1.38 x 10
T (K) QIR 300
R, (Q) AUATUNIULVAA 50 [36]
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1AM B591NAN5197 4.5 eulluannNIsAe (3.12) 84 (3.20) vinlilana

NIFATIUAINNTNT 4.6, 4.7 Uay 4.8 TILAAINANITANUIURYYIUTUNIUTDIFINTIDTULAS

A < o d' vaa = o = yaa
sﬁuﬂw‘l@l@u, ﬁiyﬁyﬂmﬁUﬂ'Jou@I%@ﬂL@WL@a@aqia@Q‘VHﬂ LLa%aﬁUiy]']ﬂJiUﬂ')uLiJ@IsﬁaﬂL@WL@

>

vaa %

ADANTARINIINIBUNUANTBIRNIZEUANUDBEILUUUSUAN L NEANUN 1@ UN®SY 1 nm
AUAIAU

MITNT 4.6 HANITAINIUAYY1TUNIUIINUBYATUAUBNTIoNTYOIUTYY Huawei 714157

ATI9IUUAIT TN 24514

drydnual W13Ln 03 NANISATUIURYYIUTUNIUY
2 A QU IUTUNIUAIDUANYDIAD 57 5 10l
P ayadusasiindilovdu (A%) '
2 AYYITUNIUNTELALNYDIA) e
PP psnnfusasiiniilodu (42 '
2 AYUYIUTUNILIINAIINTOUTDS 6 620 x 105
TP fesadunaseiediladu (A) '

91NR19999 4.6 WU A I TUNIuATEURY, Sy NSUNIUNTELAT A wag
U IUTUNIUIINANLSoUYDIfIRTIRduLasdaTllod ullA1Usyanm 1.527 x 1074 AZ
1.28 x 10" A? W 6.624 x 10 A2 auddu Bsdyaasuniuainaiufousiaunniign
uaﬂmﬂﬁﬁﬁgiyﬁmiumuﬂszLLaﬁmwﬁmﬁaaumLﬁaLﬁauﬁ’ué’agmmiumumauﬁuLLaz
Fyaasunmuainanudou Swihlindeldnuinsadusamdafilodurzd dyarasuniu
NnANLFouTidmanszUINNTign

M5 4.7 HaNITAININA YY1 TUNININUEPATUFUBNTIon T YaauTYn Huawei

'

=

ilaloomaniodoarsaosnivluaern

drydnual W13Ln 03 Booster In-line Pre-amp
, A0 EU1UTUNIUAIDUALRNN » o "
Oshot EDFA| a= 232 x 10 8.49 x 10 3.74 x 10
She dalanie (A%)
e Q1 TUNIUTERINA Y QAU . . .
& 4sE 7.01x 107 | 4.04 x 107 | 4.23 x 10
[ a 2
IMTUNIULLED (AY)
H O IUTUNIUIEINA Y QY0
2 Ay -12 -11 -10
0Zp_asp | SUNIUBLRABAUAQIUSUNIL | 9.3 x 10 234 x 10" | 1.47 x 10
L0Lead (A%
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NANSI 4.7 EIDUNITITIUDALENLD ADANTADINIY WUINE NS UNIUTENING

LYY

Fou Uiy usunIueLeadl

[

igﬂﬂ’j’]ﬂﬁi’gi’g?mﬁUﬂ’JuL@L@ﬁaﬂU

‘__DE

[ e >]

a v

o

o

= [

A7)

AgeanLguAudy s UNTUATRUANLAL ST ITUNIY
A IUTUNIULDLOED FIVINAFYE1UTUNIUTZINI ST Yy 16d

dyarnsuniweeadiludygyiusuniuiidmansenuuiniign wenaNUaILnLIg

DLW FETERINNNANANTENUVDIFY QY18 TUNIUAIOUALANDALOW LD LA Ty ey 10U

% a

Tumuiwdwé’zgcymﬁ’uazymmumul,al,aaamﬂﬁqmﬁa FLNUINAIN A TLAT AIUAILUY
FflnansENUveId YU IMTUNIUTENINTY QI TUNIUELEAB TUSY I UTUNILLDLOED
uniigafe sursteuntidnsaduuas

$15797 4.8 HANITAINIANTYY I TUNINIINYBYATUF DN TiaWT YUy Huawei
Wold5ioniadearsaeamnaniousudan souanIzgun uBuaMUYUS A AT 191 379

anesy 1 uluws Tuaen

drydnual VERHIT RN Booster In-line Pre-amp
, U 104TUNIUAIBUANIIN » P »
020t EDFa| aa , 231 x10™ [ 839 x 102 | 3.5x 10
oaLNle (A7)
Ay QU1 TUNIUTENI N Y QI AU . . .
USZ—ASE 3.51 x 107 2.02 x 107 212 x 107
U a 2
UINTUNIULLEEE (A)
H QUIUTUNIUTENINF Y I9U
02ep_asp | FUNMMBLRERAUAYQIUSUNIL | 7.24 x 107 | 1.82 x 1077 | 1.15 x 1077
LeLead (A%

nan1sAuIlun15199 4.8 LansliiudygIusuniIuEuia1anaia1nnigg

a0

7 4.7 F9de Y uIUNIUTENINFYYIUAUT YY1 TUNIULDLDAD LA ABIATINTILANIA

Tuasunlas uazlaeangdy g 1usunIUTE NI N QY IUTUNIULOLAD AU IUTUNIU

o o

'
aaa i 1

10LEDNNANANAIDYNLAUTR AIUNANTENUIINFYQYIUTUNIULAZHYYITUNIUNA ALY
| ) a o W A v =
A9 9 Ssnantleunudygrasuniuiiolidnionlodoasaonig

4.4.2 isldaunagaiuduandionivasuien Terrabit Network

o |

s I a v . 1 [ Y [
HONATU wondlenfvesusEen Terrabit Network Tudiuninsuaglainsiadunas

BUALONA FI9zIAINIIAMDTENTUALINRYYITUNILAINITIN 4.9



915799 4.9 AINISITINDTIUUAAL S ILYUIN1TINN0ALa WD Faa 157N NAIMTUAIYIAS

dyarusuniu ieltuegasuasendieniivesuiyn Terrabit Network

W1518LMe3 Booster In-line Pre-amp Optimum
B, (Hz) 127.3 x 10°
B, ges (H2) 2.55 x 10°
Pyse (W) 3.14 x 10°® 2.49 x 107 9.93 x 107 3.14 x 107
Sase (W/Hz) 2.47 x 10" 1.96 x 10°'° 7.8 x 10 2.47 x 1071
h(Js) 6.625 x 10
G (191) 39.81 398.11 1584.89 630.96
q O 1.6 x 10"
R (A/W) 0.85 [37]
Iy (A 25 x 107 [21], [37]
M 10 [21]
F(M) 107 [21]
Prx_app (W) 10%%x 107
P in (W) 1.413 x 107 0.055 x 107 5.01 x 10° 0.035 x 10~
B, (Hz) 8 x 107 [37]
kg (J/K) 1.38 x 10%
T (K) 300
R, (Q) 50 [37]

Y1ATNSITERDTINNANTIN 4.9 UNAUIIUANNITAINE (3.12) D9 (3.20) WiudeINy
99 4.4.1 YMIANNANITAIWINAIRAISI9N 4.10, 4.11 way 4.12 sua1eu eeluiiveiiay

LNNANTAMUINFYIUTUNIUNTAFULN19BAE WL AN SaRImmMNNETan
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M157999] 4.10 HANITAIUIUAY Y184 TUNIUDINUBYATUFUNTLanTYaaUTHy Terrabit

Network 8295299 ULaIYIn0NEG

dayanwal WIS A0S NANITATUIE Y IUTUNIY
QU IUTUNIUAIDUANYDIAD N
3 app . 4302 x 10
i} #3579 LALONA (A7)
A IUTUNMIUNTELALAUD I y
5 _app o a _as o 3.208 x 10
- ATIIVLEITUALDNA (A7)
AYYIUTUNILAINAIIUTDUVDS .
0-’1% APD kY] o a aa % 265 X 10_
; FIN 59U HALONA (A?)

° P o
INNANITATUIUNITIN 4.10 WUIE

'
L4 a a

asradunasdadlowwulusinde 4.4.1 Nidwyey

o

wzyﬂmiumumaué’uﬁ@immﬁqm A199IN60
TusUNMUINANLTougsge Inilridleldau
FRTITULEST AL NAYZE ”aujzym'iumumau@fmdwamwumaﬁqm

775797 4.11 HANTISANIUFY Y1 TUNININUEYATUFUBNTlanTvaaUTHY Terrabit

Network silaltaaaniodaa saaen19luas

W1513Lma3 Booster In-line Pre-amp Optimum
0ot Epra A | 1.226 x 107 | 4979 x 1070 | 2421 x 10" | 5.036 x 10™"°

02 ,gp (A?) 3.217 x 10° 1.252 x 107 1.437 x 107 1.576 x 107
Oisp_asg (A?) 2.878 x 107 2.878 x 107 2.878 x 10° 4.561 x 107

[y

NAITN 4.11 WUMAYYIUTUNIUTENI N U IUN Uy QU IUTUNIULBLOED IR

'
P [

AgeaR AN UTIYe 4.4.1 uBNNUAMUNNBAENEHDA AN H Yy 1sUNIY
AIBUANNNTIAAAD AuUdIRddas drumunidanidyaimsuniuseninadyyunu
dygrusumuteeadazialndinesiu 3 sundslaun dunuenna1sden, neunting
MTIATULAL wazsundanuizngn Wesinuegasuduendienivesuiyn Terabit
Network inaug1iaauldaui 1535 nm deegludiugenvasdnivengdsieviiodoans
I Y v A a d? [ 1 aa = IS 1 a

#0919 Wuwmg idya1asuniuiliindunasaindiudievie deaisaesniadaruinnitung
U o a

gelunantusunusnddey grasuniuTenId YIS UNIULDLDAD AU YIS UNIULDLOED

WINNanRe AuanauninfmIngIaTuLes
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M5 4.12 HANITAINIUAY Y18 TUNIUDINUBYATUFUNTLanlvaauTHy Terrabit
Network iileloaalonWiodoasaonniounusanseuanizeiunuduasuvuysualaid

AN I NAUNNSY 1 Wlues TUET

W1518LMe3 Booster In-line Pre-amp Optimum
02t epra M) | 6118 x 10" | 4765x 10" | 1.742x10%° | 4.766 x 10™%°

02 g (A9 1.612x 10° 7.897 x 10°® 9.067 x 10°¢ | 9.9414 x 10°
Oip_asg AD) | 2192x 10" | 3.474x10° 3.474 x 10°® 5.506 x 10”

NANISATIUIUAITIN 4.12 Wuufenduiite 4.4.1 915199 4.8 AalilatfiusIngas
lNIzgIuANALaUUUTUAN AT EAINAINEAUNRSN 1 nm dygiasuniuisaiudian

o a

anaalAUaNIZAYQITUNIUTENINAYYIATUNIULDLLEDNUA Y YIUTUNIULBLOEDIanAY
DYNTALIU LAZNANTZNUINAYYIUTUNIUNAINRUIAN 9 Sipamiloududygiasuniu
Wiolednenedpansananiuyunu

4.4.3 Wisldrunagaiuduadieniindavasussm Finisar

wagaTudeaeNindaveIuTEN Finisar Wuwuherfuiite 4.4.2 3gilvaiunsald
AMIIRMBSUNNEIUTINAULA FeasllAdnnsuA UMY IUTUNIUAINITIEA 4.13

Ql' U a o U o 1 aa dl' o o/ o
§15797 4.13 AINIT10LA 8T IUUA AL AUIAITINE AW FOFITADIN NTINTUATU I

dyaaisunu welduegasudueaioniinaayesusy Finisar

W1518Lne3 Booster In-line Pre-amp Optimum
B, (Hz) 124.5 x 10°
B, ges (Hz) 2.49 x 10°
Pygg (W) 2.5%x10° 1.05x 10 1.26 x 10° 1.09 x 10°
Sase (W/Hz) 2.01x 10" 8.39 x 10" 1.01x 10'¢ 8.79 x 107
G (W) 39.81 177.83 281.84 199.53
R (A/W) 0.85 [37]
Ip (A) 25 x 107 [21], [37]
M, F(M) 10, 10°7 [21]
Prx_app (W) 1074 x 107
Py i (W) 1.189 x 107 0.051 x 107 437 x 10°° 0.032 x 107
B, (Hz) 8 x 10° [37]
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nan1sATUIMdIusUNIUA1ElufnTIaduLaslnagiAmilouiunis1eil 4.10
Wesnnldinmadulassdaefnunelnu
75797 4.14 KANITAININGYYINTUNIUDINYOATUAOoNTNAFYEIUTHY Finisar il

loomaniadoarsaonialuaan

W1518Lna3 Booster In-line Pre-amp Optimum

020t Epra (A9 | 1.044 x 107 | 2.054x 10" | 3.78x 10" 1.461 x 10™"°

02 g (A?) 2.804 x 10°® 1.69 x 10° 3.612x 107 1.472x 10°

Oisp_asp (A?) 2.959 x 107 2.959 x 10°® 7.432 x 108 4.689 x 10

INANTNN 4.14 92ANANITAIUINYIUBLASIAUAUAITIN 4.7 Tuiave 4.4.1
= YRR N @ a o A =~ = v v a ) Y
\eannuegasudueaieniindavesusen Finisar danueneauldnulndifesiuiegasuds
NBLENNYDIUTEN Huawei FeagluyaduusUveIdnsveNednleniodeaisaaanie vinlv
doysurusuniumiintuiialnafiesiu udvdadinsiaduuaildnieiu Jviliuegaiuds
LOALDWANAAVDIUTEN Finisar 23ldyQ10d5UNIUNINAT
M15997 4.15 HANITAIUIUAYYINUTUNINDINUOYATUF T ONANIAYSIUTEN Finisar Lile

l58aoWied0a15a0IN NN TIUAYAINTOUBNILEIUAIIUAUFIMUVYSUAI LG TTAIIUN T

aunesu 1 uluues 1Uan

W1518Lne3 Booster In-line Pre-amp Optimum

62t kpra A | 1.042x10° | 1986 x10%° | 2.699x 10" | 1.375x 107

02 asp () 1.405 x 10° 1.066 x 10° | 2.2792x107 | 9.285x 10"

0isp_asp (A?) 2247 x 10" | 3561 x10%° | 8944x10™ | 5644 x 10"

NANISANUIUANTINT 4.15 zlkaNAa19na9nN U197 4.8 Tuive 4.4.1 wagm1s1e
a Y = o a 1w aa v v
#1 4.12 Twihde 4.4.2 Jaumsiigadindygyinsuniuaindaevieazanunsagnanmienishd
AINTBNANIZEUAMUNLAILUUUSUA LANTANNNIEUNASY 1 nm

nfinamuviaueyinlrasuladn dansiadunasiafilodulidygrusuniuniglui

YY) a

Hegninulaloin wonanddyy1asunIussnINdy 1A Udyy1a5UNIULDLDEDIZEINE

d' = vala « ) ) | d' U 1 v yvda
ﬂiz‘VI‘Ulﬂﬂ‘V]?j@LN@I%@@L@WL@ﬁ@ﬁqiﬁ@QWWQ ﬁ?u@'ﬂﬂi@ﬁLQW’]SEJ']UF"I'J”INQLL?NLLUUTJ?U@']VL@VIZJ

' '
% a1 U =

Aundsalnasy 1 nm Wugunsalddgyfivivandeyarasuniufiinanddienedoans

o

aoans Judumelidnerdnusaduilidonlddnsauanizgiuauduasiuudiuanland

v
a

AUNINEUNATY 1 nm WioNAUDAWLADa1TERI1Y UBNANUFYYIUTUNIUTLANTY

ndaenedeansasanisazinlulmsziluiitedaly
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4.5 N153A912R B TUNTUTLAULAZNITIR WAL MUZaY (Level Diagram and
Optimum Placement Analysis)
Messilaesunsussiuaunsavldsensdeulusunsy MATLAB wWisruia
feaunsfimesfeA1anaaedl 4.1, 42, 43 wazannisnaass laelduegaiuds
NGlanfiuTen Huawei, dogasudiendioniivasuiun Terabit Network Lazuogasuds
LAENTNSAU0IUTEN Finisar MUy Faanuanismualnesunsusziudionsdmone
AoanTa0IMITFUnL IS uas (0%), feuntinfenasdsr (30%), Aunatsdsr (50%),
&R anan9ded (70%) waznountifins1adunas (100%) veeszezniaduleviuas

Inuaieauasgvgean awliluiagun 4.12 wae 4.13

0 km (0 %) 25 km (30%) 40 km (50%) 55 km (70%) 80 km (100%)
-=== Signal Power ==== Signal Power ==== Signal Power ==== Sighal Power «-== Signal Power
—=— ASE Noise — = ASE Noise = = ASE Noise == ASE Noise == ASE Noise
mmm OSNR mmm OSNR mmm OSNR mmm OSNR = OSNR
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U7 4.12 lnezunsusyduiilonsdievedearsaeansiisumisinesiy nsdvenesseenia
aeagaalagegn 80 Mlawums

913V 4.12 uanslaszunsusziuiloliuegaiuduendionfiuidm Huawei fids
fyateyanasldszoragaan 40 km ndnnldBienedeasanmmainliaansavens
svoznedadyqindeyauadligegaidu 80 km idosinunuuousINAINLIIVDY
wuleduwasviinvawefaneidunieIvilirgegaaunnnitauedaen (dulsduadnue
Aeamnsgiu 80 km Auidulenaswdavawefamesdu 10 km) Feilduntianising
Shlonodoansananadi 0 km (0%), 25 km (30%), 40 km (50%), 55 km (70%) waz 80 km
(100%) voe3¥szn1nduleiuasinunifeaninsgiu znunansgnuaInnsaanouly

uleihuaduuadeiunsgiusasiduleduasinyasefanesdu MlAnaday e

WADY 9| ANAINIUITTYTNNTLRNVY LAAIYAIAIIUTUANAUANAIFUUTEENEN1TaANDU
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uenaniudsildfnsenamegumuinasuuuiualdidamuneunndu 1 nm $au
Frevlvduaasuniueeasiintuildianas Jumalidndiunddyyruuaso
Fyarasunuianintu Inesundsnisnedmene dearsaeaniei 0 km (09%), 25 km
(30%), 40 km (50%), 55 km (70%) wag 80 km (100%) AA1dAdIUAIGIT Y QY1 ULEAIFD

dyausuniauyseanal 56 dB, 52 dB, 50 dB, 48 dB wag 44 dB A1uaeU

0 km (0 %) 40 km (30%) 60 km (509%0) 80 km (70%) 120 krm (100%)
==== Signal Power ===s Signal Power =ss= Signal Power ==xs Signal Power :::. Signal Power
== ASE Noise —=— ASE Noise == ASE Noise == ASE Noise == ASE Noise
mmm OSNR mmm OSNR = OSNR =mm OSNR mmm OSNR
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0 km (0 %) 40 km (30%) 60 km (50%) 80 km (70%) 120 km (100%)
==== Signal Power ===« Signal Power =-== Signal Power ===« Signal Power .... Signal Power
== ASE Noise == ASE Noise —=— ASE Noise == ASE Noise == ASE Noise
mmm OSNR mmm OSNR mmm OSNR mmm OSNR mmm OSNR

20 T T T T 70
'.,..0% 30:./0 50% 0%
e, . . 100% _gg

(b)

Signal Power or ASE Noise (dBm)
Optical SNR (dB)

-100 ! ! L I 20
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U 4.13 lpozunsuseauillordnioniedoa)saoan inumdn iy nsiveeszeen
aeagandoyalagegn 120 dlawns ilelduegasuas (a) iendioniivesussyy Terrabit

Network AU (b) toaaWANaaYaIUTE Finisar
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lnezunsuszdusui 4.13 fnafuiufedtusud 4.12 Faudsmuuegaiudlife
(a) woRasuduandianivasuTEm Terrabit Network U (b) Hogasuduaaieniindaves
U3 Finisar Inganunsavenessegnsdedayqatoyanatageaadu 120 km (duleiuwas
Tnuafeau1nsgu 120 km Auduloduassdasasfanesdu 15 km) azdiuldogng
Farauilnozunsusui 4.13 ) fu (b) axlidnvaziindronderiu Tagdumisnisnadonie
Aodansaoaniad 0 km (0%), 40 km (30%), 60 km (50%), 80 km (70%) tkag 120 km
(100%) SAdad1un1IaId ey ILasAdY e 1UTUNIUUTZNIM (a) 58 dB, 54 dB, 44 dB,
43 dB wag 37 dB 11U (b) 58 dB, 52 dB, 46 dB, 45 dB way 36 dB MWAINU

mﬂﬁuﬁmamﬁgwmwui’whé’mdauﬁ’ﬁﬁaé’zyzyflmLLaaﬁaﬁmmﬁmsUﬂauiunﬂ

fLrUIN1TINdaeneda1uinnda 24 dB Faduadndiuiasdyniuuasnody e

<

o v

sunmuunfivestegasuds Belundntudunisiigadluiite 4.4 anundneds [21] nanalian

I o0 Y W |

AFAAIUNS I Y YT ULEIR DA Y YIUTUNIULINATT 15 dB VI IAE Y1 ad TUNIUTZNAN
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ALY
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sundsduilifiendndiuiddyrauasiodygyinsuniutosiign 1Wume lidiunus
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Ygyniluvrsiuiazllarunsafnadfloniodoansaoamnannunianinalsdenle 39
o I [ o 1 aa 4‘ g v Y a (%) o | a ¢
TududessunianndaleviedeasanaenlvanssouglndiAvsiusiiunuaiinasden

UINNaA LHoNIITUIINLABLUNTUTEAUNUINAILNUL 30% U 70% VBITE8ENY

s

dulgdwaduuaneiniasgiudalnafesivianasden (50%) 8slunintuinerinus
o A vo ¢ Y Qq & d @ o a ¢
atvillddassanunisalivenaivdduandguwdasiunveiissgenaliminiu laginden
] a | o 1 Y ° N )
naaeisaeINansadsdaasudulsdadrafe NIz IUEEa 80 km U 120 km

11UIZYNARINITITDALO NI DT80N TN UVLNLNDVE AN Y 1AL UUEDEANS

9

AN N ﬁmimwmﬂimammimzﬁmzLﬁu’hﬁmmu'q 80 km (70%) 210 120 km 284841

2184 danlnaAganuNINaNIdINazaEASINUAILIALY 40 km (50%) 210 80 km Ye9aINU1TU

o 1 a ¢ 3

NaaeIduRILUIAINa198 9 Jedununvesnsnaassiudanisianluine dnus
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Inuadgunsgiugiamdusurianuizauign d1un15MnaoEIwRULRLIENgn9Y

Ieszvaussouslumdadald
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4.6 NMTIATINUNUAINTUAT (Eye-diagram Analysis)

(%
a

n153ATsRLnua U dunisiesginansenuiiindusdedy gindeyaunas
asanEIugUnsaling o aneluden wielidideanunsauseidiunmunimvesdygindoyaua
Aeludanld Faununngun1azeuAlaanATelATIERnITaA15N19ATE (Digital
Communication Analyzer, DCA) adatazuuansanwidu 4 Fdedasnusiiuminising
aa d' [ aa = ° '
dAleNiadoaNTa0INIlaLA WNUAINFUAIVBINITINBALENBHAITARINIG A ALY
(1) ndaddanas, (2) Aananedsd, (3) NeuntfIngIaduwas wag (4) waneiian lagilenas
fAsuImunIsreesrsendsdy g rudeyanasinaganlaainnisinsiziaunidsly
Y A a sa s & o | o 1 a v °
W30 4.2 AD ANNBLYIDIIUAYIVYNYIEUSNINEE Y Y eUUDYREER 80 Alawns (dulodlas

¥ ¥

Tnuapeaninsgudu 80 Alawasiugawefanestusisduloduasdavavefainesdu

U ¥

10 Alaluns) wagdandimesidnveoszeznisdsdygrudeyagegn 120 Alaiwns
tdulothuadnunifennsgrudu 120 Alawnsfurawedamestuieduloduamin
yowtRaimesiu 15 Alawns) fflzussenedelud
4.6.1 UNUNMIUAIYBINTIB AW A DA TAR M SV A I IE aua

shietlagRinrsanununmgumilgasng 4 meludadiilensdiieniedemsaomis o
FLLLNTSIRALE 1nen1Tvnaddl 2 ﬂiiﬁmwmwzmadqé@mm%%aﬁmmaléfgafjmmm
mMsfuanauidsluiade 4.2 fie 80 km wag 120 km Fensdlusnagliuegaudaendioni
YBIUTEN Huawei drunsilassazlduagasudnandionivesusyn Terrabit Network fiu
wenasudealeniindavesusuen Finisar ilaunsaviinisneassiaununnuailass
LU MUABNMINAABIFUT 4.14 uansgasuAFEInLA ISy A B9 E ldun

0 A Yia90aNNAIAILES

90 B: vdtoonndAlewiodeansaninis

0 C: vdsnrusinsesamzguaNLinauUUSUL

30 D: nasnnruduleiuassinvaivefamesdu

90 E: Aountiingiaduuas
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(a) Booster amplifier
fmmm e e .{ Bit Error Rate Tester (BERT) ]. ___________________ -

10.3125 Gb/s @ 1559 nm 80 km SSMF + 10 km DCF

]
—_— :
(2] | R

m N @ o @ T | Digital CommunicationAnalyzcr]

(DCA)

Duplex 1nm DCF SSMF

C-FDFA TOBPF 10 km 80 km [ Optical Power Meter ]

[ Optical Spectrum Analyzer ]

(b) Booster amplifier
fmmmm e m e m— - m [ Bit Error Rate Tester (BERT) ]__________________________I
10.3125 Gb/s @ 1535 nm or 1552 nm 120 km SSMF + 15 km DCF '
[}

Digital
Communication
Analyzer

(DCA)

Duplex 1 nm DCF SSMF
C-EDFA  TOBPF 15 km 120 km

[ Optical Power Meter } Rx

[ Optical Spectrum Analyzer ]
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JUT 4.14 WD INUABNNISNARBTIARKUNINTUR) 8 UMV agauaN: §9r8imesidng
V855N WA IalTx0g%an (o) 80 AlawnT uay (b) 120 Alaims
N3UN 4.14 Wennassdsdygrnidoyauas 10.3125 Gb/s WnaildainiaTes

AATILINITERANTN PRIV AUIIALTLINIAITIN 4.16 LNDIASIENANITNARBI AR USA LY

YY) 1

wananiizy 4.14 (b) Sndudeslddferiedniigisveremdsdyyraunanount

Y] 1

FIR59TULALNDALAINUILEIVDIAINTITUE Lﬁaqmﬂﬁﬂmammﬂmmaaﬂaumﬁmamﬁ

ALY

[ o w 1

AMALAUNTIAIAU LAY LATONIATIZRNITERA1T19ATYE waziiAInTadanIzeIU
ALRLASLUUUS UL sanNaN T NUTOIF YIS UNIUIEIEDAIIND AW IUINNE Y
ilinanisnaaesiisuarliadoudvdyqyiudeyatasnoulasunisuerenidedey gy
I3 v aa s s & o Y v a Y|
Jumalvinsaldndmesidaivengseusnsdedygyudeyaasan 120 Alans (Wegasuds

lengLen#ivesuIun Terrabit Network fusagasudieaionindaveausym Finisar) 9z

s & A

YuIALRUN MU lEanawinAunuannga (500 pw/div) drunsalfsndmesidanvene
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srgenadedyteyagean 80 Alawns (WepasuduendienivesuTen Huawei) awld

Y Y

alnasaneulaannIsneass
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M15997] 4.16 UHUNINFURIV0IN1TINDAOWOTOAITAININ 8 FIUNINAIST IAIUEI

ALY Huawei XFP Terrabit Network XFP Finisar SFP+
@ 1559 nm @ 1535 nm @ 1552 nm
A 20 ps/div 500 uW/div 20‘ ps/div : 500 uW/div  20 ps/div : 500 pW/div |

E | 20 ps/div i 100 pw/div

NA15199 4.16 UAAIUNUNINTUAT Bl FUna9D AL HoaTa0IN1anadfIds

LLawaQﬁqamma@a%’Udaﬁmaaqwua'ﬁ

30 A 1 B: sUsagivunalvgiuaindnivenevesdailoniodoansaainie wisunii

wandluAITI9TvVUIAYINAY 1HBI9INANSAIUNTNAUTATIAAVDILATDIDNR FegnTudeq

o w o ]

YSuanmduasiiduasesonlidawiniuiduasesnatnuegasuds uenanilguniae
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1ASUNANIENUVOIFYYIUTUNIULLEADTILANTUAINATIFIIUDALeWLE @odN1580IM19A3
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ity vhlduvesdn 1 Senuvundudnies

30 Bl C él’agzgmsumul,maaﬁﬁLﬁm%ugﬂamaaé’wmﬂ%’éffmsmLawwshummﬁ
wauuUSuldifianunheanesy 1 nm shlsigumildnunzadegn A

90 C IV D: winnansenuladiludadu (Non-linear effect) annidulovuasyia

YALPEAANDITU AumANIINMAGRadInlasunsveediedaeniedealsaomndl
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fdsgeunn uazdsinudulosthuasdnvavefamesdunfvunuauidn vilidnvazveasy
puAnmsiABuLassUauliannsasuale

9 D 1 B ulfhinsvaelasunfinfamesduiaty uddniveisresd fovie
doansasamaliinnnme wieufuiinansenuainmsaaveunaznansenuliduidadudang
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(@) In-line amplifier
F o e [ Bit Error Rate Tester (BERT) |- —— - - - ___________ -

]

I 10.3125 Gb/s (@ 1559 nm 80 km SSMF + 10 km DCF :
l S— '
I
! I

Digital Communication Analyzer
(DCA)

Tx

SSMF Duplex 1nm DCF SSMF

40km  C-EDFA  TOBPF 10km  40km [ Optical Power Meter |

[ Optical Spectrum Analyzer ]

(b) In-line amplifier
B N -[ Bit Error Rate Tester (BERT) } ____________________________

I
10.3125 Gb/s (@ 1535 nm or 1552 nm 120 km SSMF + 15 km DCF \
|
|

i
]

i Digital
; Communication
i o i Analyzer

DCF  SSMF ! VOA

DCA

SSMF Duplex 1 nm
60km C-EDFA TOBPF 15km 60 km

‘Pre-Amplifier EDFA

[ Optical Power Meter } Rx

[ Optical Spectrum Analyzer ]

I

U7 4.15 UL IMUABNNITVIAADITAUALAINIURT a4 sumdaanansderd: Geiaineasidai

Y8y s Ny 1dTYageqan (a) 80 Alawms uaz (b) 120 Alawns
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Weonaaesdsdyqrudayaunas 10.3125 Gb/s a1ugy 4.15 dnafiliainiaIes
AATIBNNTHRA1INAINaNITATIFINNT199 4.17 wazuruamguailavedainad
wANANAUYULABIAUITe 4.6.1 Tildedulelianun

M5 4.17 UK INFUNI89NI5INDAW0FOTITTOINN 8 HININANNA19EI]

ALY Huawei XFP Terrabit Network XFP Finisar SFP+
@ 1559 nm @ 1535 nm @ 1552 nm
A 20 ps/div 500 uw/div 20 ps/div I 500 pW(divi 20 ps/div 500 pW/div |
B
C
D | : i 500 pW/div
E i L A i 500 pwW/div
F : ; 20 ps/div i 500 pW/div
T b

INENTIN 4.17 UAAMNUAMTUAT U i eBFileniodeanTaemIennaedn
YsauNegasudiinaannuI
90 A lU B: 1Ann1saseenvesdgyansuliosnainuansenulasuiinfamesduly

wuleuas ilvandanuruidesulazdvuianddyyrudayaiaianas eewin

NANTENUVDINTTAANDULULEULE LA
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(a) Pre-amplifier
fmmmm { Bit Error Rate Tester (BERT) ]. ___________________

-
1
: 10.3125 Gb/s @ 1559 nm 80 km SSMF + 10 km DCF :
1

: ' Rx

@ Digital Communication Analyzer

(DCA)
SSMF Duplex  1nm  DCF | —
80 km C-EDFA  TOBPF  10km [ Optical Power Meter |

[ Optical Spectrum Analyzer ]

(b) Pre-amplifier
fmmmm e m e m— - m [ Bit Error Rate Tester (BERT) ]__________________________I
10.3125 Gb/s @ 1535 nm or 1552 nm 120 km SSMF + 15 km DCF |
—_— X
]

Communication
Analyzer

(DCA)

. Digital
]

SSMF Duplex Inm DCF [VOA iPre-Amplifier EDFA

120 km C-EDFA TOBPF 15km

[ Optical Power Meter } Rx

[ Optical Spectrum Analyzer ]

U7 4.16 WU INUEENNISIARBTIAUALAINURY 8l shumaneuningamsaasuuas: Fed
Simesidniivengssesneaisngadoyagean (o) 80 Alawms uaz (b) 120 Alawms

Lﬁamaaaﬁaé’zyiy’lm%agaum 10.3125 Gb/s anugy 4.16 Puadildannades

s einsdeansmneAdviaudaieaiinisned 4.18 uazuaunmgUadldazdainad

WANENTURIULREINUTTD 4.6.1 Alsasulglianus
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115997 4.18 WHUNINFUNIY89N159N90AeW0 FoF15709N N 8l FIUNNNBUYIIIHI9TI9TY

ey
ZRINTAIK Huawei XFP Terrabit Network XFP Finisar SFP+
@ 1559 nm @ 1535 nm @ 1552 nm
A 20 ps/div 500 pW/div 20 p_S/-di\,/. | 500 W/| } 20 ps/div 500 pW/div

B 20 pW/div 500 pW/d:lvn »zu ps/div

C i T 500 uW/div’ i 500 uW/div‘
D 20 ps/div 500 pW/div

E Olps/div 500 uW/di 20 ps/div 500 “,w/div

9NANT197 4.18 UaARUHUA MU 01 FwinneBfleniedoamsaomnanoumiing
n3funasasianmegaiudsiivanoamui

30 A TU B: dwsunsdlusn (WegasudaendioniivesuTen Huawel) azliianansain
anldsuilosnainuansgnufiinnifuainnsaaneusaglasundndamestuludulerua
80 km yiliiAnn1sanseenvesdyminiazguaidvuindn drunsdifians (Wapasuds
LandianiivesuIev Terrabit Network fiunagasudsieaoniingavasusem Finisar) 3Un1ae
Lﬁmmidwaammé’mmﬂmLLasﬁﬂJmmLﬁﬂawumﬁdmlé’ﬁmwmamLﬂﬁauqq Falasu
nanszvunNsaaveuarlasAnfamestusnnludulotiuasfisaninda 120 km

0 81U € dsdyaraudeyanaslifunsversaindieniedearsasanng Javinli

anunsadunagilavesguniduawienld nefinansenuandygiusuniueleadsiusiae



69

30 C I D: HaNT¥NUYDIFY QI TUNIULLDADYNANAIUIY WAKANTENUIINNT
anveulazlasinAnfAanestudinteg vnlvgunnllidnuuaiiundgyn B
30 D I E: dyqyraudeyalasunisyawelasuifinfamestuimungauiussesmds

Feyeyrw vinlidnwazguanilanheudusnaulndifisaiugn A Wuieaiunisndaiene
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0 A Via90aNINAIAILES

90 B: videanruduleinuadlnuafennggi
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Optimum placement
Fe———e-emmeemeemememmaa .{ Bit Error Rate Tester (BERT) } ____________________________

1
10.3125 Gb/s @ 1535 nm or 1552 nm 120 km SSMF + 15 km DCF :
1
1

1

|

Digital i
Communication ||
1

]

1

1

|

1

|

Analyzer
DCA

SSMF  Duplex  1mnm  DCF  SSMF | VOA iPre-Amplifier EDFA

80km C-EDFA TOBPF 15km 40km '

[ Optical Power Meter }

[ Optical Spectrum Analyzer ]

i

=3

FUN 4.17 U INUABNNITVARRITAUALN INIURT ) sy eiige: Aeadamesiilni

)}

V19Tv L NAAY Y IUToYagIgn 120 Alaluns

§ @ ]

9103V 4.17 fununnudennisnaaesdmsuisiviansddnsmesidaiiveny

[ v '3

sypenedsdyIudoyagean 120 km nsdiedsinuy Wuwmeaindanundunsdlaen

= s & o Y v a o 1 aa 4
@LW@?LUWWGU8'1853U%quﬂﬁﬂﬁiyiyﬂmm@%a%ﬂ@q@ 80 km HUAMULAUNNNBALBNLDADAITADINY
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' '
I I

Wi igndl 40 km (50%) FaRAesunsinaaden ildaunsaldununinuionnisnaaes
JUN 4.15 (a) Sfuld wazurunnguanliasianaiuanaeiuuiediuiite 4.6.1 7
pgunglinevun

M15799] 4.19 UNUNINFUNIY8INITINOAOWBFTOFITTOINI 8 AIVLUUNLIZTIFA

AU Huawei XFP Terrabit Network XFP Finisar SFP+
@ 1559 nm @ 1535 nm @ 1552 nm
A 20 ps/div 500 uW/div 20 ps/div 500 pW/div 20 ps/div : 500 uW/div
B
C
D
E 20 ps/div | 120 ps/div | 500 uW/div
F 20 ps/div 500 pW(dly] ‘ZOVpS/div i

1NAI5199 4.19 UL LIHNANITNAABUIURBINUAIIE 4.17 wwuiu laeiniy

v
f v A

TndlArsAuALMsND Ao d a1 709N INa9aINAYL
30 A T B: agldunansenuanlasundnfamesdunaznisanneuluduleiiuas vi
IisunnfirunnanasuaziinnisaseanvesdyyiaannIuntainatsden eswinkiu

dulpihuaslnunneannnsgiuszeznidlnaniiein 60 km 10y 80 km
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30 B 1 C dyayrausuniuieleadiiinduaindninvensvesdnievliedeaisasinig &
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Agannifiuly (Over Compensation) 3sibsunntanienindnies
0 E W F: laSunansgnuainnisaaneuludulednasdosniiuasiinisyaive
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yANBIe JURANTTYARENRINYaIIenaTUdTIan A U 90 F Tanvairsumlilndifeety
ieventlyminisuseaiuiaal (Synchronized) 5399038950805 1uARNA I DAY
in3a93ATIeinTTEeaIN AT Ingasnandetymanuluuy 5 wade 5.2
nfindunfanuaazaunsoagusenidu 2 Ussifiude Jadeaingunsaiflddema
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4.7 nMsAaaszans1auRanatadn (Bit Error Rate Analysis)
N5tAsEsnsIANRanatndaluiadediiiodinsshaussousvesded deas
farsandisnsnnuianaindawiatu 107 waz 1072 nedeuseiesesinsnsImuRaNals
Jn Tnevhdeiiosuvadu 2 hdedesmilousside 4.6 Wusude (1) nsdiaersmesidnd
Y18 sregnedsdyy1adoyagegn 80 Alawns (dulouaslnuaideaninsgrudu
80 Alalumsuazyaufainastumadulauinawinuawefdnesdu 10 Alawns) Au
(2) n3dlasiBmedidaivenszernsdedynudoyagsan 120 Alawns (dulovhuasinug
Weannsgiudu 120 Alawnsuazsasdameifusoduloduawinvawsiamesdu
15 Alawns) dmduidon-luidedesaruaninisiinsiziaussauzvesdasnielidouls

[ a

13 9 wenidu 2 daufe dnsianuianaindnaingunsaluazaInniseIunLdfenie

'
& v a

doansaomuneludn Asazussenesaluil
4.7.1 dnsanuianatadnnsdideismesilinfivee szegn1ededyy1agegn

80 Alawns Weldnunagaduduandianivasuien Huawei

[y 1 4

willeunwinte 4.6.1 Mvedeetazliuspasuduendioniveausen Huawei lguiiu

U 14

Fanrsnaaedludiuusnazuszneudiensdl (1) dedryyrautoyalumisdaies (Back to Back,
BtB), (2) sirudulethuadlvunfeninnsgiu 40 Alawng (40 km SSMF), (3) nuduleriua
TnupiAeuasg i 80 Alawnas saduduleduasiavamefamesdu 10 Alawns fens
T¥8fenodeasanmneiisuvisienatdeiirdaens 20 dB Jsusmndinseuanis
gruaudnasuuUUlFAT A FeaUneunas 1 nm (80 km SSMF + 10 km DCF +
In-line G = 20 dB w/o 1 nm TOBPF) way (@) iruidulevinasinuaifeininggiu

o a

80 Alawns Sufudulethuassdnsamefamesdu 10 Alawns fenslds eniedeas
g0 i untaRinansBaniifdmeny 20 dB ndoufufinseaamzE LA UBREMUUUSY
IFAdanunieaunaduwas 1 nm (80 km SSMF + 10 km DCF + In-line G = 20 dB w/
1 nm TOBPF)

drufiaesazusynoudiensd (1) dedryarndeyalumenes, (2) HuATinedien
A 0A1TA0 M UNUINE I ALET (80 km SSMF + 10 km DCF + 16.5 dB Gain@0 km
w/ 1 nm TOBPF), (3) W1uAaA 72198 Ao ioded15a09n19MunienountngIn 19U ey
(80 km SSMF + 10 kmn DCF + 24 dB Gain@80 km w/ 1 nm TOBPF) wa (4) H1udarifiang
SfeWiodoasanm1emuLnyaianasdan (80 km SSMF + 10 km DCF + 20 dB Gain

@40 km w/ 1 nm TOBPF) #93¢an113500Aa 09 uaunmuionnsvnaeguil 4.18
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(a) Booster amplifier
Error Detection (ED)
______________________ Bit Error Rate Tester (BERT) ]q—-————- B

Transceiver

Evaluation Board ]

{ Optical Power Meter ]

Tx Duplex 1nm DCF SSMF VOA
C-EDFA  TOBPF 10 km 80 km Rx
(b) In-line amplifier

Pattern Generation (PG) — Error Detection (ED)
--------------------- -[ Bit Error Rate Tester (BERT) ]«-———————— Rttt

10.3125 Gb/s (@ 1559 nm 80 km SSMF + 10 km DCF

Transceiver

I @ — Evaluation Board ]
Optical P Met
Tx SSMF Duplex Inm  DCF SSMF VOA { Optical Power Meter |
40 km C-EDFA  TOBPF 10 km 40 km Rx
(c) Pre-amplifier
Pattern Generation (PG) - Error Detection (ED)
_____________________ _[BltErerateTester(BERT) ]4——--——--——---——--——————

1
1
10.3125 Gb/s @ 1559 nm 80 km SSMF + 10 km DCF !
1
1

Transceiver

Board @ T Evaluation Board ]
.[ Optical Power Met
Tx SSMF Duplex Inm  DCF  VOA { Optical Power Meter |
80 km C-EDFA  TOBPF 10km Rx

U7 4.18 UnunIMUADNNITMAaeTIngnsIAMAANA 1A TR NTIINEENOTIFIMA:
(a) vasdadgaua, (b) fananNasn kax (c) neumhins19duuay dmsuegasudaendionil
YOIUTYN Huawei 918558 NasaqaInualnagn 80 Nlawums

dlonnasasaLiunINUiongUN 4.18 thAdasiauRanaindnfienuldanaiesin

|
s ! o w a (% %

Jns1auanaInde 11ansINANdNTESsEnImMAuanSuiudnTauRana1nde
Juhlilansmanuduiusvesdnsinnuianaindnaingunsaikasn1siuaeusumiang

dftenion1elufendsgy 4.19 uag 4.20 AUAIRY P998NA1TUNINHAAIITENIeNTAIES

v

fyaadeyalumdesiunsal@nuindnsianuianamndasindu 107 waz 1077158091

1 o w 1

ANEIES (power penalty) Ingalnuidaduafifinnudrfynenisinssiaussous

o

YBIRN LNBLAAIANUTULTIVBIHANSENUTARTUABE
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—©— Bt
_A_ 40 km SSMF

—/— 80 km SSMF + 10 km DCF + In-line (G = 20 dB) w/o 1 nm TOBPF
—— 80 km SSMF + 10 km DCF + In-line (G = 20 dB) w/ 1 nm TOBPF

-4 T T T T

log, ,(BER)

2.07 dB
o7ads bosde \
_13 1 1 1 1 1
-22 -21 -20 -19 -18 17 -16

Received Power (dBm)
JUT 4.19 n31MensImudananinaingUnsalneluden dmsvuegasuduandioniiyes

US®Y Huawei ﬁwz/wswswNzioﬁ:yzywmﬂnaq@ 80 Alawins

NNTUT 4.19 wansmnyindsidnsiraiionaindn 10° wag 102 wudisanseny
nlasudnfamesduliainemdesuseuia 2 dB waz 2.07 dB auafu Wiefiansan
seninensaldedyradeyalunidiies (BtB) Aunsdiuduloduasivuaifeninsgu
40 km (40 km SSMF)

dnumansEnuIesdyguTUNIUeIeaBgnanasiiensldfnseLanze LA
waawuuUSUlafTiaun e naduuas 1 nm Anlneidanasuszaia (0.82 - 0.67 =)
0.15 dB uag (0.95 - 0.74 =) 0.21 dB Mua1fU Fafiarsanannsduudulediuadnun
Aeunsgu 80 km faufudulotuassiauasfamesdu 10 km sonnslddaienie

& (%

Aoansdesneiisunisianansdeiiifdiuens 20 dB FaUsiAInFInseBaNIZEuAILE
wasuuUSulafidanundsadnnduuas 1 nm (80 km SSMF + 10 km DCF + In-line G =
20 dB w/o 1 nm TOBPF) Wisuiisuiunsdiiuiduloduaddvuaifedninsgiu 80 km
Sufudulotuadnvameiamosdu 10 km sensldsieniodeasaemeiisums

A9Na1989NTNaIuene 20 dB WiaNAUAINIaLRNILE1UAMLREILUUUS UL NTiAuNI19

aAlnmsuwas 1 nm (80 km SSMF + 10 km DCF + In-line G = 20 dB w/ 1 nm TOBPF)
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1%
N a

‘u’aﬂ’mﬂu‘v\lﬁ]Wimﬂﬂiﬂjﬁﬂﬁl@wﬂmﬁayalﬂﬁﬂﬁﬁLaﬂﬁUﬂiﬂjﬂhmﬁﬂﬁlﬁﬂLLE"ix‘iIWJﬂL%EJ’J
105574 80 km Fufuidulotuaswinvawsfamesdu 10 km fenslidfieniedoans
apanmaiiuisisnansdeififndsmens 20 dB wieufufinsesamzduanuiuauuyiu
IFafanunianefuuas 1 nm Jalnwidsisnsanuianaindn 10° uag 1072
Usganas 0.67 dB wag 0.74 dB muddfu Lleuansiuegaiuduendionfivesuds Huawei
annsnsessvasiioonuuuluineinusily Tnefalnuidsliiunndnsinvesgunsal
muunudarirunnudnuelasyyll 2 dB
—O— BtB
—A— Booster [80 km SSMF + 10 km DCF + 16.5 dB Gain@0 km w/ 1 nm TOBPF]

Pre-Amp [80 km SSMF + 10 km DCF + 24 dB Gain@80 km w/ 1 nm TOBPF]
—— In-line [80 km SSMF + 10 km DCF + 20 dB Gain@40 km w/ 1 nm TOBPF]

-4 T T T T

log, ,(BER)

-22 -21 -20 -19 -18 -17 -16
Received Power (dBm)
JU7 4.20 nslensinudananlnnsaliagusunisidiiene Smsuuegasuas

1ondioniveusn Huawel vengszesnasdnygauasinagn 80 Alains

mﬂﬂiﬂﬁ/\lgﬂﬁ 4.20 wansalnurasiisnsiauiianaindn 107 waz 1072 wui
FunndaddanasialnuidsUszana 1.26 dB uway 1.44 dB suddu Wefiansanann
ﬂiﬂidqé@mm%’a;ﬂaiﬂmﬁaLaqﬁ’umajmuaqﬁﬁmﬁaLaWLa?iamsaaqmwhLmﬂwﬁqﬁadq

&9 (80 ke SSMF + 10 km DCF + 16.5 dB Gain@0 km w/ 1 nm TOBPF)
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[

[ a a1 o Y [ a1 a e‘d‘ aa dll
fnaiasannsdldsdyaadoyalunidmiesiunsdiiiuinnidaenie doaisass
NELNUINDUNUIAINTITULES (80 kmn SSMF + 10 km DCF + 24 dB Gain@80 km w/
1 nm TOBPF) agladunusnsuniifmasadunasdalneidinensinauianaindn 107
waz 10™% Useuad 0.84 dB az 0.96 dB aud AU
dyq s - ¥ o/ [ a0 a e‘d‘ aa d‘

wenANUNATUNTldsdyaIudayalUummlesiunsaudninednieve doans
ADINIIALNRUININA19E9A (80 km SSMF + 10 km DCF + 20 dB Gain@40 km w/ 1 nm
TOBPF) &ssiunusninansdsndalnuiidisnsiniuianaindn 107 waz 1072 Uszunw
0.30 dB uay 0.45 dB Feaguladsumisinansdeiasiiddnsianuianatninfinan
4‘ L = U 0 v o a o 1 d‘ I ! o w 5 o [
Woseuiisualneidiiudnassdiunuaiiinge laealnyaiidwesisaIuaILnuging
LiRugadrinnuwiuderimunnadnyizvestegasudwamldaulassyli 2 dB

4.7.2 3nsranuianaradansdideidmesiinfivenessesniededyyrugga
120 Alawng

nguieaiuRate 4.6.2 fudulu 2 Kidedesmiunegasudaldauliun
wagasudaendionfiveauIyn Terabit Network funegasudoaieingavos
UTEM Finisar lagfiansamilounate 4.7.1 n1svaassdiunsnaziiusesozyaduledines
Tnuatfeaunsgudu 80 Alawms (80 km SSMF) uanaintlazudsussozniuduledina
uaneannsgugeaadu 120 Alawns swduiussesduleduainyawefamesdu
ulu 15 Alawns Fedna1veevztuiuuegasuasnldinisne 4.2 uaz 4.3 Bsluniniu
| PN o 3 A a a a & aa
duTidedaUnsaNAaRIRIUNUNMUARNNINAaRTY 4.21 Mfiunsiliudeidensdaionie

ALLLTIENER ﬁﬂﬁﬂﬂﬁmamimamﬁqﬂiﬁi/\lgﬂﬁ 4.22,4.23, 4.24 Lay 4.25 mUaeu
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(a) Booster amplifier

- Error Detection (ED)
______________________ Bit Error Rate Tester (BERT) ]----—--—---—--——--—--——

Transceiver

@ ; Evaluation Board ]
i.{ Optical Power Met
Tx Duplex  1nm  DCF SSMF voa { Optical Power Meter |
C-EDFA  TOBPF  15km 120 km Rx

(b) In-line amplifier

Transceiver

Evaluation Board ]

{ Optical Power Meter ]

Tx SSMF Duplex 1 nm DCF SSMF VOA
60 km C-EDFA ~ TOBPF 15km 60 km Rx
(c) Pre-amplifier
Pattern Generation (PG) ~ Error Detection (ED)
—————————————————————— [ Bit Error Rate Tester (BERT) |« = - = = = = = = = = = - o o oo -

Transceiver

Board Evaluation Board ]
{ Optical Power Meter ]
Tx SSMF Duplex 1nm DCF VOA
120 km C-EDFA  TOBPF 15km Rx
(d) Optimum placement
Pattern Generation (PG) [ BitE Rate Tester (BERT) Error Detection (ED)
—————————————————————— 1] Irror nate lester e e e —— — ————— == - ——

Transceiver

Evaluation Board ]

Tx SSMF Duplex  lnm peFssME voa | Optical Power Meter |

80 km C-EDFA  TOBPF 15 km 40 km Rx

JU7 4.21 ununImuaennIvnaesingnsinnulanainde nsdlandmene s umi:
(a) waasragauay, (b) MNawNasr, (c) NouniIfIngIaTULET Uax (d) AIIUUNLIZTIFA
dmiunegasusuandionitveausen Terrabit Network uazuegasuaaaaoniingaved

UTWW Finisar 1venessesnNaiaygInuailnagn 120 Alawns
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4.7.2.1 Waldauuagaiuduendioniivasuiun Terrabit Network

—&— BtB

A 80 km SSMF
—7— 120 km SSMF + 15 km DCF + In-line (G = 26 dB) w/o 1 nm TOBPF
—~ 120 km SSMF + 15 km DCF + In-line (G = 26 dB) w/ 1 nm TOBPF

T T

log, ,(BER)

Received Power (dBm)
§Ui 4.22 nsmnsimudawainiinainaUnsalnielued dmsunegasusuendioniiye
USHN Terrabit Network 71vee5e g Nasse Iualnagn 120 Alawms
mﬂgﬂﬁ 4.22 wansAlnuddisnsnnuianainds 107 way 1072 nuitkanseny
nlasiAnfanestuiialnuiidsuseann 0.92 dB uaz 0.8 dB muafy WeRiasa
senInnsdldsdyyadayalunidiies (BtB) funsdsuduloduadvunifeuinsgu
80 km (80 km SSMF)

daurfiarsanainnsdeiuidulodiuasivuniionuinsgiu 120 km $auy

¥V

dulouasedavamefameddu 15 km meon1slddienedeasasmisiisunusinans
Seniimdmene 26 dB FeUsiAaInsanTeslanizguAudLasUUUSULaTS A1un g
alwunmsSuLas 1 nm (120 km SSMF + 15 km DCF + In-line G = 26 dB w/o 1 nm TOBPF)
Wisuisuiunsdiudulothuasmunionnnsgiu 120 km faufuduloiuaniavae
Ramosdu 15 km sensldseniedoaisaomiafisiunusinansdeiifdwey 26 dB
WSauRufnToanIzguAMLALEMUUUSULE T AundsEnnsuLas 1 nm (120 km
SSMF + 15 km DCF + In-line G = 26 dB w/ 1 nm TOBPF) %qmaﬂssmwmé@mmiumu

lleadgnanaimiun1sldiinsesanizguaudkaLuuUTuland anuneanasuuas
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1 nm Alnuidefisnsiauianaindn 10° uar 102 anasuseunn (1.73 - 0.66 =)
1.07 dB wag (2.02 - 0.68 =) 1.34 dB My FeAlnurindanasesranduiieanain
uegaudondienfivesuith Terabit Network finrmeneduldsuegludiusenlnslia
anasuvessnsveedfieniedoansasinie Somliiadnsvensuardyyiusuniy
ieadganitund Welddnsesanizduanuiuamuuyivldi anunfaunaduuas
1 nm aevilidyeasunueleganasnnnIUnALtuiuy
uanmm’fﬁmmw5314’51&ﬂizﬁdqé’@@wmsﬁa%awmﬁaLaaﬁ’umajcjmlﬁuiaﬁmm
TnuafgmnsgIu 120 km aufuduleiuasiavawefamesdu 15 km fon15ld
SAerliodeansaosmeiisuntsienansdeiidduens 26 dB wieufuiinsedianizeiu
AuduauuUSUlFAT AU eanasuuas 1 nm falnuidafisnsanuianainda
10° wag 107 Uszanal 0.66 dB wag 0.68 dB mudfy ileuansinuegasuduondioviiives
USEW Terrabit Network @1313505033Ua s fisenuuuluineinusils lneflalnurid

Lifivanndadnfinvesgunsalnuurutonmuanadnuuelaseyldy 3 dB

—&— BtB

—A— Booster [120 km SSMF + 15 km DCF + 16 dB Gain@0 km w/ 1 nm TOBPF]
—v— Pre-amp [120 km SSMF + 15 km DCF + 32 dB Gain@120 km w/ 1 nm TOBPF]
=3 In-line [120 km SSMF + 15 km DCF + 26 dB Gain@60 km w/ 1 nm TOBPF]
—ﬁ— Optimum [120 km SSMF + 15 km DCF + 28 dB Gain@80 km w/ 1 nm TOBPF]

-4 T T T

log,,(BER)

Received Power (dBm)
JU7 4.23 nsmlonTInniudanalntansdliagusumlaardnienie s1msvuegasuas

LonFaniveusyn Terrabit Network 9e1e3v8n NavaggIauailnagn 120 Nlawms
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Tudiun1snaassfidesinnsansnsaiuianaindnainnsd Wasumwngig
Sionieldnadsguil 4.23 wuiiAlnwmdsisnsauiianaiadn 107 uag 1012 veq
Fuandesdauasfianussuna 2.27 dB way 2.88 dB muddu Wefiansuinsdids
é’zyzgnm%’auﬂalﬂm@hLaaﬁumﬁmuﬁaﬁﬁmq%awwLa?iaaﬂsaaamw?wLmﬂiwé’qﬁ"gdqu,aq 1y
anvgfisundmsiidauasialnyindegaunnidesainnansenuliifudaduves
dulovuawiavameiamesdusiduiite 4.6 Selunindusieds [21] IWusseneliin
AU IR UAII I AN NYIAIE9INNANTENUN1INTLIRIUTABUNTEA Y (Stimulated
Brillouin Scattering) A28L4UAY é’mﬁaﬂma’mﬁﬂﬁaLLawmaﬂmﬂma@a%’udaﬁﬁ'}é’qqq
Usgan 1 dBm sufudnsvenevesdiieniodoansasamlssuna 16 dB Jaflmaauaaga
Audadrdavesidmasnigluduledinadnuafennsguiiannsgiu MU-T G.652 [12]
muualIliAY 17 dBm

fnunalnumasfidnsianuianainda 107 uay 1072 vasmundsnauntiig,
a5 usasiAnUsyann 1.12 dB uay 1.5 dB audsu defiansanseninansdidedyyio
foyalumsestunsdinudsiinadmeniedeasassmsiumisneunthnaduuas

dewSeudisunsdds ”ﬁyzym%agalﬂmﬁaLaaf‘ﬁ’msajmuaqﬁﬁma%ﬁL@WLaﬁams
20919 WnUaRInaad ﬁﬁ’ﬂwwﬁwé’qﬁaaqmﬁé’mwmmﬂmwamﬁm 107 wag 102

1%

Useanas 0.57 dB wag 1.06 dB auaIny wenandSeuiisunsaldedaysyaudoyalum

Y [y =

AeNUNTARIUEINNI19BRE NI FoaTaI LU N ENgn TA1lnyiaelseunu
=
i

1Y

0.86 dB way 1.28 dB a1y %ﬂaqﬂlﬁdﬂﬁwmeﬁmma%aﬁ% AIDMNTIAIURANAIAUR

aa r-ﬂl I} i U ! o o A ! o o [ 1
A7an WolUSauaunuANeNIa9U0IRILAL DY 4 I@ﬂﬂ’liﬂﬂﬂ’]a\‘lwﬂﬁﬂLL%U\‘I‘EN?NEJEJ

9

'
o v A 1 Y o (% [ |

neladeininfunudeniunnuanyazvenegasudiidnulassyliiguiu dadumis

9 Y

a1 a

wmangfignaziannuianaindnegseninsiumisieuniindnsduuaazsnansdad
VnliaussausilndAsaiuaosiiumied ssazanunsaldmumaunuiulg

NUNELNG 9990 TINNANITNAAONIAENTIATINAANA I TN U A% 4.7.1, 4.7.2.1 Ua¥ITe
onlu 4.7.2.2 vedminwiasseninnsalaedygradeyalumiuesiunsaunuauleiug
Innipganasgususudleiuawiavavedmmnestumenisltsaeniodoa saoan 19
FIRIna N T Teus U N T U e A IINBRFUUYSULE AT R T N Une Sk
1 nm uaznsalssdyIaTeya UM U TN LA 19B Ae e AoaTaIN T YL
Aananeder iunrnSeuiouiSouludeasuuada sy ideseinnisneassingns)

AmAnNaInInazlvinauiuvi liuegasuasildidniiusouindy J9aamalymauas
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lhades Dumglddeundymidegnisneassiiasaau vildausohunlseuiegunny
FIUAE I

4.7.2.2 WisldeunagasuduanioninaavasuTen Finisar

—&— BB
—A— 80 km SSMF

—V— 120 km SSMF + 15 km DCF + In-line (G = 22.5 dB) w/o 1 nm TOBPF]
—— 120 km SSMF + 15 km DCF + In-line (G = 22.5 dB) w/ 1 nm TOBPF]

-4 4 T T T T T

log, ,(BER)

_13 1 1 1 1 -l 1 1
-28 275 27 -26.5 -26 -25.5 -25 -245 -24

Received Power (dBm)
U 4.24 n3lgasImuiianaIninaingUnsalmeluden dimsvuegasuaueaoniinga

YBIUTYN Finisar ﬁwmawwwwﬁoﬁzysymamZnaq@ 120 Alawins

MusdgIfuiuiIte 4.7.2.1 vililad131n3U 4.24 agWURansENUIINIATUIFAN
Ramastuilalnuidefisnsinuiianaindn 107 waz 1012 Uszuiad 0.56 dB uay
0.76 dB mudRU fANINANTENUVRIH Y IUTUNIUBLEABYNARAIMIENST IR INTaLANTY
gruauBasuuUSUlaAT aunsaUnasuuas 1 nm fanlneidisnsnnufianain
Um 107 way 10"% anasuszunas (1.03 - 0.4 =) 0.63 dB way (1.19 - 0.46 =) 0.73 dB
AINEIRY Lﬁ"@ﬂﬁ]1imisijﬂiﬁéqé’ﬁyﬁgwm%yjalﬂméf’;Lmﬁ’umﬁmmﬁﬂaﬁﬂLLmImm
PenssI 120 km Saufuidulotuasedavaefamesdu 15 km fmenslddiene
Foansamafidunusisnansaiiiigdawens 22.5 dB nieufufinsesanIzELANALES
wuudSUlafifiaunieaUnasunas 1 nm flalnermdfisnsiauianainda 107 was
102 Usgud 0.4 dB wag 0.46 dB AUE1AY LﬁaLLam:i’ma@a%’UdQLaaLM\Iﬂwﬁmaq

a

US¥N Finisar @a1u1505095Uasneanwuuluidne1dnusile nadalnwnidalaiiuain



82

Yndfinvesgunsainuusudeimunaudnyuelaseyld 3 dB wwReiiuluiite 4.7.1 way
47.2.1

—O— BtB

—A— Booster [120 km SSMF + 15 km DCF + 16 dB Gain@0 km w/ 1 nm TOBPF]
—v— Pre-amp [120 kmn SSMF + 15 km DCF + 24.5 dB Gain@120 km w/ 1 nm TOBPF]
—— In-line [120 km SSMF + 15 km DCF + 22.5 dB Gain@60 km w/ 1 nm TOBPF]
—‘EL{— Optimum [120 km SSMF + 15 km DCF + 23 dB Gain@80 km w/ 1 nm TOBPF]

3.83 dB

log,,(BER)

5.418 dB \

-22 -21 -20

Received Power (dBm)
U7 4.25 n3mishsimaminnaIndnnsaiaeusumiaedaionie Smsiuegasuas
LoaNTNSFYEIUSEY Finisar Henesy g Nasaya 1aualnagn 120 Alawns

ﬁauﬁaaaﬁmimmﬂgﬂﬁ 4.25 nuinsunimdsiduadianuideisnsaing
Aanaindn 10° uag 107% Uszunal 3.83 dB wae 5.418 dB auadu elduainnig
Uszanudnsinuianaindailomdanamsaduganit -24.5 dBm nsialnurindsd]
Argadummanuansenuldidudsdurenduleduawiasawefanesdudduide 4.6
LAZHANTENUNITNIZIAIUITAgBUNTEAUMIBLYUY Samnalnerdsiisnsninuianainds
107 way 10 Y99 LNUNNoUNTIAIRNII9TULAAIUTEN8 0.66 dB Way 0.878 dB
AIUEITU wagFwndiianasdiiianneidifisnsanufianaindn 10° way 1012
Uszanm 0.35 dB uay 0.39 dB muddy uenandiuvdavanefigaiialneiidsisng
ANRANaIndn 107 way 1077 Ussuias 0.45 dB wag 0.488 dB mua1au F9aguledn

AulefInandeiazidgasanuiianaindninga Weowssueuiualnenidewes

Aunadu 9 lnealneidmniunisdinsednglitedninfuaudenvuanuanuazued
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wagasudeildanulaseyliiguiu dumundaningngaaziidianuianaindnegsening
ANLNUINDUNUIAINTIVIUAILALNINANAIN VN IANAUTIOULNINALALINUABIA NI

Fadulununanloussenslurde 4.7.2.1 Wwumeliu

€ o (% v Y

NAnammNaluduLsngnsauianatndnangunsal dmiuiate 4.7.1

a

NANTENUYDIATURNAALNDSTULLAINYANFIUINNITNANTLNUVDIF L YIS UNIULDLDED

T o

waluiide 4.7.2 asfialnuidsiitnddesiudumguiaindnsivenevedieniodoans

goaaiuIuihnlvidygrusuniueeadiiuliuaiulune Fadianemaaiuiun nnin

Wde 4.7.1 Wedegunsalianuariimigiussyilialnymasanasauldiiuindninves
wegasuduiuderivunnuanvuzszyll 2-3 dB ludunaesdnanuianaindnainns

s

WaguALLINIsIN9DAe Fdaatsasanianisludsduanslmiuindinnunanansdadasi

a A

BNIIANMURAANAIATHANER WANTHIIDALDNLDALAUINAIFIAILAITONTIANURANAIAT A

q

| v Y = o w 1 & a &/ 2/ o
wegfian lnsanziite 4.7.2 azliarlneiasgaainnansenuliidudaduvesduloduas

a d'

ylayaweAame ITUAUNaNIENUIINNIINTEIRIUTAgBUNYNNTEAY UanINTATLM

Y
WENanlzldnsiauianainUanlnaiagsed seninsiunisianansdiiagnountiei

M99 ULES ITUAULMINENgAaIuIs0uI N UsEgN AN LA DI WIUININE U A

a1 A

AeunansznuveslasuAndamestululymndwaninian wazsunisinaadend

1
= a1 %

gns1AuRanaInlnangn lnesduntanuiengaazia1dnsinuianaindalndfeeiu

q

Faivaluasudn lUarusseetetate Nt uinuNeNUe U R SIANURANAIATAA e
LYUNU
4.8 nM5IATzsinsiUasuuUasMasuLLRNINABWasLEn (Analysis of Power Variations

on Ethernet Packets)

s < [y =

Tushdatiagimsnzvinisiasuulasidauuiininadwmesiin suilleswnainnig

Ussenalddaevieludeiniinsdsdoyagiuuuuining ondigu aeidmesiidas el

Y

Nl a ¢ | o w [ a W
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A
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wiinnasmesiaunfvzdvuinauenadaus 512 9a 8 12,144 In (64 Tud fs

1,518 lus) LLaziwsﬁNssijLLﬁﬂmmﬁﬂaaqmﬁa 96 U# (9.6 ns ﬁﬁmwsﬁaga 10 Gb/s)
Tneneludstagiinnununuiurems il (traffic density) NANaTINTEELIAVBLTANNA
Hmelunifiund sisedadiussninuninanueuiinnnserasunaIvs s iinnntavLe
MnnsdiifesnTilaTgiansaaaeulddsgy 4.26 innslusunsudyanudeyauiining
Smesilnanindesinsnammianaindnsednsdn 10 Gb/s JUwuuensdioa 7 fu 9
(Pseudo-Random Binary Sequence, PRBS) a1niiuds ”cycymsﬁa;ga%ma%l,ﬁmmuﬁﬁwmaﬁ
Fosnsnaaey wariananisdsuwlasideuuuiininadmesidefiedediinseinisdeans

Y

Y9AANA

______ { Bit Error Rate Tester (BERT) ]. - -

1 I
1 1
. Ethernet packets - |
: Transceiver ¥ length Interpacket gap :
1 |
Evaluation [ Digital Communication Analyzer
Board (DCA)

Tx EDFA Rx
N 3 a g =~ o o < ‘:4 s &
FUY 4.26 URUNINUADNNTINAGENIATISN TR ULUAIN AN UUMNNINA BLNDTL1S
4.8.1 nsAINIUBIIAINITITIUD NN
nsdflusunsudgygraudeyanininndmesidaiegluuuiionsdea 2° NRZ
(Non-Return-to Zero) Tnafindauastindftoniawiniu -8 dBm lagfvunvuinaue iy
YUINLRAVDILANLNADINBS IR UTEU 5,760 Tn (720 TUR) 99 WaLI=Z8ErI9TEnINg
< | v Y 1 o o o
wiintneaznalluiUsgseannuana bl
4.8.1.1 439981%92109%1197u (Work Hour)
gaaardaluenisvinauaziinisldudeyadinesiings (peak usage) Faazdl
SLEEIITEMINWAINLNALRY 39918095882 195EINawiNLNe 96 Tn MTuse geuinaturnge
YMIALANUAU L UUVBINTINANUTEU 98.36% (ERdIUSENING 5,760 6B 5,856 Un) Lag
glanan1IMnasInegy 4.27 Nuanaseamiudisudenielaun dnteniedeansasnis,

denenuuitanduynognnsa wazdonienily
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Input Packets Duplex C-EDFA | Duplex C-EDFA Burst-Mode Conventional

Downlink

AIP/MH0S

Ui 4.27 mswaguudasmssuuinnmdmesidnlunsasseviessrausinnmios:
1eRATUA (a) Londienivesusyn Huawei, (b) lantioniivasusum Terrabit Network Uay
(©) toaanAnaavesUsyn Finisar

mﬂgﬂﬁ 4.27 é’qmmvl,éf’jf]LLﬁnLﬂmﬁmaﬁﬁmmnﬂy’aamua@a%’uéa 1498n21NDALONLE
u,m'azﬂizmw‘l,wumzﬁ:ﬁmwwmLmuwmvdﬂ'?\lﬂqqanﬂ arlilRansdsunlasidsuuuiinng
Swedidn esamnarumuindunsmiingwihlisieniearunsaveedeyauininale
agneaLilos LaﬁaudwLﬁugﬂé’iy,zpﬂmﬂ?iusimﬁaq (continuous waveform)

4.8.1.2 ¥232@1NnkiaY (Rest Hour)

Tumnanssiududuiade 4.8.1.1 Yasainieuazinisldnudeyadmesidntes
(low usage) Feasdlsvoriaseninuiinineunn 395100958 8EMesERIaLRAAR 9,600 Oa
FTlauuutduve s mAnUszann 37.5% @ndiusening 5,760 se 15,360 On) 39z

lpkan1snaaesisgun 4.28
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Input Packets Duplex C-EDFA i Duplex C-EDFA Burst-Mode Conventional

Downlink Uplink EDFA EDFA
45.79% M 45.79% " 45.22% 45.93%

i

AIp/MA001T

U0 A
100ns/div

~—1.81%

AIP/MA0L

100ns/div

28.85%

AIP/MA00T

‘100ns/dEV'

U7 4.28 mawlasuasmidsvusinnnmesidalunsdssesinesenaruinnmin:
Uogasuad (a) landieniveausyn Huawei, (b) landlonitvesu3um Terrabit Network Uay
(©) lodloNANaFYIUS Y Finisar

NaN1INARBIa1INIUT 4.28 9za1NITaAIuINATIWABULYaITEuLLTnng

Smesitiale laetal a waz b Iugﬂﬁ 4.29 swnuluaunis (4.1) [38] fadl

a o o < a ¢ & a-b
N15LUAYULURINTAIVULANLNABLND LA (%) = — (4.1)
a

=X

-

JUTT 4.29 Wi a3 URIIN S UGeMUAITIaIULKITNING Sino st

[%
[

903U 4.28 Funalddwininaadivesuegasudaisaulaun (a) vegasuduend

nivasuIEN Huawei, (b) togasudaandioniivesusem Terabit Network waz (c) 1oga

o ]

Suduoaenfingavesusem Finisar Wusdsidadyia fnswisunvasiduuuiinng
mesilinUseunm 44.66%, 4.69% wag 26.23% Auany vliLAnnandaR1nEudAe e
seinmsiasundasidsuuniininedmefidmfiudusied

n3U7 4.28 (@) azwudwininadimesidninisiasuudasiids Fadanas
Wasuwlasidsuuuininadmesideuunuluaunis @.1) lildnisdsundasideuy

WRANLNABWBSLANAINEUD RN AaNTdBIN 198NV 1IN UAINVITY, DAtoWBRUUITHS

Jugneeauds wazdievemlufiaruszuna 45.79%, 45.22% waz 45.93% auaiu tny
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HANSENUVDIDALeNLaRaLINNADMaSIIn s Useliuanuan1sveIn1sldsuniasfidsuy
WANLNADLNDSINTENINILANNAVRINTUNEI1NNIUDAeNLe FeTAIUTEUIM 1.13%, 0.56%

Lag 1.27% fNUaInu

a

diudnungun 4.28 (b) asiinansenuuiedny Fvilinuniswdsundasigeuy
< = ¢ & o | aa - a ¢ v oa ¢ X aa ad
WANNADNBILUANAINNNIUDALENLB HDA1TEDINIIRINVNAINURINVITY, DALebanUUITAS
Jugeagnady wardiomeniluiiauseann 7.5%, 6.25% waz 7.81% nuaidu Jeiiuasiig
YpansiasuLUaIMAUULANLAR oS inUsEINM 2.81%, 1.56% Way 3.12% Muansiu
Tuvhuesdeafuiuguil 4.28 (o) ssiAnswasuudasiduuuinnadmesiie
Usenal 28.69%, 27.87% wag 28.85% ANUANU Y biNan19989n1siUasunlasniaduu
winLNedmasidnUseunn 2.46%, 1.64% way 2.62% AUaIsu
IINWANITNAABIIAILNEABFUdIIznUNITWAsuLasMdIvuiininadmesiis
~ & v a ~ | a o w Y aa
Wigalantoe 109918 AU NUILUUNSINANUIUAA1T hagnIaILdIv 01D RLeN LD
Lildgenn Fevinlidfienieveedeyauininalifivuingauiuunfiiissunsdiu da9y
Funaiunavasnsilaguslasrndsuuiininadwmasidniieadneeivingy
wondniinisildsunegasudsasinasadnvazuininadmasilaiids d1uns
a o w & a ¢ & a 2 A a0 o | fa o
WaguwlasidwuuwininadmefillnaziinansenuinelelA1dnsndiuendfatugs
wivianuenasualiliadnsdnuendfistulszunn 9 dB Fuilvlinansenuiiisadntes
galuninuainuanisnaassnisilasuslainiasuusininadmesidnaziiuladniauii

aa ad 1 [ 1 S a1 1 = o 3 a f <
EJ@LEJ‘WLEJLL‘U‘U’JﬁﬂQL‘Uuﬁqm@EJ'NLi’JlIﬂ']NaGINGUENﬂ’]iL'UﬁEJ‘ULL‘Ua\‘]ﬂWaQ‘UULL‘WﬂLﬂ@@LW@iL‘U@

o a

< ' = o w < = ¢ @ @ 1 a =
Aign WenuasainsuasuiUasmasuuuiininadmesidaiduuanstiananseny
yosdfleviadouwiininadmesidaliagnatnauin dlAmas19gazdmansenusowining
dmesillnasnuluime diunasslifimazdmwansenusdewinng Bmesidates Jsaguladn
Nl ad 1 & ' < a v )
datevlanuuItdLluynegrusiansadivaussauglaaniuuunill

4.8.2 nsalmuvunanisdsdoyadmasiin

dnsunsdilaslusunsudyaadeyauinnadmesiladesuiuuiionsdiea 2' NRZ
Ingduand1dfieniowintu -8 dBm Wiy Tnefvunszegrinaseninauiininaussana
960 U (120 Tud) manl usazidsuruinaueveswininadmesidndnatluidetee

deudaly



88

4.8.2.1 dedoyadmasiiinvunngdu (Short Ethernet Packets)
P o ) v = s @ < ! I3 I Y o QY
diegldnudsdayadinesilnvuinanidu Indvwnian, Mdnys uazdeninu Wusuy
biuinnefivwintayadu JsimuaruinauenveaLiinnadmesidalssunu 512 Ja
Fuduvuadusign szlinnuvuiuiuvems waiinussann 34.78% (@adiussning 512 e

1,472 O) lngaglananisnaassisgy 4.30
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4.8.2.2 detoyadimafiiinvuinend (Long Ethernet Packets)
Tumanduiudiegldnudioyadinesidavuinivgiiu dsunmuazdonudss
Judu Jawiininevzdivuindayasny JamnuavuinaueIvesininadnesiinUssuu
12,144 On yildanuvuiiiuvemsminUseuin 92.67% (dadiusening 12,144 sie

13,104 99) Tngazlduansvaassisgud .31
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Input Packets Duplex C-EDFA | Duplex C-EDFA Burst-Mode Conventional
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5.1 #3UNan15Y
Anerinusatuilfauanisaniuudienie deasaemnsdnsuansmesiin
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AamesidufisturinliiAanisdsoonvesdyyuteya Tefesiarsansunarnturesia
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Wulorhuasdavasefdinestuazannsoanuansenuls dudgmdygiusuniueledad
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pssfudufudunimdsiduaazisnnanuianandaudian Jedidlnuidisns
AuRaNaIndn 10° & 10" w1y 1.26 & 1.44 dB, 2.27 & 2.88 dB lag 3.83 & 5.418 dB
AINFIAU ?iawﬁl,mmiqmmzﬁqmﬁﬁiﬂwwﬁwﬁqﬁé’mﬂmmﬂm‘wm@ﬁm 107 & 102 winnu
0.3 & 0.45 dB, 0.86 & 1.28 dB uag 0.45 & 0.488 dB AIUAIAU YIIALENTIANURANAIATA
AlndAsatuiumisfenansdad ﬁaﬁ?w‘i’n,mmmmzﬁqﬂmmmﬁwmﬂszqﬂﬁmmmuﬁ%mm

Aananadsnte



93
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2. in3esiadnsAnuianaintnveusen Agilent [39] Aegy 5.1 nudymunasang
Tfinde SeavdsunldinlosindnmanuRanaindnvesu3sm Anritsu wnu 1Ju
wigliAnUgymdeyaralniivianan (Electrical Clock, CLK) sEninaaiesindng
aruRanandniuirieinszinisearsidvaliduiusfunieisend Jymnis
UsgauLian (Synchronized) 43y 5.2 17{meuwumwgﬂmswdwLLUU"‘;%""m
WHUNINFURT (Eye-diagram Mode) fiuwuuiseeadialaalay (Oscilloscope Mode)
Fsanunsadanaliegrsdaauinuvuisosatalaalaudyyndeyasuniiinisudu

waoulmInuAAN19gnas uitllonaaeduuisinunun ngUnsyiilduvenii

2uleiANUNUILINNINA AU

- —— Wb (. €22 | /||
°
°
U 5.1 1A3993R8nTIAIIARNAIATAYEIUTIN Agilent
20 ps/div 500 pW/div| | 20 ps/div 500 pW/div

U7 5.2 waunmgusmdymdyeraduihmaiaiseniunsednluauiusiu
3. andymlude 2 amsasiaasudygraliiimiaiaisenitaadesiaaindiausey
Ao mnans ieufumsasadyaaliimanarldduiugiu wasmadululy
mslfirdasdiotnanusemieaiiu
4. esihideusegUuuumsgudmiudulehuadavarefiamestudisunas
Uawane Wieandyniainanuuansieseninauuinuny (Core) vondulatiing

Tnuangnasguiudulodnainvasefanesduludiugaiaune (Splice) A
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o A
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5. UggmveiauszidunavesuTem Timbercon dwsutendianii [40] sy 5.4 Ny
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a v ¢ a a o .. & Ay VY ¢ A '
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6. Uggmangamgiianglunegasudananldanudcling wedalnsldaiunaduds

SU 5.5 dunaladnanasunasiin1suduaasuinlugieminuenaaussesnie Wu

Y

wiglinideieenainuegasuddddiaios Fan1swdsuvesausviliunalute 5

asateandymilla

g 77 ARB3TED opnoaL specmn ANALYZER 7/
-1.95dBm  9-Vn: RA vPK :1558.3089nm  -2.@2d 9-¥n:

U1 5.5 Uymmniuseuneluiegasvas
7. Jamannanududvdsanysnatgluindeudeveswegasuduaviduleuiuas

fagy 5.6 L@J@IﬁamuavmﬂwlmmaqamLaaiua]mmamawmﬂmﬂﬂm TngaIunsawnly
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1. wiudanmunaudinuuzvasagasudandianivasuIen Huawei [9]

Ccu

XFP-10G-(1529.55nm to 1560.61nm)(DWDM,100GHz Fixed)-SMF-40km Specifications

XFP-10G-(1529 55nm to 1560.61nm)(DWDM, 100GHz, Fixed)-SMF-40km Specifications

Table 1 XFP-10G-(1529 55nm to 1560 61nm DWDM 100GHz Fixed)-SMF-40km Specifications

Parameter Unit
Optical Medule Type

Yalue

XFP-10G{1529.56nm to 1580.81nm)
(DWDM,100GHz,Fixed)-SMF-40km

Line code format - NRZ

Transmitter parameter specifications a point S

Maximum mean launched power dBm 2

Minimum mean launched power dBm -3

Minimum extinction ratio dB a

Operating frequency range THz 162 10to 196.06
Center fequency desation GHz =10

Maximum -20 dB spectral vadth nm 03

Minimum side mode suppression ratio dB 35

Dispersion tolerance ps/nm 800

Eye pattem mask -

Receier parameter specifications at point R

ITU-T G.959 - compliant

Receler lype - PIN

Operating wavelength range nm 1250 to 1600

Receiver senstivity, EOL (FEC on) dBm -16

Minimum receiver averload (FEC on) dBm o

Maximum reflectance dB 27

Huawel DWDM ER 10G XFP DWDM ER with dual CDR | C23 / 1558.98 nm, 40 km /
HXFP8441-230 14 dB, 100 GHz Grid - C-Band, LC-Duplex
Dual CDR
S SPECIFICATION

FORM FACTOR XFP POWERBUDGET (DB) 14d8
CONNECTOR / POLISH LC-Duplex PC TRANSMIT MIN/MAX -1dBm /4 dBm
INTERFACE DWDM RECEIVER MIN/MAX -15dBm / 0.5 dBm (overload)
TYPE DWDM ER WAVELENGTH TX (TYPICAL) Channel 23 - 1558.98 nm
DISTANCE 40 km WAVELENGTH RX (RANGE) 1270- 1620 nm
TEMPERATURE RANGE 0°C-70°C LASER EML
BANDWIDTH 9.95 Gbit/s - 11.1 Gbit/s RECEIVER TYPE PIN
DIGITAL DIAGNOSTIC MANAGEMENT (DDM) Yes, internally calibrated MODULATION NRZ
POWER CONSUMPTION 35W TRANSMIT AND DISPERSION PENALTY 2dB
CDR TX and RX EXTINCTION RATIO 8.2dB
INBUILT FEC No PROTOCOLS 106 Ethernet, 10G FC, 0TU2, STM-64
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2. uiudamruanudnervauanaiuduandlanilvasuisn Terrabit Network [10]

spectrum

Terrabit

XFP series

Features

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

Maximum Link Length of 80km
Temperature-Stabilized EML transmitter
Duplex LC Connector

Built-in Digital Diagnostic Functions
Operation Case Temperature:

Standard: 0°Cto 70°C

Industrial: -5 Cto 75°C

No external clock required

Specification

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

1550nm XFP single-Mode for 10GbE/10GFC/SDH/SONET
Duplex XFP Transceiver,
RoHS6 Compliant

Applications

0C 192/STM 64
10GBASE-ZR/ZW 10G Ethernet
1200-SM-LL-L 10G Fiber Channel
P1L1-22D2

> 2 = »

ITU-T G709

Table 1: Absolute Maximum Ratings*

Maximum Supply Voltage 1 Vee3 -0.5 4.0 \
Maximum Supply Voltage 2 VeeS -0.5 6.0 Vv
Storage Temperature Ts -40 85 '€
Case Operating Temperature Top { SP-XF106-150-080- D 0 70 i€

| SI-XF-10G-150-080-Dx -5 75 e
Maximum Input Power Pm -8 dBm

* Exceeding any one of these values may destroy the device permanently.

Table 2: Recommended Operating Conditions

Operating Case Temperature SE 2E.106 250050 D L 19 C E
SI-XF-10G-150-080-Dx -5 75 °C

Supply Voltage 1 Vee3 3.13 33 3.45 \ P

Supply Voltage 2 Vee5 4.75 5 5.25 Vv c

Table 3: Electrical Characteristics

5.25 \ & S

Main Supply Voltage Vee5 4.75
Supply Current #2 Vee3 3.13 3.45 \4
Supply Current- Vec5 Supply lccS 400 mA
Supply Current- Vcc3 Supply lcc3 750 mA
> R
Terr a b it For enquiries, please email to sales@terrabitnet.com

Networks Tl 057411232 I 5557490070 A
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||| SP-XF-10G-150-080-Dx

1550nm XFP single-Mode for 10GbE/10GFC/SDH/SONET

spectrum ) Duplex XFP Transceiver,
Terrabit ~ XFP Series RoHS6 Compliant
Module Total Power [ P [ [ [ a5 | w
Transmitter

Input Differential Impedance Rin 100 (9] 3
Differential Data Input Swing Vin, pp 120 820 mV

Transmit Disable Voltage vd 2.0 Vee '

Transmit Enable Voltage Ven GND GND+0.8 )

Transmit Disable Assert Time 10 us

Receiver

Differential Data Output Swing Vout, pp 340 650 850 mV 3
Data Output Rise Time Tr 38 PS

Data Output Fall Time Tf 38 PS

LOS Fault VLS Fault Vee-0.5 VecHOST Vv 4
LOS Normal V105 Nom GND GND+0.5 \J 4

Note 3: After internal AC coupling.

Note 4: Loss of signal is open collector. Logic 0 indicates normal operation; logic 1 indicates no signal detected.

Table 4: Optical Characteristics

Transmitter
Qutput Opt. Pwr: 9/125 SMF Pout 0 +4 dBm
Optical Wavelength Ac 1530 1565 nm
Spectral Width (-20dB) AN 1 nm
Optical Extinction Ratio ER 9 dB
Averase_ Launch Power of OFF Pott 30 dBm
Transmitter
TX litter Generation(peak-to- T 01 ul
peak)
TX litter Generation (RMS) TXRMS 0.01 ul
Relative Intensity Noise RIN -130 dB/Hz
Eye Mask Compliant with ITU-T G691

Receiver

Receiver Sensitivity @9.95Gb/s Pmin -24 dBm
Receiver Sensitivity @10.7Gb/s Pmin -24 dBm
Maximum Input Power Pmax -7 dBm
Optical Center Wavelength Ac 1270 1550 1600 nm
Receiver Reflectance Rf -27 dB
LOS De-Assert LOSD -30 dBm
LOS Assert LOSA -37 dBm
LOS Hysteresis 0.5 dB

Ordering Information

SP-XF-10G-150-080-Dx 10Gbps EML SMF 80km Lc Standard £

5I-XF-10G-150-080-Dx 10Gbps EML SMF 80km Lc Industrial -
/-_-\-

Terrabit Forsnqiis, plezse s o : 2

N PEY RTVIEY o PRog '35 Joo Seng Road. FM idushial Bulding. #05-04. Shgapore 368363 [Tel] 65.6741.1232 [Fax] 65.6749.0670
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3. uiudermruanuanvusvaanaluduaaNNNEaYaIUIEN Finisar [11]

FINISAR

Product Specification
10Gb/s, 80km Single Mode, Multi-Rate SFP+ Transceiver
FTLX1871M3BCL

PRODUCT FEATURES

o Hot-pluggable SFP+ footprint
e Supports 8.5 and 9.95to 11.3 Gb/s
e 80km link length

e 1600ps/nm chromatic dispersion
tolerance

e -5/70°C case temperature range

e Internal transmitter/receiver CDR

e 1.5W/1.7W power consumption APPLICATIONS
options
e Cooled 1550nm EML laser e SONET OC-192, SDH STM-64 and

OTN G.959.1 P1L1-2D2
e 10G Ethernet ZR and 10G Fibre Channel
e OTN G.709 OTUle/2/2e FEC bit rates
e 8.5Gb/s Fibre Channel

e Limiting electrical interface receiver
e Duplex LC connector
o Built-in digital diagnostic functions

e ROHS-6 compliant (lead-free)

Finisar’s FTLX1871M3BCL transceivers are Enhanced Small Form Factor Pluggable
SFP+ transceivers designed for use in 10-Gigabit multi-rate links up to 80km of G.652
single mode fiber. They are compliant with SFF-8431', SFF-84327 and G.959.1 PILI-
2D2, and support SONET OC-192, SDH STM-64, 10G Ethernet ZR and 10G Fibre
Channel. Finisar’s FTLX1871M3BCL transceivers use internal clock and data recovery
(CDR) IC’s for the transmitter and the receiver. This guarantees compliance with the
SONET/SDH jitter requirements and it can be used to set the electrical interface to be
XFI-compliant.

Digital diagnostics functions are available via a 2-wire serial interface, as specified in
SFF-8472°. The optical transceiver is compliant per the RoHS Directive
2011/65/EU". See Finisar Application Note AN-2038 for more details’.

PRODUCT SELECTION

FTLX1871M3BCL

© Finisar Corporation — September 2015 Rev. C1 Page |



FTLX1871M3BCL Product Specification

FINISAR

I Pin Descriptions

Pin Symbol Name/Description Ref.
1 Veer Transmitter Ground 1
2 Travrt Tr itter Fault 2
3 Tois Transmitter Disable. Laser output disabled on high or open. 3
4 SDA 2-wire Serial Interface Data Line 2
5 SCL 2-wire Serial Interface Clock Line 2
6 MOD_ABS Module Absent. Grounded within the module 2
7 RSO Rate Select 0. 4
8 RX LOS Loss of Signal indication. Logic 0 indicates normal operation. S
9 RS1 Rate Select 1. 4
10 VEEr Receiver Ground 1
11 VEEr Receiver Ground 1
12 RD- Receiver Inverted DATA out. AC Coupled.

13 RD+ Receiver Non-inverted DATA out. AC Coupled.

14 Veer Receiver Ground 1
15 Veer Receiver Power Supply 6
16 Veer Transmitter Power Supply 6
17 VEeer Transmitter Ground 1
18 TD+ Transmitter Non-Inverted DATA in. AC Coupled.

19 TD- Tr: itter Inverted DATA in. AC Coupled.

20 Veer Transmitter Ground 1

Notes:

1. Circuit ground 1s internally isolated from chassis ground.
is an open collector/drain output, which should be pulled up with a 4.7k — 10k Ohms resistor on

2: T

FAULT
the host board if intended for use. Pull up voltage should be between 2.0V to Vee + 0.3V. A high
output indicates a transmitter fault caused by either the TX bias current or the TX output power
exceeding the preset alarm thresholds. A low output indicates normal operation. In the low state, the
output 1s pulled to <0.8V.

3. Laser output disabled on Tpis >2.0V or open, enabled on Tps <0.8V.

4. Internally pulled down per SFF-8431 Rev 4.1. See Sec. X of this datasheet for the logic table to use for
the internal CDRs locking modes.

5. LOS is open collector output. Should be pulled up with 4.7k — 10kQ on host board to a voltage
between 2.0V and 3.6V. Logic 0 indicates normal operation; logic 1 indicates loss of signal.

6. Internally connected

ver [ | 2
-

~ |
2 -ijm

o - 1.
| e

v..v- ”
e

\m- 1

Towards ~ _ ° [ v [l | © » Towards

Bezel s Moo_sss
[ | v [ | ASIC
7
-& ROe - 3
o | Il
- Il |
|-
|
« | -

Figure 1. Diagram of Host Board Connector Block Pin Numbers and Names.

© Finisar Corporation — September 2015 Rev. C1
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FTLX1871M3BCL Product Specification Fl N ISAR

II. Absolute Maximum Ratings

Exceeding the limits below may damage the transceiver module permanently.

Par 1 Symbol Min Typ Max Unit | Ref.
Maximum Supply Voltage Vee -0.5 4.0 \
Storage Temperature Ts -40 85 e
Relative Humidity RH 0 85 % 1
Receiver Optical Damage Threshold RXDamage 5 dBm

Notes:
1. Non-condensing

III.  Electrical Characteristics (Top = -5 to 70 °C)

[ Paramet [ Symbol [ Min [ Typ [ Max [ Unit [ Ref. |
Supply Voltage Vee 3.14 3.30 3.46 A\
Input differential impedance Rin 80 100 120 [¢)
Differential data input swing Vin,pp 120 850 mV 1
Transmit Disable Voltage Vp V0.8 Vee A\
Transmit Enable Voltage Ven 0 0.8 \
Output differential impedance Rou 80 100 120 Q
Differential data output swing Vou.pp 300 850 mV 1
Output rise time and fall time T, Tt 28 ps 2
LOS asserted Vios a V0.8 Ve v 3
LOS de-asserted Vios b 0 0.8 \4 3
Power Supply Noise Tolerance VeeT/VeeR Per SFF-8431 Rev 4.1 mV] 4
Tx and Rx CDR’s ON 1.6 187 w 5
Tx CDR OFF and Rx CDR ON Pais 1.5 1.6 w 5
Tx & Rx CDR’s OFF and Ethernet spec. 1S w 5
Notes:
1. Internally AC coupled. Data pins connect directly to the CDR.
2. 20 -80%. M d with Module Compli Test Board and OMA test pattern. Use of four 1’s and four 0’s

sequence in the PRBS 9 is an acceptable alternative. SFF-8431 Rev 4.1.

3. LOS is an open collector output. Should be pulled up with 4.7kQ — 10kQ on the host board. Normal operation is
logic 0: loss of signal is logic 1.

4. See Section 2.8.3 of SFF-8431 Rev 4.1.

5. Typical power consumption values refer to 3.3V, 70°C case temperature and beginning of life.

© Finisar Corporation — September 2015 Rev. Cl Page 3
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FINISAR

IV. Optical Characteristics (Top =-5 to 70 °C, Ve = 3.14 to 3.46 Volts)

Parameter \ Symbol | Min \ Typ | Max \ Unit | Ref.
Transmitter (Tx)
Average Launch Power Pave 0 4 dBm
Optical Wavelength h 1530 1565 nm
Side-Mode Suppression Ratio SMSR 30 dB
Optical Extinction Ratio ER 9 dB
Average Launch power when Tx 1s OFF Porr -30 dBm
Jitter Generation 20kHz-80MHz, peak to peak | TxXjuop 03 Ul 1
Jitter Generation 4MHz-80MHz. peak to peak | Txjjopm 0.1 Ul 1
Relative Intensity Noise RIN -128 dB/Hz
Receiver (Rx)
Optical Center Wavelength ke 1260 1600 nm
Receiver Reflectance R -27 dB
Bit Rate (Gb/s) BER
8.5.9.95-10.7 | <10™ Rspyst -24 dBm | 23
Sensitivity 11 <10 Repus: 223 dBm 2
<10t Repnss -27 dBm 2
113 [ <10 Rspusa -27 dBm 2
Overload (Average Power) Pave -7 dBm
LOS De-Assert LOS -28 dBm
LOS Assert LOS, -37 -30 dBm
T.OS Hysteresis LOSy 0.5 dB
Bit Rate (Gb/s) | BER
85,995 [ <10 PP, 2 dB 4a
Path Penalty 10.3-10.7 | <10 PP, 3 dB 4a
11.1 | <107 PP, 3 dB 4b
113 | <10 PP, 3 dB 4
Notes:
1. SONET/SDH Tx jitter generation limits are guaranteed with the Tx CDR enabled and locked.
2. Measured with worst ER=9 dB: PRBS 2°' — 1.
3. For 10GEthernet application, -24dBm is equivalent to an OMA of -22.09dBm for an ER = 9 dB.
4. Max chromatic dispersion tolerance over 80km of G.652 single mode fiber:
a.  1600ps/nm
b, 1450ps/nm
c.  1300psmm
V. General Specifications
Parameter Symbol Min Typ Max Units Ref.
Bit Rate BR 8.5 11.3168 Gb/s 1
Max. Supported Link Length Laax 80 km 2
Notes:
1. Tested with a 2*' — 1 PRBS pattern at the BER defined in Table IV.
2. Over G.652 single mode fiber
Timing Parameters
Parameter Symbol Min Typ Max Units Ref.
Time to imtialize t_start_up 10 s
© Finisar Corporation — September 2015 Rev. C1 Page 4
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VI.  Environmental Specifications

Finisar FTLX1871M3BCL transceivers have an operating temperature range from -
5°C to +70°C case temperature.

Parameter Symbol Min Typ Max Units Ref.
Case Operating Temperature Top -5 70 "C
Storage Temperature Tso -40 85 °C

VII. Regulatory Compliance

Finisar transceivers are Class 1 Laser Products and comply with US FDA regulations.
These products are certified by TUV and CSA to meet the Class 1 eye safety
requirements of EN (IEC) 60825 and the electrical safety requirements of
EN (IEC) 60950. Copies of certificates are available at Finisar Corporation upon request.

© Finisar Corporation — September 2015 Rev. Cl Page 5
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VIII. Digital Diagnostic Functions

Fiisar FTLX187IM3BCL SFP+ transceivers support the 2-wire serial
cgmmunication protocol as defined in the SFP MSA'. It is very closely related to the
E"PROM defined in the GBIC standard, with the same electrical specifications,

The standard SFP serial ID provides access to identification mformation that
describes the transceiver’s capabilities, standard interfaces, manufacturer, and other
information.

Additionally, Finisar SFP+ transceivers provide a enhanced digital diagnostic
monitoring interface, which allows real-time access to device operating parameters such
as transceiver temperature, laser bias current, transmitted optical power, received optical
power and transceiver supply voltage. It also defines a sophisticated system of alarm and
warning flags, which alerts end-users when particular operating parameters are outside of
a factory set normal range.

The SFP MSA defines a 256-byte memory map in E’PROM that is accessible over a
2-wire serial interface at the 8 bit address 1010000X (AOh). The digital diagnostic
monitoring interface makes use of the 8 bit address 1010001X (A2h), so the origmally
defined serial ID memory map remains unchanged. The interface 1s identical to, and is
thus fully backward compatible with both the GBIC Specification and the SFP Multi
Source Agreement. The complete interface is described in Finisar Application Note AN-
2030: “Digital Diagnostics Monitoring Interface for SFP Optical Transceivers™.

The operating and diagnostics information is monitored and reported by a Digital
Diagnostics Transceiver Controller (DDTC) inside the transceiver, which is accessed
through a 2-wire serial interface. When the serial protocol is activated, the serial clock
signal (SCL, Mod Def 1) is generated by the host. The positive edge clocks data into the
SFP transceiver into those segments of the E'PROM that are not write-protected. The
negative edge clocks data from the SFP transceiver. The serial data signal (SDA, Mod
Def 2) is bi-directional for serial data transfer. The host uses SDA in conjunction with
SCL to mark the start and end of serial protocol activation. The memories are organized
as a series of 8-bit data words that can be addressed individually or sequentially.

For more information, please see the SFP MSA documentation’ and Finisar
Application Note AN-2030".

Please note that evaluation board FDB-1027 is available with Finisar ModDEMO
software that allows simple to use communication over the 2-wire serial mterface.

© Finisar Corporation — September 2015 Rev. C1 Page 6
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IX. Digital Diagnostic Specifications

FTLX1871M3BCL transceivers can be used in host systems that require either
internally or externally calibrated digital diagnostics.

Parameter Symbol Units | Min Max |Accuracy| Ref.
Accuracy

Transceiver temperature ADDreyp < -10 +75 +5°C 1
Transceiver supply voltage ADDygprage Y 28 4.0 +3%
Transmitter bias current ADDgias mA 0 127 +10% 2
Transmitter output power ADD1ypower| dBm -1 +5 +2dB
Receiver average optical input power | ADDgypowes| dBm -28 -5 +2dB

Notes:

1. Internally measured
2. The accuracy of the Tx bias current is 10% of the actual current from the laser driver to the laser

X. Internal CDR’s Locking Modes

The FTLX187IM3BCL is equipped with internal CDR units on both the receiver and
the transmitter sides. The host can set the CDR’s to lock at 8.5Gb/s, 10G (9.95-11.3Gb/s).
or in by-pass mode, by setting the rate select pins or the soft bits (logic OR). The
different locking modes are shown in the following logic table:

R/SO R/S1 g
Logic OR of: Logic OR of: Locl((;]::hslode
pin 7 & bit 110.3 |pin 9 & bit 118.3
Low or 0 Low or 0 Both CDR’s lock at 8.5Gb/s
Tx CDR is in bypass mode.
Rx CDR locks at 10G (9.95-11.3Gb/s)
High or | Low or 0 Tx & Rx CDR’s in bypass mode
; " Both CDR’s lock at 10G (9.95-11.3Gb/s
Highor 1 High or 1 The bits 110.3 and 118.3 (are setto 1 by c)lefault at power-up

Low or 0 High or 1

The RSO and RS1 pins are internally pulled-down to ground as per [1]. The soft bits
110.3 and 118.3 are both set to “1” at the transceiver power-up, to select the 10G locking
mode by default. The host can change this configuration via the 2-wire communication as
described in the SFP MSA [1]. Alternative configurations can be factory set upon
request. Please refer to Finisar for additional details.

XI. SFF-8431 Power-up Sequence

If either CDR is enabled, the typical power consumption of the FTLX1871M3BCL
may exceed the limit of 1.5W specified for the Power Level II transceivers in [1], for
which a power-up sequence is recommended. However, the FTLX1871M3BCL is factory
set to power-up directly to its operating conditions. Upon request, it can be factory set to
follow the power-up sequence specified for transceivers exceeding 1W, as per [1]. In
power level I. the FTLX187IM3BCL does not carry traffic, but the 2-wire serial
communication is active. Please refer to [1] and Finisar Application Note AN-2076 for
additional details.

© Finisar Corporation — September 2015 Rev.Cl Page 7
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XII. Mechanical Specifications

Finisar FTLXI87IM3BCL SFP+ transceivers are compatible with the SFF-8432

specification for improved pluggable form factor, and shown here for reference purposes
only. Bail color is white.

ITEM DIM{mm) TOL (mm)

NXS<—H02PDODZIrX-IE@MMOO®>»

© Fimsar Corporation — September 2013
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XIII. Host Board SFP+ Connector Recommendations

FTLX187IM3BCL Product Specification

A
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XIV. Host-Module Interface Diagram

Finisar Transceiver System Host
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XV. References

L:

“Specifications for Enhanced 8.5 and 10 Gigabit Small Form Factor Pluggable
Module ‘SFP+ *”, SFF Document Number SFF-8431, Revision 4.1, including SFF-
8431 Rev 4.1 Addendum. September 15, 2013

“Improved Pluggable Form factor”, SFF Document Number SFF-8432, Revision 4.2,
April 18, 2007.

. “Digital Diagnostics Monitoring Interface for Optical Transceivers”. SFF Document

Number SFF-8472, Revision 10.1, March 1, 2007.

Directive 2011/65/EU of the European Council Parliament and of the Council, “on
the restriction of the use of certain hazardous substances in electrical and electronic
equipment”.

. “Application Note AN-2038: Finisar Implementation of RoHS Compliant

Transceivers”

Small Form-factor Pluggable (SFP) Transceiver Multi-Source Agreement (MSA)
“Application Note AN-2030: Digital Diagnostic Monitoring Interface for SFP Optical
Transceivers”

XVI. Revision History

Revision Date Description
Bl 01/22/2013 Production Release
B2 12/15/2013 Modified CDR’s control logic table
(ol 9/7/2015 Updated logo and RoHS statement

XVII. For More Information

Finisar Corporation

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

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

© Finisar Corporation — September 2015 Rev. C1 Page 12

112



113

4. wudanivuanndnyusvasuasaussiliunaginiunagasuduandianiivas

US® Finisar [19]

Finisar
FDB-1022: XFP Evaluation Board

The Finisar FDB-1022 Evaluation Board 1s a convenient
and powerful vehicle for testing and evaluating the new
10 Gigabit/s XFP optical transceivers.

The board consists of a single XFP connector and cage,
high quality transmission lines and commectors for the
serial data signals, connections for reference clock inputs,
all low speed status and control lines, and the 2-wire serial
management interface. All pin connections are compliant
with the XFP MSA Rev 1.0 Standard.

For convenience, the FDB-1022 contains onboard
switching and linear power supplies to provide all three
required module power supplies (1.8V, 3.3V and 5.0V)
from a single external +12V connection. The outputs of
each onboard supply are factory set, and may be switched
off and on using S2. These supplies can be adjusted and
monitored (both voltage and current) using the supplied
evaluation board software. By removing jumpers J8, J11
and/or J12, the on-board supplies may be discomnected
from the module and external supplies be connected at
test points labeled 1.8/3.3/5.0V MOD PIN. These test
points may be used to confirm the voltage at the module
supply pins when using the on-board supplies. As a
further convenience, a small fan is provided for cooling
the module. This fan may be disabled by removing its
power connector from jumper J10.

As supplied, the FDB-1022 is configured to accept a
10Gb/s differential REFCLK signal at SMA connectors
J5/J6. An onboard divider converts this signal to the 1/64
rate. REFCLK the XFP transceiver module requires.
Alternatively, the board may be configured to allow a
direct connection of a 1/64 clock through SMA
connectors J16 and J21. This configuration may be setup
by removing the InF 0402 capacitors from C11 and C16
and placing them at locations C65 and C66 (see Figure 2).

Indicators and controls are provided for all low-speed and
power supply lines. Green LEDs, DI-D8, indicate the
power supply state for the evaluation board, XFP module,
and switching power supplies. Their assignment is clearly
marked with screen-printed text on the board next to each
LED. Red LEDs D11, D13, D14, and D15 show the status
of the module INTERRUPT, MOD/ABSENT, LOS, and
MOD NR output lines. Note that DI1, INTERRUPT
LED, 1s on when no mterrupt 1s asserted, while it 1s off
when an asserted interrupt has occurred. Further, this
operation is similar to that of its counterpart LED on the
GUI for the XFP Lab software that accompanies this
evaluation board. There, the bright red INT LED indicates

©Finisar Corp — Rev E 24-Aug-04

that there is no interrupt asserted and will change to green
when an interrupt is asserted.

All the signal lines are available on associated test points.
The module PWRDWN, TXDIS, and MODDESEL lines
may be manually controlled by switches S1, S3, and S5.

Software Control

The FDB-1022 evaluation board is supplied with software
and a DB-25 cable for communication with a PC parallel
port. This cable allows direct communication between the
PC and the module via the 2-wire serial bus on pins SCL
and SDA. XFP modules respond to 2-wire serial bus
address AOh. Additionally, various evaluation board
functions may be addressed on other I2C addresses.
Contact Finisar for details on these functions.

The software included with the board provides a simple
windows-based GUT and allows control and monitoring of
the power supply and status functions of the evaluation
board itself. Future versions of the software will allow
monitoring of the Serial ID, digital diagnostics and status
information available in Finisar’s XFP transceivers.

Specifications

The Finisar FDB-1022 evaluation board requires a +12V
+10% power supply at J14. Input signals to the TX+ and
TX- connectors should have an amplitude between 140mV
and 700mV differential peak-to-peak (70mV to 350mV
single-ended). Output signals on the RX+ and RX-
connectors will have amplitudes between 180mV and
640mV single-ended.

A 10Gb/s REFCLK may be supplied at J5/J6. The onboard
divider requires a signal amplitude of 200-1000 mV
differential p-p (100-500mV S.E.). If a direct REFCLK
connection is made, a signal of 640 — 1600 mV differential
p-p (320 — 800 mV S.E.) is required.

Finisar Proprietary
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Figure 1. FDB-1022 - Layout and Connection Locations
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Finisar

Stuff with 1 nF Caps for
Direct REFCLK Connections

Stuff with 1 nF Caps to Use
Onboard 1/64 Divider

Figure 2. Coupling Capacitors for Switching Between Onboard 1/64 REFCLK Divider and Direct External REFCLK Connection

©Finisar Corp — Rev E 24-Aug-04 Finisar Proprietary
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US®™ Finisar [20]

Finisar

Product Specification
SFP/SFP+ Evaluation Board
FDB-1027

Finisar’s FDB-1027 Evaluation Board is the
perfect vehicle for testing and evaluating
SFP/SFP+ optical transceivers.

The board consists of a single SFP+ edge
connector and cage, four 50-ohm SMA coaxial
connectors (J12-J15) for the high-speed
differential transmitter input and receiver output
signals, and test points and LEDs for monitoring
all other SFP+ pins. It is compatible with short
wavelength and long wavelength SFP/SFP+
transceiver types for use at data rates of

125 Mb/s to 10.3 Gb/s.

The FDB-1027 SFP/SFP+ Evaluation Board is
supplied with software and a DB-25 cable for
communication with a PC parallel port. This
cable allows direct communication between the
PC and the module via the 2-wire serial bus on
pins SCL and SDA, as well as for reading the
status lines and setting the TX disable and Rate
Select inputs.

The software included with the board provides a
simple windows-based GUI for monitoring the

© Finisar Corporation January 29, 2007 Rev A

Serial ID information available in Finisar’s
SFP/SFP+ transceivers.

Switch (S1) is provided to assert and test the
transmit disable function. Switch (S2) is
provided to select the operating bit rate of the
receiver (RS0) in multi-rate SFP/SFP+
transceivers that require it. Switch (S3) is
provided to select the operating bit rate of the
transmitter (RS1) in multi-rate SFP+
transceivers that require it. (Note: SFP modules
do not support RS1.) TX disable can be
controlled either by the switch or the parallel
port; control is determined by the position of the
jumper (S4). Similarly, jumpers at (S5) and (S6)
govern the RSO and RS1 controls, respectively.

SPECIFICATIONS

The FDB-1027 SFP/SFP+ Evaluation Board can
be powered by one or two supply voltage(s)
depending on whether the supply for the
evaluation board and module need to be
separated. A module supply voltage of 3.0 to
3.6V should be supplied at connector J9. If
shunt at jumper J2 is removed, a second 3.3V
supply can be provided at J1 to separately power
the evaluation board.

Please refer to module data sheets for
specifications of input signals to the TX+ and
TX- connectors and output signals on the RX+
and RX- connectors. SFP/SFP+ transceivers
have internal AC coupling on all data lines.

The board layout and schematics are shown on
pages 2 and 3.

Page 1
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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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6. uHudanvuannanyMzYaIRIaanaufIaLasUTuAlAvasuTEN Optoquest [23]

Table of Contents

Variable Attenuator Module

This attenuator module is designed to control optical attenuation up to 40 dB by
adjusting an micrometer. This product provides optical attenuation for high-power
lasers up to 2-watts, and it is compatible with increasingly high-power light sources for
optical communication systems.

Features

- Compatible with high-power lasers (2-watt)
- Low insertion loss

- Low PDL

- C- and L-band application capability

- Built-in shutter function

- Low price

Typical Speciﬁcation‘.sji

Model

Wavelength Range 1500-1620 nm

Input Power <2W (CW)

Insertion Loss <0.6dB

PDL (ATT <10 dB) <0.1dB

Attenuation Range 0-40 dB

Return Loss >50dB

Optical Fiber SMF. DSF or PMF (¢3 mm cord)

Optical Connector FC/SPC  SC/SPC  FC/Angled PC  SC/Angled PC

March 01, 2015 44
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Product Dimensions

Wavelength Dependency Data

Example of Typical Wavelength Dependency

Attenuation (dB)

1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 1610 1620
Wavelength (nm)

Ordering Instructions

+Variable Optical Attenuator Module
Order format: VOAA - (1)-40-(2)/ (3)
Order format example: VOAA-15-40-S/S
(Wavelength=1550nm, Fiber: SMF, Connecter: SC/SPC

15: 1550 nm  13: 1310 nm

S: SMF D: DSF P: PMF (¢3 mm cord)

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

*Special orders for near-infrared are also accepted.

March 01, 2015
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US®N Optoquest [27]

OPTOQUEST

Slide adjustment Type
Wavelength Tunable Filter Module

Transmittance center wavelength can be tuned manually by changing the incident
position of a dielectric multilayer bandpass filter surface. Linear gradation type of filter is
used, and can be slid by rotating a dial.

Features

- Wide wavelength tunable range (60 nm tunable)

- Low insertion loss

- Small Eew variation of insertion loss in tuning

- Small Eew variation of bandwidth in tuning

- Low PDL (polarization dependence loss) in tuning

Typical Specifications

J——

1470-1530 nm orff 1520-1580 nm for 1560-1620 nm
0.5nm % 0.2 nm I nm =% 0.2 nm| 3nm £ 0.3 nm
=20dB = 1.5dB =15dB
=0.1dB
= 50 dB

SMF or PMF (3 mm cord)

FC/SPC  SC/SPC FC/Angled PC  SC/Angled PC

Jan. 10, 2017 |
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Wavelength Control Related Products

Example of Filter Characteristics

FWHM: 3 nm 0 0
Number of Cavities: 1 -1 -0.5
Center Wavelength: 1550 nm _ -2 | = : Sl T =1
5‘_3 i -1.5
Q-4 =
E_s «— / \\ ' 5
5—3 / \ -3 5
/1 A\
- | |
-9 S\ -45
-10 ‘ -5
1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 1555
Wavelength[nm]
FWHM: 1 nm 0 0
Number of Cavities: 1 =1 T T t T -0.5
Center Wavelength: 1550 nm  _ -2 T i / \ T -1
§ -3 / // \ = 1
04 — : -2
§ —: = —2‘5
L WL
§ g + &
T /| - —%f \—— —{ -45
-10 £ 1 -5
1548 1548.5 1549 1549.5 1550 1550.5 1551 1551.5 1552
Wavelength[nm]
FWHM: 0.5 nm 0 0
Number of Cavities: 1 -1 =05
Center Wavelength: 1550 nm | _ -2 -1
g =3 -1.5
Td A
- 25
2 a3
67 -35
5 | >
i -45
e T TN %
1548 1548.5 1549 1549.5 1550 1550.5 1551 1551.5 1552
Wavelength[nm]

Jan. 10, 2017 5
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Product Dimensions
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Ordering Instructions

+Slide Adjustment Type Wavelength Tunable Filter Module
Order format: WTFA - (1) - (2)-(3) / (4)
Order format example: WTFA-1530-1-S/F
(Wavelength Range: 1470-1530 nm, FWHM: 1 nm, Fiber: SMF, Connecter: FC/SPC)

1530: 1470-1530 nm I 1580: 1520-1580 m] 1620: 1560-1620 nm

0.5: 0.5nm *£ 0.2 mnI 1: 1nm =% 0.2nm |3: 3nm =% 0.3 nm

S: SMF P: PMF

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

OPTQUEST CO., LTD. [Tokyo Sales Office]
2F Nihonbashi-Ginsan Bldg., 4-3-10, Nihonbashi-Honcho, Chuo-ku, Tokyo, 103-0023, JAPAN

URL: http://www.optoquest.co.jp E-mail: sales-info@optoquest.co.jp
Jan. 10, 2017
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Wavelength Tunable Filter Module (Slide adjustment type)
Optical configuratiomimagel

Standard Specifications (at Model : WTFA-1580-1-S/F)

Wavelength range
-3 dB Bandwidth
Insertion loss
PDL

Optical fiber

Optical connector

1520 ~ 1580 nm (60 nm)

Example of Filter Characteristicom

FWHM: 1 nm

Number of Cavities: 1
Center Wavelength: 1550 nm

1%£0.2 nm

=15dB

=0.1dB

SMF

FC/SPC

0

|
N

|
N

/\ }
[\

|
[=-]

 Transmittance [dB]
(=]

o

[\

-5

15481548.515491549.515501550,5 1551 1551.5 1552

Wavelength [nm

8. uHudannuanuanYMzYDIRIlnALIEULAIYBIUTEN Agiltron [24]

oad, Woburn, MA 01801 Tel: (781) 935-1200 Fax: (781) 935-0240
www. agiltron.com

Part Name: 1550 nm 3-port ¢

Part Number: OCPI-30.
Part Serial Nuber: ¢

Port Identific.

Port 2 (Blue)

' “Final Test Data

.

Port (1 (Red)

Port % (White
Test Result
Parameter* Test Data Unit Parameter* Test Data Unit
Testing Wavelength 1550 nm Isolation (2—1) 33 B
“ | Insertion Loss (1—2) C 24 dB Isolation (3—2) &0 dB
" | Insertion Loss (2—3) 0.6) dB Return Loss = ps
PDL (12) 008 dB PMD <o dB
PDL (2-3) 0.03 dB Fiber Type SMF-28 with 900 um loose tube
|  Cross Talk (1—3) &co dB Fiber length 1 m

Note: 1. Excluding connectors. 2.Testing data @ RM temperature.

Date ! /J/)ao7

Tested By YASS

QA
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9. urudamruanuanvazvadfteBKUUNILlU USEN Amonics [33]

onics

Applications

+ SONET/SDH Systems
« LAN and MANs

* Fiber Optic Sensing

» Laboratory

Description

Amonics Mini EDFA is small in size,
compact, stackable, and yet it comes
with full and reliable EDFA
performance. It is particularly suitable
for scalable R&D experiments, quick
testing in primitive working
environment or budget laboratory
setups.

The minature EDFA is powered up by
a 5V USB port. It can be connected to
a computer directly through a USB
cable in order to control and monitor
output power. Uncooled pump laser is
used to minimize power consumption
and keep the EDFA on low
maintenance.

Key Features

* Small foot print

+ USB port control & monitor
» Stackable

* Low power consumption

* Reliable and durable

AMONICS LTD.

C-Band Mini EDFA Gain (dB)
40

30

———

20

10

0
1530 1535 1540 1545 1550 1555 1560 1565
Wavelength (nm)

C-Band Mini EDFA Noise Figure (dB)

3
1530 1535 1540 1545 1550 1555 1560 1565

Wavelength (nm)
~~0dBm ~—-3dBm -6 dBm
~-12dBm  —-18dBm  —-24dBm

The product is manufactured under a HKQAA ISO 9001 certified quality management system
The ISO 9001:2008 certification applies to the Hong Kong production site only I
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IMOnICS

AMONICS LTD.

Specifications
C-Band Mini EDFA L-Band Mini EDFA
Saturation Output Power Typ. +13dBm, Min. +12dBm Typ. +11dBm, Min. +10dBm
(at 0 dBm input signal)
Small Signal Gain Min. 28dB Min. 22dB

input signal at -30dBm, 1550nm | input signal at -30dBm, 1584nm

Noise Figure (at -3dBm input signal) Max. 5.5dB Max. 6.5dB
Operating Wavelength 1530 — 1565nm 1570 — 1603nm
Input Isolation > 30dB
Output Isolation > 30dB

Polarization Dependent Gain

Typ. 0.3dB, Max. 0.5dBm

Control Mode APC, ACC
er output power models are available upon reques!
* Oth tput p del lable up quest
General Parameters
Parameters Unit Specifications

Operation Temperature °c -0 to +40
Storage Temperature °c -10to +70
Power Supply vDC 5001
Dimensions mm S 75x22
Power Consumption W Typ. 1.5, Max. 2.0

Mechanical Control

- Emission button with LED

Optical Power Monitoring

- Output power

Power Supply & Remote Control Port

- Micro USB (LabView control software included)

Optical Connector

- FCI/APC, FC/UPC, SC/APC, SC/UPC

Optical Fiber

- Min. 0.5m long SMF-28

Ordering Information

Product Code C-Band: CMEDFA
L-Band: LMEDFA

125



Amonics

Specialist in Optical Amplifiers

Amonics Limited

C-Band Erbium Doped Fiber Amplifier
Model: Mini EDFA

Serial No: 13110435

1. Optical Performance:

Date of manufacturing: 30, August 2016

Parameter Units Specification | Test Data

Mode of operation CW

Operating wavelength nm 1530 to 1565

Saturation output power @ 1550nm dBm Typ. 13 13.6

0dBm input signal

Input power level dB -30to +3

Noise figure @ 1550nm 0dBm dB Typ. 5.0 5.4

input signal Max. 5.5

Output isolation dB Min. 30

Polarization dependent gain dB Typ. 0.3, Max. 0.5

Polarization mode dispersion ps Typ. 0.2, Max. 0.3

2. Operating Condition:
Parameter Units Specification

Optical fiber - SME-28

Optical connector - FC/APC

Control mode - [0 Automatic current control (ACC)
[ Automatic power control (APC)
O Automatic gain control (AGC)
M Automatic pump power control (ALC)

Control mode B Pump power, by Labview based control
software

Output power dBm 13.6%

@ 0dBm 1550nm input signal (Max.
driving current)

*Power meter wavelength is set at 1550nm for measurement and calibration.

Mini EDFA
13110435

Page 1 of 3
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3. Electrical and Mechanical Specifications:

driving current)

Parameter Units Specification
Operating temperature range °C 0to 40
Storage temperature range °C -10to 70
Dimensions mm D 75x20
Supply voltage VDC +5.0
Power consumption limit AW Typ. 1, Max 1.25
Actual power consumption(Max. w 0.91

Mini EDFA Gain Curve

40.00

35.00

30.00

Gain (dB)
N
[$)]
8

20.00

15.00

10.00

1525 1530 1535

=t (0 dBm i -3 dBm -6 dBm

~-18 dBm -21dBm

1545

1550
Wavelength (nm)

1560 1565 1570

e -12 dBm ——-15 dBm

~—#—-30 dBm

Figure 1: Optical gain measured by Agilent 81680A tunable laser and Anritsu MS9710B

optical spectrum analyzer.

Mini EDFA
13110435

Page 2 of 3
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Mini EDFA Noise Figure
6.50

o 0 Ll
=] o o
S S =)

Noise Figure(dB)
:h
g

»
o
S

3.50

1525 1530 1535 1540 1545 1550 1555 1560 1565 1570
Wavelength (nm)

=t 0 dBm ~#— -3 dBm -6 dBm -9 dBm e -12 dBm =t -15 dBm

~=-18 dBm -21dBm -24 dBm -27 dBm ~—#—-30 dBm

Figure 2: Noise Figure measured by Agilent Si 680A tunable laser and Anritsu

MS9710B optical spectrum analyzer. The noise figure is corrected by subtracting the self
spontaneous emission of the tunable laser.

Mini EDFA

13110435 Page 3 of 3
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10. windanvuanuanvuzvadaenowuuIsduluyaagiuiiuien Amonics [26]

AMONICS LTD.
[ o, |

1 A ‘/
ISO 9001 : 2008
Certificate No.: CC 5346
Applications

Description

/ © fle Conwol Sewp Measwe Calbeate LNities Hep 06NV 2007 9690 m
2 - UscAoKopn Moo

e WV i
¥ L Input Packet

e T

R

s

" 48 5 mV/dv, 00 mV/dv, 500 mVAdvy Tme: 2000 ra/dvy Tt Levet
E‘ set-181 13w 90V &wem | @ie 550y ) e 2imocne | ey

Key Features

The product is manufactured under a HKQAA ISO 9001 certified quality management system I
The ISO 9001:2008 certification applies to the Hong Kong production site only
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AMONICS LTD.

I
(2 ‘monics

EDFA Specifications
AEDFA-PKT-DWDM-15-B

Input Power Range -16dBm to -3dBm
Output Power * (@ -3dBm input signal) Min. +15dBm
Noise Figure (@ -3dBm input signal) Max. 5.5dB
Operating Wavelength 1537.37 to 1561.62nm
Gain Flatness Max. +/-1.2dB
Optical Gain (@ -3dBm Input signal) Min. 18dB
Gain Excursion Typ. 0.1dB/ms, Max. +/ -0.2dB/ms
Input and Output Isolation Min. 30dB
Polarization Dependent Gain Max. 0.5dB
Control Mode ACC (standard)

* Other output power models are available upon request

General Environmental Parameters

Parameter Unit Specification
Operation Temperature Range °C 0to +40
Storage Temperature Range °C -10to +70
Power Supply VAC 90 — 240, 47 — 63Hz
Dimensions mm 260(W) x 330(L) x 120(H)
LCD Display - Input Power, Output Power, Pump Laser Current
Protection - Pump laser over heat warning
Optical Connector - FCIAPC, FC/UPC, SA/APC, SC/UPC
Optical Fiber - SMF-28
Option:

« APC or AGC Control Mode
+ Output Power Monitoring

R RAI
AVOID DIRECT EXPOSURE 10 BEAM
WAXIMUM OUTFIT. 500N £
WAVELINGTHS. 12001700 nm

(CLASS HIb LASER PRODUCT

Ordering Information

Product Code AEDFA-PKT-DWDM-xx-B-zz xx: Saturation Output Power in dBm
zz: FA for FC/APC, FC for FC/UPC
SA for SC/APC, SC for SC/UPC

¢s undertakes a continuous and intensiv elopment to ensure its products perform to highest technical standards As a result, the

ns in this document are




QAmonics

Specialist in Optical Amplifiers

Amonics Limited

DWDM EDFA

Modcl: AEDFA-PKT-DWDM-15-B-SC

Serial: 14112101

Date of manufacturing: 8 December, 2014

1. Optical P
_Parameter ‘Units: ification. _Test Data

Operating wavelength nm 1537.37 to 1561.62

Total output power # dBm Min. 15 16.9

Signal Gain # dB Min. 18 >18.8

Gain flatness dB Max. £1.0 § )

Noise figure # dB Typ. 5.5, <43
Max. 6.0

Gain Transient Error dB Typ. £0.1, Pass
Max. £0.2

Input / Output isolation Min. 30

Polarization Dependent Gain dB Max. 0.5

Polarization Mode Dispersion ps Typ. 0.2, Max. 0.3

# -3 dBm total input signal.

2 Ogerating_ Condiﬁon:

s

Output connector

Sp Tication i
SC/UPC receptacle

Optical fiber

SMF-28

Control mode

M Automatic current control (ACC)
[0 Automatic power control (APC)
CJAutomatic gain control (AGC)

@ 1550nm -3dBm input signal
(Max. Driving Current)

Number of laser controls - ACC: 1
(Max. driving current) (Jsee = 380mA)
Display Total Output Power dBm L6:9:*

* Power meter wavelength is set at 1550nm for measurement and calibration.

AEDFA-PKT-DWDM-15-B-SC
14112101

Page 1 of 3
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3. Electrical and Mechanical Specifications:

132

=y

B z S
Operating temperature mngé °c 0 040 »
Storage temperature range o6© -10to 70
Power supply VAC 90 — 240, 47 — 63 Hz
Dimensions mm 330 (L) x 260(W) x 120(H)
Computer Interface - RS-232
Display - Laser driving current in mA,

output power in dBm or mW

Optical power monitoring

Output power only

Protection

Safety Interlock, keylock,
TEC overheat

7B e e A et oo L
— Optical Amp Test Spect Div On
NF ( SASE ) 430 dB 0.094 nm NF Cal 1.000
Gain 19.96 dB Loss { Pin 0.00 dB / Pout 0.00 dB)
Signal Wi 1546.125 nm Fitting ( Fit 120 nm / Mask 100 nm)
ASE Lvi(/Res) - 3394 dBm
Pin Lvl 1473 dBm Opt BPF Lvi Cal 000 dB
Pout Lvi 524 dBm Opt BPF BW 3.00 nm
Res: 0.1nm Smplg : 2001pt SwpAvg : 1] 1]
VBW : 100Hz Sm: Off Intvi: Off
TMkr a'!t [ Normal
200dBm [ 324 "—B'!*
|
30.0dBm
' L 1 {1 O I
10.0dB
/ div e Ui L U e (U T
et 1 Offset W bdwd Sl e My SN T 7 G
| Level Offset Opt. Att On
$80.0dBm
1536.00 nm 2.70 nm/div 1 549.50 nm in Air 1563.00 nm
EXFix Ewrioi calBA CalBA  Fix Fix Fix Fix Fix

Figure 1: EDFA optical gain and NF for four channels evenly distributed from 1536 to
1563 nm, measured Anritsu MS9740A optical spectrum analyzer. Total input power is -3

dBm.

AEDFA-PKT-DWDM-15-B-SC
14112101

Page 2 of 3



Gain Flatness
25

24
23
22

21

Gain(dB)

- \_/’—-—-—'__/_\
19

18
17
16
15
1535 1540 1545 1550 1555 1560 1565
Wavelength(nm)
Figure 2: EDFA optical gain spectrum at -3 dBm total input power.
Tested by: Reviewed by: Approved by: Date:
Dicky Chung Ming Li KS Tsang

AEDFA-PKT-DWDM-15-B-SC
14112101

Page 3 of 3
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Template ID: PR-07
Revision: 01.00
iof1

Amonics

Specialist in Optical Amplificrs

Product Specification

AEDFA-PKT-DWDM-15-B-SC

Model No.:

Serial No.:

14112101

Remark

Parameter

Unit - Symbol Specification

Product Code AEDFA-PKT-DWDM-15-B-SC

Composite Output Power dBm Poiit Min. +15 Pin = -3 dBm

Composite Input Power Range dBm Pin -16 to +3

Optimal Optical Gain dB Gop Min. 18 Pin = -3 dBm

Noise Figure dB NF Typ. 5.5, Max. 6.0 Pin = -3 dBm A=1537.37 -
1561.62 nm

Operating Wavelength nm s 1537.37 to 1561.62 Pin=-3dBm P,,=+15dBm

Gain Transient Error dB/us - Typ.+/- 0.1, Max. +/- 0.2 -3dBm input,

4096bit@ 10Gbps, 100ns

Guard time

Gain Flatness dB - Typ. 0.5, Max. + 1.0 A=15637.37 - 15661.62 nm

Input / Output Return Loss dB - Min. 45 -

Input / Output Isolation dB - Min. 30 -

Polarization Dependent Gain dB PDG Max. 0.5 -

Polarization Mode Dispersion ps PMD Typ. 0.2, Max. 0.3 -

Control Mode - - ACC -

Environment

Operation Temperature Range | °C 0 to +40 -

Storage Temperature Range °C -10 to +70 -

Operating Humidity % 20-95 Non-condensing

Warm up time to full power Min. Max. 20 -

stabilization

Power Supply VAC 90 - 240,47 -63 Hz -

Weight Kg by -

Dimensions mm 260 (W) x 330(D) x 120(H) -

User Interface

Communication Interface

RS232

LCD Display

Output power, Pump Current

Front Panel Control Button

Pump Current, Keylock switch

Optical Connector

SC/UPC

Optical Fiber

SMF-28

IAccessories

1. Switch Key x 1

2.RS232 Cable x 1

3.Power Cord x 1

4. Operation Manual x 1
5.Software User Manual x 1

6. Control Software CD ROM x 1
7.Test Report x 1

Date (DD/MM/YY)
21/11/14

~Revision

' Change

Initial Release

' Prepared By
Isabel

l - ==
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2. General Information

2.1 Product Overview

This product is an ultra-stable high gain optical amplifier unit designed for
applications requiring high efficiency optical amplification. It is a self-contained,
compact module designed to supply high and stable gain across the specified
range of the communication window.

2.1.1 Features

¢ High saturation output power
« High gain

¢ High stability

+ Low noise

In addition, for polarization maintaining (PM) models:
« High polarization extinction ratio

2.1.2 Product Specification and Test Report

. When you receive this product, please verify that a product specification and a
'.’ test report are included. These documents contain important parameters
regarding to the optical and electrical specifications of the product.

2.1.3 Mechanical Specifications

Dimension: 70 x 90 x 14 mm (D x W x H)
Case: Anodized aluminum

2.2 Accessories

. When you receive this product, please verify the accessories specified in the
" product packing list are included. If there are any discrepancies, please notify
The Manufacturer promptly.

This product was carefully inspected before it was dispatched. It should be in
proper working order upon receipt. You should, however, inspect the product for
any damage that may have occurred in transit. If the shipping container or the
packing material is damaged, keep it until the contents of the shipment have
been checked to be free of mechanical and electrical damages. Notify The
Manufacturer promptly if any notable damage is found.
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3. Product Description

3.1 Module

Feature

Function

(1) Set point control screw

(2) Control Interface Socket

(3) Warranty Seal

(4) Laser Enable Switch

User can turn the screw or lockwise to adjust the set point.

This 4-pin IDC connector socket provides an interface to control the unit and acts as the
US and DS optical output monitoring.

Pin 1: 5V

Pin 2: DS O/P Mon.

Pin 3: US O/P Mon.

Pin 4: GND

The warranty seal(s) ensure us that the module has not been opened. The warranty will
be considered void if any of the seals have been tampered with or removed.
O,

%
Py

User can enable / disable the laser of US and DS with the laser enable switch.
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Feature

Function

(5) Nameplate / Manufacturer ID

(6) Function Label

(7) Optical Connector

The nameplate records the equipment's model number, serial number, manufacture
date, and power supply information.

Label to specify the fiber-optic connector function.

us I/P: Receptacle for US optical input.
DS IIP: Receptacle for DS optical input.
Us O/P: Receptacle for US optical output.
DS O/P: Receptacle for DS optical output.

The optical output receptacles serve as apertures that emit Invisible
Laser Radiation when the optical driver(s) is enabled.

The optical connector(s) for optical input/output. The fiber-optic connector type is stated
in the test report:

FCIAPC: Ferrule Connector with Angled Physical Contact.
FCIUPC: Ferrule Connector with Ultra-polish Physical Contact.
SC/APC: Subscriber Connector with Angled Physical Contact.
SC/UPC: Subscriber Connector with Ultra-polish Physical Contact.
LC/APC: Lucent Connector with Angled Physical Contact.
LC/UPC: Lucent Connector with Ultra-polish Physical Contact.

The optical output connector(s) serve as apertures that emit Invisible
Laser Radiation when the optical driver(s) is enabled.

Proper cleaning and handling for the connectors are required to keep the
equipment in proper performance.
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5. Physical Dimensions

Dimensions are in millimeters unless otherwise noted.
Connectors are for illustration only. Please refer to Product Description Section

for details.
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Phone: +852 — 2428 9723
Fax: +852 — 2428 9704
Email: contact@amonics.com

Quote #: TK-113028
Date: 23 Jan, 2018

To: Optoquest

From: Terry Kwok

Contacts: Masaru Fukumitsu

Phone: (852) 2428 9723

Phone:

Fax:

(852) 2428 9704

Email:

fukumitsug 3

Email: terry.kwok@amonics.com

Item 1: +10dBm Output Power Bi-Directional C-band EDFA Specifications:

14/F, Lee King Industrial Building, 12 Ng Fong Street, San Po Kong, Kowloon, Hong Kong.

Page 10f4

Parameter Unit Specification Remarks
Product
Description - Bi-Directional EDFA -
Model Name - AEDFA-BD-10-M-SC CW mode operation
Optical
Operating Wavelength nm 1530 - 1562 -
Input Signal Level dBm 20to 0 -
Saturated Output Power (each port)* dBm Min. +10, Typ. +12 Input Power = 0dBm
Noise Figure dB Min. 5.8, Max. 6.3 Input Power = -3dBm
Polarization Mode Dispersion ps Typ. 0.2, Max. 0.3 -
Input & Output Isolation dB Min. 30 -
Environment
Operation Temperature G 0 to +40 -
Storage Temperature °C -10 to #70 > -
Dimensions mm 90x 70 x 14 inside a MSA module
Power Supply VDC +5.0+0.1 -
Total Power Consumption w Max. 2.0 Bi-Direction
Interface
Electrical Connector - 4 pin (2mm Pitch) -
Control Mode - Automatic pump current Cur‘:‘;:i:fiuz:g;f“h
Optical Power Monitoring - Build-in Output PD -
Optical Input & Output Terminal - Min. 0.5m long 900um tubing with SC/UPC Pigtail e
Optical Fiber - SMF-28 -
Confidential Amonics Limited
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Measurement result

C-Bandi; :
C-band Bi-directional Optical amplifiers

S/N:1804C053-5

measured value

Up—stream EDF Aspecification

:x\‘ll:_:lh T7ANE: 0.5m=*0.1m
ector type 1%/4Ff : SC/UPC

JaR: WEE =
AT F1550nm, AFINT—0dBm
SE%TEIEI!::’Z]J”I“ =+10dBm >12.3dBm Tnput wavelength Input power = =
; AP #H1550nm, AFINT—-20dBm
Gain - 22.5dB Input wavelength — Input power
AN ¥R 1550nm, AH)N'T—-3dBm
NF =6dB <5.5dB Input wavelength Input power
PMD =0.3ps <0.3ps =
TAIV—4 >30a8 | IN >30dB. TAV—FBEIETOFEE o
TAIV—Yay - OUT >30dB
isolation
Down-stream EDpAfication measured value
Bk e
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TTANTE: 1.3ZSHHSMF ¢ 0.9mmith#

% 1)

= = KR4 HOHCH ST T103-0023 MR ALK A AKGART4-3-10 2F
SN wis > TEL. 03-5200-0801 FAX.03-5200-0803

URL:http://www.optoquest.co.ip LRI T362-0021 HEWR LRAFT1335

TEL. 048-724-1811 FAX.048-724-1813




12. urudanmunnnanyuzyadfeniawuunlUvaIuIEen Viavi [25]

MAP Erbium-Doped Fiber Amplifier

(mEDFA-A1)
o
o
Key Features

* Pre-amp, booster and in-line configurations

+ High output power and gain maximize operating range
+ Low noise figure minimizes optical impairment

+ Monitoring and alarms available

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

Applications
* In-line, pre-amp and booster amplifier emulation

+ Dense wavelength division multiplexing (DWDM) transmission for
multi-channel applications

+ SONET/SDH systems for single channel applications

+ Optical signal-to-noise ratio (OSNR) experiments

Safety Information

¢ . The MAP EDFA, when installed in a
MAP chassis, complies to CE,
CSA/UL/IECE1010-1, LXI Class C
requirements, meets the requirements
of Class 3B in standard IEC

60825-1 (2002), and complies with

21 CFR 10401 except deviations per
Laser Notice No. 50, July 2001.

INVISIBLE LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 38 LASER PRODUCT

(IEC 60825-1,2002)
MAX.500 mw, 700-1680 nm

The Multiple Application Platform (MAP) Erbium-Doped Fiber

Amplifier (mEDFA-A1) is optimized for the industry-leading MAP-200

platform from Viavi. Based on the previous-generation MAP, the
MAP-200 is the first photonic layer lab and manufacturing platform
that is LAN Extensions for Instrumention (LXI)-compliant by
conforming to the required physical attributes, Ethernet connectivit
and interchangeable virtual instrument (IV1) drivers. The MAP-200
platform is optimized for density and maximum configurability to
meet specific application requirements in the smallest possible foot
print. The MAP EDFA has a saturated output power ranging from 14
dBm to 21 dBm, features noise figures as low as 3.7 dB and has gain
flatness better than 2.0 dB. All MAP EDFA models are available for
operation in C- or L-band.

Y,
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Parameter 1550 1552 1552 1554 1558 1590 1592 1594
Amplifier type Pre-amp Boaster Booster In-line Booster Pre-amp Booster In-line
high power DWDM

Operating wavelength range | 1528 to 1528 to 1528 to 1528 to 1528 to 1565 to 1565 to 1565 to
1565 nm 1565 nm 1565 nm 1565 nm 1563 nm 1610 nm 1610 nm 1610 nm

Input signal Single Single Single Single Multichannel | Single Single Single
channel channel channel channel (DWDM) channel channel channel

Saturated output power >14 dBm >17 dBm >20 dBm >T7dBm >21dBm >15dBm >15 dBm >20 dBm

(minimum)'

Noise figure (maximum)? <37dB <45dB <50dB <41dB <55dB <52dB <55dB <55dB

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

(minimumy)*

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

Polarization dependent loss <02dB <02dB <02dB <02dB <025dB <03dB <03dB <03dB

(PDL) (maximum)

Polarization mode dispersion | <05 ps <04 ps <04 ps <05ps <065ps <06 ps <06 ps <06 ps

(PMD) (maximum)

Input/output isolation N/A/32 dB 45/32dB 45/32 dB 32/32dB 32/32dB N/A/40dB | 40/40 dB 40/40 dB

(typical)

Spectral gain flatness (maxi- | N/A N/A N/A N/A <20dB N/A N/A N/A

mum) (p-p)*

Operating temperature 0to 40°C

Storage temperature —30t0 60°C

Humidity Maximum 95% RH noncondensing from 0 to 45°C

Dimensions (W x H x D) 406 X 13.26 X 3703 cm (16 X 522 X 14.58 in)

Weight 13 kg (287 Ib)

Note:

All specifications guaranteed at 1550 nm and at 23°C

1. Saturated Qutput Power measured:

3t 1550 nm at P, = —4 dBm

at 1550 nm at P, = —4 dBm (mid-span) for models 1550, 1552, 1554, 1558

at 1590 nm at P, = 0 dBm (mid-span) for models 1590, 1592, 1594

2. Noise figure measured
at P, = —30 dBm for model 1550

at P, = —4 dBm for models 1552, 1558, 1592
at P, = —20 dBm for models 1554, 1590, 1594

3. Small signal gain measured:
at P, = —30 dBm for model 1550

3t P =-20 dBm for model 1552, 1554, 1590, 1592, 1594

at P, = —4 dBm for model 1558
4 Flatness optimized:

for P, = —4 dBm for model 1558
Note:

1558 Input Power Monitor: Min Power displayed typical - 18 dBm and Max Power displayed typical +3 dBm

12 Multiple Application Platform (MAP-200)
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