Tema 2. PUSUYECKUE NMPUHLUIMNDbI KBAPLUEBbIX
BOJIOKOHHbIX CBETOBOA 0B



OO030p OCHOBHbIX XapaKTepPUCTUK

OnpepeneHue AdhekT OrpaHuyeHune
3aTyxaHue NMoTepu aHeprum
1 [dB/km] no BCen AJfIMHE NNHKA 2ALLEIG LI

Nonoca nponyckaHus

2 Oucnepcus PacwunpeHne umnynbsca &
n ocnabneHue curHana

ONUHa NUHKa

NMoTepu Ha coeaUHEHUAX

an‘lwcnoaBa(; A) LED/Laser = fiber XapakTepucTuku
3 pT{_‘; fiber = fiber coeuHeHus
fiber & e.g. APD*

* NaBMHHBIN boTOoaMOa



MHoromoaosoe BOJIOKHO

(CTyneH4yaTbin
MHAOEKC)
A
_n o
N .
n, L R
n1 n2
Yucno Moa M = 0.5x(TdxNA/A )2 Mpodwmnb
nokKas3aTtens
npenomMsieHuns

(CTtyneHu4aTbI HAEKC)

NMpnmeyvanue: ~ 680 Mog npn NA =0.2,d =50 um n A = 850nm
~ 292 Moa npnu NA =0.2,d =50 pm n A = 1300nm




MopaoBaa ancnepcua
(cTyneH4yaTHbIN
MHAOEKC)

DedopmmpoBaHHble UMnynbCbl

1011 AAAA

Tun umnynbca Ha Tvn umnynbca Ha
UcToYHMKe NMpnemMHuke



MHoromoaosoe BO/IOKHO

(CrnaxkeHHbI
MHOEKC)
A
—5
n, |
I"‘1 :‘2
Yucno Moa M = 0.25.(TedxNA/A )2 Mpodcdunb
nokKas3artens
npenomreHus

(CrnaxxeHHbIN MHAEKC)

Mpumeyvanue: ~150 Mog npu NA =0.2,d =50 umun A = 1300 nm



MopaoBaa ancnepcua B
MHOFOMOA40BOM
BOJIOKHE

MeaHngpbl HOedopmupoBaHHble UMNynbCbl
dopma nmnynbca Ha dopma nmnynbca Ha

nepenaroLwen CTOpoHe NPUEeMHOMN CTOPOHE



lncnepcua

* PesynbTatom gucnepcumn ABAAETCA paclinpeHune y3Koro BXoaHoro MMnynbCea,
KOTOprVI pPacnpocTpaHAETCA BAO/Ib ONTUYECKOINo BOJIOKHA.

Q ] QLZ
BxogHon

UMNYIbC Nmnynbc nocne L, Wmnynbc nocne L,




OaHomoaoBoOe
BOJIOKHO

A
n1
e
5 —
n1
n1 n2
Mpumep: n, =1.4570 n n, = 1.4625 NMpodpunb
nokasartens
npernomrieHus

(CTyneH4aTbIW MHAEKC)
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Buabl gucnepcun
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MHoromogoBoe
BOJTOKHO

MoaoBas
ancnepcus

XpomaTtnyeckas
aucnepcus
[ps/km * nm]

OagHomogoBoe
BOJIOKHO

[TonspusaunoHHad
MopooBas aucnepcus
PMD
[ps/V(km)]




PMD ans ogHOMOAOOBOIro onTu4eckoro
BOJIOKHa

3agepxka

,MensieHHast ocb “ n, (PMD)

»ObICTpas ocb“ n,<n,
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3aTyxaHMe MHOromMoaoBbIX BOJTOKOH

1. 2, 3.

A OkHoO OkHO OkHO
5. 4.
3.5 OkHO OkHO
T PeneeBckoe paccesiHue (~ 1/A%)
=< /
2 25 \ SiOH-nornoweHue
5
% 15
=
Cc | T
m | | | | \ ) Ny
800 1000 1200 1400 1600

950 1240 1440
OnuHa BonHbI [nm]
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3aTyxaHMe ogHOMOAOBbLIX BOJTOKOH

1.00 110 1,20 1.30 1.40 1.50 1.60 1.70
OnuHa BonHb! (MKM)

3aBMCMMOCTb KO3(pPULMEeHTa 3aTyXaHUA OT AJIUHbDI
BOJIHbl OAHOMOAOBOI0 ONTUYECKOro BOJIOKHA
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CnekTpanbHasa YyBCTBUTESIbHOCTb
neTeKToposB

SA
(A
1,0 -

InGaAs
GE (23 ©)

0,97 ¢ GE (0 C)




CnekTp nanydyeHun nasepa v LED

LED LASER
(CBeTO'D‘MOD‘) +5 no -10abMBT
oT -15 no
A -250bmBT
CnekTpanbHas
NMOTHOCTb
60-100HM 1-5HM
————p| — | «—
| |
| |
[ . [
‘/T\
|

15



O630p Pa3/IMYHbIX NOKPLITUN ANA
BOJ/IOKHA

NMnoTHbIN Oydhep

[MNoTHO NpuneraeT; U3 TepMonnacTuka.

MnoTHbLIN OVdep

Fenenogo6HbLIM KOMNayHA

lony-nnotHem bydep unu ron matepuan

BosgylHas npocrnonka B HECKOMbKO

COTbIX JONEeNn MUNNMMETPA.

- Ier4ye CHUMaeTCst BTOPMYHOE MOKPbITUE

- MMHMMAarbHbIE NOTEPU N3-3a MUKPOU3TMOOB

MNMycToTenbin 6ycep
BosgyLlHas npocrnonka B HECKOMbKO
AecaTbiX Aonen munnumeTpa.
Mpocnonka o6bI4HO 3anonHeHa MvcToTenbi 6vdep
BOOOOTTAlNKNBAKOLLIUM renem.
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CoeagnHeHMA BONOKOH

* CyuwecTtByloT Tpu 3 cnocoba coegnHeHMA ONTUUECKNX BOJIOKOH:

— Pa3bemMHoe coegnHeHne Hanp. pa3bem
— KBa3un-pa3bemHoe coeguHeHune Hanp. mechanical splice
— He pa3bemHoe coegnHeHue Hanp. CBapHOe COegMHeHne

* Kakou cnocob6 ucnonb3oBaTb 3aBUCUT OT:
— HaAeXKHOCTU nn TpeboBaHUN K COeANHEHUIO
— Tpebyemon nnmn Heobxoanmom rmbkocTm

— CTOUMOCTHU



Hepa3sbemHoOe coeanHeHue
* [MpnHUMn paboTbl

— OunLeHHble U CKoN0Tble BOJIOKHA COBMeELLAKTCA Apyr C
APYrom Topuamm Kak MOXHO Na0oTHee B CBapPO4YHOM
annapate (N0 BO3MOXHOCTM 6e3 ropu30oHTa/IbHbIX U
BEePTUKANbHbIX cMmeleHn). CBapmBatoTcA. 3aTem,
CBapHoOe coeAMHEHME 3aLlULLAETCA TaK Ha3biBAeMOM
r’MNAb30U 3aLWLUTbl CBAPHOIO COeANHEHUS.

! 5 /
J ¥-Direction
[ —

31
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KBa3un-pasbemHoe coeanHeHue

— MpuHymn paboThbl
o ,ﬂ,Ba Ka4yeCTBEHHO CKO/10TbIX BO/IOKHA COBMELWATCA TOPUaMMU.

o [NA yNy4ylleHNA XapaKTePUCTUK MECTO COeAMHEHNS MeXKAayY ABYMA
BOJIOKHAMM 3aMNO0JIHAETCA renem.

e PucyHok

Jb

| BonokHo
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PaszbemHoe coeanHeHue
e [MpuHUMN PaboTbI

— KoHHeKTop / apgantep / KOHHEKTOP

-

o CyLlecTByeT HECKO/IbKO TUNOB COEANUHEHUM, OTINYAIOLLMXCA
crnocobom nosIMPOBKN HAKOHEYHMKA U CBOUMMU
napameTtpamm (RL, IL). 370:

e [TNOCKMIN KOHTAKT
e Physical Contact (PC)
« Angled Physical Contact (APC)



O630p

Criteria's Detachablé Quasi - Detachable |Not- Detachable
Insertion losaxin [dB] 0,05 << 0,75 0,1 <x<0,5 0,05 << 0,2

Return lossggin [dB] 15 << 80 G(< 40 c(< 80

Mounting on field Appropriate Appropriate Appropriate

Repeated disconnect and connect

Very simple, without equipmen
and without the need of qualifig
personnel

n%imple, simple equipment a
‘qualified personnel needed.

expensive, high-quality equipmer
and need of very high qualified
personnel.

=
(O]

Reliability Lifespan ca. 500 - 200®cs. Cycles Not Very high
Costs .

- Equipment medium low high

= Initial Installation high high low

= Repeated disconnect and connect |very low low high

Alignmenprincipe

Pins / sleeve (mech.)

V - groove (mech.)

Substance conclusive

Fiber contact

As usually a Physical Contact

Immersion between

separation-surfaces

Substance conclusive

2

Dependent on the Connector Type and polishing (PC,

PC
SPC
UPC

and opitical testing of the fiber positioning

APC ( HRL)

21

SPC, UPC, APV=

HRL)

Angle Physical Contact (High Return Loss), Retum loss of approximately 60 dB,

can be reached by machine polishing ( usualyl R 8° Angle Polished)

Physical Contact, Retumn loss of approximately 30 dB, can be reached by manual polishing
Super Physical Contact, Retum loss of approximately 40dB, can be reached by machine polishing
Ultra Physical Contact, Retumn loss of approximately 50 dB, can be reached by machine polishing

—



TexHonorna coemelleHmnA — L|,I/|.I'IVIH,£I,pVI‘-IeCKaFI

'MAb34d
JonycTtumoe OTKIMOHeHUue MaTepuanbl
HakoHe4HuK 2.4990 - 2.4995 HakoHeuyHUK xeneso, kapbug Bonbdpame
BTynka 2.4995 - 2.5000 BTynka Xeneso, kapbug Bonbdpame

I|30n0|<|-|o

/7 Y\
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TexHonorma cosmeLlleHus - I1acTUYHana rTMab3a

[onycTumoe OTKNOHeHue MaTepwuansl
HakoueuHuk 2.4985 - 2.4995 mm HakoHeyHuk Kepamuka (Circonia)
MmMnb3a Gauge Retention Force 2.9 - Kapbna Bonbdpama
9N [Mnb3a Kepamuka (Circonia)
OJIOKHO
/7 Y\

HakoHe4YHuUuK
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HoBble TeXHON10rmm
COBMeELLEeHUNA —
V-06pa3HbIN KaHan

MaTepuanbl
V- 06p. xkenodCunmkoHoBas NoanoXKd

LlenTpoBLumk Kapbug Bonbpama

LleHTpoBwMK BonokHo V - 00p. xenob6
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BHOCUMMble noTepu -
BHYTPEeHHue

Pa3sHuuen B:

5/ OnameTpa saep

J UucneHHbIX
Q)

AnepTypa

NMpodunnen

J NnoKa3aTess
npesfiomMmsieHus [ | [ |
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BHOCMMbIE noTepu -
BHelwHue

OTHOCUTENnbHOE
NO3NLMOHUPOBaHMeE:

opusoHTanbHOE
HecoBnageHue
BOJIOKOH

J OceBoii HaKMNoH E
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BHOCMMble noTepu -
BHellHWue

\(/

J HennoTtHoe
npuneraHue

4% ompaxxeHue Ha Ka)xOoMm koHue = 0.36 dB nomepb

NMoarortoBka noBe PXHOCTU BOJIOKHA.

J LLlepoxoBaToCTb X /4
NOBEepPXHOCTU /

/
/ Yron ~_ |0




3a30p mMexay cepaueBUHaAMK

HeT PU3NYECKOro KOHTaKTa

NMapameTpbl nepeaauum

BHocuMmble noTtepu <1.0dB
OOGpaTtHble noTepu ~15dB

<
<=
b

|
/

//

4% OmpaxxeHue Ha Ka)xdoli CmopoHe
npusodum kK nomepsim e 0.36 dB
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Topubl HOKOHEYHUKOB —

Chepnyeckmnim KOHTAKT

NMapameTpbl nepenaym

paauyc S - 12’ Mmm BHocuMble noTepwu <05dB
| OOpaTHble noTepu >35dB
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Yrnosou chepunyeckmm pusnveckmnmn

KOHTAKT
MNepepaToUyHble XapaKTePUCTUKU
Paguyc 5 — 12MM/\ BHocumMoe 3aTtyxaHue < (.3 dB
/ Bo3BpTHbIe noTepu > 60 dB
/

/
/

Yron 8 - 12° \L<_ /
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SC-RJ KOHHeKTOp

BSFF koHHekTOp ¢ pasmepamu Kak y RJ45
BKepamMmnyeckmm HakOHEYHUK -> XOPOLLO U3BECTHbIW Ha PbIHKE
BBLIcokasa NMOTHOCTb MNOPTOB, NPMMEPHO B 2 pasa ¢ Duplex SC

BMHoromogoBble 1 0AHOMOOBbLIE
BO6paTHaa coBMmecTumMocTb ¢ SC
BOAOVH TN KOHHEKTOpa + aganTtep

BCooTBeTcTBUE cneundumkauymam ISO/IEC 11801 un TIA/EIA 568A
BSCcompact (or SC-RJ) ocHoBaH Ha SC KOHHEKTOpE
B (cornacHo ¢ CECC 86265-xxx, IEC 60874-14)

Bo3moxxHo coeanHeHne ¢ SC Simplex

BTunnyHoe BHocumoe 3aTyxaHue : < 0.2dB.
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3aTyxaHue

32

0dB

100%

[dB]

3aTyxaHne u

MOLLHOCTb
3 dB 6 dB
172 |—] 12 >
500/0 250/0

A =10 x log (Pin / Pout)

PaccTtosiHue [km]



3aTyxaHue KaHana
CBA3U

Npeanonaraemoe 3atyxaHue BO kaHana cBA3un

ATT = axL + AN, + AN,

3artyxaHue kabens [dB/km]

OnvuHa kabensa km]

3atyxaHue Ha coeaguHeHun [dB]
Yucno coeanHeHuw

BHocumble notepu KoHHeKTopa [dB]
K-BO KOHEKTOpOB

7]

(]

Z>mZ > Q
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N3mepeHune 3aTtyxaHus /
NPUHLMMbI

Pasbem Pastem

N3mepeHne obpaTHbix oTpaxeHun (OTDR)
Kl =
- -

Paszbem Pasbem
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Kakon meTtopn,

MCNOJ1b30BaTb ?
* UamepeHue 3aTyXxaHuA:

— BCerga npu oKoHeymBaHUKN Kabenewn
— AN U3MepPEeHUA 3aTyXaHUA IMHKA

* U3amepeHune obpaTHbIX OTParKeHUMN:
— Korga Ha nnHKe ectb BO mydTbl
— A9 Kabenen annHon 6onee 200 m
— ONA CNOMKHbIX TMHKOB
— AN obHapyXeHusa NoBpeKAeHUNN



[ToMHUUN N3mepeHUnA
3aTyXaHMA MOLLHOCTU

KanlllﬁpOBKaI;\ I 3HaveHne = 100% - 3artyxaHue =0

MMMMMM

Nepegatuu¢  [llpueMHuK
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[MpUHLUMN N3MepeHUs 3aTyXaHUS
MOLLHOCTU

Tast jumper 1

’l‘ Connector

Power received

. (dBm)
6. 10 dBm
Opfica

S0UrCe

Optical
mater
p A

dBm = Decibal milliwatt



[MpUHLUMN N3MepeHUs 3aTyXaHUS
N\C)LL[HCTI/I

Connactor Connactor

Test jumper 1 ' Test jumper 2

J_‘ Connector

Power received = P
chack

dBm
P (dBm)-P (dBm) = 0.75 dB
red chiock
S0UNCe mater
. A . ,
diB Decibel

dBEm Decibal milliwatt
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[MpUHUKMN N3MepeHna 3aTyXxaHun
MOLLHOCTU

Connaector b Connector Connector B Connaector
I il iy B
Teast Test
jumper 1 System jumper 2 )\
o
[ |

i
= Fatch Fatch
IJ_I E Connector panel panel Connector E
i ™ ' ™
[-9.30 dBm |
Power received = P,__
0 o O
Fr'f_-r (dBm) - lﬂm (dBm) = System attenuation (dB) dBm
Optical =510 dBm = (-9.30 dBm) = 3.2 dB Optical
source meatear
., f ', A
dB Decibel

dBm = Decibel milliwatt
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[ToMHUMN namepeHna MmOoLLHOCTU
nepeanaTymKka

D | E B
=] | & 1] [ | | of || Rx

Tx | = System transmitter

F"T“ (dBm) Rx | = System raceiver

Compact

:f_l":'c"_'"[f_" % = Patch pane

dBm = Decibel milliwatt



[ToMHUMN namepeHuna
NMPUHUMAEMOUN MOLLLHOCTU

A B C System D E
Tx _II ﬁ*]%[ﬂ [ T =T | ﬁ’]%['ﬂ [

Tx | = System transmitter

pFI:-c (dBm)

System receiver

Rx
Compact

% = Paftch panel p{"""""-"
meater
L -

dBm = Decibel milliwatt




Optical Time Domain Reflectometer
(OTDR)

FeHepaTop UcTouHuk Pacwennsiowee
MMNynbCOB cBeTa 3epkarno

LAY/ —

N3mepeHune MpuemMHuk Pednekrorpamma
3a4epPXKKU

ONMTUYECKUN CUTHan
________ 3NEeKTPUYeCKU curHan
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OTDR nameputenbHan
npoueaypad

Mmnynbc cBeTa pacnpocTpaHsieTcs No OoNTUYeCKOMY BONHOBOAY.

—

’
v, ,
o *

|/|MI'IyJ'IbC cBeTa 4YaCTU4HO OTpa*aeTcAdA Ha HeOAHOPOOHOCTAX.

—

.
0"
o +

e

OTpaxeHHbIn nmnynsc npuHumaeTcs OTDR.

—_—
’
“"' M

—
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NMpumep OTDR pednekrorpammbl

Connector Fusion Connector Fiber Mechanical Fiber

pair Splice pair bend splice end
* |
Attenuation !
(dB) |

i
I
¥

- — - - — - - - = -

LY

Distance (km)

Typical OTDR trace



TUNMYHbIE N CTaHOQPTU30BAHHbIE
3HAYeHUA 3aTyXaHNI

CBapHoe coeauHeHne

TunnyHoe:
MM: approx. 0.05 dB
SM: approx. 0.10 dB
B cooTtBeTcTBMU co cTaHaapTom (ISO 11801):
MM: 0.3dB
SM: 0.3dB

PasbemHoe coeauHeHue (IL / RL)

TununyHoe :
MM: RL: 30 dB IL: approx. 0.3 dB
SM RL: 45 dB IL: approx. 0.1 - 0.2 dB

B cooTtBeTcTBMU co cTaHaapTom (ISO 11801):
MM: RL: 20dB IL: 0.75 dB
SM: RL: 35 dB IL: Tak»ke Kak gna MM
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