Optical Fibre Apparatus —

Budoucnost optickych viaken
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Prehled typl optickych viaken - stav i budoucnost
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G.654.E - Vlakna s velkym efektivnim prirezem a nizkym
utlumem

A — Efektivni prurez vlakna
A = m.(MFD,/2)?
S hodnotou zhruba 110 — 170 um? = G.652 vlakna 80 um?
Ziskame néco kolem 3 -4 dB vykonovou vyhodu
DalSi vykonova vyhoda - utlum typicky 0,165 dB/km
Dnes jiz lepsi citlivost na ohyby nez G.652D
Vyznam viaken pro trasy 100+ km u 400 Gb/s koherentnich systémii

ny

| n, 4l
n, Omezeni:
. Ace = 1530 nm
n VysSi chromaticka disperze > 20 ps/nm.km
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Velmi maly primér jadra - Ultra small size

@ oo Fiber Core 9um

. Cladding 125um 125um‘ 160um  J200um

: PSR Inner Coating  190um

®---- Outer Coating  245um

200pm Small Size Optical Fiber Conventional Duct Cable

12-Core Loose Tube Diameter:
1.8/1.9/2.0/2.1/2.2/2.4mm

125um I 150um | 180um

180pum Small Size Optical Fiber Air-blow Minf Cable

125um 190um | 245pm 12-Core Loose Tube Diameter:
80um 125um  (165um 1.2mm-1.1mm-1.0mm-0.9mm
245um Conventional Optical Fiber 165pum Small Size Optical Fiber Fiber Density




165um Series Air Blown Mini Cable
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Typy MM GI vlaken

Typ MM vldkna Sitka pasma (MHz*km)

OML1 (62,5/125) 200/500
OM2 (50/125) 500/500
OM3 (50/125) 2000
OM4 (50/125) 4700

OMS5 (50/125) 4700/2470

SWDM - 4xlambda, tedy 4xméné vldken
(850, 880, 910 and 940 nm)

Vinova délka (nm)

OMS5 - lepSi moznost uprgade datovych center, 4xméné vlaken

-\_\_\_\_\_‘—\_

vzdal. (m)  prekl. vzdal. (m) vzdal. (m) vzdal. (m)
850/1300 (OFL) 33 N/A N/A N/A
850/1300 (OFL) 82 N/A N/A N/A
850 (Laser Opt.) 300 100 240 75
850 (Laser Opt.) 400 150 400 100
850/953
/ 400 150 500 150
(Laser Opt.)
i T ——

10GBe (prekl. 40GBe a 100GBe 40GSWDM4 prekl.

100GSWDM4 prekl.
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Vicejadrova viakna (Multi-core Fibers - MCF)

= Prostorovy paradox - pouze 0,5% skla ve vlaknech pfenasi informaci, ve
vicejadrovych vlaknech x-krat vice

= Potencialné vyssSi pfenosova kapacita téchto vlaken s efektivnéjSim vyuzitim
prostoru a skla (prostorovy multiplex v MCF)

Loss — Center core
(dB/km) Quter core 1
¥ —— Quter core 2
0.8 — Quter core 3
0.7+ —— Quter core 4
Quter core 5
0.6
— Quter core 6
0.5¢ — Average outer cores
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Malovidova vlakna - Few Mode fibers

- VétsSinou 2, max. 3 vidy (LPO1, LP11, LP21)- mozZnost jejich rozliSeni

- VEtsi pramér jadra — vétsi navazané vykony

- MozZnost vyuziti MDM (Mode Division Multiplexing)

- Striktn€ kontrolované geometrické parametry — malé pieslechy, nizké ohybove ztraty

Optical Characteristics@1550nm Range Typical Value

Core Diameter (pm) 20+0.3 —
Cladding Diameter (um) 125+0.5 —
Cladding Non-circularity (%) < 0.7 —
Wavelength (nm) 1450-1700 —
Coating Diameter (pm) 245+10 —
Dispersion (ps/(nm-km)) LPO1 <23 21.2
LP11 <23 20.5
Dispersion Slope LPO1 <0.11 0.098
(ps/(nm2-km)) LP11 <0.11 0.096
Effective Area (um2) LPO1 =100 112
LP11 >140 152

Attenuation (dB/km) LPO1 <0.21 0.19
LP11 <0.21 0.2
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Dute viakno — Hollow Core Fiber

n=1 namisto 1,5 ve skle

Zareni (svétlo) se Sifi o0 33% rychleji nez ve skle

RychlejSi odezva — o cca 1,54 us na km nizka latence
Vzduch, vakuum = linearni prostfedi — minimalni nelinearity
Nested structure — SM rezim - double nested anti-resonant

nodeless fiber (DNANF)+photonic bandgap guiding fiber (PBG)

Hollow core fiber
47% improvement in speed

Conventional Innovative
single mode fiber (SMF) hollow core fiber (HCF)

Guided light
Doped »
glass core

Guided light
Air core

Cladding (glass) Cladding (glass)

Images of fiber end faces (not to scale)
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Duté viakno - Hollow Core Fiber

~——Zhang OL. 47, 589 (2022)
~—— Mahdiraji OFc 2024 M3y 4
T Adamu OFc 2024, M3 1
~Long cutback
= = Simulated loss

$ ororR

® Insertion loss
= = Ideal DNANF

Measured
-Simulated

wrip’z sso| wnwiuin

1000 1200

1400
Wavelength (nm)
.

Modelling prediction
Loss now 0.05 dB/km at 1550 nm o) e AR
achievable in 3 fully

* Note: 0.5dB/km at 850nm optimised DNANF

1600

If 0.03-0.05 dB/km is achievable,
500km repeater spacing is possible

Eric Numkam Fokoua et al.,

( 2
Yol
“Loss in hollow-core optical fibers: mechanisms, scaling rules, and limits &

. Adv. Opt. Photon. 15, 1-85 (2023) RS
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Duté vilakno - Hollow Core Fiber

- Nizké chromaticka disperze - <5 ps/nm.km

- Velmi nizky utlum - <0,1 dB/km

- Moznost navazani vysokych vykonii — jadro 10-30 um

- Provoz dnes jiz od 1310 nm

- Vyzvy — néaklady, vyrobni d¢lka, mechanicka odolnost, ohybové
vlastnosti(radius cca 10 cm), utlum na spojich (0,2-3 dB), atlum
odrazu (-15 dB), maly Rayleightiv rozptyl (cca o 14 az 20 dB mensi
nez SMF) a jeho variace pode¢l vlakna, svafovani, mozna absorbce
na zneCiSt'ujicich plynech, jak zesilovat signal, starnuti = inZenyrské
problémy

Lower latency
Ultra-low loss
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Zavérem - Trend pro budouci generace optiki

Fiber Single-core Multi-core Mode mulliplexing

Few-mode  Few-mode

Multi-core $ ;
Single-mode | ’
Fiber : .
Muiti-core fiber Few-mode M(
’ ‘ Core multiplexing (MCF) (FM-MCF)
Single-mode !
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; . Existing optical fiber Few-mode fiber
Fiber Fiber (SMF) (FMF)
. Lower latency
. Ultra-low loss

Breaking the loss limit of quartz fiber 0.142 dB/km

. Higher capacity

Breaking the non-linear Shannon limit on capacity




Déekuji za pozornost
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