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Aktivitaten des| AP im Bereich Fasern

V. Romano
Institut flir Angewandte Physik, Universitat Bern,
Sdlerstr. 5, CH-3012 Bern, Switzerland

1. Das Team
2. Motivation: Grenzen der Standardfaser

3. ,Rapid Fiber Prototyping" und Beispiele

Zusammenarbeit mit der Industrie (KTI), SATW, SNSF, NCCR QP

V. Romano s=m  Th. Feurer

1. The lAP

C. Pedrido

S. Pilz

L. Petraviciute

Renner-Erny




‘ Brechungs-
Coating index-Profil

Cladding
Core
g8 um
n
125 pm

Aktivieren des Cores durch eine sdltene Erde (z. B. Er3* od.Y B%*) - > Faserlaser
Sehr gute Dampfungswerte (ca. 0.2 dB / km)

Kleiner Kerndurchmesser:
— Hohe Intensitéten;
— Hohe Energieflussdichten;
— Kleine extrahierbare Energie;

Dispersion: gegeben v.a. durch das Material
Limite fur traditionelle SM Faser: 100 W (CW)

Erhéhung des Coredurchmessers: Strahlung wird
multimode (schlechter fokussierbar)
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2.3 Damage Threshold of fused Silica for pulsed l
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Oberflache Bulk
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duration Power (MEFO=0yrm) Fiber mit 8nm core:
97 Jfcem® 330/ cn 4.8m)/Puls
4.2m)/Puls
3.4m)/Puls
1.1m)/Puls
(W. Torruellas et al, Photonics West 2006)
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2.4 Breaking the limits with new fiber [/}
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Knight et al, Sciance (1998) Srmith &t al, Natura (2003) B. J. Mangan atal, OFC (2004)
Cragan et al, Sciance (1288)

Band-gap guidance Loss ~ 13 dB/km Loss ~ 1.7 dB/km
in low-index region. Airfilling fraction ~ 94% multimode

* Light is guided via diffraction rather than total internal reflection.




¢ Cladding has lower index than core by air fraction
e Core size can be upscaled (dmost) arbitrarily by appropriate choice of
microstructure (allows single mode guidance for very large cores)

Brechungs-
index-Profil

« -> Rapid Fiber Manufacturing

— Sol Gel
— Granulated silica method (patented by Silitec SA, Boudry)




3.1 Production of Sol-Gel preforms__| u’

Standard technique:mCVD
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ca, 1600 *C

Sol-Gel technique at I1AP:
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source material
—p activeion
—p Pprevents clustering

control of refractive index

annealing 1000°C

collapse tube to rod
drawn to fibre
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@Coating of tube with highly viscous sol (3 x 2.7 nm )
@Vitrification after each step
@Drawing at high temperature

.Lifetime 764 £ 4 ys (20 cm, 908 nm)
.Losses 0.28 dBm! @ 632.8 nm

ﬂ
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=65 <2000
-Losses 0.03 dBm* @ laser wavelength 3 S 1500
-Numerical aperture: 0.099 g, i g’m oo
-Diameter fiber 180 um 850 g 50

. &
-Diameter core 8.5 ym e 974 nm &)
860 880 900 920 940 960 980 1000 900 950 1000 1050 1100
Wavelength | [nm] Wavelength | [nm]

§Laser emission at 1080 nm
and 1088 nm

§Fiber length 65 cm

8§64 % slope eff.
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-t Small Tube
(3 xS mm)

RE0:ALO,
Doped SiO,-Sand

Large Tube
(16 x 19 mm)

! -+— Undoped Si0,-Sand
VT
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Filters
Specin- “
mener u
Mirror Mirror
Tgognm = 1.3 % Tsognm = 94.11 %
T106amm = 2.3 % Ti06amm = 0-31 %
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I Small Tube
(3 x5 mm)
®
| = REO:ALO, i
& Doped Si0,-Sand P %
Gt f LS. .‘\ﬂ (o
; - 3
y Rty
1500 1700 00 210D 2300 2800
Warvslength [mm]
t Large Tube = 804 nm (Tisnpprm) — B11 nm (Dioce]
(16 x 19 mm)
NIR fluorescence spectra of the single-core multiply doped fibre
when pumped with the Ti:sapphire laser at 804 nm (dashed curve)
and the single-mode single stripe laser diode at 811 nm (solid
. Undoped Si0,-Sand curve).
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An oxide mixture of

Nd3+(0.1 at. %), Ho3*(0.3 at. %), Er3*(0.1 at. %),

Tm3+(0.3 at. %), Yb3*(0.2 at. %), AI**(7 at. %), . .

and silica is used to fabricate a single-core fibre L. Di Labio, 2008




3.6 “Sand Technology”for PCF | ¢,

M A
L]

20 mim

Depending on size, sand-based preforms are:

« Vitrified and drawn directly in one step

« Vitrified and drawn in two steps

« First vitrified plus stretched and then drawn (two
steps)

Microstructured fibers can take profit of the method:
stack and draw + filling interstitials with granulated silica

»Mixed technique”: capillaries from tubes, interstitials Pure silica tubes
filled with granulated silica and core rod
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3.8 From the preform to the fiber

» First trials (2005 / 2006):
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Fiber diameter: 180mMm

. |Core diameter (d):  24.8 nm Single-mode
Hole diameter: 7.4 mm @ 1064 nm
Pitch: 16.1 mm
d/pitch: 0.46
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Multi-mode
@ 808 nm
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§ Fiber diam.: 125.0 mm Losses
§ Core: ~4m X 6 Mm w
§ Hole diameter: 1.5mm ©

60

Losses [/dB/km]
3

450 500 550 600 650 700 750 800
Wavelength [/nm]

. Flat spectrum in vis.
. Polarization maintaining
. (almost) single mode in

complete range
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o All fiber MOPA (Master Oscillator / Power Amplifier)

h

|.. i ST ..‘ M‘/\ NV\AMM,.,W
Temporal pulse shaping High pealk. power (>kW) is generated in
adapted to application is done the amplifier bgsed on Rgre Earth
here at low power and based on doped Photonic Crystal Fiber
reliable and well known Technology.
technology

One high power design will try to cover
as many pulse length and repetition
rate regimes as possible.
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. ¢ <100fs

+ ¢ 50MHz
 Verdt: 23dB
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|AP 2007, F. Miiller
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Realisation von
Wellenlangennormalen
mittels Gas gefullten Hollow
Core Photonic Crystal
Fiber(HCPCF).

Anwendungsgebiete:

wa—1 -Metrologie

Struktur einer Hollow Core Photonic Crystal -Telekommunikation
Fiber (HCPCEF).

P. Marty, 2008




Conclusions

» Team: 13 peopleinvolved at AP (growing)

» Rapid Fiber Prototyping for implementation of new fiber
concepts

» Several PCFs have aready been drawn

* Next steps:
— applications
— Hollow core fibers (Photonic Bandgap Fibers)




