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~®Gradual market recovery drlven by- LAN and Access

v<~>Pushmg developments for elemental, device, system

| «,,tech nologles towards the next generatlon systems

ngh"nonhneanty f“ ber promlses compact
devnces that can eperate at low powers Yo )

large Ny andfor small Ay Ae/f
- \ Fiber: de51gn

and Sma[l. core g
qnﬁnement
me ly small Aeff
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Why Btsmuthaog 'tde gkasses ?

@ N@ to><|c elements such as Pb Te As Se
@ Oxide glass - easy handlmg | |

....-@G.od mechamcal & thermal stablhty

= @Lowloss proven |n SI ﬂbers (O 7 dB/m)
@Can be fusmn spllced to snllca flbers

@Normal mater1a| dlspersron at 1. 55 um
T w Can be overcome wnth appropnate fi ber desugn R S
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~ Ultra-fast response
S\mtchmg tlme << 150 fs
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Optlcal Kerr Shutter(OKS) expérimént (1999)

0 Hole;/ ﬁbers dlsbersmn contr_ol small Aeff -

o Pro;ect at ORC (Soton)

' Fiber fabrlcat|on extrusmn
“Splicing. - o
"Device development -

® RCaSt
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~ Others
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Pros / Cons for SI ﬁbers and Holey ﬁbers

Pros.

..Cons :

Sl fibers @S]mp[e Stl’UCtLlre~ ,,,,,,

| relatively less heating
| duration/ processes -
| ®Matured modeling/

@ leﬁcult to control """"
| dispersion - large normal
- dispevsion _
’ @Generally dlfﬁcult t:o :
design technique o

Holey. fibers-by;-|

@ Dispersion qonlrdlla"ble

extrusion: ¢ |for all the Wa\;/el’ength

@ High index contrast=
small Ay (A depends
lon the demgn) '

@Wavelength scalé :
complex-structure,: Eg
relatively more-heating '

. | duration/ processes,

risks of glass degradagon
-l & structure deférmat'lon

' '@ Splicing techmque not T

"establlshed
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High-refractive;index gfa

@The recencmatnon of- hlgh n and the control of crvstalhzatmn

“““ @Addttion of In,0j; to Bi,05-based composrtlon T
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350 — 450
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...... XDHOBGI

Both n > 2 2 and AT > 100 °C reallzed

." @Target Step lndex structure
~ Single mode ‘ »

“An =0.09(2,22-2:13), and Aeff 3 3 um? .
:, @Matched compos&tlons for core and clad. glasses T

VISCOSlty
<>Orthodox melt, cast and R1T process




Sl NLF achlevem

@1“ versmn — EIF comp05|tlon

| Glass Refractlv
| codes for

fibers |
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Flber

: Papers

BI SI NLF(n _,2‘.03)

Bi- holey(n 2, 03)

to bejpublished

' Bi-holey(n=2.0 02)

"'Sugumoto etal"'orco4 P26 o

VKIkUChI etal ELett38 N i

Ebendrof’f Heldepnem etal. Opt prreqs

Lo “Ebendroff- Heldeprlem et.al: OFC4 ThA4

SF57 holey

Petropou[os <.t al, Opt Express 11 :

Slllca DSF
Slllca standard

P Yuzoff et al. IEEE PTLIS

i Omshl etal Opt- Flberchhfi
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Preform fabncat]on pr@cedur@- ...... e e e

. Glass'billet and stainless steel che are place
“stainless’ steel body: - -

Heated to near the gless softemng temperature

More than 100 m of
'fiber produced : fmm
. eac:h preform




@Core dla meter""a'd ]
chonce of the fiber OD (130 ~215-pm)-

ed via apPI’Oprlate »»»»»»»»

calc mode proﬁle

ur(_le wigx same area

has OB{Z 7 pm

Phase Shiff /L et (fad#i)

Nonlinear.ohaseversusinoutioovwer

0.5 -
os =1 100 W k™ }Vw
5 4 1 core HF i
14 oo » ‘ Fhe nonlmeanty
0t ] e R _mcreases asthecore
o b | sizeds ‘decreased
0.2 4
01 )
e A W b @ @ awi. . '
hput power (mW) -
T g 4 um core P Highest nonlinearity
# Experimental dataforthe1.6 um core HF :
........ Best Flt for 1.5 um core HE reported H)

@ microstructured fiber
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000 2260 - A o

Ea e I R - - ASR model b i

‘e & measured values

X

Eh - used for -
E mpdnson to
g% the- ASR-Model.
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'riangle core
ametertim). - diameter(im), (Whkm! oW
1.6 2.1 680 714
...... 1.4 1.8 1020 1100
0.62 0.8 2200 Fundamental Limit

<§> Modelllng Wlth
- ) : - ‘ orthogonal method
e | o el and measu rement o
2 / e P =y | »
é’, 4100 4, /}/ - ,,»*’fé | ) -
E ////// o ) (zf
R e
e ya b ==~ bulkPb-glass
L B ' — - bulkBi-glass
300 & :
1000 1200 1400 1600
. ' Wavelength (my s i
d1spers1on of bulk glass. and HFs with. dlfferent

.core diam,e,,ters

numberssm um in the graph)
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: Actlvely mode Iocked Er—ﬂbe‘
rlng laser free space coupled

} = 1556 nm

power (10 dB/div)

1550 1600 1650 : .
wavelength (nm)

ED eof braadened spectru e
| anomalou flber dlsper;smn ,,,,,, .

Sphcmg w1th< conventlo al ﬂ‘bers :

_ Contraction’ b T lefusmn of Ge further
- allows’ t:apered mode A : facilitates :
o expansmn ; mode matchmg ‘

ﬂ Tapered sphces pm\nde exceltent mode matchmg, Eg ,
fSMFZS (9;1m c:ore) to Zum core HF 0 6dB with <«40d8 back reﬂectron
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. @ Usmg mechamcal cteaver and conventmnal fusmn sphcer
¢ Two mtermedlate buffer stages to. reduce mode mlsmatch

@ Bismuth-HF core diameters-2.0-pm.. .. -
@ Sphcmg Loss mode mlsmatch ‘ 3 8dB !
' e Fresnel reﬂectlon :0.2 dB—

exc:esslass, S 1.8dB

3 Coupling losses. reduc

% Free- space..,cauplmg*

3 Sphc:mg

@ Basmuth~ox1de haley ﬁbers wu:h vary htgh |
nonlit neamty have been' fabrtc:ated usmg t:he
extrusmn techmque '

@ anest lass* 27 'dB/m for e{-»‘t «6;uml care fiber-

& A reccrd hlgh effectwe nenlmearlty of 1100\
was observed for a-1.4.um care flber

@ Anema!ous chmmatlc: dIS aersmn at 1 55 pm S
“"‘éta(ndar fib S ,

New ftbers for compact low pcwer nonlmear dewces -
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Loss ﬁgure ofMent

65 dB/ m
mdependmg on the core s1ze

- Bare (unc d) ﬁber loss v1

- Impact of imperfectlon fand surface mughness mcreases
. for stnaller core f]bers T -

W@ _Patentlak for tgwer loss smg dehydrated gkass. Bare ﬁber

i easurem ts at‘r 55 ;zm

o One useful figure of merit: x‘ % Leff Lo

+_Low Power Devices: ideally require maximization

j of the fiber length, and thus loss has a significant

impact

+_Compact Devices: For short fiber lengths (< 1 m)
the drastic increase in nonlinearity of these fibers
| outweighs the increased loss -

i To be xplored:

Loss - practical nonlinearity and
practical light power

Compactness"criteria
Dispersion control
Merits for System stability

Polarization control - mandatory ?
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La =T Ip;

SC spoctum widh (zra Jass)

Arer ()

Optimum lengh (=10 lass)

i 1P
Fei n*l(LdlL,\l);W 6

D,=-5 é]:’s:'n“m/ksm '

iy
given ;| length

Ofstimim

a ommodate

smatip, | &tang

'Tom[mson gt a[ J. ‘OSA 1984

il large pz

2] short

606 Rz Gauss" i

20w peak power, ¥= 1000 wt km‘1 and ~ 8 6 m

for ~ 75 nm SC light (D, = -5 ps/nm/km) for zero-loss case

Feasnblhty}fe SCgeneratmn

he Ioss |mpa|rs both the chlrp ||near|ty and the spectral

S:p!itgste
Fourjer
transform

s 9356:

calculation..
for the them
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casibility for SC generation
: Latger dispersioh impais thie spectral width but aliows

Ae—————
e

Notg:‘EH-axis
isxi0
magnified

& i 3 .
Need further calcu)tations for particular
cases along with experiments

9= 2n056P Lo/ M) Ay
P= 43 xyx PLig
(g = 2ny(1-b), _

8 7 yuwkm)

wer for y ~ 1000 (W-km*) and L., ~1 m

W-clas eak
r = phase shift - not crucial
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@Nonhnear f1bers - Keys large ny and small- Aerf :
, (addltmnally, loss-and- dlspers;on) R

@Blsmuth ox1de large o and other vood propert1es but

-5l Nonlmear ﬁbers mmple and legacy structUre, fusxon o
sphce w1th standard ﬁber, 1360 w ke ach1eved to date -

standard ﬁber, 1100 w- 1km achxeved to date }

. ®Loss - Figure of merit: Consndermg the- compactness of the
“devices, short fibers ( < 1 m) w1th extraordmary nonlmeanty
“will make sense ’ :







