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Bcero 3a 10 1eT ypOBEHb MOLLHOCTU 6enbix
nasepoB (cynepkOHTUHYYMOB) CO CreKTpasibHbIM
AvanasoHom ot 380 A0 4400 HM BbIpOC Ha
nopsaok. bonee perasbHoe NOHUMaHMe
reHepauum Usly4eHns C LLMPOKUM CMeKTPOM

B ONTUYECKNX BOJIOKHAX MO3BOJIUT MPOAOJIXUTD
paboTy Nno ycoBepLlUeHCTBOBAHUIO KOHCTPYKLUU
CYNepKOHTUHYYMHbIX UCTOYHMKOB U pacCLlUIMpeHNto
061aCcTn NX UCNOJIb30BaHUS.

IeKTPaJIbHOe yIIMPeHHe U TeHepalHs H3/y-

YeHHUsI Ha HOBBIX YaCTOTaxX SBISIOTCS 0CO-

OeHHOCTSIMH HeJMHEHHON ONTHKH, KOTOpPbIe
IIPUMEHSIOTCS WU H3Y4YaloTCsl B TeYeHHe MHOTHX
mecsiTuineTud. B 1970-x romax, reHepanus "6enoro
cBeTa" 3a CUeT 3KCTPeMa/IbHOTO HEeJINHENHOIO CIIeK-
TPaJIbBHOIO YIIMPEeHHUs ONTHYeCKUX MMIIYIbCOB
B KOHEYHOM HTOTe IpHBela K TePMHHY 'CyIIepKOH-
TUHYyM" [1]. HO IOCKOTBKY HEJTHHEHMHOCTb CTeKJa
OTHOCHUTE/IBHO HHM3Ka, TO TPeOYIOTCSI 0YeHb BBICOKHE
IIMKOBble MOIIHOCTH [JISI CO3[AHUS 3HAUYUTETBHOTO
CIIeKTPA/IbHOIO YIIMPeHUsl B 06beMHOM MaTepHalle;
IJIMHA B3aKMOJIEHCTBU S 00paTHO IIPOIIOPLIMOHAIBHA
pasMmepy MsTHA: 4yeM Jaydlle GoKyc, TeM Kopoue
5pdexTHBHAS [AJHHA B3aUMOAENCTBUSA (0OBIUHO
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SUPERCONTINUUM SOURCES:
AN EVEN BRIGHTER FUTURE
AWAITS SUPERCONTINUUM
FIBER LASERS

A.Devine, R.Hodder, NKT Photonics,
www.nktphotonics.com

In just over 10 years, supercontinuum power levels
have grown an order of magnitude with spectral
range spanning from 380 to 4400 nm. Enhanced
understanding of supercontinuum generation in
optical fibers will enable continued product and
application evolution.

pectral broadening and new frequency

generation are features of nonlinear optics

that have been utilized and studied for many
decades. In the 1970s, the generation of an extended
"white light" source through extreme nonlinear
spectral broadening of optical pulses eventually led
to the term "supercontinuum" [1]. However, because
the nonlinearity of glass is relatively low, it requires
very high peak powers to generate significant spectral
broadening in bulk material; the interaction length
is inversely proportional to the spot size: the tighter
the focus, the shorter the effective interaction length
(typically a few centimeters). The obvious solution
is to confine light and use the guiding properties of
optical fibers to extend the interaction length.

But using optical fiber only partially solves the
problem, as the spectral broadening due to the
nonlinear properties of standard fibers (SMF-28
type) results in a spectrum extending to mainly
longer wavelengths and, with the pump around 1064
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HEeCKOJIbKO CaHTHMeTpPOB). O4YeBUIHBIM pelleHHeM
SIBJISIETCS IIPOCTPAHCTBEHHOE OrpaHUYeHHe H3JIy-
YeHHSI M MCIIOJb30BaHHe HAIIPaB/ISIONIUX CBOMCTB
OIITHYECKHX BOJOKOH [JIS PaCIIMpPeHUS IJIHUHEBI
B3aMMOJICHCTBH .

OoHaKO MCII0JIb30BaHME ONTHYeCKOTO BOJIOKHA
JHIIb YaCTUYHO pellaeT mpobinemy. IIpH HCIIOIB30-
BaHHUU HeJIMHEHNHBIX CBOMCTB CTaHAaPTHBIX BOJIOKOH
(k mpumepy, SMF-28) MOXHO IOJIYYHUTH MIHPOKHUHN
CIIEKTP TOJIBKO B JJIMHHOBOJTHOBOM 0671aCTH. A IpHU
HaKa4Ke 0KosIo 1064 HM CBeT B BUJAMMOM YaCTH CIIeK-
Tpa He TeHepUpyeTcs.

HoBBIM 3Taml O YycOBepLIEHCTBOBAHUIO CYyIlep-
KOHTHHYYMHBIX HCTOYHMKOB HaydaJICi B CepefuHe
1990-x romoB 6maromapst pa3paborke GOTOHHO-KpH-
CTa/IJIMYeCKOT0 OIITOBOJIOKHA QPMIMIIIIOM Paccemom
U JI>koHaTaHOM Haritom. JJaHHBIe OIITUYECKHE BOJ-
HOBOJBI 00/1a/1al0T CBOMCTBAMH, KOTOPBIE 3aBHCST
He TOJIBKO OT MaTepHuasa, KaK B OOBIYHBIX BOJIOKHAX,
HO U OT CTPYKTYPbl MacCHBa KPOLIeYHbIX OTBEPCTHH,
OKPY>KaIOIIHX CePALeBHHY OIITOBOJIOKHA.

HeobpIuHas CTPYKTYpa STUX ONTHYECKUX BOTIOKOH
HMeeT PsiJi IPeNMYIeCcTB, KOTOPble BKIIOUAIOT B cebs
OTHOCHUTEJIbHO HU3KHe IIPOM3BOACTBEHHBIE 3aTPATh
(BCS KOHCTPYKILIMSI OCHOBAHAa Ha YMCTOM KBaplie-
BOM CTek/e 6e3 KaKUX/IH60 JerHpyromux MIpHMe-
Cell) U YHHUKaJbHble OIITHUYecKHe CBOMCTBAa. Hambo-
Jlee 3aMeTHOM 0COO@HHOCTBIO SIBJISIETCSI CIIOCOOHOCTH
aAIITUPOBATh JUCIIEPCHOHHYIO CIIOCOOHOCTh TAKHUM
obpasoM, 4TO6BI ATHMHA BOJHBL HYJIeBOM JHUCIIEPCUU
Mora ObITh IlepeMenieHa B 0671acTh 1 MKM HIIH JasKe
MeHee 1 MKM. 3HaueHHe 3TUX YHHUKAJIbHBIX 0cObeH-
HOCTeM ObLIo BIiepBble IOHSTO B 2000 romy Beisom
Jlabcom. EMy ypnanoch MpoJeMOHCTPHUPOBATh IeHe-
paLMIo CYIIePKOHTHHYYMa B GOTOHHO-KPUCTAIIHYe-
CKOM OIITOBOJIOKHE C MCII0JIb30BaHHEM THTAaH-Callpu-
POBOrO JIazepa B KauecTBe HaKauKH [2].

B HacTosInee BpeMs XOPOIIO M3BECTHO, YTO eC/IU
IJIMHa BOJTHBI HAKa4YKH JIESKUT BOIU3U 1T HbI BOTHBI
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nm, light in the visible part of the spectrum is not
generated.

The whole landscape of supercontinuum
generation changed in the mid-1990s with the
invention by Philip Russell and Jonathan Knight of
Photonic Crystal Fibers (PCFs)—spectacular-looking
optical waveguides with properties set not by the
material, as in conventional fibers, but by arrays of
tiny holes surrounding the core.

The unusual structures of these PCFs have a
number of benefits, ranging from the relatively low
manufacturing cost (the whole structure is based
on pure silica glass without any dopants) to unique
optical properties. The most notable one is the ability
to tailor the dispersion properties such that the zero
Group Velocity Dispersion (CVD) wavelength can be
moved to the 1 pm region and to even shorter ones.
The significance of these unique features was first
understood in 2000 by Bell Labs in its demonstration
of supercontinuum generation in a PCF pumped by a
Ti:sapphire laser [2].

It is now well understood that if the pump
wavelength lies in the vicinity of the zero GVD
wavelength, then nonlinear spectral broadening
can develop almost symmetrically to both short and
long wavelengths as a result of the group velocity
matching for Stokes and anti-Stokes signals, and thus
one can create an extremely broad spectrum covering
the entire 400-2500 nm wavelength range.

In 2005, turnkey supercontinuum fiber lasers
were highly novel and attracted attention from
early adopters - mainly researchers and corporate
research groups curious about how the technology
could be incorporated into their research and product
development. Today, the supercontinuum is an
established illumination tool within research and is
becoming a commodity illumination source within
industrial and medical tools and instrumentation.
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Ha BbictaBke LASER WORD of Photonics — 2017 koMmnaHus

NKT Photonics aHOHCcuMpoBana NnoKynky komnaHum Fianium

M NpeAcTaBu/1a CBOKO HOBYIO MPOAYKLMIO, 2 TAKXe JIMHEeAKY
TPAaAULMOHHDbIX NPOAYKTOB, MOJIb3yIOLWMUXCSA BbICOKUM CMIPOCOM

Y koMmnaHuu NKT Photonics eCTb HeCKONbKO TNaBHbLIX
NMPOM3BOACTBEHHbLIX HampaBAeHWW: MNPOM3BOACTBO
BO/IOKOHHOW OMNTUKM, NNHEMHBIX ONTUYECKNX AATHMKOB,
LUMPOKOMONOCHbLIX /1a3ep0B, CBEPXOLICTPbLIX BONOKOH-
HbIX /1a3epOB, BOIOKOHHbIX YCUAUTENen, pacnpeaenén-
HbIX 4ATYMKOB TemMnepaTypbl, akyCTUYeCKMX KOnebaHmn
N MexXaHW4ecknx Hamps>keHun. CTpaternyeckon 3aja-
4yel B paboTe KOMMAaHUW sBASETCS GOKYCMpPOBKA Ha
NPaKkTUYeCKMx NpunoxerHusax. Camon nepegoson obna-
CTbIO Ha AAHHbIK MOMEHT SIBASIOTCS CYNEPKOHTUHYYM=
Hble Na3epbl M BOIOKOHHO-ONTUYECKME AATHUKN.

B OCHOBHOM BOJIOKOHHO-OMTUYECKME AATYUKN
WNCMONL3YIOTCS AN MOHUTOPWHIA Pas/IyHbIX MpoLec
COB B MPOMbILIIEHHOCTWN. B KOMNaHu pa3pabaTbiBatoT
MHOTO MPOEKTOB, CBA3AaHHLIX C ra3oBOW U HehTAHOM
MPOMBbILLNEHHOCTbIO. JaTYnKM MCMNONL3YHOTCS B YCTAHOB-
Kax M3BNEeYeHUS HedTU WK rasa U 1Ux AajnbHenLen
nepepaboTKu.

PacnpeaenéHHbIN JaTymk TeMnepaTypbl (@Hra. DTS —
Distributed Temperature Sensing) sBASeTCAS MHHOBA-
UMOHHOW pa3paboTkom NKT Photonics. AaTynK nmeeT
LUMPOKMIA AMANA30H AANbHOCTU O0BHAPYXKEHUS Heno-
NafoK Ha obbekTe — A0 70 KM — M UCNONb3yeTca AN
0bHapy>xeHus yTeyek B Tpybonposode. CBSA3b MOXET
BbITb 0becneyveHa C MOMOLLLIO Kabesns nam 6ecnpoBos-
HbIM CMOCOB0M. aTymK MOXKHO MCMOMb30BaTbL BO MHO-
rMx cpefax: HedTb, MPUPOAHBIN Fa3, CKUXKEHHbIN ras,
BOAQ, 6eToH. [laTyMK MOXEeT bbiTb afAanTMpoOBaH Nof
3a[aHHVIO GU3MYECKY Cpedy, OH pacCcyMTaH Ha Aua-
nasoH Temnepartyp ot —180 go 400 °C. laT4ymK MOXEeT
BbITb MCMONL30BAH 414 A0ObLIYN HEDTW M rasa, B peak-
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TOpax, B XMMMWYECKOM MPOMBLILLIEHHOCTK, B CMCTEMAaX
XpaHeHusi HedTK K1 rasza. CpegHee BpeMsi 6e30TKas-
HOW paboTbl cocTaBaseT 32 roga. MpW 3TOM AATHMK
He TpebyeT o0bCayXMBaHWUSA. B Mupe He cyliecTByeT
aHanoroB AN AAHHOrO YyCTpPOMCTBA. [aTymK BKJIIO-
YyaeT B Cebs NaCCUBHbIN OXJTAAUTESb, HE COAEPXKUT BEH-
TUNATOPOB W MOABMXKHbLIX MexaHU4eckmx KOMMOHEeH-
TOB. ONTOBOJIOKHO A1 HEro SBASeTCs COHCTBEHHOM
pazpabotkon NKT Photonics. Ans KaXAoro npuao-
XKEHWS MCMOJIb3YeTCs COOTBETCTBYIOLLEE CrelmanbHoe
OMTOBOJIOKHO.

Y KOMMNaHWW eCTb MHOXECTBO NMPOEKTOB, CBA3AHHbIX
C OBbHapy>eHVem MoXkapoB B TYHHENSX, MEeTpO, aspo-
noptax, Hebockpébax. NKT Photonics pacnonaraert cep-
TUPUKALMOHHLIMW AOKYMEHTAMMW, KOTOPble pa3peLlatT
e BbINONHSTbL 3TY A€ATENbHOCTb.

[lpyroe Hanpas/ieHMe MNpPOU3BOACTBA — MHOroKa-
Ha/IbHbI BOOKOHHDLIW /1a3ep C HM3KMM YPOBHEM LUYMA.
YCTpOMCTBO MMeeT 16 KaHa/oB. Jlazep OTAMYaeTCst BO3-
MOXXHOCTbLIO TeHepMpoBaTh U3/Iy4eHne C O4eHb HU3KUM
OTK/IOHEHMEM OT 3a4aHHbLIX BENINYUH UHTEHCUBHOCTM
W ONVHBI BOSIHLI. LUMPYHA NMHUKW reHepaunm cocTaBaseT
100 y. C NOMOLbLID MCMONL30BaHWA 1a3epa U OMNTOBO-
JIOKHa MOXHO ONpefennTb TemnepaTypy B 3a4aHHOM
obnacTu. Jlazep NpUMeHSeTcs B Takmx chepax Kak: Kore-
peHTHaa onTmyeckas CBSA3b, Jla3epHoe oxJlaXkaeHune
aTOMOB, Na3epHbIM NuHLEeT. CyLllecTByeT BO3MOXXHOCTb
M3MepATb CKOPOCTb BeTpa A/ OLEHKM NepcrnexkTus
CTPOUTENIbCTBA 3JIEKTPOCTAHLMU. CKOPOCTbL ABUMKEHNS
4acTML, B BO3AyXe OMNPeAensieTcs no xapakTepucTukam
OTPAXKEHHOIO U3/TYHEHNS.




Cncrtema Koheras Acoustik mosib3yetcs CNpOCOM.
OTO MOAY/IbHAsk MHOrOKaHasnbHasi CMcTema K3 BOJO-
KOHHbLIX /1a3€p0B C HM3KMM YpPOBHEM LWyMa. CucTema
MOXET BKJ/tO4aTb B Cebst A0 16 moaynen. B yCTaHOBKY
MOryT [006aBAATLCSA Na3epbl C TpebyemMon AAMHOM
BOJIHbI, KOTOPLIMW MOXHO YMPasasdTh U3 eAMHOrO LieH-
Tpa. BO3MOXHOCTbL cobupaTb Tpebyemyio yCTaHOBKY
13 OTAENbHbIX MOAYNEN SBNSETCS OT/IMYUTE/IbHOW 0CO-
beHHOCTb0 nMpoaykumm NKT Photonics. 3Tu nasepbl
BbINM MCNONL30BaHbLI B MCCAEA0BAHUAX MO perncrpa-
LVMIO TPaBUTALMOHHBLIX BOMH. KOHCTpyKLMes nasepa
C HU3KVM YPOBHEM LLUYMA M OT/INYAETCH OT KOHCTPYKLMN
CYNEePKOHTUHYYMHbIX J1a3epOB.

Ha cerogHAWHWM AeHb BbIMyCK CYMepKOHTUHYYMHbIX
/1a3epoB MO-MpeXxKHeMy OCTaeTCd BaXKHbIM Hamnpas/ie-
Huem B pabote komnaHuu NKT Photonics. MNepecTpan-
BaeMbl My/bTUKaHaNbHbIX Na3ep cepun Fianium reHe-
puUpyeT M3ny4yeHue B AmanasoHe AAUH BoJH 400-2400
HM, MOLWHOCTb M3nyyaTtensd gocturaer o 20 BT. Bce
KOMMOHEHTbI COBMECTUMbI C APYrM 060pyAOBaHMEM
KoMmnaHun NKT Photonics.

AKYCTOONTUYECKUIN MepecTpamMBaeMbii  QUALTP
cepun SuperK uMeeT nporpamMMHoOe yrpaBJieHue.
LWnpmHa nNonocChbl NPponyckaHms duasTpa Ans 1a3epos
cepuu SuperK coctasnget 1-2 HM. CyLlecTBYeT BO3MOXK-
HOCTb NEPecTpoOMKM OT 140 8 NNHUN.

Apyrvie BO3MOXXHble MoAnbUKaLMm GuabTpa:

e SuperK Extend ong nepecTponkin B AnanasoHe 265—

480 HM, WPUHA TNHNU 2—=12 HM,;

e SuperKVaria ong nepecTporky B AnanasoHe 400—

840, WwupuHa nnMH1mM 10-100 Hwm;

e SuperK Select 4ns nepecTponKkmM B Anana3oHe

400—2400 HM.

SuperK Extend UV — yCTpowCTBO Ans pacluvpe-
HMA AMana3oHa MNepecTporKn CYNepKOHTUHYYMHbIX
nasepos. C NOMOLLLIO AAHHOMO Y3/1a MOXHO L0BUTLCS
reHepaummn u3ny4eHMa Ha AAMHAX BOJMH OT 265

i

00 480 HM. O6/1acTb MCNONbL30BaHMS AAHHOrO 060pYy-
[0BaHMs — BO36y>XKaeHWe GayopecLeHLy pasanyHbIx
CTPYKTYP, SABAAOWNXCA NPeaMETOM M3ydeHns B B1ono-
T 1N MegnumnHe.

Nazepbl NKT Photonics KOMAaKTHbI, MMeOT BO3/ayLL-
HOe OX/NIaXKAEHMe, NEPEXOAST B paboyunii pexxnm B Teye-
H1e 10 MUHYT. 3TO 060pyAOBaHME C BbICOKMM YPOBHEM
Ka4yecTBa W HAAEXKHOCTM.

Ha BbiCTaBke Obl1 NpeAcTaBieH CYynepKoHTU-
HyyMHbIn nasep SuperK EVO. NKT Photonics nepsas
B MMpe Havana Npon3BOAMTbL fa3epbl MOAOBHOro TMna.
Kpome TOro, NKT Photonics BbinyCcKaeT CymepKOHTW-
HYYMHbI nasep ANns cpeaHero VIK-granasoHa cepum
SuperK MIR mid IR. nana3oH nepecTtpomkm AaHHOrO
nasepa coctasnger 900-4200 Hm. Jlaszep SuperK MIR
mid IR MOXHO KOMBUHKMPOBaTL € FTIR-CMeKTpomMeTpoMm
(Pypbe NK-cnekTpomMeTpom).

KomnaHunsa NKT Photonics o6bnagaer oaHOW
13 NIYYLINX TEXHONOM M MO NPON3BOACTBY ONTOBOIOKHA
B MVpe M MOCTaB/IsieT ONTOBOJIOKHO A1 MHOTUX Beay-
LMX MPOM3BOAMTE/IEN TA3EPHOMN TEXHUKIK. DTO NTepbn-
€BO€e OMTOBOJIOKHO C MOJIMMEPHbLIM 3aLUNTHBLIM MOKPbI-
Trem (aHrn. PCF) 13 KpemMHMs. Takoe onToBOMOKHO NKT
Photonics ncnonb3yeT BO BCEM CBOEM 0H0PYAOBaHMUM,
B TOM 4ucie Ans GemMTo- MU MUKOCEKYHAHbLIX BOJIOKOH-
HbIX /Na3epoB. [aHHOe OMTOBOJIOKHO LWMPOKO MCMOMb-
3YeTCS B MPOMbILWIEHHOCTW. [TpOM3BOANTENbL FTapaHTu-
pyeT pecypC paboTbl ONTOBOJIOKHA — ABa roga. M yxe
B TeYeHVe 7 neT KOMMNaHUs HeMpepbiBHO TeCTUPYET CBOKO
NPOAYKLUMIO. Pe3ynbTaThbl 3KCNepPUMEHTOB CBUAETE/b-
CTBYIOT O €€ BbICOKOW HaAEXHOCTU. A MO NUCTEYEHMUIO
CpoKa rapaHTumn Ha obopynoBaHme NKT Photonics npe-
[LOCTaBAgeT YC/IYrn ero CepBUCHOTO O0BCYXXMBAHMS.
Kpowme Toro, B KOMMNaHum NpOBOASITCS CTATUCTUYECKME
NCCNef0BaHNSA B OTHOLIEHWUN HALEXHOCTU PasinyHbIX
Y3108B. AHaIM3 HANPaB/eH Ha TO, YTOObI yIYYLINTL Kaye-
CTBO NPOM3BOANMOM NPOAYKLIUN.
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Hy/IeBOU [JHCIIePCHH, TO HeJIHMHeHHOe CIIeKTPallb-
HO€ YIIMPDEHME MOXKET IIPOSBIATHCS IIOYTH CHM-
METPUYHO KaK [/ KOPOTKOBOJIHOBOTO, TaK H [JIs
JIMHHOBO/JHOBOIO JMalla30Ha B pPe3yjbTaTe COIIaco-
BAaHM S IPYIIIOBON CKOPOCTH JJISL CTOKCOBBIX M aHTH-
CTOKCOBBIX KOMIIOHeHT. C/ieloBaTe/bHO, CYyILIeCTByeT
BO3MOXKHOCTb IIOJIy4eHHSI UYPe3BbIYakHO LIMPOKOTO
CIIEKTPA, OXBAThIBAIOIIEI0 BeCh AMATIa30H I/IMH BOIH
oT 400 mo 2500 HM.

B 2005 roay IOSABHM/IMCH TOTOBBIE CYIIEPKOHTHHY-
YMHBIE MCTOYHHMKH, KOTOPhle IIPHUBJIEKa/JH BHHMa-
HUe B OCHOBHOM OT/e/JbHBIX Hay4YHBIX PabOTHHKOB
WJIM HCC/IeIOBATe/IbCKUX TPYIIIl, HHTEPECYIOMXCS
TeM, KakK JlaHHasl TeXHOJOTHSI MOXeT OBITb MCIIONb-
30BaHa B paMKax MCC/IeJOBAaHUM MM B pa3paboTke
npoaykTa. Ha cerogHAIMIHHUMI [eHb, CyIepPKOHTHHY-
YMHBIEe HCTOYHHMKHU CBeTa HCII0/Ib3YIOTCA BO MHOIHX
cpepax: OT HAYKH [0 IPOMBILIJIEHHBIX YCTAaHOBOK
Y MeAULIHUHCKHX HHCTPYMEHTOB.

3a mocenHee AeCATH/IETHE Pa3BUTHE CYIIEPKOH-
TUHYYMHBIX J1a3epoB 6blo 06yc/ioB/eHO KaK Tex-
HOJIOTUYECKUMH [TOCTHKEHUSIMHU, TaK U H3MeHe-
HUSIMHA Tpe6OBaHUM Ha pbIHKe. [IpOM3BOAUTENU
CYIepKOHTHHYYMHBIX HCTOYHHKOB IIapajjieabHO
3aHMMAIOTCS [BYMs BOIIPOCAMH: HCC/IeLOBAHHEM
dyHIaMeHTa/bHbIX OFPAaHUYeHUU [/ JAHHOM TeX-
HOJIOTMH, a TaKXXe aflalTalHer IIPOHU3BOAUTEIbHO-
CTH U I1aPaMeTPOB JIa3ePOB /IS KOHKPETHBIX I[IPH-
JIOKeHHH. Xopollee MOHKUMaHKe OCHOB TeXHOJIOTHH
I103BOJISIeT CO3/laBaTh 6o/lee SKOHOMHUUHBIE U HaJexK-
Hble j1a3eprl. C MOMEHTA CBOEI0 IIePBOTO II0SBJIEHHS
CYHEePKOHTHHYYMHBbIE JIa3€Phl PA3BUBA/IKUCh B CIeLdy-
IOIIMX OCHOBHBIX HAITPABJE€HHUSX: ITOBBIIIEHHE MOII-
HOCTH M paCIIMPeHHe CIIeKTPaJIbHOTO AHalla30Ha.
Kpome ToOro, mpoHCXOAM/IO HapallMBaHHe 06beMOB
IIPOM3BOACTBA. IIpH 3TOM COXpaHeHHe HH3KOU CTO-
MMOCTH M BBICOKOM CTEIIeHH HAaJIeKHOCTHU SIBJIS/IUCDH
IIePBOCTEIIEHHBIMH 3a/Ja4aMH.

PETYIMPOBKA MOLWHOCTA

ITouTu BCe CYHepKOHTHHYYMHBIE BOJIOKOHHEIE
Nna3epbl UMeOT OAHY U Ty ke 6a30Byl0 KOHQUTY-
pallMio: ja3ep HakaukM C BBICOKOM ITMKOBOM MOLI-
HOCTBIO [/l 3POeKTUBHOIO0 HMHHUIIMHUPOBAHUI
HeJIMHEMHBIX 3P(PEKTOB B ONTHYECKHX BOJOKHAX
U QOTOHHO-KPHUCTATIHNYECKOe OIITOBOJIOKHO. McTo4-
HUKH HaKa4KH OOBIYHO OCHOBAHBI Ha apXUTEKType
YCUIMTeNd MOLIHOCTH C 3aJalOIIUM IeHepaTopoM
(MOPA - master oscillator power amplifier), rzme
CBEPXKOPOTKHE MMITYJIbCHI C AJITMHOM BOIHBI TOPsiAKa
1064 HM OT OCHOBHOIO reHepaTopa YCHIHBAIOTCSI
B BOJIOKOHHOM YCHJIMTe/e BBICOKOM MOIIHOCTH,
7merupoBaHHOM utTepbuem. I[Ipu 3TOM B KadecTBe
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Over the last decade, the development of
supercontinuum lasers has been driven by both
technological advances and ever-evolving market
requirements. From a scientific standpoint,
supercontinuum laser manufacturers have been
driven to understand the boundaries and limitations
of the technology, whereas the market has required
us to tailor performance for specific applications. A
good understanding of the underlying technology
also allows lasers to be built in a cost-effective and
reliable manner.

Since their first introduction, supercontinuum
lasers have developed in three well-distinguished
directions: higher power, broader spectral range,
and high volume manufacture when low cost and
qualified reliability are paramount.

POWER SCALING

Almost all supercontinuum fiber lasers share the
same basic configuration: a high-peak-power pump
source to effectively initiate nonlinear effects in
optical fibers and a length of PCF for supercontinuum
generation.

The pump sources are typically based on a master
oscillator power amplifier (MOPA) architecture,
where ultrashort pulses at approximately 1064 nm
from a master oscillator are amplified within a high-
power ytterbium-doped fiber amplifier, pumped by
one or more high-brightness pump laser diodes or
diode modules.

Pulses produced using this MOPA architecture
have high peak intensities, are injected into a highly
nonlinear PCF, and undergo spectral broadening to
generate a supercontinuum. To a first approximation,
the extent of spectral broadening is governed by the
peak power of the pulse that - for a given average
power of the MOPA laser - is inversely proportional to
both the pulse duration and its repetition rate.

The flexibility of the MOPA design allows the
parameters of the master oscillator and fiber
amplifier to be altered independently. The optical
power launched into a PCF can be scaled up in a
relatively efficient and effortless way by simply using
a master source at a higher repetition rate and a
fiber amplifier capable of maintaining higher average
power. In this context, it is worth mentioning that
the highest optical powers in supercontinuum
generation can be achieved when the fiber pump
source operates in the continuous-wave (CW) regime.
At first glance, it appears that to achieve significant
spectral broadening one would require average powers
from a CW fiber laser in the region of a few kilowatts.
However, in reality, sizeable spectral broadening can



HaKa4KH{ HCIIOJIB3YeTCsI OOUH HJIM HeCKOJIBKO Jia3ep-
HBIX JHONOB C BBICOKOM HHTEHCHBHOCTBIO H3Jyde-
Hus, 1160 TUOLHbIe MOLY/IH.

MIMIy/ZIbCBI C BBICOKOM HMHTEHCHBHOCTBIO ITHKOB,
IloJlyueHHble C HKCIIOJb30BaHHEM 3TOHM apXUTeK-
TYPBl, BBOASITCS B HeJIHMHENHOe (OTOHHO-KPHUCTAT-
JIMYeCcKoe OIITOBOJIOKHO U II0[BepPraloTcsl CIIeKTPaJIb-
HOMY YIIMPeHHUIO JJIs CO3LaHUS CYIIePKOHTHHYyMaA.
B mepBoM HNpHOIMKEHHH CTelleHb CIIeKTPAIbHOTO
YVUIMPEeHHS OIpefe/seTcsl IIHKOBOM MOIHOCTBIO
HMIIy/IbCa, KOTOpasl IPHU 3aJaHHOU CpelHeM MOII-
HOCTH Jia3epa HaKa4uK{ 06PaTHO MPOIOPIIMOHAIBHA
IJIATEeNIBHOCTH UMIIY/IbCA K eT0 YaCTOTe [IOBTOPEHHUS.
I'HuOKOCTh KOHCTPYKLMK CHCTeMBbl HaKadKH{ I103BO-
7iseT He3aBHCHMO M3MEHSTh [1apaMeTPbl OCHOBHOIO
reHepaTopa M BOJOKOHHOIO YCHJIHTeIs. MOIIHOCTB
H3/Iy4eHHUs], KOTOpoe 3aBOAUTCS B OIITOBOJIOKHO,
MOXKeT OBITh yBelHYeHAa OTHOCHUTENIBHO 3PPeKTHUB-
HBIM U JIETKUM CII0co60M. [IJIst 9TOrO HCIIONIb3yeTCs
3aJAIONUN reHepaTop C 6ojee BBICOKOM HYaCTOTOM
[IOBTOPEHM S HMIIY/IbCOB M BOJOKOHHBIN yCHJIHTEb,
CIIOCOOHBIN IIOAIeP>KUBATH H0Jiee BHICOKYIO CPeHIO0
MOILLHOCTb.

CTOUT OTMETUTb, YTO [JISI NOCTHKEHMUS BBICO-
KOM MOIIHOCTHU CYIIepKOHTHUHYYMHOI'O H3JIy4eHHUSs
HeoOXonMMO, UTOOBI MCTOYHMK HaKauKu paboTan
B HeNPephBHOM pekrMe. Ha IepBBIN B3IJISAA, IJISI
GOpPMHPOBAHHS 3HAUHTENIBHOIO CIIEKTPAJIbHOTO
ymupeHus: Tpebyemasi CpelHsSSI MOIIHOCTb HeIIpe-
PBIBHOIO H3/Iy4eHH s OT BOJIOKOHHOIO jIa3epa J0/IKHa
OBITH IOPSIAKA HECKOAbKHUX KHJIOBATT. OZHaKo Ha
caMOM [lejle 3aMeTHOe CIIeKTPajbHOe YIIKpe-
HUe Habimoozaercs NPH YPOBHSX MOLIHOCTH BCEro
B [IeCSITKU WJIK COTHM BaTT. ISl CYIIePKOHTHHYYM-
HBIX HICTOYHHUKOB C CUCTEMOM HaKauKH, paboTalomen
B HeIIPepbIBHOM peXHMe, HeJlHHeHHble 3PpPeKTHl
B QOTOHHO-KPHUCTAUIMYECKOM OIITOBOJIOKHE IIpeo6-
Pa3yIoT HavyaJbHbIe 'TJIOCKKe" OIITHYeCKHe CUIHAJIBL
OT YCHJIUTE/SI MOIIHOCTH B IIOTOK XaO0THYeCKH pac-
npefile/IeHHBIX KOPOTKHX HMIIYIbCOB C IIHMKOBBIMH
MOIITHOCTSIMH Ha IIOPS/IOK BBIIIE B CPAaBHEHUU C IIep-
BOHAYa/IBHBIM CHUTHaJIOM. TakuM obpa3om, ¢opmu-
pyeTcs M3/ydeHHe C IIMPOKKUM CIIeKTpoM [3].

Texymiasi nesTelbHOCTh B 3TOM 067aCTH B OCHOB-
HOM OI'PAaHHUYHBAETCSI HAYYHBIMH HCCIeIOBAaHHSIMU,
U BCe KOMMepYeCKH [OCTYIIHBble CyIIepKOHTHHY-
YMHBIE Ja3epbl KCIIONB3YIOT 3a[AIOLIUK IeHepaTop
ONTHYEeCKUX HMIIYIbCOB C YeTKO OIlpeleleHHBIMU
rapamMeTpaMH. [JaHHBIU y3eJl Ype3BblUalHO Ba’KeH
O71s TpuIokeHUM. Kak yske yIOMHHAJIOCh paHee,
IIPUpPOZA TeHepallMKU CYIePKOHTHHYyyMa OCHOBaHA
Ha HeJIMHEMHOM CIIeKTPAaJIbHOM YIIHPeHHH OTHAesb-
HBIX HMMIIy1bCOB. Cief0oBaTeNbHO, H3MEHSs Kak
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be observed at power levels of only tens or hundreds
of watts.

For CW-pumped supercontinuum sources, the
nonlinear effects in PCFs convert the initial temporally
"flat" optical signals from the power amplifier into a
stream of chaotically distributed short pulses with
peak powers that are an order of magnitude higher
than the launched signal, thus creating a fairly broad
supercontinuum spectrum [3].

Current activity in this area is largely confined
to the research laboratory, and all commercially
available supercontinuum lasers use a master
oscillator producing optical pulses with well-defined
parameters. Such a "well-behaved" master oscillator
is extremely important for practical applications. As
previously mentioned, the nature of supercontinuum
generation is based on nonlinear spectral broadening
of individual pulses and therefore by varying both the
MOPA repetition rate and average power, the temporal
distance between individual supercontinuum
pulses can be controlled - an extremely important
feature for applications involving time-resolved
measurements.

In a single supercontinuum laser, flexibility in
the oscillator repetition rate can be realized using a
so-called pulse picker: an acousto-optical modulator
acting as a gate for the incoming stream of optical
pulses (see Fig. 1). For a supercontinuum fiber laser
fitted with a built-in pulse picker, spectral density
decreases with repetition rate, but the pulse energy
of each supercontinuum pulse remains constant,
resulting in an optical spectrum shape that is
independent of pulse repetition rate.

Pulse-picked supercontinuum sources operating at
various repetition rates provide nominally identical
pulse spectral shapes, but different pulse densities.

MORE BANDWIDTH: UV-ENHANCED
SUPERCONTINUUM

Early supercontinuum fiber lasers delivered high
brightness in the 500-2400 nm spectral range.
Since many biological molecules absorb in the
blue-ultraviolet (UV) region of the electromagnetic
spectrum, life-science applications such as
fluorescence imaging and time-correlated single-
photon counting are well suited to a broadband
supercontinuum laser source that extends further
into the UV.

This continued requirement to push the short-
wavelength edge to below 400 nm (and even further
down into the UV) has required a greater technical
understanding of the physics behind supercontinuum
generation and was aided by research published
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YaCTOTY IOBTOPEHHSI HMIIYIbCOB, TaK KU CPeIHIOI0
MOIIHOCTb 33/IalOIero reHepaTopa, IolydaeM BO3-
MOKHOCTb BapbHPOBaTh BpeMsl MeXXAy IIOsIBIeHHeM
OT/eNbHBIX MMIIYJIbCOB. DTO OYeHb Ba’KHO /IS IPH-
JIOKeHUH, rhe 6OobIIyI0 polb HUIPaeT BpeMeHHOe
paspemeHHe. JIJ1s1 OTAEILHOIO CyIIePKOHTHHYYMHOTO
7nasepa BapHalldsl 4acTOTHl IIOBTOPeHHS HMIIYJIb-
COB MOKeT OBITh peasiMi30BaHa C HCIIOIb30BaHHEM
aKyCTOOIITUYECKOT0 MOJY/ISITOpa, KOTOPBIK HIpaeT
po/b 3aTBOpA [/ BXOASIIEro IOTOKA ONTHYeCKHX
MMIyn1bcoB (puc.l). [l BOJIOKOHHOTO CYIepKOH-
THUHYYMHOTIO Jla3epa, OCHAIEHHOIO0 BCTPOEHHBIM
MOZYJISITOPOM K MITY/IbCOB, CIIEKTPa/IbHAsI IIJIOTHOCTD
YyMeHBIIAeTCSI C YaCTOTOM IIOBTOPEHHUS, HO 3Heprus
MMIIY/IbCA OCTAeTCSl IIOCTOSIHHOM, YTO II03BOJISeT
IOY4YUTh GOPMY OINTHUYECKOrO CIIeKTpPa, KOTOopas
He 3aBHUCHUT OT YacTOThl IOBTOPEHHS HMIIYJIbCOB.
TakuM 06pa3oM, CyIepKOHTHHYYMHbIe UCTOYHHKH
C MOAYISTOPOM HMIIYJIbCOB 0becreunBAIOT HEH-
TUYHOCTb GOPMBI CIIEKTPA IPH Pa3/JIMYHOM IIJIOTHO-
CTH UMITYJIbCOB.

PACLUNPEHWE CIMNEKTPA
CYNEPKOHTUHYYMHbIX NCTOYHUKOB
0O YO-ANATIA3ZOHA
IlepBBle CYIEePKOHTHHYYMHBIE BOJIOKOHHBIE JIa3epbl
obecrie4rBaIK BBICOKYI0 HMHTEHCHBHOCTD H3/TyUYeHUs
B CIeKTpaJbHOM AuamasoHe oT 500 mo 2400 HM.
ITocKoIbKY MHOTHe 6HMOIOrMYecKre MOJIeKYJIbI ITOIJIO-
IIAI0T JIeKTPOMArHUTHBIN cIekTp Y®-muamasoHa,
IJIs Hay4dHBIX HCC/IeNOBaHHUN B obnactu b6monmoruu
U MeJHIIMHBI, TAKHUX KaK [I0CTpoeHUe GIyopecLieHT-
HBIX H300paskKeHU I WM eIHHHUYHBIN IToAc4YeT GOTo-
HOB C KOppe/slLHeN 10 BpeMeHH, MOXKHO C yCIIeXOM
HCII0/Ib30BaTh CYIEePKOHTHHYYMHBEIe MCTOYHHKH,
B CIIEKTP KOTOPBIX BXOZUT YP-06/1aCTh.

[ToTpe6HOCTD pacIIMpeHHs CIekTpa o 400 HM
1 MeHee rorpeboBano 6omee riybokoro moHHUMa-
HUS QU3UKU FeHepallMM CYIepPKOHTHHYyMa, 4eMy
CrIocobCcTBOBANIO HCCIefOBAaHMeE, ONYOIMKOBAHHOE
B 2008 rogy [4]. B ympollleHHBIX TePMHHaxX, IeHe-
palus CyIepKOHTHHYYMHOIO H3JIy4YeHHS SBJISIeTCA
CJIOKHBIM IIPOLIECCOM YeTbIPEeXBOJIHOBOTO B3aKMO-
nercTBUs. UT06BI chenaTh 3TOT Ipouecc 3odeKTHUB-
HBIM, TPYIIIIOBble CKOPOCTH CTOKCOBOM M aHTHCTOK-
COBOM KOMIIOHEHT [O/IKHBL OBITh PaBHBL HJIH O4YeHb
61u3Ku apyr K Apyry. CllegoBaTeNbHO, IIMHA BOTHEI
7a3epa HaKauKH AOJKHA 6BITh B OKPECTHOCTH IJIHHEL
BOJIHBI HYJIeBOM AUCIepCUU. POTOHHO-KPUCTAIIIH-
YeCKoe BOJIOKHO MOKET OBITh aJalITHPOBAHO JJIs Pac-
IIHpeHHs cIeKTpa B YO obnacTs myTeM MogudHKa-
LMK ero KOHCTPYKLKUU. Peyb HUJeT O COOTHOUIEHHUH
pPa3MepoB OTBEPCTHH K PAacCTOSIHUIO MeXXIy OTBep-
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Puc.1. CynepkoOHMUHYyMHble UCMOYHUKU, pabomatroujue

C pasAu4HoU Yacmomol Nos8mopeHUst UMNYyAbcos, 0be-
CNe4usarm bICoOKyt N08mMopsemocms Gopmbl cnekmpa.
[Mpu 3mom cpedHsIst MOWHOCMb U3AYHeHUSs NPONOPUUOHAAbHA
cnekmpanbHol nAomHocmu

Fig. 1. "Pulse-picked" supercontinuum sources operating at
various repetition rates provide nominally identical pulse
spectral shapes, but proportionally reduced average power

in 2008 [4]. In simplified terms, supercontinuum
generation is a complex four-wave mixing process. To
make this process efficient, the group velocities of the
Stokes and anti-Stokes components should be equal
(or very close)—which is why the pump wavelength
should be in the vicinity of zero GVD.

The dispersion of photonic crystal fibers (PCFs)
can be tailored to enhance the short-wavelength
content of supercontinuum lasers. Modification of
the PCF design (hole size to hole-spacing ratio) allows
group-index matching of long-wavelength spectral
components to shorter wavelengths.

Material loss in silica glass at wavelengths >2500
nm becomes too high for efficient generation of the
Stokes components, and in conventional PCFs the
group velocity of this band corresponds to that of the
anti-Stokes component at approximately 450 nm (see
Fig. 2). Taking 2500 nm as a fixed wavelength that
cannot be moved (because of material loss), the only
way to extend the spectrum into the UV is to engineer
the dispersion of the PCF in such a way that the group
velocity at 2500 nm matches that at the shortest
wavelength as possible in the UV. By altering the
design of the PCFs by changing the size and position
of the holes, one can tailor this dispersion profile
to optimize UV generation down to 375 nm in the
resulting supercontinuum spectrum (see Fig. 3).

UV-enhanced supercontinuum spectra (SuperK
EXU-6) during continuous long-term operation of
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CTHUSAMMK, YTO IIO3BOJIAET COIJia-

COBaTh TPYIIIOBOM IIOKa3aTeslb
IIpeJIOMJIeHUS JJIUHHOBOTHOBBIX
U KOPOTKOBOJIHOBBIX KOMIIOHEHT
CIIeKTpa.

M3HOC KBapLeBOro CTeKja
Ha UIMHaX BoJH 6osee 2500 HM
CTAaHOBUTCSI CJIHIIKOM BBICOKHMM
ons 30GeKTUBHOM TeHepalUU
CTOKCOBBIX KOMIIOHEHT U B 00BIY-
HOM (GOTOHHO-KPHUCTAIIMYECKOM

[pynnoBow nokasartesib NpesioMiIeHNs

OIITOBOJIOKHe TPYyIIOBasi CKO-
POCTb 9TOH I10JIOCHI COOTBETCTBYET
TPYIIIIOBOM CKOPOCTH AHTHCTOK-
COBOM COCTaBisfOLmEen mpu 450
HM (puc.2). IlpuHuMas 2500 HM
B KadecTBe GUKCHUPOBAHHOU
IJIVHBI BOJIHBI, KOTOPAs HE MOXKET
OpITh HM3MeHeHa (M3-3a HM3HOCaA
MaTepuana), eJUHCTBEHHBIM
criocoboM pacCIIMPUTh CIEKTP
B Y®-061acTh MOXKeT OBITH CO3[a-
HUe JUCIIEPCUU B BOJIOKHE TAKUM

400

800 1200 1600

A NVHA BOHbI, HM

2000 2400

Puc.2. ®omoHHo-Kpucmannu4eckoe 80A0KHO MoxKem b6bimb adanmuposaHo 0Asl
pacwuperus cnekmpa 8 Y® obaacmb. Modudukauus KOHCMpyKuyuu onmoso-
NoKHa (omHoweHue pasmepa omeepcmull K paccmosiHuto mexady omaepcmusimu)
no3eoAsiem cozAacosams 2pynnosoll Nnokasamenb NpenomAeHus 0AUHHOB0AHOBbIX
U KOpOMKOBOAHOBbIX KOMNOHEHM cnekmpa

Fig. 2. The dispersion of photonic crystal fibers (PCFs) can be tailored to enhance
the short-wavelength content of supercontinuum lasers. Modification of the PCF
design (hole size to hole-spacing ratio) allows group-index matching of long-
wavelength spectral components to shorter wavelengths

obpasoM, uTO6BI I'pyIIIOBas CKO-
pocTh m1pu 2500 HM COOTBETCTBOBaja MaKCHMaJIbHO
KOPOTKOI JJIMHe BOMHB B YO nuamnasose. IlyTem
M3MeHeHHS KOHCTPYKUMM BOJOKHA C IIOMOIIBIO
BapbUPOBAaHMS pa3Mepa U IOJOKEeHHUS OTBEPCTHH
MOKHO CO3/aTh TpebyeMBIN ITPOQUIb THUCIEPCHH
LISl pacIIMpeHus cieKTpa o 375 HM (puc. 3).
CynepKOHTUHYYMHbBIe KMCTOYHUKU C PaCIIMpeH-
HBIM CIIeKTpOM [H0 Y®-muamasoHa (SuperK EXU-6)
IIpY HellpepslBHON pabore 6omee 2500 4acoB JeMOH-
CTPUPYIOT BBICOKYIO CTAabHUJIBHOCTD M HaJIeKHOCTh
(puc.3)

HU3KAA CTOMMOCTb N HAOEXXHOCTDb
OTKPbIBAKOT HOBbIE PbIHKWU

CHM>KeHHe CTOMMOCTH CYIIePKOHTHHYYMHBIX J1a3e-
POB IIPOUCXOJMT He TOJIbKO BC/IeACTBHE YBeJIUYeHHU S
obbeMa IIPOM3BOACTBA, HO U 3a CUET TEeXHOJIOruue-
CKUX JOCTHXKeHHH, TAKUX KaK yCOBEPIIeHCTBOBAHHUe
CUCTEMBI TUOAHON HaKauKHU,

CooTHOIIEHHe 3aTPaThl/MOLIHOCTb AJISI BOJIO-
KOHHO-OIITHYeCKOro Jla3epa C BBICOKOM MHTEHCHBHO-
CTBIO M3JIyUYeHUs IIPOLOJIsKaeT CHUKATHCSA C YPOBHA
200 gom./BT, 4TO COOTBETCTBYeT pybesky 2003/04 romoB
[I0 TeKyIllero ypoBHs HMKe 10 gos./BT. IIoBhIIeHHe
HaeKHOCTH CYIHePKOHTHUHYYMHBIX J1a3epOB SBJIS-
eTCsl pe3y/JIbTaTOM HaKOIIJIGHHOTO OIIbITa M YCIIeXOB
B IIPO@KTUPOBAHUH UX KOHCTPYKIIHH.

B0O3MOXKHOCTh B3aHMMOMEHCTBUSL C KPYIHBIMU
MapTHepaMHU U3 00lacTH MPOMBIIIJIEHHOCTH I103BO-

>2500 hr show the maturity and reliability of today’s
supercontinuum technology.

LOW COST AND RELIABILITY OPEN NEW
MARKETS

Supercontinuum cost reduction comes not only
from production volume increases, but also through
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Puc.3. Cnexmp cynepKoHmMUHYYMH020 Ad3epa cepuul

SuperK EXU-6 npu HenpepblgHoU 0AumeAbHoU pabome 6onee
2500 4acos. Omcymcmaue usmeHeHUl Ha zpaduke 8 cpasHe-
HUU € nepuodom Ha4ana 3kcnayamayuu 2080pum o 8bICOKOL
CmabuapHOCMU U HA0EXKHOCMU cucmembl

Fig. 3. UV-enhanced supercontinuum spectra (NKT Photonics
SuperK EXU-6) during continuous long-term operation

of >2500 hr show the maturity and reliability of today's
supercontinuum technology
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WA HaM HaKOIHUTb HEeCSTHIEeTHUH OIBIT paboTh
C NAHHOI TexHOJIOTHel. BblcOKasl cTeleHb 3ddek-
TUBHOCTH TeXHOJIOTHM IIOATBEPKAAEeTCSI HeIlpephIB-
HOM CTabuiIbHOM paboTol a3epoB mopsaka 10000
YaCcoB B yC/IOBUSIX IIOBBILIEHHBIX HATPY30K.

BblcoKkasi Ha[eXXHOCTb B COYETAaHUMU C HH3KOH
CTOMMOCTBIO U IIPOLBUHYTOM ONTHKO-BOJIOKOHHOL
TeXHOJIOTuek, HeCOMHEHHO, INPHUBefeT K BHeApe-
HUIO CYNEepPKOHTHHYYMHBIX HCTOYHHUKOB B Pa3Iuy-
Hble 00/IaCTM HAayKH M IPOMBIIUIEHHOCTH, BKIIIO-
Yasi HAHOTeXHOJIOTUHM, OHOMeZUIIMHY KU OBITOBYIO
3/1eKTPOHUKY.
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technological advances such as pump diode evolution.
The cost/watt ratio for high-brightness fiber laser
pump power continues to fall from a 2003/04 value
of approximately $200/W to below $10/W today.
Reliability enhancement comes as a direct result of
experience and design engineering. With 10 years
of experience and maturity coupled with significant
investment in highly accelerated life testing from
industrial partners, high-power supercontinuum
laser technology is now proven with greater than
10,000 hours of continuous use in challenging
environments.

High reliability coupled with low cost, all
underpinned by mature optical fiber technology,
will undoubtedly result in a broad spectrum of
new applications in nanotechnology, biomedicine,
and consumer electronics for even-brighter
supercontinuum fiber lasers.
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