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Bcero 3a 10 neT ypoBeHb MOLWHOCTU 6e/biX
nasepoBs (CynepKkOHTUHYYMOB) CO CNeKTPaabHbIM
AnanasoHoMm oT 380 00 4400 HM BbIpOC Ha
nopspok. bonee petanbHoe NOHMMaHue
reHepauuu Usay4eHUs C WWMPOKUM CNEKTPOM

B ONTUYECKUX BOJIOKHAX NO3BOJINT NPOAOIXKUTD
paboTy no ycoBeplIeHCTBOBAHUIO KOHCTPYKLUU
CYNepKOHTUHYYMHbIX UCTOYHUKOB U pacllUpeHUto

061acTn UX UCNO/b30BaHMS.
quHI/Iﬂ Ha HOBBIX 4YacTOTax SBJSIIOTCS 0CO-

OeHHOCTSIMU HeJIMHEeHOM OIITUKH, KOTOpBIe
IIPUMEHSIIOTCSI U M3Y4aloTCs B TedeHHe MHOTHUX
mecaTuneTud. B 1970-x romax reHepanus "6emoro
cBeTa" 3a CYeT 3KCTPeMasIbHOTO HeIMHEMHOTIO CIIeK-
TPa/IPHOTO YIHIMPEHHS ONTHYEeCKUX HMIIYIbCOB
B KOHEUHOM MTOTe IIpHBeja K TEPMHHY 'CylepKOH-
TuHYyM" [1]. HOo MOCKOTBKY HEJIMHEMHOCTh CTeKJa
OTHOCHUTEIBPHO HM3Ka, TO TPebyIOTCSI O4YeHBb BHICO-
KHe IIMKOBble MOIIHOCTHU [Jsl CO3JaHHS 3HAUU-
TeJIPHOTO CIEeKTPAJIBHOIO YIIMPEeHHSI B 06BbeMHOM
MaTepuase; JAHHA B3aUMOJEHNCTBUS 06paTHO IIpo-
IIOpLIMOHAJIBHA pa3sMepy MATHA: 4eM Jaydlle GoKyc,
TeM Kopoue 3¢ PeKTHBHAA JAHHA B3aHMOJEeHCTBU S

IIeKTpaJ/IbHOE YIIHPpEHHNE U IeHepalus U3J1y-
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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
S 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 nm,

DOI:10.22184/1993-7296.2017.68.8.06.13



I
S LASERS & LASER SYSTEMS JERGMA
I

(06BIYHO HECKOJIBKO CAaHTHMeTpOB). OueBUIHBIM
pelleHHeM SIBJISETCS IIPOCTPAHCTBEHHOE OTPaHU-
YeHHe M3JIy4eHHS U HKCII0Ab30BaHMe HaIlpPaBIs0-
IIMX CBOKCTB ONTHYECKHX BOJIOKOH JJIS1 pacUIhpe-
HUS JJIMHBI B3aUMOJeUCTBUS.

OoHaKO MCIIO/Nb30BaHME ONTHYECKOI0 BOJIOKHA
JHIIb YaCTUYHO pemIaeT pobiemy. [IpU KCIIONB30-
BaHHUHM HeJIMHEMHBIX CBOMCTB CTaHJAPTHBIX BOJIO-
KOH (HampuMep SMF-28) MOKHO IIOMYy4YHTh IIHPO-
KHH CIIeKTP TOJIBKO B JAJIMHHOBOJHOBOM 0671acTH.
A IIpu HaKadke OKolo 1064 HM CBeT B BUAHUMOU
YaCTH CIIeKTpa He TeHepUupyeTcs.

HoBeIM 3Taml IO yCOBepIIeHCTBOBAHHIO CyIlep-
KOHTHHYYMHBIX UCTOUYHMKOB HayajCsd B cepeguHe
1990-x rozmoB 6narogaps pa3paborke GOTOHHO-KPHU-
CTaJIIMYECKOr0 OIITOBOJAOKHA ®uiuumnmom Pacce-
oM M J>)KoHaTtaHoM HamTom. [JaHHBIE OIITHYe-
CKHe BOJHOBOABI 06/1aaI0T CBOMCTBAMMU, KOTOPBIE
3aBUCST He TOJIBKO OT MaTepHasa, KaK B 06bIU-
HBIX BOJIOKHAX, HO U OT CTPYKTYPhl MacCHUBa Kpo-
IIeYHbIX OTBEPCTHH, OKPYXXAWIIUX CepALeBHUHY
OIITOBOJIOKHA.

HeobbI9Hast CTPYKTYpa 3THX OINTHUYECKHUX BOJIO-
KOH MMeeT P/ IIPeUMYILeCTB, KOTOPble BKJIIOYAIOT
B cebss OTHOCUTE/BHO HH3KHe IPOH3BOJICTBEHHEIE
3aTpaThl (BCS KOHCTPYKLIKSI OCHOBAHAa Ha YHCTOM
KBaplLeBoM cTeKje 6e3 KaKHUX K60 Jerupyromux
IIpUMecer) U yHUKa/JbHble ONTHYEeCKHe CBOMCTBA.
Hawnbosee 3aMeTHOM 0COOEHHOCTBIO SIB/ISIETCS BO3-
MOKHOCTb aJIalITUPOBATh AUCIIEPCHOHHYIO CII0COD-
HOCTbh TaKUM 06pa3om, 4TO6BI AIMHA BOJIHBI HyJIe-
BOM JUCIIEPCUU MOIJIA OBITh IlepeMellleHa B 0671aCTh
1 MKM unu gake meHee 1 MKM. 3HadyeHHe 3THX
YHHKAJIBHBIX 0CO6@HHOCTe! 6110 BIIEPBBIe IIOHSITO
B 2000 rozy B nabopatopuu Bell Labs. Cmenmanu-
CTaM yAajaoCch IIPOLEMOHCTPUPOBATh TeHepalHIo
CyIepKOHTHHYYMa B GOTOHHO-KPHUCTA/IJIMYECKOM
OIITOBOJIOKHE C HCIIOJb30BAHHEM THTaH CallpUpo-
BOTO /Ia3epa B KadyeCcTBe HAKauKH [2].
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NKT Photonics (JaHna) — BeayLiMi Npon3BoamTeb
BOJIOKOHHbIX /1a3€POB BbICOKOW NMPOU3BOAUTENIbHOCTU
N GOTOHHO-KPUCTANINYECKMX BOMOKOH. OCHOBHas
NPOAYKLUMS BKAOYAET B CeB: MMMYALCHLIE Na3€epbl,
CUCTEeMbl LETEKTUPOBAHMS, PA3/INYHbLIE BOIOKHA A5
cneunanbHbLIX MPUMEHEHUA 1M UCTOYHUKK CYNepKOH-
TUHyyMa. Bce npoayKkThl NKT Photonics npom3BoasTCs
B COOTBETCTBUM C cepTudukauymen ISO 9001:2008.
KomnaHms O3C "CneunoctaBka” npeAcTaBisieT BeChb
cnexkTp npoaykumm NKT Photonics Ha Tepputopum PO
1 npepnaraet Hambonee BbIFOAHbLIE YCIOBUS COTPYA-
HMYeCTBa, MOJTHYIO TEXHMYECKYIO MOALAEPXKKY, & TaKXKe
nocTasky 06pasLLoB.

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
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B HacTosIIIee BpeMs XOPOIIO M3BeCTHO, YTO €C/IH
AJMHA BOJHB HaKa4dKU JIeXXUT BOAM3H JIHHBI
BOJIHBI HYJIEBOH NUCIIEPCHH, TO HeJIMHEHHOe CIIeK-
TpajbHOE YUIMPEeHHEe MOXKeT IIPOSABAATHCS IIOYTH
CHMMMETPHYHO KaK [Jig KOPOTKOBOJIHOBOTO, TaK
U I JJIMHHOBOJHOBOIO JHAla30Ha B Pe3y/bTaTe
COIJIACOBAHMUS TPYIIIOBOM CKOPOCTH [JIS CTOKCO-
BBIX U aHTHCTOKCOBBIX KOMIIOHEHT. C/lefloBaTe/IbHO,
CylIeCTBYeT BO3MOXXHOCTb IIOJYYEHHS UYPe3BbI-
YaMHO IIMPOKOTO CIeKTPa, OXBATBHIBAIOIIETO BeCh
Ouara3oH OJHUH BoJH oT 400 o 2500 HM.

B 2005 romy mossBHUJ/IKCH TOTOBBIE CYIIEPKOHTUHY-
yMHbIe HCTOYHHKH, KOTOPble IIPHBJIEKAIH BHHMA-
HUe B OCHOBHOM OT/IeJIbHBIX Hay4YHBIX pabOTHHKOB
HJIM KCCJIeIOBATE/IbCKUX I'PYIII, MHTEePECYIHXCS
TeM, KaK JlaHHasl TeXHOJOTHS MOKeT OBITh HCIIOJb-
30BaHa B paMKax HCC/Ie[JOBAaHUI UIH B pa3paboTke
npoAyKkTa. Ha CerogHsAIIHUN JeHb CYIepKOHTUHY-
YMHBIe HCTOUHHKHY CBETA KCIIONIB3YIOTCS BO MHOTHX
chepax: OT HAyKH [0 IPOMBIIIJIEHHBIX YCTAHOBOK
U MEIULIUHCKHUX KHCTPYMEHTOB.

3a mocjenHee [ecATH/IeTHe pa3BUTHe CyIiep-
KOHTHUHYYMHBIX J1a3epoB ObI/10 00yClI0BIEHO Kak
TeXHOJIOTUYEeCKUMU JOCTHXEHHSAMU, TaK U H3Me-
HeHHUSIMHU TpebOBaHUM Ha phrIHKe. [Ipou3BoAUTeNU
CYIIePKOHTHHYYMHBIX HCTOYHHKOB Ilapajjie/IbHO
3aHHUMAKTCS JABYMs BOIIPOCAMH: HCCI€I0BAHHEM
byHnaMeHTa/lbHbIX OrPaHHUYEHHH [/ [JaHHOHU
TeXHOJIOTUHM, a TaKXe afanTalyeld MPOU3BOJH-
TEJIbHOCTH M I1IapaMeTPOB JIa3epoB O/ KOHKpeT-
HBIX IIPUJIOKeHHH. Xopollee NOHHMMaHHe OCHOB
TeXHOJOTUHU I103BOJISIeT CO3JaBaTh 0ojiee 3KOHO-
MHYHBIE U HaJexXHble yiazepbl. C MOMEHTa CBOEro
[IePBOTO IIOSIBJIEHHUS CYIIEPKOHTHHYYMHBIE JIa3€PhI
Pa3sBUBAIMCh B CAAYIONIMX OCHOBHBIX HaIlpaB-
JIEHUAX: IIOBBIIIEHME MOLIHOCTH M pacIiMpeHue
CIIeKTPa/JIbHOTO AHara3oHa. Kpome Toro, mpowmc-
XOJHU/I0 HapaluBaHHe 06beMOB IIPOM3BOACTBA.
IIpy 3TOM COXpaHeHHEe HM3KOH CTOMMOCTH H BBICO-
KOU CTeIleHH Ha/eXKHOCTH SBJISI/IMCh IIePBOCTEIIeH-
HBIMH 3aJa4aMH.

PETYINPOBKA MOWHOCTUA

[louTH BCe CYNepKOHTHHYYMHBEIE BOJIOKOHHBIE
nasepel MMeIOT OJHY M Ty >Xe 0a30ByK KOHOHU-
Typallkio: Ja3ep HaKadyKHd C BBICOKOM ITHKOBOU
MOIIHOCTBIO [/ 30PeKTUBHOIO0O HHHIMHPOBA-
HUSI HeJIMHeHHBIX 90 )eKTOB B ONTHUYECKUX BOJIOK-
HaX U QOTOHHO-KPUCTA/IIMYeCKOe OITOBOJIOKHO.
MCTOYHMKH HaKauykHd OOBIUHO OCHOBAHBI Ha apxu-
TeKType YCHUIMUTe/ss MOIIHOCTH C 3aJal0lIUM reHe-
patopom (MOPA - master oscillator power amplifier),
Ile CBepXKOPOTKHe HMIIYIbChl C IJIMHOH BOJIHBI
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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.

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.
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nopsaka 1064 HM OT OCHOBHOILO IeHepaTopa YCH-
JTUBAIOTCSI B BOJIOKOHHOM YCHUJIHMTeJle BBICOKOM
MOIIHOCTH, TeTHPOBAHHOM UTTepbueM. IIpu 3ToM
B KaueCTBe HaKa4YKH HCII0Ib3yeTCs TH60 OMUH HITH
HeCKOJIbKO JIa3epPHbIX AHUOM0B C BBICOKOM MHTEHCUB-
HOCTBIO U3/Ty4YeHHUs, 1160 JHUOLHBIE MOLYIH.

HMIMIIy/IBCBL C BBICOKOM MHTEHCHBHOCTBIO IIHKOB,
Iojy4deHHble C HKCIIONIb30BaHHEeM 3TOH apxXHTeK-
Typbl, BBOAATCS B HeJHHeHHOe QOTOHHO-KPH-
CTa/IMYeCKoe OITOBOJIOKHO H IIOABEPraTCs
CHeKTPaJbHOMY YIIHMPEHHUIO A/ CO3LAHHUA CyIep-
KOHTHHyyMa. B IepBoM IpHUONHKeHUH CTeIeHb
CIeKTPaJbHOTO YLUIMPeHUS OIpefenseTcs IHKO-
BOM MOIIHOCTBIO MMIIYJbCa, KOTOpas IPH 3aJaH-
HOM CpefHeH MOILIHOCTH Jia3epa HaKadkKH 06paTHO
[IPOIOPLIMOHA/IbHA AAUTEJBHOCTH HMMIIyIbCa
M ero 4acToTe IIOBTOpPeHHUs. [MOKOCTh KOHCTPYK-
LMK CHUCTeMBbl HaKaukH I103BOJIsSeT He3aBUCHMO
H3MeHATh IapaMeTphl OCHOBHOIO TreHepaTopa
M BOJIOKOHHOIO YCH/IMTeNsd. MOLIHOCTb H3Jyde-
HUSI, KOTOpOe 3aBOJUTCS B ONTOBOJIOKHO, MOKET
OBITH yBelHMYeHa OTHOCHTeNbHO 3PPeKTHBHBIM
MU JIerKUM crocobom. [l 3TOr0 HCIIONb3yeTCs
3aJaI0IIU reHeparTop ¢ 6osee BBICOKOM YaCTOTOH
[IOBTOPEeHU I UMIIYJIbCOB U BOJIOKOHHBIM YCHUJIUTEB,
CIIOCOOHBIN MOAJAepPKUBAaTh 6osee BBICOKYIO Cpe-
HIOI0O MOLIHOCTb.

CTOMUT OTMETHTb, YTO [IJISI AOCTHKeHHS BBICO-
KOK MOIIHOCTH CYIIepKOHTHUHYYMHOIO H3/1y4eHUs
HeobxomuMo, YTO6BI HMCTOYHHK HaKauKu pabo-
Ta/l B HellpepbIBHOM pekHMe. Ha mepBBI B3IVIAT,
0151 GOPMHPOBaHHUS 3HAUYHUTE/NBHOIO CIIeKTpalb-
HOTO ymHpeHHUs TpebyeMasi cpelHSISI MOIIHOCTb
HeIIpepLIBHOIO M3JIy4eHH s OT BOJIOKOHHOTO Jla3epa
OO/KHA OBITH IOpSAKA HECKOJBKHUX KHIJIOBATT.
OnHako Ha CaMOM [ejie 3aMeTHOe CIIeKTpajibHoe
yuIpeHHe HabnoJaeTcss IPU YPOBHSIX MOUIHOCTHU
BCEro B JeCSITKH WM COTHH BaTT. /ISl CyNepKOH-
THHYYMHBIX HCTOYHHKOB C CHCTeMOH HaKadKH,
paborammierl B HeNpepplBHOM peXHMe, Helu-
HelHBble 3QPeKTEH B POTOHHO-KPHUCTATTIHUYECKOM
OIITOBOJIOKHE IIPeobpa3syroT HaudalbHble 'TIJIOCKHE"
ONTHYeCKHe CHUIHAJbl OT YCHIMTeNIs MOIIHOCTHU
B IIOTOK XaOTH4YeCKH paclipefe/leHHbIX KOPOTKHX
HMIIYJIBCOB C IMKOBBIMH MOIIHOCTSIMH Ha IIOPSLOK
BBIIIe B CPAaBHEHHH C [TIePBOHAYaIbHBIM CUTHAJIOM.
TakuMm obpasom, GOPpMHUPYETCS H3IyUeHHe C MK PO-
KHUM CIIeKTPOM [3].

Texkymasi [esiTeJbHOCTh B 3ToH obnactu
B OCHOBHOM OrPaHHYMBAaeTCd HayUHBIMHU HCCIIe-
OOBaHHUSIMU, U BCe KOMMepPUeCcKH JOCTYIIHBbIe
CYyIIepKOHTHHYYMHBIe JIa3ephl HCIIONBL3YIOT 3aja-
IO TeHePaTop ONTUYeCKHX UMITYIbCOB C YeTKO

i1

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
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.
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olpefe/lleHHBIMH IIapaMeTpaMH. [laHHBIM Y3el
Ype3BBIYAMHO BakeH [Jisi NpUIOXKeHHUH. Kak
y>Xe YIIOMHHAJ0Ch paHee, IPHUpoJa TeHepallUHU
CyIepKOHTHHYyMa OCHOBaHa Ha HeJIHHEMHOM
CIeKTPaJibHOM YIIMPEeHUHU OTHEeNbHBIX HMIIY/Ib-
coB. C/efoBaTeNbHO, M3MEHSSI KaK 4aCcTOTY IIOBTO-
PeHHs HMIIYIbCOB, TaK U CPeJHIOI MOIIHOCTH
3a7jamollero reHepaTopa, fnojydaeM BO3MOXKHOCTb
BapbUpOBaTh BpPeMsl MeX/y IIOSIBIeHHEeM OTHesb-
HBIX HMIIYJIbCOB. TO OYeHb BASKHO IJIsI IIPUJIOXKe-
HUM, rae 60/bIIyI0 Polb UIPaeT BPeMeHHOe pa3-
pemeHue. I OTAENBHOIO CYyIIepKOHTHUHYYMHOIO
J1asepa BapHallKsl YacTOTHl IOBTOPEHUSI HMIIY/Ib-
COB MOXKeT OBITh peanK30BaHa C MCII0Jb30BAaHHEM
aKyCTOOIITHYECKOT0 MOJY/ISITOpPa, KOTOPBIM UTPaeT
POJIb 3aTBOpaA [/ BXOAAILEIo MOTOKA ONTUYeCKUX
MMIynbcOoB (pHc.l). [l BOJIOKOHHOTO CyIIepKOH-
TUHYYMHOTO Jla3epa, OCHAIeHHOr0 BCTPOEHHBIM
MOAYASITOPOM MMIIYJIbCOB, CIEeKTpPajbHasl IIJIOT-
HOCTb yMeHbIIAeTCs C YacCTOTOM IIOBTOPEHHS,
HO 3Heprusi UMIIyJbCa OCTAETCS MOCTOSIHHOM, YTO
I103BOJISIeT MONYYUTh GOPMY ONTHUYECKOIO CIeK-
Tpa, KOTOpasl He 3aBUCUT OT YaCTOTHI [IOBTOPeHU S
MMIyn1bcoB. TakuM 00pa3oM, CyHmepKOHTHHYYM-
Hble UCTOYHUKH C MOIYISTOPOM HMIIYIbCOB obe-
CIIeYUBAIOT UAEHTUYHOCTb GOPMBI CIIeKTpa IIpHU
Pa3IMYHOM IIJIOTHOCTH UMIIY/IbCOB.

PACWUNPEHUE CMEKTPA
CYNEPKOHTUHYYMHbIX NICTOYHUKOB
0O YO-AUNATIA30HA
[lepBble CyIIepKOHTHHYYMHBIE BOJIOKOHHBIE JIa3ePbl
obecreunBaayd BBICOKYI0 HHTEHCHBHOCTb H3/yde-
HHUS B CIIeKTPaJbHOM IOuama3oHe oT 500 mo 2400
HM. I[IoCKOIBKYy MHOrHe O6HOIOTHYeCKHe MoJe-
KYyJIBl TOIJIOWAKT 3JeKTPOMAarHMTHBIH CIEeKTp
Y®-nuamasoHa, [ Hay4HBIX MCCIeJOBaHHUU
B obysacTtu OMONOrMM U MeAUIIMHBI, TaKHX KakK
nocTpoeHue GayopecleHTHBIX HM306pakeHUN WU
eIHMHHUYHBIN NoAc4YeT GOTOHOB C KOppensdlHeHn
[I0 BpeMeHH, MOXKHO C YCIIeXOM HCIIO/JIb30BaTh
CYIIepKOHTHHYYMHBIe HCTOYHHKH, B CIeKTP KOTO-
pBIX BXOgUT YP-0611aCTh.

[ToTpebHOCTD pacHIMpeHHs cIekTpa no 400 HM
U MeHee moTpeboBana 6onee rayb6oKOro IMOHHMa-
HUS QU3MKU T'eHepalluu CYIIepKOHTUHYYMa, 4YeMy
criocob6CTBOBAJIO HCCIelOBaHHeE, ONMYybIHMKOBAaHHOE
B 2008 roay [4]. B ympolleHHBIX TepMHUHAX reHepa-
LMl CYIepKOHTHHYYMHOIO H3JIy4eHHs SIBJISeTCS
CJIO’KHBIM IIPOLIeCCOM YeThIPeXBOJIHOBOLO B3aHMO-
nercTBUs. YTOOBI cAenaTh 3TOT mpoluecc 3GPeKkTUB-
HBIM, TPYIIIIOBBIEe CKOPOCTHU CTOKCOBOHM U aHTHUCTOK-
COBOM KOMIIOHEHT JOJIKHBI OBITh PAaBHBI HJIH OUY€Hb
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CnekTpanbHas NI0THOCTb, MBT/HM

1200
[OnnHa BOMHbLI, HM

1600 2000 2400

Puc.1. CynepkoHMUHYyMHble UCMOYHUKU, pabomarowue

€ pasAuyHol 4acmomoU No8MopeHust UMnyAbcos, 0be-
Cneyusarom 8biCoKy noemopsiemMocms GopMbl cnekmpad.
[Mpu 3mom cpedHsst MOLWHOCMb U3AYHeHUSs NPONOPUUOHAAbHA
cnekmpanbHOU nAOMHoOCcMU

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

MORE BANDWIDTH: UV-ENHANCED
SUPERCONTINUUM

Early supercontinuum fiberlasersdelivered 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 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-
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61u3ku Apyr K mpyry. CiaemoBa-

TeJbHO, [JIHHA BOJIHBI Jla3epa
HaKa4YKHU JI0JIKHA OBITH B OKPeCT-
HOCTHU OJHWHBI BOJIHEBI HYHEBOI;I
pucnepcuu. POTOHHO-KPUCTAI-
JIMYeCKOe BOJIOKHO MOXKET OBITh
afanTUPOBAHO AJIS PaCIIMPeHU S
crekTpa B VY®-obmacTte myTem
MOAUQPUKALIUKU €ero KOHCTPYK-
UK. Pedys MgeT 0 COOTHOLIEHUH
Pa3MepoB OTBEPCTHM K PacCTos-

['pynnoBon nokasartesib NpesioMIeHNs

HUIO MeXAY OTBepPCTHUSIMH, 4YTO
[I03BOJIIeT COIJIaCOBaTh TPYIIIIO-
BOM IIOKa3aTesab IIpeloMJIeHHUS
IJIMHHOBOJIHOBBIX H KOPOTKO-
BOJIHOBBIX KOMIIOHEHT CIIeKTpaA.
HM3HoC KBapLeBOro CTeKJja
Ha IJIMHAX BOIH boyee 2500 HM
CTAaHOBUTCS CJAUIIKOM BBICO-
KUM 119 3PPeKTHBHOM TeHe-
PallMk CTOKCOBBIX KOMIIOHEHT,
1 B 0OBIYHOM (OTOHHO-KPHUCTA-
JIMYeCKOM OIITOBOJIOKHe TIpyII-

400

Puc.2. ©omoHHO-Kpucmanauyeckoe 80A0KHO MoXKem bblmb adanmuposaHo 015
pacwupeHus cnekmpa 8 Y® obaacmb. Modugukauus KOHCmMpyKuuu onmoseo-
NokHa (omHoueHue pa3mepa omaepcmuli K paccmosiHUo Mexdy omsepcmusimu)
no360As1em co02Adco8amb 2pynnosoll nokasamenb NpeAoMAeHUSs OAUHHOB0AHOBbIX
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

800 1200 1600

ONVHA BOMHDbI, HM

2000 2400

[I0Basi CKOPOCTb 3TOM IIOJIOCEHI

COOTBETCTBYeT IPYIIIOBOM CKOPOCTH aHTHCTOKCO-
BOIM coCTaBisiomel npu 450 HM (puc.2). IIpuHH-
Mas 2500 HM B KayecTBe (l)I/IKCI/IpOBaHHOI;I OJIUHBL
BOJIHBI, KOTOpasi He MOXeT ObITh HM3MeHeHa (M3-
3a HM3HOCa MaTepuasa), eIHHCTBEHHBIM CIIOCO-
60M pacmUpHUTh CIIeKRTP B YP-061aCTh MOKET OBITH
Co3JaHMHe NUCIepPCHHU B BOJIOKHE TaKUM obpasoM,
4TO6BI IPYIIIIOBAs CKOPOCTH NP 2500 HM COOTBeT-
CTBOBaJla MaKCHMaJbHO KOPOTKOM [JIMHE BOJIHBI
B YO-muamasoHe. IlyTeM H3MeHeHHS KOHCTPYK-
LIMHA BOJIOKHA C IIOMOILBIO BaPbHPOBAHUS pasmepa
U TI0JIOKeHUSI OTBePCTHH MOXKHO C03/aTh Tpebye-
MBI IpOodU/Ib AUCIEPCHUH [/ PacCIMpPeHUs CIIeK-
Tpa 1o 375 uMm (puc. 3).

CyIlepKOHTHHYYMHbIe UCTOYHHUKH C PacClIMpeH-
HBIM CIIeKTPOM [0 Y®-guara3oHa (SuperK EXU-6)
IIpU HeIlpepeIBHOM pabote 6osee 2500 4acoB geMOH-
CTPUPYIOT BBICOKYIO CTAabOHIBPHOCTD M HaJEKHOCTb
(puc.3)

HU3KAA CTOUMMOCTb N HAAEXKHOCTDb
OTKPbIBAIOT HOBbIE PbIHKW
CHUXXeHHe CTOMMOCTH CYIepPKOHTHHYYMHBIX
J1a3epoB IIPOMCXOLUT He TOJBKO BCIEACTBHE yBe-
nudeHHUsI o6beMa MPOU3BOACTBA, HO M 3a CYeT
TeXHOJIOTHUYeCKHUX JOCTHKeHUH, TAKUX KaK yCoBep-
IMeHCTBOBaHHE CUCTEeMBI JUOAHON HaKa4uKHU.
CooTHOIIeHHe 3aTPaThl/MOIIHOCTDh IJISI BOJO-
KOHHO-OIITUYECKOr0 Jia3epa C BBICOKOM HHTEH-

12 ®OTOHUKA N28/68/2017

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
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Puc.3. Cnexmp cynepkoHMUHYyMH020 Ad3epa cepuu

SuperK EXU-6 npu HenpepblgHoU 0aumeAnbHoU pabome 6onee
2500 4yacos. Omcymcmeue usmeHeHul Ha 2paduke 8 cpasHe-
HUU C Nepuodom HA4aAa 3KCnayamauuu 2080pUm 0 8bICOKOU
cmabuabHOCMU U Ha0eXHOCMU 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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CHUBHOCTBIO M3JIyYeHHS MPOJLOJIKAeT CHMKAThCSA
c ypoBHsa 200 pgonn./BT, 4YTO COOTBETCTBYyeT
pybesxy 2003/04 rogoB, [0 TeKyllero ypoBHSI HHKe
10 monn./Bt. IloBhIIIEHMe HAaJeXHOCTH CYIIepPKOH-
THHYYMHBIX JIa3€POB SABJISIETCS PE3yAbTATOM HAaKO-
[IJIGHHOT'O OIBITA U YCIIeXOB B [IPOEKTUPOBAHUHU UX
KOHCTPYKIIKMH.

B03MOXXHOCTh B3aHMOJEHCTBHUS C KPYyIHBIMU
IapTHepaMH U3 0671aCTH IPOMBIIIIEHHOCTH I103BO-
JHIa HAM HAaKOIUTh NEeCSTHIeTHHUI ONBIT PaboTe
C DJaHHOM TexHojoruem. Bricokas cTemeHb 3ddek-
THBHOCTH TEeXHOJIOTMH IOATBEPKAAeTCSd HeIlpe-
PBIBHOM CTabHU/IBHON PaboToN /a3epoB IOPsAKa
10000 4yacoB B yC/IOBHAX IIOBBIIIEHHBIX HATPY30K.

Bricokas HaZeXHOCTh B COYETAaHHMHU C HH3KOHU
CTOMMOCTBIO U IIPOABHHYTOHM OINTHKO-BOJIOKOHHOM
TeXHOJIOTHEeM, HeCOMHEHHO, IpuBeJeT K BHefpe-
HHUIO CYIePKOHTHHYYMHBIX UCTOYHUKOB B pPa3jivy-
Hble 06/1acTHM HAyKH M IIPOMBIIIJIEHHOCTH, BKJIIO-
4yasi HAaHOTeXHOJIOTHUH, OHOMeNULIKMHY U ObITOBYIO
3JIeKTPOHUKY.
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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 >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
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.

FOCKOPIIOPALIUHM "POCTEX" - 10-JIET!

lfocynapctBeHHas  kopnopauus  “Poctex”

a etwe 27 66111 6AM3KM K yTpaTe MMyLLeCTBa.

C03JaHMe BbLICOKOTEXHONOTUYHDIX "YMHbIX"

6bina  cozgaHa  degepasbHbIM - 33KOHOM
Ne 270-®3 "O co3gaHuu ToCyLapCTBEHHON
koprnopauuu Poctex", nognucaHHLIM [pe-
3mngeHToMm Poccumnckon ®epepaumn Bna-
aumupom MyTuHbIM. 23 Hos6ps 2017 roaa
ncnonHmnoch 10 neT co AHS 0b6pa3oBaHMs
"PocTex". 3a mepBoe pecsaTuneTve CBOen
paboTbl OHa f06MNAaCh BLICOKMX MOKasarte-
nen JedTenbHOCTU, HECMOTPS Ha CIOXKHYIO
MaKPO3KOHOMUYECKYIO CUTYALMIO U HOBble
BbI30BbI FEONONTUYECKON 06CTAHOBKMN.

B 2009 ropy B coctas lockoprnopauun
BoOwWK 443 opraHu3auuu, 148 n3 KoTopbix
Haxo4uNUChL B NPEefKPU3UCHOM U KpU3MC-
HOM COCTOSHWUK, 28 — B CTagum 6aHKpoT-
CTBa, 17 — He OCyLeCcTBAAIN LeATe/IbHOCTD,

bnarogaps "Poctexy" yaanoch pewnTs Npo-
bnembl Bedywmx NpeanpusTUiA B CTpaHe.
fockopnopaunu yaanocb COXpaHATb Noo-
XUTENbHYIO ANHAMUKY POCTA GUHAHCOBBIX
nokasatenei M MOAEPHM3MPOBATb MPOU3-
BoACTBO. CerofHa "Poctex" npoposkaer
[EeMOHCTPUPOBATbL CTABULHBIN POCT.

Kpome Toro, 6biin npuBRedeHbl Cylue-
CTBEHHbIE WMHBECTWUMM B  pa3paboTky
NONEe3HbIX WUCKONAemblX, WHPPACTPYKTYp-
Hble MpOeKTbl, CO3JaHMe aBMALMOHHOM
TEXHUKKW, B PaMO3NeKTPOHUKY, CUCTeMb
BOOPYXeHUs, GapmaLeBTMKy W Apyrue
chepbl AeaTen-HOCTH.

lnaBHas Muccua  lockopriopauun —
MOBbILIEHNE KAYeCTBA XM3HM Ntofen Yepes

npoaykToB. CerogHs "PocTex" yBepeHHO
pearmpyeT Ha TeXHONOrnyeckue Bbi30OBbI
HoBOro BpemeHW. B uacTtHocTu, [ockop-
nopauus NpUHUMAET aKTUBHOE y4acTue
B WHULMWPOBAHHOW rOCYAAPCTBOM "Uud-
pOBM3aLMMN" POCCUINCKON IKOHOMUKK.

Mo cnoBam reHepanbHOro  Aupek-
Topa "PocTexa" Cepres Yeme3oBa, OCHOB-
HbIMKM  ApaviBepamu pocta  Kopnopauum
6yayt onepaumoHHas  3QGEeKTUBHOCTD,
TpaHchep TEXHONOTUMA MeXAy BOEHHOM
U rpaxgaHckon chepamu, bbicTpopacty-
Wwmne pbIHKK, 3POEKTUBHBIA  MAPKETUHT
¥ NpOABMXEHNeE.

http://minpromtorg.gov.ru
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Ha BbicTaBke LASER WORD of Photonics — 2017 koMmnaHus

NKT Photonics aHOHcuMpoBana NnoKynky komnaHum Fianium

M NpeAcTaBu/ia CBOKO HOBYIO MPOAYKLMIO, @ TaKXe JIMHEeAKY
TPAaAULMOHHDbIX NPOAYKTOB, MOJIb3YIOLWMUXCS BbICOKUM CIIPOCOM

Y KoMmnaHuu NKT Photonics eCTb HeCcKonbKO TNaBHbLIX
NPOM3BOACTBEHHbLIX HampaBleHW: MNPOM3BOACTBO
BO/IOKOHHOW OMNTUKW, TNHEMHbLIX ONTUYECKNX AATHMKOB,
LUMPOKOMONOCHbLIX /1a3ep0B, CBEPXOLICTPLIX BOAOKOH-
HbIX /1a3epOB, BOJIOKOHHbLIX YCUAUTENEeW, pacnpeaesén-
HbIX 4ATYMKOB TemMnepaTypbl, akyCTUYeCKMX KonebaHmnn
N MexXaHW4Yecknx Hamps>keHun. CTpaternyeckon 3aja-
4yel B paboTe KOMMOAHMWM SBASETCS GOKYCMpPOBKA Ha
nNpaKkTUYeCKNX NpuaoxeHnax. Camon nepeaoBomn 0bna-
CTbIO HAa AAHHbIK MOMEHT SIBASIOTCS CYNEPKOHTUHYYM=-
Hble Na3epbl M BOTOKOHHO-ONTUYECKME AATHUKN.

B OCHOBHOM BOJIOKOHHO-OMTUYECKME AATYUKM
WNCMONb3YIOTCS AN MOHUTOPWHIA Pas/iMyHbIX Mpouec
COB B MPOMBLILUIEHHOCTW. B KOMAaHW1 pa3pabatbiBatoT
MHOTO MPOeKTOB, CBA3AHHLIX C ra3oBOW U HehTAHOM
MPOMBILLNEHHOCTbIO. JaTYMKM MCNONL3YHOTCS B YCTAHOB-
Kax M3BMEYEeHUS HedTU WM rasa U 1Ux AanbHenllen
nepepaboTKku.

PacnpeaeneHHbIM gaT4mk TemnepaTypbl (@Hra. DTS —
Distributed Temperature Sensing) ABNAeTCA MHHOBa-
LuMoHHOW paspaboTkorn NKT Photonics. atymk nmeet
LWUMPOKMIA AMANA30H AANBHOCTU O0BHAPYXXEHUS HEMo-
NafloK Ha o0bbekTe — A0 70 KM — U MCNONb3yeTcs ANs
0bHapy>xeHust yTeyek B Tpybonposoge. CBSA3b MOXET
HbITb 06ecnevyeHa C MOMOLLbIO kabens nnm becnpoBoa-
HbIM CMOCO60M. JaTymK MOXKHO MCMOIb30BaTbL BO MHO-
rnx cpefax: HedTb, MPUPOAHBLIN Fa3, CKMXKEHHbIN ras,
BOAQ, 6eToH. [JaTyMK MOXEeT bbiTb afanTMpoBaH Nof
3a[aHHYI0 GU3MYECKYD Cpefy, OH pacCcYMTaH Ha Aua-
nasoH Temnepatyp ot —180 go 400 °C. laT4ymnK MOXKET
BbITb MCMONL30BaH 414 A0ObIYM HEDTU M rasa, B peak-

TOpax, B XMMMWUYECKOM MPOMDLILLIJIEHHOCTH, B CMCTEMAX
XpaHeHusi HedTM 1 rasa. CpegHee Bpemsi 6e30TKas-
HOW paboTbl cocTaBaseT 32 roga. MpW 3TOM AATHMK
He TpebyeT 0b6CayXMBaHWUSA. B MUpe He cyllecTByeT
aHanNoroB AN AAHHOIO YyCTPOMCTBA. [aTymK BKJIIO-
YyaeT B Cebs NaCCUBHbIN OXJTAAUTENb, HE COAEPXKUT BEH-
TUNATOPOB W MOABMXHbLIX MexaHU4eckmx KOMMOHEeH-
TOB. OMTOBOJIOKHO ANS HEro SBASeTcsi COHCTBEHHOM
pazpabotkon NKT Photonics. Ans KaXAoro npuao-
JKEHWSI MCMOb3yeTCa COOTBETCTBYIOLWEe CreunanbHoe
OMTOBOJIOKHO.

Y KOMMNaHWW eCcTb MHOXECTBO MPOEKTOB, CBA3AHHbIX
C 0BbHapy>XeHVem MNoXkapoB B TYHHENSX, MEeTpOo, aspo-
noptax, Hebockpébax. NKT Photonics pacnonaraer cep-
TUGNKALMOHHLIMW LOKYMEHTAMW, KOTOPble pa3peLuatoT
e BLINOMHSTbL 3TY AEATENbHOCTb.

[lpyroe HamnpaefeHue MNpOM3BOACTBA — MHOroka-
Ha/IbHbI BONOKOHHLIW /la3ep C HM3KMM YPOBHEM LUYMA.
YCTpOMCTBO MMeeT 16 KaHaoB. Jlazep OTAMYaeTCst BO3-
MOXXHOCTbLIO TeHepMPOBaTh U3/Iy4YeHWe C O4eHb HU3KUM
OTKJIOHEHVEM OT 3a[aHHbIX BeIVYNH MHTEHCMBHOCTU
N ANVHBI BOSIHLI. LUMPUHA NMHUKW reHepaunmy cocTaBnseT
100 y. C NOMOLLbLID MCMONL30BaHWSA 1a3epa U OMNTOBO-
JIOKHa MOXHO ONpefennTb TemnepaTypy B 3aAaHHOM
obnactu. Jlazep nNpuUMeHsSeTcs B Takmx cdepax, Kak:
KOTepeHTHas ONTuYecKas CBs3b, /1a3epHOe OxJ1axaeHue
aTOMOB, Na3epHbIM NUHLUET. CyllecTByeT BO3IMOXHOCTb
M3MepATb CKOPOCTb BeTpa A/ OLUEHKM MNepcrekTmus
CTPOUTENLCTBA 3/IEKTPOCTAHLMU. CKOPOCTbL ABUMKEHNS
4acTWL, B BO3AyXe OMPeAensieTcs no xapakTepucTukam
OTPAXKEHHOIO U3/TyYeHNS.
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Cncrtema Koheras Acoustik mosib3yetcs CrnpoCOM.
OTO MOAY/IbHAsA MHOroKkaHa/ibHast CUCTemMa M3 BOJIOKOH-
HbIX /1a3€POB C HU3KMM YPOBHEM LWyMa. CMCcTemMa MOXeT
BKJ/OYATbL B Ce6s o 16 Moaynen. B yCcTaHOBKY MOryT
006aBNATLCS Nasepbl C Tpebyemon AJIMHOW BOJIHBGI,
KOTOPbIMW MOX>HO YNpaB/saTb M3 eAUHOT0 LeHTpa. Bos-
MOXXHOCTb CObupaTh Tpebyemyto YCTaHOBKY U3 OTAEe/b-
HbIX MOAYEN ABNSETCS OTANYNTENLHOM 0COBEHHOCTLIO
npoaykumm NKT Photonics. 3Tu nasepbl 661 UCNOMb-
30BaHbl B UCCELOBAHUSX MO PermcrTpaummnio rpaBmTa-
LLIMOHHbIX BOJIH. KOHCTPYKLMS 1a3epa C HU3KKUM YPOBHEM
LWyMa OT/IMYAETCA OT KOHCTPYKLMU CYMEepKOHTUHYYM-
HbIX J1a3epOB.

Ha cerogHAWHNM AeHb BbIMYCK CYyNePKOHTUHYYMHbIX
N1a3epoB MO-MpeXxXHeMy OCTaeTCsd BaXHbIM HarnpasJ/ie-
Huem B paboTte komnaHum NKT Photonics. MepecTpaun-
BAEMbIN MyNbTUKAHANbHbLIW Na3ep cepun Fianium reHe-
puUpyeT M3ny4eHue B AmanasoHe AAUH BoJH 400-2400
HM, MOLLHOCTbL M3ny4atena goctmraet go 20 BT. Bee
KOMMOHEHTbLI COBMECTUMbI C APYrMM 060pyAOBaHWEM
KoMnaHuu NKT Photonics.

AKYCTOONTUYECKMIN MepecTpamMBaeMbii  GUALTP
cepuun SuperK umMeeT nporpaMmmHoe yrnpasjeHue.
LnprHa NoioChl NPOMNyCKaHusa duasTpa A Na3epos
cepum SuperK coctasnget 1-2 HM. CyLecTBYeT BO3MOXK-
HOCTb MepecTponKy OT 140 8 IMHNN.

Apyrvie BO3MOXHble MOANGUKaLUM GUaLTPA:

e SuperK Extend gng nepecTpomkm B AnanasoHe 265—

480 HM, WWMPUHA TNHNU 212 HM,;

e SuperKVaria gns nepecTpoviki B AnanasoHe 400—

840, WnpuHa nnH1MmM 10-100 HMm;

e SuperKSelect onsg nepecTpomkm B ganasoHe

400-2400 HMm.

SuperK Extend UV — yCcTpowCTBO Ans pacluvpe-
HMS AMana3oHa MNepecTpPonKM CYynepKOHTUHYYMHbLIX
nasepos. C NOMOLLLIO AAHHOIMO Y3/1a MOXHO LOBUTLCS
reHepaunnm wun3ny4yeHmMa Ha AAMHAX BOJH OT 265

i1

00 480 HM. O6/1aCTb MCNONb30BaAHMS AAHHOrO 060pYy-
[0BaHMs — BO36y>XaeHWe GayopecLeHUny pasanyHbIx
CTPYKTYP, SABASIOLWNXCA MPeaMeTOM U3y4eHnsa B buono-
T 1N MegnumnHe.

Nazepbl NKT Photonics KOMAaKTHbI, MMeOT BO3ayLL-
HOe OX/IAXKAEHME, NEPEXOANT B paboyunit pexxnm B Teye-
H1e 10 MUHYT. 3TO 060pyAOBaHME C BbICOKMM YPOBHEM
KayecTBa W HaAEXKHOCTM.

Ha BbICTaBke Obl1 nNpeacTaBneH CynepKOHTU-
HyyMHbIn nasep SuperK EVO. NKT Photonics nepsas
B MMpe Havyana Npon3BOAMTbL Na3zepbl NOAOBHOro TMna.
Kpome T0ro, NKT Photonics BbiMyCKaeT CYymepKOHTW-
HYYMHbIM nasep Ans cpeaHero VK-guanasoHa cepum
SuperK MIR mid IR. nana3oH nepecTtpomkm AaHHOrO
nasepa cocrtasnger 900—4200 Hwm. Jlazep SuperK MIR
mid IR MOXHO KOMBUHMPOBATL C FTIR-CNEKTPOMETPOM
(Pypbe NK-cnekTpoMeTpom,).

KomnaHnna NKT Photonics o6bnagaer oaHOW
13 NIYYLINX TEXHOMOM U MO NPON3BOACTBY ONTOBOIOKHA
B MVpE U MOCTaB/ISeT ONTOBOJIOKHO A1 MHOIMUX Beay-
LMX NPOM3BOANTENEN NA3EPHOMN TEXHUKK. DTO UTepbu-
€BO€ OMTOBOJIOKHO C MOJIMMEPHbLIM 3aLUNTHBLIM MOKPbI-
TMem (@Hrn. PCF) 13 KpeMmHus. Takoe onToBOMOKHO NKT
Photonics ncnonb3yeT BO BCEM CBOEM 060pyAOBaHMUM,
B TOM 4ucie Ans GemTo- M MUKOCEKYHAHbLIX BOJIOKOH-
HbIX /1a3epoB. [JaHHOe OMTOBOJIOKHO LWMPOKO MCMOMb-
3YeTCS B MPOMbIWIEHHOCTW. [TpOM3BOANTENL TapaHTU-
pyeT pecypc paboTbl OMNTOBONOKHA — ABa roga. W yxe
B TeYeHVe 7 neT KOMMNaHus HeMpepbiBHO TECTUPYET CBOKO
NPOAYKLUMIO. Pe3ynbTaThbl 3KCNePUMEHTOB CBUAETE/b-
CTBYIOT O €e BLICOKOW HaAEXHOCTU. A MO NUCTEeYEHUIO
CpoKa rapaHTumn Ha obopynoBaHme NKT Photonics npe-
[LOCTaBASeT YC/IYrn ero CepBUCHOTO 0BCYXXMBAHMS.
Kpome Toro, B KOMMNaHum NpOBOASTCS CTATUCTUYECKME
NCCNef0BaHNSA B OTHOLUEHWUM HALEXXHOCTU pasnnyHbIX
Y3710B. AHaIM3 HANPAaB/IEH Ha TO, YTOBbI yIYYLLINTL Kaye-
CTBO NMPOM3BOANMOM NPOAYKLIUN.
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