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Er(1.3a1.%):KGdo2Ybo15Y065(WO4)2 ot morso-
IICHHOW MOIHOCTH HAaKayKd JUIS  BBIXOJIHOIO
3epkana Jasepa ¢ mpomyckaHumeMm 2% Ha JJIIHE
BOJIHBI TEHEPAIINN H300pakeHa Ha PUCYHKE 4.
V3MeHeHHEe MOIIHOCTH HAKa4YKH OCYIIECTBIIS-
JIOCh € TIOMOIIBIO BPAIIAIOIIETOCS HEHTPaIbHOTO
¢mIbTpa TEepeMeHHON IUIOTHOCTH TakK, YTO IIapa-
METpHI U3IYYCHHS HAKAYKHA BHYTPH aKTHBHOTO 3Jc-
MEHTa OCTaBAJUCh HEWU3MEHHBIMH. [loriomeHHAs
MOIIHOCTh HAKaYKU HM3MEPSIACh B YCIIOBHSX T'¢HE-
panuu, ¢ y4eTOM BTOPOTO MPOXO/a HaKauyKu BHYTPH
cnost. Haubonbiee 3HaueHne BBHIXOJHOW MOIIHOCTH
coctaBmio 16 MBT Ha gmune BomHbl 1606 HM.
Juddepenunanbuas 3¢ HeKTHBHOCTh M'eHEpaIMU 110
MOTJIOIIEHHOM MOIIMHOCTH HakKadyku gocTturajia 64%,
nopor reHepauuu coctaBwii 120 MBT. Coektp
TCHEPUPYEMOTO JIa3epHOTO M3IYyYCHUS Hapsmy cC
TIPOTIICIITNM M3ITyICHUEM HaKaYKH ObLI
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3aperucCTPUPOBaH € MOMOINBI0 criekTpomerpa APE
WaveScan u nipeJcTaBieH Ha pUCYHKe 5.

[omydenHoe  3HadeHwe  auQdepeHIMaTbHOMN
9(Q(HEKTUBHOCTH TEHEpalli TIPEBOCXOIUT PE3YIIbTar,
JNOCTHTHYTBI paHee C OOBEMHBIM  KpPHCTAIIIOM
Er:KY(WO4); [2]. DT0 CBUIETENLCTBYET O BHICOKOM
ONITHYECKOM  KadeCTBE  BBIPAIEHHOTO  CJOSL |
JIEMOHCTPHPYET €T0 MPUTOAHOCTh IS NMPHMEHEHHS B
IUTAaHAPHOM BOJTHOBOJIHOM JIazepe.
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CrieKTpOoCKOMNHUs ¢ MPOCTPAHCTBEHHBIM pas3pelie-
nHueM (CIIP) mmpoxo ucnons3yercs B AUCTaHIMOH-
HOM 30HIUPOBAaHMU 3E€MHOH IOBEPXHOCTH, MEIH-
IIUHE, CEIIbCKOM XO035HCTBE, OMOJIOTHU U JPYTUX 00-
macTsax. Bo MHOTHX W3 TpHIIOKEHUH HaOIfoJaeMble
00BEKTHI HECTAITMOHAPHEL, TIO3TOMY OCOOBII HHTEpEC
MPEACTABISIET pa3paboOTKa MOJXOJI0B C MajbIM Bpe-
MEHEM PETHCTpAINi, B TOM 4HciIe U o0ecreunBaro-
MAX TOJyYeHHe MOJHOTO KyOa mauubix 1(X,y,4) B
oIHOM akTe uzmepenust (Snapshot hyperspectroscopy
[1], unu MrHOBeHHas runepcnekrpockonus — MI'C).

OpunM u3 BapuaHToB peammsaimu MI'C sBisteTcs
(opMupOBaHHE TIPOCKIMH Ky0a MJaHHBIX Ha JBY-
MepHbIil (OTONETEKTOp Kak Habopa CIEKTPOB OT
COBOKYITHOCTH TIPOCTPAHCTBEHHO OT(HIBTPOBAHHBIX
¢dparmMeHTOB  00BekTa | (PyHKIMOHAIBHBIN —aHAJOT
MHOXXECTBA ~ BXOJHBIX ~ IIEIEH  JIUCIEPCHOHHOTO
CIIEKTpaJIbHOTO Nprbopa). TakuM IpOoCTpaHCTBEHHBIM
(UITBTPOM MOJKET SIBIISITHCSL MAaTPUIIA MUKPOJIMH3 JINOO
MacKa, COJeprKallasi MHOXKECTBO —PacIOJIOKEHHBIX
peryiapHeIM 00pazoMm oTBepcTHii [2]. B momoOHBIX
Ipuoopax B KadecTBE IMCIIEPCHOHHOTO 3JIEMEHTa

OOB[YHO  WCHONB3YIOTCSI ~ IIPU3MBI  HEBBICOKOM
mucnepcun. [Ipu sTom ecam pabounii CHeKTpaibHBIN
JIMana3oH MHOTOIIIEJIEBOTO JIICTIEPCHOHHOTO

cnekrpomerpa (MJIC) mmpokx, TO mpobIemoit
CTAaHOBUTCA CWJIbHAaA CICKTpaJbHasA 3aBUCHUMOCTbH
VIJIOBOWM  jaucriepcuy  mpu3Mbl.  Vcmone3oBaHue
COCTaBHBIX MPU3M, CKOMOMHUPOBAHHBIX B YCTAHOBKE C
BBIMUTAHUEM  JMCIICPCHH, TIO3BOJICT  OCIA0OWThH
CIEKTPANIbHYI0 3aBUCHMOCTh, OIHAKO TPUA STOM
HEM30eXKHO  CYIIECTBEHHOE  CHIDKEHHE  o0mieit
JTUCTICPCUH, KOTOPAst MOJKET OKA3aThCsl HEZOCTATOYHOM
UL TIOJly4eHWs] OT OTHACNBbHBIX BXOJHBIX IIeNel
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CIIEKTPOB Jake HEOONBLIOW IMHBI B IIIOCKOCTH
(oTorpreMHNKA MJC. Hcnonp3oBanne
JTUPPaKITHOHHOM peleTKu obecrieunBaeT
MPEHEOPEKNMO MaITyl0  CIEKTPaJIbHYIO0 BapHaIHio
YIJIOBOHM AMCHEPCHH JlaXKe B LIMPOKOM CHEKTPaIBLHOM
quanaszone. OJHAKO YCTaHOBKA  JHU(PAKIMOHHOW
PEIICTKM B MapaJUINIbHOM IIy4Ke, (OpMUPYEMOM
KOJUTMMaTOPHBIM 00BEKTHBOM CIIEKTPOMETPA,
Henpremiema s MJIC u3-3a  HedddexTHBHOTO
HCIIOJIb30BaHMS TUIOIIA M (POTONPHEMHHKA, TaK KaK Ha
JIETEKTOpPE OTOOpakaroTcsi OIIBKO PacIioNO)KEHHBIE
cnextpsl 0-ro u £1-To MopsIIKOB.

B Hacrosmert pabore mpemararoTcs BapHAHTHI
cxemHbIX pemreHnit MJIC ¢ mpomyckatomei mudpak-
IIMOHHON PEIIETKOH, B KOTOPBIX yCTpaHEeHa Mpoliiema
HEXEJIaTeNbHBIX MOPSIKOB, a TAKKE 00eCIIeInBACTCS
BO3MOKHOCTB OIIEPATHBHOTO BapbUPOBAHUS
JIICTIEPCUM  CMEIICHHEM HU(PPAKIMOHHOW PpELIeTKU
BJIoJIb onrtuuecko ocu. [lomxon mnpemycmarpuBaer
PacoJIOKEHHE  MPOMyCKAromeH  TU(PAKIIHOHHON
pemietkn G BOmM3uM  mieneBod mMacku M B
HEKOJUIMMHUPOBAaHHOM IIydKe, B TO BpeMs Kak
n300paxxeHre Ha nerekrope P dopmupyercs oObek-
THBOM L, HaxonsmmMcst Ha ymaJeHWH OT PELIeTKH
(pucyHok 1 a). Beibopom wmcnoBoii ameptypsl dop-
MUpYIOIINX H300paKeHHe Ha MacKe IMydYKoB M JHa-
MeTpa oOBeKTHBa L MOKHO OIIOKHMpOBATH MPOXOXK-
JICHUE TIyYKOB BCEX IOPSAKOB AMU(PAKIMU M Kpome
niepBoro. JInHeliHas qucnepcus Takoro CIeKTpoMeTpa
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YeHHUE CUCTEMBI, M U f — TOPSAIOK U yToJ TUPPaAKITIH,
t — nepuog pemerku. K npumepy, ans pemerxu ¢ 300
wTp./MM 1ipu h = 5 MM U HOpMAaJIBHOM MagCHUM IS
nepBOro nopsijka npu aucnepcuu 1,5%x1078 Mm/am
M300paKEHHE CIEKTPAILHOTO HMHTEpBana AA =
300 uM nmeet uuHY 450 MKM.

[lpubmkeHHass OLEHKAa TIOKa3ala, 4YTO BKIAJ
abeppartiiii, BHOCUMBIX TU(PAKIMOHHON PEIIETKON MPH
paboTe B HEKOJUIMMMPOBAHHBIX ITydKax, B pa3Mep
KPY)KKOB pacCessHUs He SIBISIETCS DELIAIOIIUM: JUIs
perrerku 300 rp./mm pu NA = 0,05 oH He mpeBbITIacT
10 MxM. B 10 ke Bpemst, abeppalyii 00bEKTHBOB HMEIOT
ropazno Oojblliee BIMSHHUE HA  XapaKTEPHCTHKU
m300pakeHus. Tak, 9iCIeHHOe MOISTTMPOBAHKE (306Ch U
Janee OHO TIPOBOOWIOCH B mporpamme ZEMAX®)
cxembl pucyHKa 1 a ¢ oguum oobektrBom Nikon Nikkor
AF 50 mm (mpu yBemmdyennu 0,5 + 2) mokazaio
HEY/IOBJICTBOPUTEIIFHBIC  PE3YNIBTaTl M0 pa3Mepam
KPY)XKOB paccessHus. POTOOOBEKTHB ONTHMU3HPOBAH
Ui paboThl ¢ OOBEKTaMM, PAcCTOSHHE JI0 KOTOPBIX
MHOT0 OOJIbLIIE PACCTOSIHUS O n300pakeHust. B cBsi3u ¢
3THM TIPE/IOKEH U POaHATM3UPOBAH BAPUAHT CXEMBI C
JByMs oObekTrBaMu L1 u L2,

Pucynok 1 — IlpuHiunuanpHasi cXeMa MHOT'OIIENIEBOIO
CIEKTpOMeTpa ¢ TH(PAKIHOHHOH PeIIeTKOH (@) U cXxeMa
HCIIOJIb30BAHNS CUCTEMBI U3 JIBYyX OOBEKTHBOB JUISl YIIyUIICHUS
pasperienus (6), B MOCICIHEM CITydae yKa3aHO IIPOXOXKICHHUE
OceBbIX JIyuel my4xoB. [ToscHeHus cM. B TeKcTe

3aMEHAIOIINMHI 00BeKTHB L 1 00pasylomumu cum-
METPUYHYIO TEJICHEHTPUYECKYI0 CUCTEMY (PHUCYHOK
1 6), B KOTOPO# OCH OTKJIOHEHHBIX JTU(PPAKIIMOHHON
PEIIETKON MyYKOB OT pa3HbIX TOYEK IOJIS IJISl CPeji-
HEeW JUIMHBI BOJHBI pabouero jauana3oHa mapai-
JeJbHBL ONTHYecKOH ocu oObekTHBa. Ilpm sToM
madparma, ONOKHPYIOMIAast TOPSIKA TUPPaKITUH,
pacronaraeTcs B IUIOCKOCTH, HEPICHINKYISIPHOH
o0rIelt ONTHYECKONW OCH W SBISIONIEHcS (hoKaTbHON
I 000MX OOBEKTHBOB. PacyeT IOKa3bIBAET, YTO
Takass OJIOKHPOBKa TOPSIKOB  peanusyema c
OTpaHUYEHHOM YHCIOBOW amnepTypod, K HpHUMeEpY,
IpyM  yKa3aHHbIX  BBINIE  [apamMeTrpax  OHa
obecnieunBaercst mpu NA < 0,05.

[IpoBeneHO 4MCIEHHOE MOJETHPOBAHHE CUCTEMBI,
noctpoeHHoi Ha 6a3e o0bexTHBOB Nikon Nikkor AF

50 mm 1.4D. U3o6paxenne Ha Macke GpopmupyeT 4-
JUH30BBI MUKPOCKOTHBIH 00hekTHB MO (yBenu-
yeane ~8,5 pa3). [dumamerp pabouero mois
n300pakeHust 16 MM, 9TO COOTBETCTBYET AUAMETPY
nong B npeametHoil minockoctu MO 1,95 mm. st
KOJUTMMHPOBAaHUS OCEH ITy4KOB OT PAa3HBIX TOYEK
monst mocie TmpoxoxaeHus MO wucmonb3oBaHa
IUIOCKO-BHINTYyKJIas JHH3a. Pa3Mmep mieneld B Macke
5x20 MKM, TONIIMHA €€ MOJJIOKKH 2 MM, TOJIIMHA
npoIycKaroleit TuppakirnOHHOH peleTku 2 MM (Bce
crexna — BK7). Pabounii criekTpanbHBIA IHana3oH
405-700 aM. Pe3ynbTaThl IOKA3bIBAIOT, YTO MOJIYIIH-
pUHAa  KPYXXKOB  pAaccesHWss B  HalpaBlICHHH
qucniepcud Al < 15 MxkM (b Uit Kpast Juana3oHa
B oTmenbHBIX Toukax Al < 20 Mkm), uro
COOTBETCTBYET CIIEKTPAJIbHOMY. pa3pelIeHHIo Ha
YpOBHE 10 HM. Yucno paspeuiaeMbix
MPOCTPAHCTBEHHBIX  JJIEMEHTOB OMIpeJenseTcs
MATTEPHOM ILIEIeBONH MAaCKU U TOXOAUT 1O 2% 10%,

Pazpabotana cxema MJIC Ha 0CHOBE 3epKaIbHBIX
00BeKTHBOB (BHEOCEBBIE Tapaboiibl), Oiaromaps
YyeMy pabounii CIeKTpaIbHBIN Anana3oH paciuupseM
0 ~0.3-2 MM (OrpaHHYCHHS OOYCIIOBJICHBI MOJIO-
CON. IPONYCKaHMsl KBapLEBBIX Pe(QPaKTUBHBIX diie-
MeHTOB). CxeMa BKIIIOYAeT JBa 3epPKaJbHBIX 00BEK-
TUBa B CHMMETPUYHON TeNeLEeHTPHUUECKOH YycTa-
HOBKe, B 001mmeil (okaJbHOI IIOCKOCTH KOTOPBIX
pacmnonoxeHa auagdparma, OJOKHPYIOIMIAs TTOPSIKU
mudpakouy (TIOAXO0M, aHAIOTUIHBIA pedpaKTHBHOM
chcTeMe pucyHka 1, 6).

[IpoBeneHO dHMCIEHHOE MOJENIMPOBAHKME CO CJe-
JYFOIIIMH TTapaMeTpaMy OOBEKTHBOB: YTOJI OTKIIOHSHHS
orntudyeckoil ocu  30°, muamerp 50,8 MM, pamuyc
KpUBU3HBI 254 MM, addexTnBHOE (HOKYCHOE paccTosHUE
136,12 mMm. s KOJIMMHpPOBAaHMS OCeil ITydKOB OT
pa3sHBIX TOYEK MO Iocie mpoxoxaeHus MO
HCIIONIb30BaHa IIOCKO-BBIMYKJIas KBaplieBas JIMH3a,
MOJUIOXKKAa MAackM M TIPOIyCKArolasi H(ppaKIMOHHAs
pemreTka Tarke KBapreBble. CIICKTpaibHBIA padoumit
Janazon 450-750 um, nucnepens ~1,2x 1073 Mm/HM.

PesymbraTel MoOmenMpOBaHUS IOKAa3ald, dYTO
TTONYIIMPHUHA KPYXKKOB paccCesHHs B HAINpaBIICHUH
JmcTiepcuu npenmMyniectseHnHo Al < 10 Mxm (Jrumib B
OTAENbHBIX TOukax momst Al < 15 wMkm), uro
COOTBETCTBYET  CHEKTPalbHOMY  pa3pelIeHUIo
3aBeIoMO He Xyxe 10 HM.

IIpennoxxennsiit npuniun noctpoenus MJIC c
UCIIONIb30BaHUEM JTU(PPAKIMOHHON peleTKn B Ka-
YeCTBE JUCIEPTUPYIOLIET0 JJIEMEHTa 00ecreurnBaeT
€/IMHOBPEMEHHYIO pEruCTpaluio Kyba HaHHBIX C
MPAKTHIECCKH HEM3MEHHOW BO BCEM CIEKTPAIbHOM
pabouem muamazoHe muctiepcueit. [Ipm sToM Bemu-
YUHY TOCJIEeTHEH MOXXHO H3MEHSTH IPOIOIBHBIM
CHABUTOM IH(PaAKIIOHHON pPEIIeTKH, YTO MO3BOJISIET
B IIMPOKHUX IpeeNaX BapbUPOBaTh aHATHUTHICCKHC
XapaKTepUCTHKH TpuOopoB. [IpoaHamm3upoBaHHEIC
pedpakTuBHBI U pedIeKTUBHBIH BapHaHTHI ONTH-
YyecKoi CUCTEMBI aJlanTUPOBAHbI JUTst
npoToTHnupoBaHus. Mcnone3oBaHue npubOpoB Ha
6aze MJIIC mpencraBisieTcsl TEPCIEKTUBHBIM IS

331



10-s Meoicoynapoonas nayuno-mexnuyeckas konpepenyus «lIpubopocmpoenue — 2017»

CIIP 61o00BeKTOB, B TOM 4ucie (HIryopecleHTHOH
MHUKPOCHEKTPOMETPHH, a TaK)K€ B UCCIICIOBAHUSAX B
ob6macTi POTOMMHAMUIECKON TEPAITHH.

VK 621.373.826

1. Hagen N., Kudenov M. W. Review of snapshot spectral
imaging technologies // Opt. Engineering. — 2013. — Vol. 52,
Ne 9. — P. 090901-1-090901-23.

2. Bodkin A. et al. Snapshot hyperspectral imaging — the
hyperpixel array camera // Proc. SPIE. — 2009. — Vol. 7334. -
P. 73340H-1-73340H-11.

Yb:CALYO BASED BROAD-BAND SEEDED CHIRPED PULSE REGENERATIVE AMPLIFIER
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Diode-pumped femtosecond laser sources with
pulse repetition rates of hundreds kHz and pulse
energies of tens microjoules are of practical
importance for high-precision micromachining in
industry and biomedicine [1].

These pulse trains can be generated conveniently
with RA systems based on bulk regenerative
amplifiers. One of the highest output power reported
so far for bulk RAs is 28 W in an Yb:CALGO
operating at 500 kHz, with 217 fs pulses [2]. The
output power of about 21 W at 200 kHz PRF with
200 fs pulse duration is obtained on Yb:KGW dual
crystal system [3]. Generalizing the above data, we
can conclude that the search for new laser media with
appropriate spectroscopic properties for regenerative
amplification of ultrashort laser pulse is still of high
interest.

Yb:CALYO crystal demonstrate promising
spectroscopic properties that confirmed by excellent
experimental results in mode-locked lasers provided
near-transform limited pulses with wide spectra [4].
Despite the availability of femtosecond lasers
providing wide spectral width pulses based on Yb-
doped crystals seed lasers of large number of RA
systems described in the literature have narrower
pulse spectral width not over than 15nm. And this
also limits the amplified pulse spectral width.

In our paper we present the experimental results
of broad-band seeded Yb:CALYO-based chirped
pulse regenerative amplifier for the first time to the
best of our knowledge.

A conceptual scheme of the system (Fig. 1) con-
sists of Yh:KYW seed laser (100 fs, 10 nJ), fibre-
based stretcher,. regenerative amplifier and
compressor. A 10m-long single mode @9/125 um
telecom fibre was used for pulse spectral broadening
and temporal stretching (tpuse=7.5 ps). The RA setup
chosen for this experiment is quite common,
employing a 40-mm-long double-BaB,0O. Pockels
cell for pulse injection and ejection. Pulse repetition
frequency (PRF) was chosen to be 200kHz to prevent
damage of the optical elements. “Off-axes” pump
layout was used for longitudinal pumping of the
active element [5-7]. Main advantage of such a pump
scheme is that all the cavity mirrors have highly
reflecting coating at 900-1100 nm. 2 mm-long a-cut
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Yb(3.5 at.%):CaYAIO, crystal was used as a gain
medium. The last unit of the amplifier system is
compressor based on transmission diffraction grating
with 1000 grooves per millimetre.

As a pump source a multiple single emitter
InGaAs fiber coupled laser diode (@105 pm,
NA=0.15) with maximum output power of about
25 W was used. The pump light was formed by set of
lenses into the spot with diameter of about 180 pm
(1/e?). The-losses on transmission of the hole from
such "pump"” mirror did not exceed 3 % of pump
power. Besides that such pumping scheme enable us
to tune the wavelength of the laser diode exactly in
the absorption band of the material without losses in
the short-wave pass filter (input mirror). One of the
important things most notably for regenerative
amplifiers with longitudinal pumping schemes is that
the part of the intracavity pulse energy passes through
the input mirror and damages pumping diode. Our

pumping scheme is free of these negative issues.
Single mode fiber

Seed YoKYW) 2 =" 2 () ‘ex.e  Compressor
100fs, 10nJ .}&HQJ:._,U PR\ >
1036nm v v i

HR2

Yb:CaYAIO: pc MR

M1 TFP

Fig. 1. Schematic of the Yh:CaY AlO, chirped pulse regenerative amplifier

In Fig.2 the pump beam profiles during the
propagation through the gain crystal are depicted. As
can be seen the pump beam profile was a circular and
homogeneous inside the crystal. The drop in the
middle of the pump beam profile appears at the
distances >3mm from pump beam waist and therefore
do not introduce any negative influence due to the
pumping inhomogeneity on the mode-matching and
output laser performance.





