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B ctaTtbe onucaHa pa6oTta Pr:YLF-nasepa

B HErnpepbIBHOM peXXumMe C BbICOKOM MOLLHOCTbIO
Ha A/InHe BOJIHbI 607 HM C HAKa4kKoW ABYMS
nosiynpoBOAHUKOBbLIMU S1a3epHbIMU AUOAAMMU,
M3y4aroWwWmnMmM B CUHEM CMeKTpasibHOM
ananasoHe. MakcumanbHas BbIXxogHas
MOLWHOCTb 10,58 BT ocTuraetcsa npum oéwen
MOLLHOCTU HaKa4yku 50 BT, HacbliueHue
BbIXOAHOM MOLHOCTU JOCTUTHYTO He 6biJ10.

Kntouesble cnosa: Pr:YLF-nasep, ontuyeckas
Haka4ka, nasepHble AUOAHblIe MOAYN
C ONTOBO/IOKOHHbLIM BbIBOAOM
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1. BBEAEHMUE

C mosiBneHHeM CHHHUX JHUOAHBIX JIa3epoB Ha OCHOBE
InGaN cTaHOBSTCS BCe 6osiee BOCTpeOOBaHBI U J1a3ephl
IpSMOM TeHepallMH BHAMMOIO [HamasoHa. Moi-
Hble ja3epbl C IJIMHOW BOJMHBEI OKOJMO 600 HM IIOJIb-
3yl0Tcsl GONBIIMM CIIPOCOM B TaKHUX 0OMacTsIX, Kak
buoMenUIIMHCKHE MPIOKeHHUS [1, 2], na3epHble
pucnen [3], obpaborka meTannoB [4], onmTHYeckas
CBsI3b [5] U reHepamus riaybororo YO-usnydeHus [6].
JKenTo-opaHsKeBble jla3ephl HAa OCHOBE MaTepHaJIOB,
JIETUPOBAHHBIX PI, C HAKA4YKOM JIa3ePHBIMU AHUOJAMU
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We demonstrate the high-power continuous-
wave operation of a Pr:YLF laser at 607 nm end
pumped by two blue laser diodes. A maximum
output power of 10.58 W is achieved with

the total pump power of 50 W, and output
saturation power is not observed.
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1. INTRODUCTION

Direct generation of visible lasers has become more
and more attractive with the great development of the
blue InGaN diode laser. Approximately 600 nm high-
power lasers are in great demand in many fields, such
as biomedical applications [1, 2], laser displays [3],
metal processing [4], optical communication [5], and
deep UV generation [6]. Therefore, LD pumped yellow-
orange lasers based on Pr-doped materials are recently
developed solutions due to their advantages of high
efficiency, simplicity, and low cost. Many Pr-doped
materials with large stimulated emission cross sec-
tions in the visible region, such as Pr:ZBLAN [7, 8],
Pr:YLF [9-11], and Pr:YAP [12-14], have proven to have
high potential. Among these materials, Pr:YLF crys-
tals have attracted much interest over the past decade
for the generation of approximately 600 nm lasers
is characterized by its low phonon energy (460 cm™)
leading to a weaker non-radiative multi-phonon relax-
ation, and thus better lasing performance [15]. How-
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SBJISIIOTCSL Haubollee IepClIeKTHBHBIMU B ITAaHHOM
CIIeKTPaJIbHOM [Halla30He, YTO CBSI3aHO C UX BBICOKO
3G PeKTHBHOCTBIO, IPOCTOTOM M HHU3KOHM CTOMMOCTEIO.
BompIIoON HMHTepec IMpeaCTaBsAIoT TaKhe MaTepHallkl,
Kak Pr:ZBLAN [7, 8], Pr:YLF [9-11] u Pr:YAP [12-14],
TaK KaK OHU 0071afatoT OONBLUIMM CeYeHHeM BBIHYK-
OEeHHOTO M3/y4eHHUs B BUAUMOM obmactu. Cpenu
3THX MaTepHa/oB HaHWOONBIIMI HHTEpec IIPOsIBIeH
K Kpucta/uiaM Pr:YLF, HCIIO/Ib3yeMBIM [Jis CO3[a-
HH4 J1a3epoB C JJIMHOMN BOJHBI ITOpsaKa 600 HM, Tak
KaK HH3Kasl SHeprus ¢oHOHOB (460 cm™)) mpuUBOIUT
K bosee cnabort 6e3bI31ydaTeNbBHON MHOTOOHOHHOM
pelakcallud U TakuM o6pa3soM K Jy4IIHM XapakTe-
pUCTHKaM reHepauuu [15]. OmHaAKO BBICOKOIPPeK-
THBHBIe OPAaH>KeBbIe JIa3ephl C JJIMHOM BOIHEL 604 HM
U 607 HM TPYAHO IIONYYHUTh H3-3a IIOTepb Ha pead-
copbumio (3H4-1D2), ocobeHHO IpU HaKadKe Mac-
CHBOM JIa3epHbIX OHOAOB M3-3a HM3KOTO KayecTBa
IyuKa HaKaukd. Ha cerogHSIIHKUM NeHb cCaMas BBICO-
Kasi BBIXOJHAasi MOIIHOCTh Ha AJIMHEe BOJHBEI 607 HM
Ha OCHOBe KpHcTanaoB Pr:YLF cocrasmsieT 3,7 Bt [16]
M MMeeT HeBBICOKYI0 nuddepeHIIHaNBHYIO 3QPeKTHB-
HOCTBIO ITopsaKa 25%.

B 3ToM cTaThe MBI AeMOHCTPHPYEM BO3MOKHOCTb
MacITabupoBaHUS MOIIHOCTH Pr: YLF-1a3epa 607 HM
C TOpPLIeBOXM HaKa4KOH CHHHMH JIa3ePHBIMU AHUOJAMU
C ONTOBOJIOKOHHBIM coefHHeHHeM. HacKombKo Ham
M3BeCTHO, JeMOHCTpHpyeMasi B paboTe MaKCHMalb-
Has BBIXOOHAsi MOIIHOCTH B 10,58 BT B HellpephIBHOM
PeKKMMe Ha [JIMHe BOJHBI 607 HM SBJISIeTCS CaMOH
BBICOKOM Ha IAHHBIN MOMEHT.

2. DKCMEPUMEHTAJIbHAA YCTAHOBKA
WCTOYHUKH HAaKa4yKU IIPEACTABISAIOT coboM OBa coe-
JUHEHHBIX II10 OIITOBOJIOKHY MOAY/IS CHUHHX Jia3ep-
HBIX JUOMOB. BRIXOAHAs ONTHUYeCKask MOIIHOCTb KasK-
JIOro COCTaBjIsieT OKoJio 32 BT. JJuaMeTp CepAlieBHHbI
BOJIOKHA COCTaB/s1 200 MKM, a YHCI0Bas ameprypa -
0,22. Ha puc. 1 moKa3aH CIeKTP /1a3epoB HAKAYKH IIPU
MaKCHMaJIbHOM IIPSIMOM TOKe 3,5 A IPHU BBIXOJHOU
MOILHOCTH 3,5 BT, n3MepeHHBIN USB ClIeKTPOMETPOM
(USB4000 Ocean Optics, Inc.).

[TonymupHrHa CIIeKTpa HU3JIYYeHHs JIa3epPHBIX AHO-
IIOB COCTaBJIsIA [IOpsAAKa 1,5 HM, YTO JOCTUrAeTCs BHY-
TPEeHHHM YCTPOMCTBOM Ja3epHBIX AUOJHBIX MOAYIeH
C OIITOBOJIOKOHHBIM BBIBOZOM. Kak u3BecTHO, Pr:YLF
SIBJISIETCS IOJISIPHU3aLIMOHHO-TIOT/IOIIAOIIMM KPHUCTAJI-
JIOM, U COOTBETCTBEHHO HCTOYHHK HaKadyKH C BBICO-
KO CTeIleHbIO IONSPU3ALIMU H3/IYy4eHUs SBISeTCs
[IpeMMYIeCTBOM IIPHU TeHepalMHd J1a3epHOro H3Jy-
YeHHs B TaKUX KpUCTa/uiaX. sl JOCTHUXKEHHS BBICO-
KOH CTeIeHU IOJMSPU3ALUU B TaHHOHN paboTe CHHUH
71a3ep coefAHEeH KOPOTKUM BOJIOKHOM JIUHOH 100 MM

=

ever, high-efficiency 604 nm and 607 nm orange
lasers are difficult to obtain due to reabsorption losses
(3H4-1D2), especially when pumped by an LD array
due to the low pump-beam quality. To date, the high-
est output power at 607 nm based on Pr:YLF crystals
has been reported as 3.7 W [16] but with poor beam
quality and a relatively low differential efficiency.

In this paper, we present power scaling of a diode
end-pumped Pr:YLF laser at 607 nm with two blue
LD module pump sources with fiber coupling. We
achieved continuous-wave output power 10.58 W at
607 nm for two blue laser arrays, the highest powers
recorded, to the best of our knowledge.

2. EXPERIMENTAL SETUP

The pump sources are two fiber-coupled blue LD mod-
ules, and each of them deliveries about 32 W from a
multimode fiber. The fiber core diameter was 200 pm,
and the numerical aperture is 0.22. The spectrum at
the highest forward current of 3.5 A with 3.5 W out-
put power, measured by a USB spectrometer (USB4000
Ocean Optics, Inc.) is shown in Fig. 1.

The half-width of the emission spectrum was about
1.5 nm since the emission wavelength tolerance was
strictly limited for the LDs integrated in this fiber-
delivered LD source. The output from the special short
delivering fiber was linear polarized with polarization
ratio about 50:1, which is benefit for the absorption
and emission of the Pr:YLF crystal. The experimental
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Puc. 1. BbixodHol cnekmp CUHUX Ad3ep0o8 HAKA4YKuU npu mMax-
CUMAAbHOU 8bIXOOHOU MOUHOCMU
Fig. 1. Output spectrum at the highest output power
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M OHaMeTpoM cepaleBUHBE 200
MKM. TakuM 06pa3omM, MBI MOKEM
IIOJIYUYUTh MCTOYHHUK HaKaYKH
CO CTeIleHbIO Ionaspusanuu 50:1,

YTO CIIOCOOCTBYeT IIOIJIOIIEHHIO N

YU H3/Iy4eHHI0 KpUcTaana Pr:YLEF. LDI
[IpyHIMOHANIBHAS CXeMa 3KC-
[IepUMEHTAJIbHOHM  YCTaHOBKHU
npemnaraemoro Pr:YLF-nmasepa
C BOJIOKOHHO-OIITHYEeCKHMH JIa3ep-
HBIMKM MOJY/ISIMH HaKauyKH ITOKa-
3aHa Ha puC. 2.

Kak IoxasaHoO Ha pHC. 2, KpH-

Coupling system

n—" M2

Puc. 2. [puHUUnuUanbHas cxema ycmaHosKku MouyHo20 607 HM Aasepa
Fig. 2. The setup of the high power 607 nm laser

Coupling system

Pr:YLF
LD2

607 nm laser

cra/t Pr:YLF onTHYecKd HaKa4vu-
BaeTCd Yepe3 TOPLBI C IIOMOIIBIO JIa3ePHBIX MOAY-
7€l M ONTHYeCKOM CXeMBbl C ABYMS ChepHUUeCKHMMH
JIBOSKOBBIIIYK/IBIMH JIMH3aMU C YyBelIW4YeHHeM 1,5
Y Pe3yIbTHPYOLIUM AHAMETPOM I1y4uKa 330 MKM.
Pe3oHaTop Jaszepa IIpeAcCTaBisieT COOOM THUIIHY-
HBII Tpex3epKaJbHBIN pe3oHaTop L-o6pa3Hoil opmbl
C IBYMSI IVIOCKUMH 3epKaiaMu (M2 1 M3) U KpUBOJIH-
HeMHBIM 3epKasoMm (M1, pamuyc KpuBH3HEL 100 MM).
BxomHoe 3eprasio M1 mmeeT KO3QPUIIMEHT IIPOILY-
CKaHUS 97% Ha OJHHE BOJHBI HAKAYKU U KO3QPULIU-
eHT IpoIlycKaHHe 50% Ha OIHHe BOIHBL 639 HM 14
nojaBieHUs QIYKTyallMH JIa3epHOM JIMHUHU. 3epKalo
M1 TakKe HMeeT BBICOKHMM KO3QPUIIMEHT OTpaxke-
HUe 6onee 99,9% Ha IaHHe BOJAHBL 607 HM U pen-
CTaBJIsieT cODOM IIOCKOBOTHYTOE 3ePKaJIo C PAAHYCOM
KpuBH3HEL 100 MM. 3eprano M2 gBisgeTcsS LAPYyTUM
BXOJHBIM 3epPKaJIOM M KMMeeT Te >Ke IIOKPBITHS, YTO
U 3epKayso M1, 3a HCK/IIOUEeHHEeM yIJIa HaJeHHs. YIOl
nageHuss M1 u M2 coctaBasieT 0° ¥ 45° COOTBETCTBEHHO.
3epKrasio M3 mpefncTaBisieT CobOH IIOCKOe 3epKajio
U paboTaeT Kak BBIXOJHON OTBETBUTENb C KOIGPULIH-
€HTOM ITPOIyCKaHMSA 3% Ha IJIMHE BOJIHBI 607 HM.
YcunuBamomas cpefa jasepa IIpencTaBiser coboi
Kpuctayut Pr:YLF, cTemeHb JIeTHPOBAHHA KOTO-
poro coctaBiser 0,1% (aToMHasi [o7sl) C pa3sMepaMu
3 MM X 3 MM X 20 MM. JIa3epHBIH KPUCTAJII )11 yMEeHb"
meHHs 3QPeKTa TeIUIOBOHM JTHH3BL 6bT 06epHYT QOB
TOM M3 MHIMS, a 3aTeM 3aK/II0UeH B MeIHBIH KOPIIYC.
MeHBIH KOPITYC OX/IaXKAAJICS BOLOK C ITOMOIIBIO UMII-
Jiepa c TeMIIepaTypor, YCTaHOBIEeHHO Ha ypoBHe 12 °C.
Obe rpaHM J1a3epHOTO KPUCTA//IA UMEIOT IIPOCBeTIISIIO-
IIiee MOKPLITHE Ha JIMHAX BOJIH 444 HM 1 607 HM.

3. PE3YJIbTATbl U OBCYXAEHWNE

Kouodwurypanus pe3oHatopa L-popmsl ¢ obmient dusn-
YeCcKOoM IJIMHOM oKomo 100 MM [OOCTUTHYTa IyTeM
ONTHMM3ALIMKM Pe30HaTOpa ja3epa /I NOCTHKeHUS
MaKCHMaJIBHON BBIXOJHOM MOILIHOCTH. B pacdere
KCCIe0BA/IMCh pa3sMephl JIa3epHOIO IIy4YKa B 3aBH-
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setup of the Pr:YLF laser with the fiber-coupled LD
modules is illustrated in Fig. 2.

As depicted in Fig. 2, the fiber output was imaged
to the laser crystal through the two convex spherical
lenses at a magnification of 1.5, resulting in a pump
spot diameter about 330 pm. As we known, Pr:YLF is
polarization absorption crystal, and the pump source
with high polarization characteristic is benefit for its
lasing. The blue laser is coupled by the short fiber with
the length of 100mm and the core diameter of 200 pm.
By this way, we can obtain a pump source with 50:1
polarization ratio.

The laser resonator is a typical L-shaped three-mirror
cavity with two flat mirrors (M2 and M3) and a curved
mirror (M1, 100 mm curvature radius). The input mir-
ror M1 has a high transmission of 97% at the pumping
wavelength, and transmission of 50% at 639 nm to
suppress the oscillation of the 639 nm laserline. M1
also has high reflection of more than 99.9% at 607 nm
and it is a plane-concave mirror with 100 mm curva-
ture radius. The mirror M2 is the other input mirror
and it has the same coating condition with M1 besides
the incident angle. The incident angle of M1 and M2
are 0 degree and 45 degree, respectively. The mirror
M3 is a plane mirror and it works as an output coupler
with transmission of 3% at 607nm.

The laser gain medium is an a-cut 0.1% (atomic
fraction) doped Pr:YLF crystal with dimensions of
3mm x 3 mm x 20 mm. In order to mitigate the
thermal lensing effect inside the laser crystal, we
wrapped it with indium foil and then enclosed
it with a copper block. The copper block was water
cooled by a chiller with the temperature set at 12°C.
The two facets of the laser crystal is both anti-reflec-
tion coated at 444 nm and 607 nm.

3. RESULTS AND DISCUSSION
By optimizing the laser resonator to achieve the high-
est output power, we configured the L-type cavity with
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CUMOCTH OT QOKYCHOIO PacCTOSHHSI TepMH4YecKOH
NMHH3BI, 00pa30BaHHOMN J1a3epPHOM aKTHBHOI CpemoH.
YHCIeHHBIN 3KCIIePUMEHT OB pacCUMTaH C HCIIONb-
30BaHHEM CTAaHJAPTHOU MaTpulel ABCD. Pe3ynbTaThl
IpeAcTaBaeHbl Ha puc. 3. Iloka3aHo, 4TO pasmep
nsTtHa B Pr:YLF cnabo MeHsieTcs NpH yBeMUYeHUHU
MOIIHOCTHY HaKa4yKH.

ITpy yMmeHbIIeHHUH GOKYCHOIO PaCCTOSHHS TePMU-
YeCKOM JIMH3bI JIa3ePHOI0 KPHCTA/INA 3a CYeT yBe-
JTUYeHHUsI MOUIHOCTH HaKa4KH Ja3epHBIH Pe30HATOP
IIpOSIB/IsieT TeHAEHLIMIO K HecTabMIBHOCTH, U Cylle-
CTBYIOIIAsi KOHQUIYypalLKs ja3epa MOKET IOIYCKaTh
KOPOTKOe TeIlsIoBoe (QOKYyCHOe PAaCCTOSHHE OKOJIO
-35 MM. Pa3smMep IepeTssKKH jydya BHYTPH Jia3epHOIo
Kkpucrtaana Pr:YLF cocrasmsan oxkoino 100 MKM, 4TO
CPaBHHMO C pa3MepOM IIy4YKa HaKauKH. 3aBUCHMOCTh
MOIIHOCTA BBIXOJHOIO HM3JIyYeHHSI OT MOIIHOCTH
HaKa4yKU IIpPeICTaBieHo Ha puc. 4. [Ipy MarcuMaib-
HOM MOIIHOCTH HaKauKu 50 BT BhIXOOHASI MOIIIHOCTD
coctaBuia 10,58 Bt. Ha puc. 5a mpencTaBiieH CIIEKTP
IIOJIy4eHHOro Jia3epHoro usnydeHwus. IlonoxkeHue
MaKCHUMyMa U31y4yeHus - 607,2 HM.

bnaromaps MCIIOIB30BaHMIO0 MCTOYHMKOB HaKaYKHU
C BBICOKOM CTeleHbI0 IONSIpU3allMM, IPH YBeIH-
YeHUM MOIIHOCTH HaKauku HablIloJaeTcs reHepa-
MU TOJIBKO Ha AjIMHe BOJHBI 607 HM 6e3 H3/Iy4e-
HUsA 604 HM. Kpome Toro, IpH U3/y4YeHUH Ha JJIMHE
BOJIHBEL 604 HM (n-nonﬂpu3auuﬂ) 3¢deKTH oTpHLIA-
TEeJIPHOTO TEIUIOBOTO JIMH3WPOBAHHUS OBIIM HaMHOIO
CH/IbHee, YeM IIPpU H3JIyYeHHH Ha [IJHHe BOJIHBI
607 HM (c—nonﬂpn3aum{), 4yTo 0bBsicHsSeTcs 6oslee
BBICOKMM H3MeHeHHeM pedpaKkliH, COOTBETCTBYIO-
MM TeMIIepaType, a TakKe MeHbIIeH KOMIIeHCa-
LHeH II0JI0KHUTeIbHOro 3dQeKTa TeIJIOBOIO JIMH3H-
pOBaHMUA OT paCUIMpPeHHsI I10BePXHOCTH. CoriacHo
IIPeABIAYIIMM KCCIeOBAHUAM, C YBeIMYeHHEeM MOII-
HOCTH HaKayK{ TeIUIOBBIE IIOTePU Ha [JIMHEe BOJIHEI
604 HM pacTyT ObICTpee, YeM IIOTEPH Ha JIHHE BOIHBI
607 HM. B mporiecce OIITHMH3ALIH K OIITUYECKOM CXeMBI
6B110 0OOHAPY>KEHO, YTO IIPHU YCTAHOBKE TeMIIePaTyphI
CHUCTeMBI BOASHOIO OXJIasKAeHHs HipKke 19 °C m3niyve-
HUe C JJIMHOH BOMHBI 604 HM TracHIoCh B pe3oHaTope.
[Tpenrio/nosKUTENbHO IIOASpU3alMOHHAs HaKaudkKa
U IIOTJI0INeHMe KpHcTasia Pr:YLF, a Takke TePMOUH-
OyLpOBaHHBIE ITOTEPH 3aCTaB/SIOT MCTOUYHHUK pabo-
TaTh TOJIBKO Ha JIJIMHEe BOIHBI 607 HM.

J1S1 TIONy4eHUs JIa3ePHOTro U3/y4eHHsl BTOPOK rap-
MOHHUKHU 303 HM, OITHYECKasT CXemMa MOIUUIIUPO-
BaJIach CIeAyIOUIMM 00pa3oM. B oNTHUecKor cxeMme
JIa3epHOro M3jy4yaTess Ha IJAHUHY BOJIHBI 607 HM 3ep-
Kaso M3 3aMeHs10Ch YO-TUIOCKMM BBIXOOHBIM OTBET-
BUTEJIeM C BBICOKMM KO3QPUIIMEHTOM OTpPasKeHHUS
Ha JJIMHY BOMHBI 607 HM K aHTHOIHUKOBBIM ITOKPBI-

0,25

0,20 |-

Spot size in Pr:YLF, nm

0,05 |-

T O R I RO FRY N R
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Focus length of thermal lens, mm

Puc. 3. 3asucumocmb pasmepa AazepHozo ny4ka om ¢pokyc-
HO020 paccmosiHUS mepmu4ecKkol AUH3bI, 06pa308aHHOL

8 akmueHol cpede aasepa

Fig. 3. Beam sizes versus thermal focal length of the laser
gain medium

a total physical length of about 100 mm. Under this
situation, we plot the beam sizes versus thermal focal
length of the laser gain medium using the standard
ABCD matrix, as shown in Fig.3. It is shown that
the spot size in the Pr:YLF changed weakly with the
increase of the pump power.
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Puc. 4. 3asucumocmp 8bIX00HOU MOULHOCMU U3AYYeHUs!

Ha 0AUHe 80AHbI 607 HM 0M MOLWHOCMU HAKAYKU

Fig. 4. The output power of 607nm versus the incident pump
power
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THeM Ha JUIMHY BO/IHBI 303 HM. Mesxkay 3epkanamu M2
1 M3 Taroke BCTaBJISeTCsS TapMOHMYECKas IUIACTHHA.
InacTiHa MMeeT BBICOKOOTpPasKalollee IIOKPHITHE
Ha JJIMHY BOMHBI 303 HM C OIHOH CTOPOHBI U IIPOCBET-
JISIIOLIME TIOKPBITHS Ha JUIMHY BOTHBL 607 HM C 06erx
CTOpPOH. B KauecTBe yABOMTeENSI YacTOTHI BBIOPAH KpH-
ctajut 6opata b6apus (BBO) u3-3a ero 6ompuioro apdex-
TUBHOTO HeJIHHEMHOro KO3QQUIIMEeHTa, IIHPOKOH
CIIeKTP/IBHOM, YIJIOBOM M TeMIIepaTypPHOM I10JIOCHI
nponyckaHus. KirodyeBeIM (aKTOPOM, BIMSIOLIMM
Ha CTabUJIBHOCTH BBIXOZHOM MoOIHOCTH Y®-maszepa,
SIBJISIETCS TeMIlepaTypa KpucTajia BBO. B sTom skcre-
PHMEHTe MBI MCII0/Ib30BaIk OXJIafuTesb [lenbThe I
KOHTPOJISI TeMIIepaTypbl KpucTa/ula BBO. CTabuib-
HOCTb Y®-nasepa ObUIa JOCTUTHYTAa IPH yCTaHOBKe
TeMIepaTyphl Kpuctayyia BBO Ha ypoBHe 25 °C ¢ To4-
HocTeio [0 0,05 °C. ITockonbKy KpucTa/ul BBO nmeer
IIHMPOKUIK TeMIIepaTypHBIM JHAIa30H Iopsaaka 55 °C,
KonebaHMe TeMIlepaTypsl Ha 0,05 °C IIpHUBeNo K XOpo-
ek CTabMIBHOCTH — OKOJIO 3,1% (CcpemHeKBaIpaTHu-
HOe 3HaueHHe) B TeyeHHe OJHOIO 4daca. Kcromb3oBa-
HHe KpucTa/ula BBO mo3Boiawiio monyduth Y®-ymasep
C BBIXOJHOIK MOIIHOCTBIO 70 MBT Ha AJMHe BOJIHBI
303 HM. L-06pa3HBII Pe30HATOP /1a3epHOr0 UCTOYHHKA
rMMeeT OOJIBIIOM pa3Mep IEPeTSDKKU Jyda ISt KpH-
cta/yia BBO, 4TO He IIOAXOOHUT /IS TeHePaLIH BOJIHBI
BTOPOM TapMOHHKH. YUUTHIBasl Aa/IbHEHIIe HCCIe[o-
BaTe/IbCKHe paboThbl, KOHCTPYKLIKS Pe30HATOPa A0/DKHA
6BITH OITHMH3HUPOBAHA, YTOOBI yIOBIETBOPUTH TPebo-
BaHUS TeHePAaLlMK BTOPOL FapMOHUKH J1azepa 607 HM.

By shortening the thermal focal length of the
laser crystal by increasing the pump power, the
laser resonator exhibits an unstable trend, and the
present laser configuration could tolerate a short
thermal focal length of about -35 mm. The beam
waist size was about 100 pm inside the Pr:YLF laser
crystal, which was about comparable to the pump
beam size. The dependence of the output radiation
power on the pump power is shown in Fig. 4. At the
maximum pump power of 50 W, the output power
was 10.58 W. Fig. 5(a) shows the spectrum of the
Pr:YLF laser radiation. The position of the maxi-
mum is 607.2 nm.

Due the high polarization ratio of the pump power,
a single lasing wavelength of 607 nm without 604 nm
was observed with the increasing of the pump power.
Furthermore, the 604 nm emission of m, the nega-
tive thermal lensing effects were much stronger than
the 607 nm emission of o, which is attributed to
the higher refraction change corresponding to the
temperature and lower compensation of the positive
thermal lensing effects from surface expansion. With
the increasing of pump power, the thermally induced
losses at 604 nm increase faster than the losses at
607 nm based on previous analyses. In the process of
optimization, we also found that when the tempera-
ture of the water cooling system was set below 19°C,
the 604 nm single emission could not oscillate in the
cavity. Therefore, we considered that the polarization
pumping and absorbing of the Pr:YLF, as well as the
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Fig. 5.Laser beam characteristics: a) spectrum of the laser radiation; b) the profile of the 607 nm laser beam
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4. BbIBO/

B nmaHHOM paboTe IIpencTaB/ieHa OITHYeCKasl cxeMa
Pr:YLF y1asepa C HeIpephIBHBIM H3/Ty4eHHEeM Ha JUTHHE
BOMIHBL 607 HM, HaKauyMBaeMOIO [OBYMS CHHHMHU
JIa3epHBIMH OUONAMH, COeAUHEeHHBIMU II0 OIITOBO-
JIOKHY, C BBICOKHMM KO3QPHUIIMEHTOM IIONSIPU3aLIMHU.
MakcyvMasibHasT BBIXOOHASS MOIIMHOCTh HMCTOYHMKA
10,58 Bt mocTturaercs Ipu 00111el1 MOIITHOCTH HaKauKU
50 Br.HacKo/JIBKO HaM M3BeCTHO, 3TO Haubosbllas
BBIXO[HAS MOLIHOCTD, IIOJIy4eHHasi IIPH HCII0/Ib30BAaHHUH
KMCTOYHMKOB HAaKa4YKHU H3/Iy4alolMX B CMHEM CIIeKTpe.
HachblmeHe BBIXOLHOM MOIIHOCTH He HabIogaeTcs.
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thermally induced losses, made the laser operated at
single wavelength at 607 nm.

With the 10.58 W output power at 607 nm, M3 mir-
ror is replaced by a UV plane output coupler coating
by highly reflection at 607 nm and anti-reflection
at 303 nm. A harmonic-wave plate is also insert into
the place between M2 and M3. It is coated at 303 nm
HR on one facet and 607 nm AR on both facet. A BBO
crystal is selected as the frequency doubler because of
its large effective nonlinear coefficient, wide spectral,
angular, and temperature acceptance bandwidth. A
key factor that affects the stability of the UV laser
output power is the temperature of the BBO crystal.
In this experiment, we used a Peltier cooler to con-
trol the temperature of the BBO. A stable UV laser was
obtained by setting the temperature of the BBO crystal
at 25 °C with precision of 0.05 °C. Since the temperature
acceptance bandwidth of the BBO is 55 °C, the 0.05 °C
temperature fluctuation led to good stability of about
3.1% (root mean square) over one hour. With the BBO
crystal, only 70mW UV laser at 303 nm is obtained.
The L cavity for 607 nm laser has a large beam waist
size for the BBO crystal, which is not suitable for the
generation of the second harmonic wave. Considering
the further research work, the cavity design should
be optimized to satisfy the demand of the second har-
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monic generation of the 607 nm laser to generate the
303 nm UV laser.

4. CONCLUSION

In conclusion, we demonstrate the high-power con-
tinuous-wave operation of a Pr:YLF laser at 607 nm
end pumped by two fiber coupled blue laser diodes
with high polarization ratio. A maximum output
power of 10.58 W is achieved with the total pump
power of 50 W, and no output saturation power is
observed. To the best of our knowledge, under LD-
pumped conditions, the laser output power is the
highest at 607 nm.
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TEPATEPLIEBOE W MUKPOBOJIHOBOE U3/IYYEHME:
TEHEPALLWA, AETEKTHPOBAHWE W NPHNOXEHWA

TE RA 27 (espana - 2 mapra 2023 ropa, HHAY MHOM, Mockea

Tononornyeckne ¢a3bl, MNa3MOHMKa.

W MUKDOBOHOBOE W3MyYeHMe: reHepaLus, fetek- — m  CBEPXCWMbHbIE TEPArepLeBble MOAs v HeNHel-

TMpoBaHKe 1 npunoxerns» (TEPA-2023) coctomTcs
27 despang - 2 mapra 2023 roga B Mockse Ha nno-
waake HAZY MAOU.

Llenbio KoHdepeHLUM ABASIETCS 0BCYXfEeHMe ak-  ®  TeparepLieBoe 1 MKPOBOSHOBOE U3y4eHus
TyaIbHbIX TEOPETUYECKUX W 3KCTIEPUMEHTANIbHBIX Ha-
YYHbIX pe3ynLTato B obnacty TexHonorui CBY u Iy
3NEKTPOMArHUTHBIX BOAH, OPraHM3aLnst 3KCNepTHON
MAOLAAKN NO 0BCYKAEHNIO U QOPMUPOBAHMIO BEKTO-
POB Pa3BNTUS B NPEAMETHON 061ACTU KOHDEPEHLM.

B nporpammy KoHdepeHumn byayT BKMOYEHDI
JIEKLY BEYLUWX Y4eHbIX, YCTHbIE 1 CTEHA0BbIE JOKNA-
Zbl Hay4HbIX PaBOTHWKOB, ACMMPAHTOB U CTYLEHTOB.

Has TeparepLeBas GOTOHMKA. TeparepLesoe u3-
Jy4eHIe MY GEMTOCEKYHIHOM dunameHTaLm;
reHepaLys v yrpasneHxme.

B MCCNIEA0BATENLCKMX KOMMNIEKCAX KNacca «me-
racaneHc. /1asepbl Ha CBOBOAHLIX 3/1EKTPOHaX,
CWHXPOTPOHbI, TAMMbl, FUPOTPOHbI, YCUAKTENM,
JMArHoCTMKa NNasmbl.

TeparepLiesas buodOTOHMKA 11 BroMeanLMHA
KOMMNOHEHTLI MAKPOBOHOBLIX 11 TeparepLieBbiX
CuCTeM. VICTO4HMKM, SETEKTOpbI, PedekTopbl,
OUALTPLI.

OCHOBHO S13bIK — PYCCKWIA, BO3MOXHO NPeACTaB/eHme m  [IpUnoXeHNs TeparepLEBoro 1 MUKPOBONHOBOMO

JI0KN3A0B HA aHINICKOM Si3blke.

M3My4eHIs. MPOMbILLINEHHOCTb, 060pOHa 1 6e3-

OpraHu3aTopbl KOH$epeHLUK

ehe  Fuoi @ E.y
Hirwiear  Heapuwur " A 7o

Mg, BU3yann3aLng, ANCTaHLOHHOE 30HANPOBA-
H1e, MeTponorus.

m  ONTO3NEKTPOHMKA. PamyohOTOHMKA, Nla3epHble

NCTOYHMKI 1 IETEKTOPDI, KBAHTOBO-KaCKaHbIE
Na3epobl

m  TepareplLiesoe 1 MYKPOBOJHOBOE M3yueHme

B INEKTPOHMKE. DNEKTPOHHbIE YCTPOICTBA, HaHO-
1 KBAHTOBbIE YCTPOICTBA.

0MaCHOCTb, CUCTEMbI CBS3, PAAPLI.
OCHOBHbIE TeMbl KOH(epeHLK: = Teparepauesas ¥ MUKPOBONHOBAS
m  (BOICTBA MaTEPHA/IOB B TEPArEpLIEBOM v MIAKPO- CMEKTPOCKOMMS.

MoAPOBHOCTY Ha CaitTe KOHOEPEHLMM:
https://tera2022. mephi.ru
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opekomumema), anklochkov@mephi.ru
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