ISSN 0868-5886

VIIK 535.417.26

PU3UKA ITPUBOPOCTPOEHUA

HAYYHOE IIPUEOPOCTPOEHHUE, 2022, mom 32, Ne 1, c. 48-55

© . A. Topsiukun, A. 10. Poanonos, E. H. Cocnos, B. . Kynpeniok, 2022

TBEPJJOTEJIbHBIN JIABEP JJJII HAYUHBIX UCCJIEJOBAHUM
C KOPPEKIIMEHN TEILJIOBOM JIMH3blI B PE3OHATOPE.
I. PE3YJIBTATBI DKCIIEPUMEHTOB

BaxxnelmMu xapakTepUCTUKaMU TBEPJOTENBHOTO Jla3epa Ul HAayYHBIX M TEXHOJIOTMYECKHUX MPUMEHEHUH SBIIs-
IOTCSl BBICOKAs SIPKOCTh M MaJiasi yIiioBasi pacXoJUMOCTh BBIXOJHOTO M3Ny4deHHs. B cepuu u3 nByx paboT paccmar-
pHUBaeTCS METOIMKA YUCICHHOM ONTUMHU3AIMK KOH(QUTYpallMKi pPe30HaTopa jia3epa, IIOCTPOSHHOro Ha 0a3e cepuitHo-
TO KBAaHTPOHA C KOMIICHCAI[MEH HAaBEACHHON TEPMOJHMH3BI, M TPOBEACHA €€ 3KCIICPUMEHTAIbHAS BEPU(PHUKALSL.
KomneHncanus ocymecTBiIseTcs MyTeEM BBEACHUS B PE30HATOP OTPULATENBHON U MOJOKHUTEIBHON KOPPEKTHPYIO-
LIVX JINH3, B Pe3yJIbTaTe 4ero MOSIBIIIETCS BO3ZMOKHOCTD MOJIy4YUTh B pe3oHaTope IHHOW 1500 MM BBIXOAHOE H3ITY-
YEHHE B BHJIE FayCcCOBa ITyyKa C Maloi yriaoBOH pacXoJUMOCTBIO, IPUTOAHOTO Ul HAYy4YHBIX UCCIEI0BAHUN.

Kn. cn.: na3epHblii KBaHTPOH, HaBEACHHAs: TEPMOJIMH3A, FAyCCOB ITy4YOK, KOPPEKTUPYIOLIas JINH3a, alepTypHas

nuadparma

BBEJEHUE

B HacTosmee Bpemst HanOosiee MPOCTHIM CITOCOO0M
CO371aHUsl TBEPAOTEIBHOTO Jlazepa JUisl HAYYHBIX HC-
CIIEIOBAaHMHN SIBISIETCS WICTIONIB30BAaHUE CEPHITHO IPO-
W3BOMMOTO PSIIOM KOMITAHUH (CM., Harpumep, [1, 2])
0a30BOro D3JeMeHTa, T.H. JIA3epHOTO KBaHTPOHA,
¢ TpeOyeMbIM YpPOBHEM BBEIXOAHOHM MmomHOCcTH. Co-
BpPEMEHHBIE JIa3epHbIE KBAHTPOHBI MPEACTABISIIOT CO-
0Olf KOMITaKTHBIE MOJYJIH ONTHMH3UPOBAHHON KOH-
CTPYKIIMH, COJEpKalllue aKTUBHYIO Cpedy, Kak Impa-
BIJI0, Ha ocHOBe ctepkHA Nd:YAG, a Takxke cuctemy
MONEPEYHON JTMOAHONW HAKaYKU CO BCTPOCHHBIMHU
9JIEMEHTaMH CHCTEMbI JKHUAKOCTHOTO OXJIAKICHHUS.
Nmeetcst Takxke MHUPOKHUI BHIOOP MCTOYHHUKOB IHTa-
HUS Ui AMOAOB HAaKauykl M OXJAKAAIOIIUX YCT-
POICTB, KOTOpBIE HETPYIHO MOJ00paTh K BHIOpaHHO-
My THUITy KBaHTpOHA. 3a HCCIEAO0BaTeNeM, KaK MpaBU-
710, OCTaeTcsi pa3paboTKa JIa3epHOr0 pe30HaTopa, Co-
CTaB W MapaMeTpbl KOTOPOTO OIPEACISIFOTCS TpeOoBa-
HUSMH K BBIXOJHOMY H3JIYYCHHIO Jla3zepa, KOTOPHIE
3aJ]al0TCs, UCXOIS W3 HEOOXOTUMOCTH pElIeHUs TOH
WJIM VHOU UCCIIEI0BAaTENbCKOM 3aJauH.

XapakTepHOol 0COOEHHOCTBIO BCEX TBEPAOTEINBHBIX
JIa3epHBIX KBAHTPOHOB C IMOINEPEYHOM AMOAHOW Ha-
Ka4KOH SIBJISIETCS HAJIMUME HABEJAEHHOMN MOJIOKUTEIb-
HOH TeruioBoM JUH3HI [2, 3], onTUYecKas CUiIa KOTO-
POl 3aBUCHUT OT TOKa Hakadku. [1o 3Toi nmpuynHE BBI-
XOJTHasi MOIITHOCTh CEPUIHBIX MPUOOPOB OOBIYHO Ka-
nOpyeTcss MPOM3BOAMTENIEM C MPUMEHEHHEM IIpo-
CTEHIIEro ABYX3€PKaJIbHOIO IUIOCKOTO PE30HATOpa
C ITMHOM B HECKOJIBKO JIECSITKOB CAHTHMETPOB.
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[TonsiTHO, YTO yriOBast PaCXOAUMOCTh HM3ITyYEHUS
nazepa (ONTHYECKOE KAaueCTBO) C MOJOOHBIM pe30Ha-
TOPOM HE MOXeET OBITh MaJiol, YTO HE MO3BOJISIET HC-
MOJIL30BaTh €ro B OOJIBIIMHCTBE HAYYHBIX H TEXHOJO-
THYECKHX MpUMeHeHnH. V3BecTHBI criocoObl KOMITEH-
calli TETUIOBOW JMH3BI B aKTUBHOW CpENie W IOBBI-
LIEHHA Ka4ecTBAa BBIXOJHOTO U3Iy4YEHHS C NpPUMEHE-
HUEM, HaIpAMep, HEYCTOWIMBOTO pe3oHaTopa [4] nimu
pe3oHaTopa ¢ OUHAMHUYECKH Ae()OopMHUpyeMBIM 3al-
HUM 3epKasioMm [5].

OTmeTnM, 9TO TIPU 3TOM JJIMHA PE30HATOpa OCTa-
eTCsl IOCTaTOYHO KOPOTKOM, a 3TOT MapameTp B psjie
MIpUMEHEHUH SBIsieTcs BaKHBIM. Hanpumep, ipu pea-
JMU3alMA peXUMa TEeHEepalud YJIbTPAKOPOTKUX HM-
mybcoB (YKU) mMeTonoM akTHBHOW CHHXPOHH3AITUH
MPOJIONBHBIX MOJ [6, 7] KOIMYECTBO 3TUX MO/, a 3Ha-
YUT ¥ JJIMHA PE30HATOpa JOJDKHBI OBITH JOCTATOYHO
OOJBIIUMH, & MEXMOJOBBI WHTEpPBaJ, ONpEAeIsIo-
il TpeOOBaHUs K YacCTOTE PadOTHI AJIEKTPOOTITHYC-
ckoro moxyistopa (DOM), He cnumkoMm Benuk. Taxk,
npu januHe pe3oHatopa L=1500 MM, MeXMOIOBBIH
uHTepBan coctaBimsier 100 MIT, 9To mMO3BONHIIO
B Hamieir pabote [6] pa3yMHO yJIOBJIETBOPUTH TpebO-
BaHHE TI0 OBICTPOACHUCTBHIO ApaiiBepa JOM u mory-
YUTh TEHEPALUIO HUMIIYJIECOB CyOHAHOCEKYHAHOM
JUTATENBHOCTH.

B pabGore [6] coobmianoch 0 BO3MOKHOCTH KOM-
MeHcanuyu TepMonH3bl B KBaHTpore GN-50 [2] mpu
BBEJICHNM B pE30HATOp C HHTEepdepomerpoM Maii-
kenbcoHa (UM) mnunoit 1500 MM OBYX JHMH3, OJHAKO
TOK HaKa4yK{ MPH 3TOM OBII CTPOTO (PUKCHPOBAHHBIM,
1 BBIXOJIHasl MOIIIHOCTH Ja3zepa He npesplimana 0.5 BT.
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B mnacrosmeli cepum u3 IByX paboOT (CM. Takxke
[8]) mpuBenmeHb pE3yIbTATHI JKCHECPUMEHTATBHBIX
UCCIIEIOBAaHUI M pacyeTra CTPYKTYpbl IMOIEPEYHBIX
MOJI pe3oHaTopa [6], onTuMu3aiuu (OKYCOB U MeCT
YCTaHOBKHA KOPPEKTUPYIOMINX JIMH3 IS TIONYyYEHHUS
peXrMa reHepaly Ha OJJHOM HU3IIEH MOJE NpHU BO3-
MOKHO OoJlee MIHMPOKOH amepType MOIBI B aKTHBHOM
crepxHe. [loydyeHo BBIXOAHOE U3JIy4EHHUE C paclpe-
JIeJICHUEM WHTCHCUBHOCTH, OJM3KMM K TayCCOBOMY,
IIpU YPOBHE BBIXOAHOU MouHOcTH 10 5 BT. IIpu sTom
paspaboTaHHas cxema OTJIWYanach claboil 4yBCTBU-
TEJIBHOCTBIO K HW3MEHEHHUIO TOKAa HAKA4KH JIa3epHBIX
JIUOAOB B 00J1aCTH OOJIBIIMX TOKOB, PEACTABIISIOMINX
Ha TpaKTUKE HarOOIBIIHIA WHTEPEC.

METOJUKA NPOBEAEHUA DKCIIEPUMEHTOB

[Ipu mocTpoeHUM ONTUYECKOTO PE30HATOPA € IIO-
CKAMU 3epKajamu ¢ jaiuuHor 1500 MM Ha KBaHTpOHE
C TIONIEPEYHON AMOAHON HAKauyKON HEOOXOJIUMO KOM-
MEHCUPOBATh BIUSHHUE MOJIOKUTEIbHON TEPMOJIMH3BI,
ONTHYECKAasl CUJIa KOTOPOM 3aBUCUT OT TOKA HaKayKH.
Pe3onaTtop mpu HaliW4uMKM TEPMOJIMH3bI CTAHOBUTCS
HEYCTOMYUBBIM, U TEHEpalusl IpeKpallaeTcs, eciau
(hOKYCHOE pacCTOSHHE HABEACHHON TEPMOJMH3BI CO-
OTBETCTBYET WJIM HECKOJBKO MPEBBINIAET JITTUHY PE30-

HaTopa.
Pe3ynprarel 3KCIEpUMEHTANBHBIX U3MEpPEeHuH (o-
KyCHOTO PpacCTOSHUSI TEPMOJMH3BI, HAaBEJCHHON

B kBaHTpoHe GN-50 (B mpuOIMKEHUH YUCTO CepH-
YECKOM JIMH3bI), TTOJYyYEeHHbIEC IS BHIMMOTO H3Iyde-
HUSI TeIMH-HEOHOBOI'O Jla3epa B 3aBUCUMOCTH OT TOKa
JIMOJIOB HaKa4yKH, IPUBE/ICHBI HA puc. 1.
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Puc. 1. ®okycHOe paccTOsSIHUE TEPMOIUH3BI B aKTHB-
HOM cpezie KBaHTPOHA NP Pa3JU4HbIX TOKAaX HaKauKH

OnTHueckas cxema pe3oHaTopa JUlsl SKCIEPHUMEH-
TalbHBIX HCCIEJOBAHMIN MOKa3zaHa Ha puc. 2. Tak xe
Kak 1 B [6], B KauecTBe BBIXOJHOTO 3epKaia Jasepa
WCIIOJIB30BAJICSL CTAOMJIM3UPOBAHHBIA PaBHOIUICYHBIH
uHTepdepomerp MailikenbcoHa, B KOTOPOM IUIaHUPY-
ercs pacnojaratb OOM s peanu3aluu pexuma
YKH.

BapbupyembiMu napamMeTpaMu pe3oHaTopa ObUIH:

— (okycHBIE paccTOSHUSI KOPPEKTHPYIOLIMX JIHH3
JI1 nJI2 (Fl, Fz),

— ¢okycHoe paccrosnue HaBeneHHod B AC Tep-
MOJMH3HI F3 (cM. puc. 1);

— paccrosHMEe MEXIy JuH3aMH L, (IOJ0XKeHue
sun3bl JI1 ukcupoBanocs).

(>

Puc. 2. OnTrueckast cxema 3KCIIEPIMEHTOB

=4~ &= 0
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- A

1-3 — mnockue 3epkana R = 99.5%; 4 — 50% cBeronenurens UM u xomneHcaTop; 5 — OTBETBUTENb; 6 — U3MEPUTEID
momtHoctd 3A-P ¢ Mmonntopom VEGA (Ophir, U3panns); 7 — aHanuszatop pacnpeaeineHis HHTEHCHBHOCTH ITyuka La-
serBeamProfiler (LLG, I'epmanns); 1, 12 — nuadparmer @ 2.5 mm; JI1-JI3 — nmn3s1; AC — akTHBHAS cpeza
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Meroauka 4YMCIEHHOW ONTHMM3alHUM pPEe30HATOpa
paccMaTpuBaeTcs B 4acTH 2 Hactosimeld paboTsl [8].
Jns kaxxaoi TecTUpyeMOil KOMOMHAITNH TTapaMeTPOB
B JKCIIEPUMEHTaX M3MEPSUINCh BBIXOJHAS MOITHOCTH
U TIPOCTPAHCTBEHHAs CTPYKTypa IIy4dKa BBIXOAHOTO
W3Iy4YEeHHsI, KOTOPHIE 3aT€M CPaBHHUBAIUCH C PE3YIIb-
TaTaMH TEOPETHUECKUX PacueTOB.

PE3YJIBTATHI DOKCIIEPUMEHTOB

Kak mokazanm s3KcriepuMeHThl, HanOoJiee KPUTHY-
HBIM 3JIEMEHTOM B CXEME KOMIIEHCAllUH TEPMOJIMH3bI
SBIIIETCSl OTpUIaTenbHas juH3a JI2 u mMecto ee pac-
MOJIO’KEHHS] OTHOCUTENBHO KBaHTpoHa. Ilo cBoelt om-
THYECKON CHJIE OTPULATENIbHAS JIMH3a, KaK [PaBUio,
JIMIIB HEMHOTO YCTyIala MOJOKUTEIBLHON JINH3E, Ha-
BEJICHHOI B KBaHTPOHE, U NIOYTH KOMIIEHCHUPOBAJIa €¢,
OJIHAKO B OTCYTCTBUE BTOPOU KOPPEKTUPYIOLIEH JINH-
3p1 JI1 renepauusi B JUIMHHOM pe3oHaTtope Oblia He-
BO3MOKHOM.

1.5mm
Intensity (8.514 mm,5.534 mm): 215 Cnts.

r

Puc. 3. ®opma nsTEH BHIXOHOTO U3ITyUEHUSI.

Intenstty (6.837 mm,5.315 mm): 27 Cnts

A

. A.TOPAYKHH, A. 0. POAMOHOB, E. H. COCHOB, B. 1. KYITPEHIOK

[lo pesympraram  u3MepeHus: (opMbl MsATHA
1 MOIIHOCTH BBIXOAHOTO M3JIyYCHHS AJIsl TOKAa HaKad-
ki 20.5 A ¥ COOTBETCTBYIOIIETO eMy (hOKYCy TepMO-
JUH3bL [ 170 mm (cm. puc. 1) Omu3kuMun
K ONTHMAJIBHOMY OKa3aJHCh: (DOKYCHOE PacCTOSHHE
oTpunarensHoi TuH3E F, = —100 MM, okycHOE pac-
CTOSIHUE MOJOXKUTEeNbHON nuH3bl £ = 1000 MM npu
paccrossHUM Mexay nauH3amu L; = 870 MM (paccros-
Hue oT InH3bI JI2 1o nentpa kBanTpona 80 Mm).

Ha puc. 3 (a—B) moka3anbl OpPMBI MATEH BBIXOJ-
HOT'O W3JTy4eHHs IPU U3MEHEHUHU (POKyca JIMH3BI OT F, =
=-100 MM (0) B MEHBIIYIO U B OOJBIIYID CTOPOHBI
Ut (GUKCUPOBAHHOTO paccTosHUA Lj; a Ha puc. 3 (1—
€) — a7t GUKCUPOBAaHHOM JIMH3BI IIPU €€ HeOOJBIUX
MEepPEJBIKEHUAX OT L 870 MM (m) BHepen
W Ha3ag.

Bunno, uro naxe HeGoNbIINE OTKIOHEHHS Mapa-
METPOB PE3KO YXYIIIAIOT INPOCTPAHCTBEHHBIC XapaK-
TEPUCTHKH BBIXOJHOTO M3iyueHHs. Pe3ynbrarhl, mo-
Ka3aHHbIE HA pHC. 3, MOJYYEHBI P MAKCHUMAaIbHOM
TOKE IMO/I0B HaKaukKH KBaHTPOHA, paBHOM 20.5 A.

1.5 mm

[
\
\
\
\
\
\

15mm -
Intenstty (6.553 mm,5.708 mm): 33 Cnts

€

VYenosus st (a—B): Ly = 870 mm (a, 6, B) u F, =—125 (a), —100 (6), —85 mm (B);
yenoBus i (r—e): L,=865 (1), 870 (1), 875 mm (e) u F, =—100 mwm (T, 1, €)
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5 r|r :
0
0 5mm

Intensity (6.121 mm,5.488 mm): 22 Cnts.

a §)

Intensity (6.837 mm,5.315 mm): 27 Cnts

Puc. 4. ®opma nSTEH BBIXOJHOTO H3ITyUCHHS.
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Intensty (6.231 mm,5.115 mm): 24 Cnis

B

VYenosus: ;= 1000 (a), 1200 (6) m 1300 mMm (B), L, = 870, F, =—100 MM, Tok Hakauku 20.5 A

[Tpu 3Tom u3 puc. 1 pokycHoe paccTosiHEE TEPMO-
JIMH3BI MOKET OBITH OlleHeHOo Kak F5 = 170 mm. Hau-
OompIasi BBIXOJHAs MOIIHOCTh cocTaBimsuia 5 Bt
U JIOCTUTANIaCh B PEXUME T€HEpally HECKOJIbKUX T10-
nepeyHsIx Mox (cM. puc. 3, B). B onTumansHOM pe-
KUME TeHepauuu, rae Qopma msaTHa Obula Onm3Ka
K TayccoBoit (puc. 3, 6, 1), MOITHOCTH ObLIA TIPUMEP-
HO BJIBO€ MCHBIIEH. YMEHBIIEHHE TOKa HaKaYKh
ot 20.5 no 18.5 A mpu ONTHUMAaNBHBIX MapaMmerpax
Koppekuuu ais 20.5 A conpoBOXIaJI0Ch CHUXECHUEM
BBIXOJJHOM MOIITHOCTH, HO (popMa IsITHA COXpaHsIach
HEU3MEHHOM.

@DOKyCHOE pacCTOSHUE MOJO0XKUTEIbHON JIMH3BI
F; = 1000 MM B cuTyanwsix, MOKa3aHHBIX HA pHC. 3,
COXpaHsIOCh HEM3MEHHBIM. YBelnueHue (GPoKycHOTro
paccrostaust nuH3Bl JI1 mo 1200 MM, Kak mOKazaHo
Ha puc. 4, a, 0, cmabo BmuAno Ha ¢GopMy NATHA,
HO mpu F; = 1300 MM (B) CHMMETPHUYHOTO KPYTJIOTO
MATHA TIOJIYYUTh HE YAaJIOoCh, XOTSI MOIIHOCTH TE€He-
pauuu Ipu 3TOM HECKOJbKO Bo3pacrtana. Jluuza JI1
¢ poxycom 1200 MM ObIIa MIPUHSATA B KAYECTBE OITH-
MaJIbHOT'O BapHaHTa KOPPEKTHPOBKH.

BBIBO/IbI

B 3akmroueHue OTMETHM, 4YTO B JAHHOW CEpHUH
U3 JIBYX paboT MpHBEICHAa METOAMKA YUCICHHOW OI-
TUMH3alUU KOH(UTYpauu pe3oHaTopa TBEPAOTElNb-
HOTO Jla3epa, MOCTPOSHHOT0 Ha 0a3e CepUifHOTO KBaH-
TpPOHa C KOMIICHCALIMEeH TEPMOJIMH3BI, H €€ JKCIepu-
MeHTaJbHas Bepupukanus. KomeHcanus ocymecTs-
JSIeTCSl yTeM BBEJICHHS B PE30HATOP OTPHULATEIbHOM
U TIOJIOXKUTENBHON KOPPEKTUPYIOIINX JIUH3, B PE3YJib-
TaTe Yero IMOSsBIISETCS BO3MOXKHOCTH IONYYUTHh B pe-
3oHatope mmmHOM 1500 MM BBIXOIHOE W3ITydeHHE
B BHJIC TAayCCOBA ITy4YKa ¢ MaJIOH YIJIOBOW PacXoJUMO-
CTbIO, TPUTOAHOIO [HJii HAy4YHBIX MCCIEJI0BaHUN,
B YaCTHOCTH JUIS pPEIU3AlUN PEXHMa TI'eHepaInu
YKU nazepHOro n3mydeHus.
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Metonuka 4YHMCIEHHOH ONTHUMHU3ALMK HOCHUT YHH-
BEpCANbHBIH XapaKTep W TO3BOJISIET paccuuTath (ho-
KyCHbIE DPACCTOSHUSA KOPPEKTUPYIOIIUX JIMH3 M HUX
MECTOIIOJIOKEHUE B PE30HATOPE 10 U3BECTHBIM I1apa-
MeTpaM TEeIIOBOI JMH3HI B IPHUMEHSIEMOM KBaHTPOHE
W 3aJJaHHBIM pa3Mepy CEUYEHHUs U YIJIOBOM pacxoau-
MOCTH BBIXOJTHOTO JIA3€PHOTO ITyYKa.

Paboma svinonnena npu gpunancosoii noodepoicke Mun-
oopHayku P® 6 pamxax 20cyoapCcmeeHnoco 3a0aHus
Ne 075-00913-21-01 "Memoovwt ynpasienus napamempamu
UBNYUEHUsL MBEPOOMENbHO20 1A3epd ¢ NOMOWbIO NePeKiio-
yaemozo unmepgepomempa Matixenvcona”.
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SOLID STATE LASER FOR SCIENTIFIC INVESTIGATIONS
WITH COMPENSATION OF A THERMAL LENS IN THE CAVITY.
I. EXPERIMENTAL RESULTS

D. A. Goryachkin, A. Yu. Rodionov, E. N. Sosnov, V. I. Kuprenyuk

The Russian State Scientific Center for Robotics and Technical Cybernetics (RTC), Saint Petersburg, Russia

The most important parameters of a solid state laser for scientific and technological applications are the high
brightness and small angular divergence of the output emission. This series of two papers highlights the method
of numerical optimization of the laser resonator based on a commercial head with compensation of the induced
thermal lens. Experimental verification of the method was carried out. In a 1500 mm long resonator, compensa-
tion is achieved by inserting negative and positive correcting lenses into the resonator, resulting in output emis-
sion in the form of a Gaussian beam with a small angular divergence, suitable for scientific research.
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INTRODUCTION

At present, the simplest way to create a solid-state
laser for scientific research is to use a base element
mass-produced by a number of companies (see, for
example, [1, 2]), the so-called laser headpiece, with
the required output power level. Modern laser heads
are compact modules of an optimized design contain-
ing an active medium, as a rule, based on an Nd:YAG
rod, as well as a transverse diode pumping system
with built-in elements of a liquid cooling system.
There is also a wide variety of pump diodes and cool-
ing power supplies available to match the laser head-
piece type. The researcher, as a rule, has only to de-
velop a laser resonator, the composition and parame-
ters of which are determined by the requirements for
the output laser emission, which are set in response to
the need to solve a specific research problem.

A characteristic feature of all solid-state laser
heads with transverse diode pumping is the presence
of an induced positive thermal lens [2, 3], the optical
power of which depends on the pump current. For this
reason, the output power of commercial devices is
usually calibrated by the manufacturer using the sim-
plest two-mirror plane resonator with a length of sev-
eral tens of centimeters.

It is clear that the angular divergence of laser emis-
sion (optical quality) with such a resonator cannot be
small, preventing its use in most scientific and tech-
nological applications. There are known methods for
compensating a thermal lens in an active medium and
improving the quality of output emission using, for
example, an unstable resonator [4] or a resonator with
a dynamically deformed rear mirror [5].

It's worth noting that the resonator length remains
relatively short in this case, despite the fact that this
parameter is critical in a variety of applications. For
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example, when the mode of generation of ultrashort
pulses (USPs) is realized through the method of active
synchronization of longitudinal modes [6, 7], the
number of these modes, and thus the length of the re-
sonator, should be sufficient, and the intermode inter-
val, which determines the requirements for the fre-
quency of operation of the electro-optical modulator
(EOM), should not be too big. So, with a resonator
length of L = 1500 mm, the intermode spacing is
100 MHz, allowing us to meet the EOM driver speed
requirement and generate subnanosecond pulses in our
study [6].

In our work [6], we reported on the possibility of
compensating the thermal lens in the GN-50 laser
head [2] when introducing two lenses into a resonator
with a Michelson interferometer (IM) 1500 mm long,
however, the pump current was strictly fixed, and the
laser output power did not exceed 0.5 W.

This series of two studies (see also [8]) presents
the results of experimental research and calculation of
the structure of transverse modes of the resonator [6],
the focus optimization and places of installation of
correcting lenses to obtain the lasing regime on one
lowest mode with the widest possible mode aperture
in the active rod. At an output power level of up to
5 W output emission with an intensity distribution
close to Gaussian was obtained. In this case, the de-
veloped scheme was characterized by low sensitivity
to changes in the pump current of laser diodes in the
region of high currents, which are of the greatest in-
terest in practice.

EXPERIMENTAL TECHNIQUE

When constructing an optical resonator with flat
mirrors 1500 mm long on a laser headpiece with
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transverse diode pumping, it is necessary to compen-
sate for the effect of a positive thermal lens, the opti-
cal power of which depends on the pump current. The
resonator becomes unstable in the presence of a ther-
mal lens, and lasing stops if the focal length of the
induced thermal lens matches or slightly exceeds the
length of the resonator.

Results of experimental measurements of the focal
length of a thermal lens induced in a GN-50 laser
headpiece (in terms of use of a spherical lens) are
obtained for the visible emission of a helium-neon
laser as a function of the pump diode current and are
shown in Fig. 1.

Fig. 1. The focal length of the thermal lens in the ac-
tive medium of the laser head at various pump currents

The optical layout of the resonator for experimen-
tal studies is shown in Fig. 2. Just as in [6], a stabi-
lized equal-arm Michelson interferometer was used as
the output mirror of the laser. An EOM was planned
to be located in an interferometer to implement the
USP regime.

Fig. 2. Optical layout of experiments.

1-3 — flat mirrors R = 99.5%; 4 — 50% IM beam
splitter and compensator; 5 — coupler; 6 — power
meter 3A-P with VEGA monitor (Ophir, Israel); 7 —
analyzer of beam intensity distribution La-
serBeamProfiler (LLG, Germany); A1, 12 — diaph-
ragms @ 2.5 mm; JI1-JI3 — lenses; AC —- active
emission

The varied parameters of the resonator were:

— the focal lengths of corrective lenses JI1 and JI2
(F1, F2);

— the focal length of the thermolens F5 induced in
the active medium (see Fig. 1);

— the distance between the lenses L; (the position
of the lens JI1 was fixed).

The technique of numerical optimization of the re-
sonator is considered in part 2 of this study [8]. Each
tested pair of parameters, including the output power
and the spatial structure of the output emission beam,
was measured to be compared with the results of theo-
retical calculations.

EXPERIMENTAL RESULTS

Experiments have shown that the most critical
element in the thermal lens compensation scheme is
the JI2 negative lens and its location relative to the
laser head. In terms of its optical power, the negative

lens, as a rule, was only slightly inferior to the posi-
tive lens, induced in the laser head, and almost com-
pensated for it. However, if the second correcting lens
JI1 lacked, generation in the long resonator was im-
possible.

Fig. 3. The shape of the spots of the output emission.
Conditions for (a-B):

Ly =870 mm (a, 6, B), F,=-125 (a), 100 (6),

—85 mm (B);

conditions for (r-e):

L,=865 (1), 870 (), 875 mm (e) u F, =

=-100 mm (1, 1, €)

According to the measurement of the spot shape
and the power of the output emission of a pump cur-
rent of 20.5 A and the corresponding focus of the
thermal lens F5 = 170 mm (see Fig. 1), the following
parameters turned out to be nearly optimal: the focal
length of the negative lens F, = —100 mm, the focal
length of the positive lens F; = 1000 mm with the
distance between the lenses L; = 870 mm (the distance
from lens JI2 to the center of the laser head is
80 mm).

Fig. 3 (a—B) shows the shapes of the output emis-
sion spots when the lens focus changes from F, =
=-100 mm (6) up and down for a fixed distance L;;
and in Fig. 3 (r—e) — for a fixed lens with its small
movements from L; = 870 mm (1) forward and back.

It can be seen that even small deviations in the pa-
rameters sharply worsen the spatial characteristics of
the output emission. The results shown in Fig. 3 were
obtained at the maximum current of the pump diodes
of the laser head equal to 20.5 A.

Fig. 1 shows that the focal length of the thermal
lens can be estimated as F5 = 170 mm. The highest
output power was 5 W and was achieved in the regime
of the generation of several transverse modes (see
Fig. 3, B). In the optimal generation regime, when the
spot shape was close to Gaussian (Fig. 3, 0, n), the
power was approximately half that. Reducing the
pump current from 20.5 to 18.5 A with the optimal
correction parameters for 20.5 A was accompanied by
a decrease in the output power, but the shape of the
spot remained unchanged.

The focal length of the positive lens F; = 1000 mm
remained unchanged in the cases shown in Fig. 3. In-
creasing the focal length of the lens JI1 to 1200 mm,
as shown in Fig. 4, a, 0, had little effect on the shape
of the spot. However, at /, = 1300 mm (B), a symme-
tric circular spot could not be obtained, although the
generation power slightly increased in this case. Lens
JI1 with a focus of 1200 mm was adopted as the op-
timal correction option.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2022, Tom 32, Ne 1
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Fig. 4. The shape of the spots of the output emission.
Conditions: £} = 1000 (a), 1200 (6) and 1300 mm (B),
L, =870, F, =-100 mm, pump current 20.5 A

CONCLUSIONS

Finally, we note that in this series of two studies,
a technique for the numerical optimization of the re-
sonator configuration of a solid-state laser built on the
basis of a serial laser head with thermal lens compen-
sation and its experimental verification are presented.
Compensation is carried out by introducing negative
and positive corrective lenses into the resonator, as
a result of which it becomes possible to obtain output
emission in a resonator with a length of 1500 mm in
the form of a Gaussian beam with a small angular di-
vergence, suitable for scientific research, in particular
for the implementation of the generation of USP of
laser emission.

The numerical optimization technique is universal
in nature allowing the focal lengths of the correcting
lenses and their location in the resonator to be calcu-
lated using the known parameters of the thermal lens
in the laser head in use and the given cross-sectional
size and angular divergence of the output laser beam.
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