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Paspa6orana onruyeckas cxeMa KOJIbLEBOro pe3oHaTopa HmapaMerpuyeckoro remeparopa csera (IIIC) Ha ak-
THBHOM 3JIeMEeHTe I3 KPUCTAJIA THAToJIaTta PTYTH C HePeCcTPONKON JJMHDI BOJHBI U3TyYeHHS B CPeIAHEM U [Jajb-
HeM WHH(ppakpacHbIX guanasoHax 4,75—9,07 mxm. Paccunrtanbl 3aBUCUMOCTH [JUHBI BOJHBI u3aydenus IIIC
oT yria (a3oBOro CHHXPOHH3MAa U paclpe/eleHNusT HHTeHCUBHOCTH BBIXOJHOTO M3Jy4YeHHS OT JTUHBI BOJHBI. Pac-
CMOTpEHa BO3MOXKHOCTD CY>KEHUS CIEKTPAJbHOI JIMHUK BBIXOJHOTO M3JIyYeHUs ITyTeM BBOJA B pe30HATOp AUCIEp-

rupyioiiero sneMenTa (sranon Dabpu—Ilepo).

Knaiouesvie cosa: napamerpudeckas reHepaliisi CBeTa, HEJINHEHHBIH KPUCTAILI, THOTAIAT PTYTH, CIIeKTPaIb-
Has IIUpUHA WM3Jy4YeHUs Jasepa; optical parametric oscillator, nonlinear crystal, mercury thiogallate, spectral

width of laser radiation.

Bseaenne

B Hacrosinee BpeMs akTyasJbHOH 3ajaveil sBJsgeT-
CsI COBepITIEHCTBOBAHIE JIHIAPHBIX CHUCTEM, OCYIIECTBJIS-
IOMUX AMCTAHIIMOHHOE 30HIUpPOBaHNE aTMOC(HEPHBIX
KOMITOHEHT BO3[yXa MeToZioM auddepeHInaIbHoro mo-
riomeHust u paccestuus [1]. Cpean TiaBHBIX TpeboBa-
HUHl, TPeIbIBIIEMbIX K HCTOUYHUKAM JIa3epPHOTO H3JIY-
YeHHsI, KOTOPbIe NCIIOIb3YIOTCS B JUAAPHBIX CHCTEMAX,
MOKHO BBIJENUTH ciaeaytomue [2]:

— BO3MOXXKHOCTh TJIABHON W JHCKPETHOH TepecT-
POWKI YaCTOTHI JIA3ePHOTO M3JIYUeHT;

— BBICOKAS 9HEPTHs BBIXOJHOTO U3JIYUeHIT;

— MaJiag pacXo[UMOCTb BBIXOJHOTO HU3JIYUYEHII;

— y3Kasl CIIeKTpasbHasl MIUPUHA U3TyUeHHs.

VcTounnkaMn HaKayKH ITapaMeTPHYecKOro reHepa-
topa cBeta (IITC) BBICTYHAIOT MPEUMYIIECTBEHHO HM-
yJTbCHBIE HeOAMMcOJep:Kamiue Jjaszepbl. B paboTax
OTeYeCTBEHHBIX U 3apyOe’KHbIX aBTOPOB TIpeJCTaBJie-
HBI Pa3MYHble BAPUAHTBI ONTHYECKIX CXeM Pe30HaTO-
poB miag IITC B 6mmxHeM n cpenneM MK-amamaso-
HaX, UX TapaMeTpbl mpuBeaeHbl B Taba. 1. JJoMuHupy-
Iolllee TOJIOJKEeHWEe 3/leCh 3aHMMAIOT JNHeHHble CXeMbl
PE30HATOPOB, KOTOPBbIE MOTYT 06eCHIeYnBaTh MEPECTPOii-
Ky B JIOCTaTOYHO HIMPOKOM [Auarnazone. OJHAKO Korja
3HaYeHNs BBIXOJHOU 3HEPTHU YIOBIETBOPSIIOT Tpebo-
BaHUSM JIa3ePHOIl CIIEKTPOCKOINHU, BBIXOJHOE H3JIyde-
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Hue [II'C 6picTpo pacXoauTcs, U PacXOANMOCTD YBeJH-
YIBAETCS C POCTOM dHEPIUH Ja3epa Hakauku [3—6].

Ilesp nHactosmeit pa6orsl — paspabotka IITC
CO CIeKTpaJIbHOI IIMPHHOI Ha ypoBHe <1 cM™' U BbI-
COKO¥l WHTEHCUBHOCTHIO BBIXOJHOTO M3JyUeHUS C TIIaB-
HOI mepecTpoiikoil AJMWHBI BOJIHBI B 4,75—9,07 MKM.

JKcnepuMeHTaIbHasI YacTh

[TapameTprdeckas reHepalsl Bo36y:KAAeTCI B aK-
TUBHOHI cpe/le, TIOMEIEHHOI BO BHEUTHUI TpeX3epKasb-
HBIl pe30HATOp, MpeACTaBASONNI co60il ChbeMHBII
yaen masepa nakaukn YAG:Nd** (puc. 1).

B nammx panaux pa6orax (Hampumep, [4, 7]) 6b1in
UCCJIeJOBaHbl aMILIUTY/JHO-BPEMeHHble U CIIEKTPOCKO-
nuvyeckue xapakrepuctuku VK III'C na HesuHeiiHO-
omruueckoM kpucramte (HK) LiNbO; ¢ miasHoit u,/nim
JNUCKPETHOH TlepecTpoiikoil AiuHBI BosHBI. B Hacros-
meit pa6ote ObLTa paccyMTaHa W pa3paboTaHa OITHYE-
ckast cxema KoJjblieBoro pe3donatopa MK III'C ma HK
HgGa2S, (HGS) ¢ miaBHON IepecTpolKol AJIUHBI BOJ-
HBI B Amanasone 4,75—9,07 mxm. [lmaBHasg mepecTpoii-
Ka YacTOTbI OCYyIIecTBJseTcsa yIJoBbIM BpalleHueM HK
BOKPYT €T0 BepTHKATIbHOI ocHu, AUCKpeTHAs — Bozjeil-
CTBUEM BHEUIHETO IOCTOSHHOTO 3JIEKTPUYECKOTO II0JIS
Ha HK. Cxema IIT'C na kpucranrax HGS mpencras-
JleHa Ha puc. 1.

Usnyuenne YAG:Nd> - nasepa ¢ ammHOil BOTHBI Ha-
Kadku Ay = 1,064 Mmxm Bxoaut B pe3oHatop IIT'C uepes
mIOCKoe  3epkajo  My.  AKTHBHbIH  ajeMeHT |
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Ta6auma 1

CpaBHuTe IbHBIE XapakTepucTHKH pa3anmyubix [II'C st mpapHbIX cucteM

MaxkcumanbHast CnexTpanbHas
AKTHBHasg Tun Jlnamason
Pa6ora . o BBIXO/IHAS SHEPIUs HIMPHHA
cpesia TepecTpoiiku | mepecTpoiiKku, MKM | marymsce, wlbx | marysemms, o'
A= 1,573
[7] KTP - h = 3,288 70 3,5
Ae=1,4-2,0
[8] HgGayS - =23 44 0,8 —
[9] AgGaS, — Ae=3,5 13 —
A = 3,3-3,85 3
[10] HgGa,S4 HeTllpepbIBHAs h = 2.4-31 67 - 10 ~5
. Ae=1,5—-1,85
[11] LiNDbO3 [JIaBHAS h=2.5-3.7 8 0,12
[12] Cr**:CdSe IJIaBHAS e = 2,26—3,61 — —
[13] ZnSe:Fe — Ae = 3,77—4,40 — —

HpI/IMe‘IaHI/Ie . «—» O3Ha4daeT OTCYTCTBUE JaHHBIX; A — CUTHAJbHas BOJIHA, Ax — XOJIOCTasI BOJIHA

Qv

Puc. 1. Cxema kombieBoro pesonaropa III'C: / — akTuBHBIH
aneMeHT u3 kpucramia HGS; 2 — morjorutenb; 3 — 3TalloH
da6pu—Ilepo; @ — yacTora BXOAHOTO U3IYUEHHS

usrotoByieH u3 kpucraia HGS ¢ raGaputHbIMU pa3Me-
pamu 10 x 10 x 30 MM u opueHTarueir 6 = 47°, ¢ = 90°.

OH yCcTaHOBJIEH Ha IOCTHPOBOYHOM CTOJIHKE, KO-
TOPBIN BpamaeTcsl BOKPYT BepTHKAIBHON OCH C TOYHO-
ctpio 0 117, 3a cyeT Yero MPOMCXOIUT TIJIABHAS YTJIO-
Bag mepecTpoiika yacToTbl uamydenns III'C. B atom
[IT'C peanusoBan BTOpoil THII ($a30BOr0 CHHXPOHH3MA
(eo—e) [13—15]. 3aBUCHMOCTD JJIMHBI XOJOCTOIl BOJI-
HBI OT yTJla CHHXPOHW3Ma, pacCUyNTaHHasg B cpefle
MATLAB, noka3ana Ha puc. 2.
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Puc. 2. 3aBUCHMOCTD JJIUHBI XOJIOCTON BOJIHBI OT yria (haso-
BOTO CHHXDOHH3Ma

[l onpeneneHus 3HAUYEHUH Ay, a TakKe A, M Ag
IpUMeHsIach MoJiesib ypaBHeHHs1 CesiMeiipa A7 Kpu-
cramna HGS [16, 17]. B pesysabrate BBIYHCIEHUIT TO-
JIy4eHBI MACCHUBBI 3HAUEHHI A, U A, W TTOKa3aTesell Ipe-
JIOMJICHUA Now, Moy Nox, Mexs Moey Mee (HIDKHII HHIEKC
«0» — OOBIKHOBEHHasI, «€» — HeOOBIKHOBEHHAST TOJISIPU-
3alUa) I KaKJOTO THUIIA BOJHBI BO BCEM AMAIla3oHe
1epecTpoiKu.

1 pacueta 3aBUCHMOCTH Ay OT yria ¢a3oBoOro
cuaxpoHu3Ma (©) HCI0Ib30BaTIOCh BbIpasKeHNE

1-X
t 2@90—8 — , 1
& Y-Z W
rae
2 2 2
nﬂ_ﬁ.h Tox +% Tox +h
X= >"x }\'c ; Y= 7"x >\'c : 7= 7"x >\'c . (2)
Nou Nen New | Noc
Ay Ay My e

[InaBHasg nepecTpoiika JJIUHBL BOJHBI B CIIEKT-
pajbHOM uamnasone 4,75—9,07 MKM BBITIOJHIETCS TIO-
BOPOTOM KPHUCTAJLTa Ha yToJl He MeHee 7°.

Jlng cyskeHUS CHEKTpPaJbHON TIUPWHBI WM3Iyde-
Hus IIT'C B paspaGoraHHOil cXeMe B pe30HATOD BBe-
nen stanon Mabpu—Ilepo (IMDII) 3, ycraHOBJIEHHDII
Ha yTpaBJseMoil BpamaTeabHoOIl TIaTdhopMe B TPETbeM
mJjieye pe3oHaToOpa, T/le OTCYTCTBYeT MOIIHOe W3Jyde-
HUe HaKayK{, C IIeJbi0 TIPeJOTBpAIleHNsT MeXaHude-
CKOTO Pa3pyUIeHUsI €T0 IUIJeKTPUYECKUX TOKPBITHII.
CUHXDOHHBIM BpallleHneM AaKTHUBHOTO 3jeMeHTa [
u IDII mocruraercss cy:keHUue CHEKTPAIbHOI IIUPIHBI
nznyderus: III'C Bo BceM dYacTOTHOM [uala3oHe Iie-
pectpoitku. DDII neiicTByeT HemocpeACTBEHHO Ha CHT-
HaJDbHYIO BOJIHY, TIPH 3TOM aBTOMATHYECKH CYKas
u xojocTyio. Ha ocHoBe m3MepeHUii, BBITOJHEHHBIX
¢ moMoInbio MoHoxpoMatopa M/IP-23 [7], 6bl1 npous-
BeJleH pacyeT CIEeKTPATbHOI NUPUHBI U3Iy4YeHUs; OHa
He mipeBbiniaer 0,7 em L.

/111 TOBBITIEHNST BBIXOHON dHEPTHH A, U Ay 3€p-
Kano M, BBIOJNIHEHO B BHUje Habopa 3epKas, ycTa-
HOBJIEHHBIX B PeBOJbBEPHOM MexXaHU3Me. BpatenueM
MeXaHU3Ma MOKHO [OCTHYDb ONTHMAJIBHOTO 3HAYEHUS
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koadPpunmenta orpakenuda udaydenus I1TC. 3epka-
JIo M3 TIPOIIyCKaeT MOIIHOE U3JIyYeHle HAKayKu, KOTO-
poe ToTaJaeT B YCTAHOBJIEHHBIIN 32 HIM HOTJIOTHTEND 2.

C yd4eToM TOTO, YTO amepTypa HEJIMHEITHOTO KpH-
CTaJlla HaMHOTO 6OJIbllle AWaMeTpa My4Ka Jasepa Ha-
KaduK#, BOJHOBaSA paccTpoiika A = (), IpoCTpaHCTBEHHO-
BpeMeHHasl MOJyJANNd IIyYKa Ja3epa HaKauKU HMeeT
rayccoBckyio ¢GhopMy, a ero aMILIUTyAa OIpeIeJiseTcs
BBIpaJKEHUEM

2 2
A3(r,0,1)= Azyexp —21n2{j _(rj , 3)

Tx pO
rae
1.1, 1
Agy = 2842 ln—— 4
PG T T RIRR, “

— AMIUIUTy/Ja HU3Jy4YeHUdA Ja3depa HaKadYKU B IEHTpe

Oc,x,dygy

Jiyda 1 B MaKCUMyMe HMITyJibCa; O = — HeJIn-

n;c
nefiuprii koapdurment HK, roe o, y — dYactora cur-
HAJIBLHOI M X0JIOCTOH BOMH, doy — 3PdeKTUBHLIH He-
JUHeHbI Koa(d@uileHT, KOTOPBIH olpe/esseTcs
reoMeTpueil B3auMOJeHCTBIA BOJIH B KPHUCTaJlle, 1; —
nokasarenb mpenomienuss HK, ¢ — ckopocth cBera
B BakyyMe; | — miamnHa pesonatopa 6e3 HK; Ry, R,
n R3 — k03 PUIMEHTH OTpa’keHNsI 3epKajl pe30HaTo-
pa; & — koaddumment mnoraouenus HK; 1, — amm-
TeJTBHOCTh UMITYJbCAa HAKAYKH IO YPOBHIO IOJOBUHBI
MaKCUMyMa WHTEHCHUBHOCTH; py — PATUYC TEPETKKU
myuyka Hakauku B HK; 7 — paguyc-BekTop o6x0/a Jyya

nl+(L-1)
c

B KOJIBIIEBOM pe30HaTope; = — BpeMs 006-

XO/Ia JIyya B KOJIBIIEBOM pe30HATOpe ¢ nepuMeTpoM L.
Bapeupysa mapamerpsr T, 4z, L, 9, I, Ri, R,
n R3, Ha ocHOBe paHee HOJIyYeHHBIX IKCIEPUMEHTAIb-
HBIX JAHHBIX [4, 7] MBI paccuuTasu MHTEHCUBHOCTD
BoIxogHoro uanaydenuss WK IIT'C. Wsmenasa xoadopu-

PesysbTaTel H 00Cy:KAeHHE

WccnenoBanne aMIUIUTY/IHO-BPEMEHHBIX U CIIEKT-
paTbHBIX XapakTepucTuk usiaydeHuss [II'C 6buto BbI-
TIOJTHEHO B JJAGOPATOPHBIX YCJIOBHUAX IIPH YacTOTe CJie-
noBaHusA JazepHbIX uMnyabcoB 20—30 I, dneprern-
YecKast HeCTaGUIbHOCTD cocTaBmIa ~6%.

B peanusoBaHHOIl Tpex3epKaJbHOIl cxeMe CyM-
MapHBIH K03 dunneHT npeo6pa3oBaHNd dHEPTHH Ja-

H
nocturaet 3,3%. UucaeHHOe 3HavyeHHe YTrIOBOil pac-
XOAUMOCTH Ty9YKa BBIUUCIAIOCH, coryacHo [18], kax
OTHOIIIeHNEe JuaMeTpa AuadparMbl, B KOTOPYIO MOMa-
naet 86% TONHOW 3HEPTHH WMIYJIbCA W3JIYIEHUS

3epa HaKauku B sHepruio usiaydenus [IIC p =

ITC, k ¢dOKycHOMY PACCTOSHUIO JITH3BI Taxkum

06pa3oM ObLTO OIpe/eJieHO YTJIOBOE paclpeiesieHe
JIa3ePHOTO W3JyYeHUsi B JajibHell 30He. IlocKoJbKy
usnaydyenne [IT'C mpencraBisieTcss B BH/e CYIepHO3H-
UM CUTHAJBHON ¥ XOJIOCTOH BOJH, M3MepeHHbIE Ia-
paMeTphl TyYKa B JajJbHell 30He TTO3BOJIAIOT OTIEHUBAThH
pacmpe/iesieHrie SHePTHH B OT/IeTbHBIX BOJHAX.

IKCIEePIMEHTAIBHO TIOyuYeHHble 3HAYEHUS PacXo-
JIIMOCTH A, M Ay He TIpeBBIMAIN 3,5 MpaJl BO BCEM JHa-
na3one rnepectpoiiku. [losydennsrit pesyabTar coBmaja-
eT C pacyeToOM pacXOJUMOCTU 110 MEeTOLY M?[19, 20].

TexHuueckne XapaKTepUCTUKN Pa3pabOTaHHOTO
IIT'C npuBeneHst B Tabu. 2.

Ta6auma 2
Texuuyeckue xapakrepuctuku [II'C na kpucramie HGS

XapakTepucTuka 3HaveHUe
Tun nasepa YAG:Nd™ ¢ IITC
JlTHA BOJTHBI TIEPECTPOIKY, MKM 4,75-9,07

1o 6 (B 3aBuCHMOCTH
OT [/IUHbI BOJIHBI
UBTYYEHNUs])

CyMMapHast 9Heprusl B UMILYJIbCe,
m/x

IIUeHT oTpakeHus R, 3epkana M, npu HeM3MeHHBIX PacxoanMocTb H3/IydeHis, Mpaj <3,5
—1
3HAYEHHAX T;, Az, L, §;, [, Ry 1 R3, MoxHO n06HTBCA CriexrpasibHast MMPHHA U3TYYEHNs], CM 0,5-0,7
ONITHMAJIBHOTO peXIMa paboThl TeHepaTopa. HacroTa MOBTOPEHIS HMITYIbCOB, I 20-30
Pacuetnoe 3navyenue BbixoHOI sHeprun [1I'C B nM- [lepexoueHre AJUHBI BOJTHBI, HM 0,12—12
nyJibce JJHTeNbHOCTbI0 20 HC IIOKa3aHo Ha pHuc. 3. JlmuTeIbHOCTD MMITY/IbCa, HC 20
7 —
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Puc. 3. Pacnpeznenenne sHeprun usiaydenus [II'C B xomnocroit BosHe
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3akouenue

TaxkuM o6pa3oM, TO pesyJbTaTaM WCCJIeIOBaHUI
HeJIMHEeHHO-oNTHYecKnX cBoicTB KpucraanoB HGS,
a Takke HA OCHOBE COBPEeMEHHBIX TeXHOJOTHYeCKUX
U KOMITBIOTEPHO-TIPOTPAMMHBIX Cpe/l Oblia paccuuTaHa
u paszpaboTaHa ONTHYECKas cXeMa BBICOKOI(hEKTIBHO-
ro pesonaropa IIT'C ¢ mnaBHOW TiepecTpOITKON JIMHBI
BOJIHBI U3JTy4eHNs B AuanaszoHe 4,75—9,07 MKM.

Baaromaps HeGoJbINON TTHpPUHE CIEKTpa HM3JIyde-
mus (< 1cM™') Takoil reHepaToOp MOXeT ObITh HCIOJIb-
30BaH B KayecTBe WCTOYHHUKA WU3JIYYeHUS [Jid JUIApP-
HBIX CHCTEM C LIEJIbI0 UCCJeJOBAHUS U UAeHTH(DUKAIUT
B3PBIBYATHIX, HAPKOTHYECKNX W JPYTUX CJOKHBIX Op-
TaHWYEeCKUX Ta30BbIX BEIIECTB B MHKPOOKHAX IIPO3pad-
HOCTH aTMOC]epBHI.
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V.S. Ayrapetyan, A.V. Makeev. HGS-crystal optical parametric oscillator tunable in the wavelength

range 4.75—9.07 pum.

An optical circuit is designed for the ring cavity of an optical parametric oscillator (OPO) based on two
series-mounted active elements—mercury thiagollate crystals (HgGa,Ss) with the radiation tunable in the near
and middle infrared ranges 4.75—9.07 um. The dependences of the radiation idle wavelength on the phase-
matching angle and of the distribution of the IR OPO output radiation intensity on the idle wavelength are
calculated. A possibility of narrowing the spectral width of the output radiation by introducing a dispersing

element (Fabry—Perot etalon) into the cavity is considered.
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