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Nonlinear optical properties of GaSeu-xSx crystals at telecom frequencies

Asmopwi: O.H. [lesuenxo'?, C.JI. Mukepunl, K.A. Kox®, B.JI AHI/;blequ, H.A. Huxonaes'?

Unemumym asmomamuxu u snexmpomempuu Cubupckozo omoenenus Poccutickoii akademuu Hayx,
2. Hosocubupck (MAuD CO PAH)
2Hosocubupckuii 20Cy0apcmeentblii yHueepcumen

SUncmumym 2eonoeuu u muneponoauu um. B.C. Cobonesa Cubupckoro otjeneHus Poccuiickol akajgeMuu Hayk,
2. Hosocubupcx (MI'M CO PAH)

Authors: O.N. Shevchenko 12, S.L. Mikerin?, K.4. Kokh 3, V.D. Antsygin ?,
N.4. Nikolaev

nstitute of Automation and Electrometry, Russian Academy of Sciences, Siberian Branch, Novosibirsk (IA&E SB
RAS)

2Novosibirsk State University

3Institute of Geology and Mineralogy SB RAS

BriepBeie mpoBeneHO UCCIEOBAHME HETUHEHHO-ONMTUYECKOTO B3aMMOJACHCTBUS BOIH
TEJICKOMMYHHKAIIMOHHOTO Juana3oHa (C-band, 1550 HM) W BOJH, MEPCHEKTUBHBIX IS CUCTEM
OecripoBoHOM cBsizu Oynymero nokosneHus (0.9-2 mm), cooTBeTcTByrommux 4dactoram 140—
350 I'Tu B kpucrammax GaSen-x)Sx, rne x mpuammaer 3Hauenus 0, 0.03, 0.12, 0.16 u 0.22.
[TokazaHo, 4TO yBeNWYEHHE COJCPIKAHUS CEPbl B CTPYKTYpE KpUCTaJJa HEIMHEWHO BIHUSET Ha
3HAYEHHUsI JICKTPOONITHYECKOTO 22 M HEMMHEHHOTO 022 KoadduitneHToB. Takoe oBeieHIHe MOKHO
OOBSCHUTH  JIBYMSI  MPOTHUBOJCHCTBYIOIIUMHU  MEXaHU3MaMU: MaJCHHEM SKCUTOHHOTO
BO30Y)KJICHHSI TIPH POCTE 3HAYEHUS COAEpIKaHUsS cepbl A0 BenndyuHbl X~0.12 1 cMemeHus: Kpas
MOTJIONICHUS B KOPOTKOBOJIHOBYIO OO0JAacTh CHEKTpa; IMpH JajdbHEHIIeM yBeIUYEeHUU
KOHIICHTPALMH  CEephl  MPOUCXOMUT  YMEHBIIECHHE  KBAJAPATUYHOH  BOCIPHUMYHBOCTH,
00yCIIOBJICHHOE TIEPEeXOJOM B ILIEHTPOCHUMMETPHUHYIO a3y, COOTBETCTBYIOUIYIO KPHUCTAJLIy
cynbpuna rawms (GasS).

B pesynbrare onpeneneH oNTUMAaIbHBIN AWANa30H JErUpoBaHUs KpUcTaioB GaSe(1-x)Sx,
o0OecrieunBarOIMi  MaKCHUMaJbHYI0 HEIMHEMHOCTh U 3(Q(EKTUBHOCTh B3aUMOJEHUCTBUA.
MakcuManpHble  3HA4YEHHs  3JIEKTPOONTHYECKOTO 22 M HENUHEHHO-omTHYecKoro  dz2
kodpdunmentoB  kpuctamuioB  GaSen.xSx Habmomatorcss npu  x=0.12. W3mepenHbie
k03 durrenTsl HenerupoBanHoro GaSe cocraBisaioT r22=0.975 nm/B u d22=13.94 nm/B, a s
HanOosee 3¢ dexTrBHOrO KprcTamia GaSeogsSo 12 122=1.262 m/B u d22=17.61 nm/B.

[TonydyeHHble pe3ynbTaThl IO JUHEWHBIM M HEJIWHEHHBIM ONTHYECKMM CBONCTBaM
kpuctamioB GaSenx)Sx MOryT OBITh TOJE3HBI MpPH pa3padOTKe JIHMHEHHBIX CMECHTENeH W
MOAYJIATOPOB YCTPONCTB ONTUYECKOMN CBA3H.
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Fig. 1.5. Values of electrooptic r2, and nonlinear dj, coefficients of GaSe_xSx crystals



For the first time, the nonlinear wave interaction of telecom (c-band, 1550 nm) and 6G (140—
350 GHz) bands in GaSex)Sx crystals (x =0, 0.03,0.12, 0.16, and 0.22) was studied. The increase
in sulfur content in the crystal structure has a nonlinear effect on the values of the electrooptic r2.
and quadratic susceptibility d2. coefficients (Fig.1.5). Two opposing mechanisms can account for
this behavior. For x < 0.12, a decrease in exciton excitation and a blue-shift of the absorption edge
are dominating, reducing the loss of IR radiation. When x > 0.12, the crystal structure transitions
to a centrosymmetric phase corresponding to a gallium sulfide (GaS) crystal, which results in a
decrease in quadratic susceptibility.

As a result, the optimal sulfur doping has been determined, which ensures maximum
nonlinearity and interaction efficiency. At x = 0.12, the maximal values of the electrooptic and
nonlinear coefficients are observed: r2; = 1.262 pm/V and d22 = 17.61 pm/V. At the same time, for
pure GaSe, they take values of r22 = 0.975 pm/V and d22 = 13.94 pm/V.

The analysis of GaSeu xSx crystals' linear and nonlinear optical characteristics can be
helpful in the creation of nonlinear modulators and mixers for optical communication devices.
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