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CxinHoeBponelchKNi HallioHABHUN yHiBepcuTeT iMeHi Jleci Ykpainku

BIIJIMB PO3MIPIB 3EPEH KPUCTAJIIYHOI'O ITIOPOUIKY HA
IHTEHCUBHICTb T'EHEPAIIIL IPYTOI TAPMOHIKH

Y oaniti pobomi nposedeno ananiz 6niugy WUPUHU 3a00POHEHOI 30HU A CEPeOHIX PO3IMIpIE
3epen Ha IHmeHcusHicmov eenepayii opyeoi eapmouiku kpucmanie AQGaGeS, ma AgGaGezSes.
Ompumanuii  pesyromam cgiouums npo me, w0 OA2AMOKOMHOHEHMHI XATbKO2EeHIOU, a came
AgGaGeS, ma AgGaGesSeg, € nepcnekmusHUMY HENTHIUHO-ONMUYHUMU MAMEPIANAMU, OCKITbKU @ HUX
nopie 1a3epHo20 NOWKOOINCEHHS € DILIUUM, d HEIHIUHO-ONMUYHULL 8i02YK NOPIGHAHUL i3 KOMEPYIHO
suxopucmogysanumu AgGaS, ma AgGaSe,.

Knrouoei cnosa: neninitina onmuka, nazep, 2enepayis mpemvoi 2apMoHiKu.

IHocranoBka mpoOaemu. IleperBopenHs wactotn [Y njasepHux mxepen (4acToTHa
MOIYJISILiA) € OAHMM 3 OCHOBHHMX 3aBJaHb ONTOEJIEKTPOHHOI TEXHIKH, SIKYy BHKOPHCTOBYIOTH Yy
MUBUIBHIN 1 BIHCHPKOBUX Tally3sX, OXOIUTIOIYM aTMOC(hEpHH MOHITOPHHT, JIa3epHUH pajap Ta iH.
SABuie reHeparii Ipyroi rapMoHiKM B KpUCTaTIYHUX TOPOIIKaX BIepile croctepirand B 1968p. Pe3 3
criBpoOitHukamu [1], a motim metanpHo nocmimkyBanu ['pas [2] i Kypru Ta Ieppi [3]. Lieit metox
noJsirae B HacTymHoMy. Kpucranu, siki MaroTh HanpsiM (a30BOT0 CHHXPOHI3MY, TIPOSIBISIOTH JTiHIHHY
3aJIeKHICTh IHTEHCUBHOCTI TeHepalii Apyroi rapMOHIKH BiJl cepeqHiX pO3MIpiB 3epeH, SKIIO Iii
PO3MIpH MEHII KOTepEeHTHOI JOBXHMHHU. B OiNbll KpyMHUX 3epHAaX IHTEHCHUBHICTH reHepamii Apyroi
TapMOHIKM HE 3aJIeKUTh Bij iX po3mipiB. ['pas BUKOPHCTOBYBAB el METOH JUIS OIIHKH KOT€PEHTHOI
JOBXXWHU. B KprcTanax, siki He MalOTh HampsMKy (a3oBOro CHHXPOHI3MY, iIHTEHCHBHICTh TeHeparlil
JIPyroi TapMOHIKY HE 3aJICKUTh Bijl pO3MIpy 3epeH. 3a HaXUIOM IMPSAMOI, SKa alPOKCHMYE 3aJICKHICTh
IHTEHCHBHOCTI TEHepallii Jpyroi rapMOHIKM BiJl JiaMeTpa 3epeH MOXKHAa pO3PaxyBaTH CEPEIHE
3HaueHHS eNIEeMEHTIB TeH30pa HeNiHiiHOI cnpuiHATIMBOCcTI [3]. ICHye Takok MOXKIUBICTh
BU3HAYEHHSI KyTa aHi30Tporii KpucTtany [2] 1 MOB’S43aHOTO 3 HUM IIUPUHH T'OJOBHOTO MaKCHMyMY B
KyToBoMy posnofini iHteHcmBHOcTi [JII. Kyprtm i Ileppi [3] 3ampomoHyBanmm 3acTOCOBYBaTH
MOPOIIKOBUH METOJ Ui Kiacudikaiii HeTiHIMHNX KPUCTAIIB, SKi BUKOPHUCTOBYIOTHCS B JIA3€pHIH
ontuii. HuHi medl MeTox iHTEHCMBHO BHKOPHCTOBYETHCS [UIS BHUBYEHHS HENiHIHHO-ONTHYHHX
BJIACTUBOCTEW HOBHX Matepiaiis [4-6].

AHaJi3 ocTaHHIX AocimxkeHb i myosikaniid. 13 1970-x pokiB y SKOCTI HETIHIHHO-ONTHYHUX
MarepialiiB MpakTHYHO BUKOPHCTOBYIOThcs AgGaQ, (Q =S, Se) [7] ta ZnGeP, [8]. TIpoTe BciM mum
KpHCTaIaM BJIaCTHBI Ti uu Ti cepitosni Hemomiku. Hanpukman, kpuctamun AgGaQ, (Q = S, Se) maroth
HU3BKUI TOPITr J1a3epHOro NMomKojpkeHHs, a ZNGeP, neMoHCTpye cuiibHEe ABOGOTOHHE MOTIMHAHHS
spuuaiinoro 1 mxm (Nd: YAG) a6o 1,55 mxm (Yb: YAG) mxepena na3epHoro HakauyBaHHs. Tomy
nomryk HoBux HJIO marepialiiB € akTyajdbHUM 1 OCTaHHIM 4acoMm Iyxe akTuBHHM [4-6]. Cepen ycix
BUMOT, IO CTaBJIATH A0 HOBUX U HEIIHIHHO-ONTHYHUX MAaTepiajiB, OAHMMU 3 HAWBArOMIIIUX €
30UTBIICHHST TOPOTY Ja3epHOTO TOIIKOMKEHHsS (CTIMKOCTI) Ta YHUKHEHHS JBO(GOTOHHOTO
MOTJIMHAHHS.

Bunisiennsi HeBupimeHoi mpo6aemu. 30iNbIICHHS NPOMEHEBOI CTIHKOCTI B HENIHIMHUX
KpHCTanax 3a3BU4ail MOB’SA3yIOTH 31 301NBLICHHSAM IIUPUHU 3a00pOHEHOi 30HM cHodyK. OcTaHHIM
yacoM OaraTo aociimkeHb 30cepekeHi Ha BkiaroueHHI B U HJIO kpucranu HediHIHHO-ONTHYHUX
aKTUBHMX OJMHHUIIb, a came TeTpaeapiB (Ga/Ge)Q, (Q = S, Se), mo micTaTs xanskorenu [9]. BBemnenus
TYXHUX 200 JTy)KHO3EMEIbHUX METANIB JIO3BOJISE 30UILIIMTH IUPUHY 3a00POHEHOT 30HH, a IIUIbHE
posramryBanHsi MikpockorniuHux HJIO akTuBHUX OJIOKIB 3017IbIIyE MOMIIMBICTh JOCATHEHHS BEJIHMKOT
MaKPOCKOIIYHOI HEeJIIHIHHO-ONTHYHOT BIAIOBIII.

PesyabTaTH  gochaigkenHs. BumipioBaHHS TIPOBOAWIM 32 JIOMOMOIOI)  YCTaHOBKH,
npencTasieHoi Ha puc. 1. Y mocuini BukoprcroByBanu Nd:YAG HaHOCEKyHIHUI IMITYJILCHUI Ja3ep 3
JnoBxkuHOI XBWwiIi 1064 HM K JpKepeno (QyHIaMEHTAIBHOTO BUIPOMIHIOBAHHS. 3HAYCHHS EHEprii
IUIABHO  3MIHIOBAJM  Toyspu3aropoM [yaHa. 3HaueHHs majamdoro  QyHJaMEHTAILHOTO
BHITPOMIHIOBaHHS BUMIPIOBAJIH 33 JJOTIOMOT'OI0 T€PMaHIEBOTO IETEKTOpa, a HOTO APYTY TapMOHIKY — 3a
JOMIOMOT010  (POTOMOMHOKYBaua 3 BCTaHOBJICHUM iHTep(epeHLiMHUM (iIBTPOM, IO NPOITyCKae
€JICKTPOMAarHiTHE BUITPOMIHIOBAHHS 3 TOBKWHOIO XBIIII 532 HM (Ipyra rapMoOHiKa).
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Puc.1. BumiproBanbHa crctema il BA3HAYCHHS IHTEHCUBHOCTI CHTHAJTY IPYroi abo TpeThol
TapMOHIKH 3aJIE)KHO BiJ 3aCTOCOBYBAaHUX (DITBTPIB B PE3YNIbTATI OMIPOMIHEHHS JIA3EPHHUM CBITIIOM 3
IOBXUHOK XBUiIi 1064 HM

3pa3ku TOMIIAIM Ha OOOPOTHHWH CTiT y CHemianbHui TpuMmad. PiBHI iHTEHCHBHOCTI
OTPUMAHHMX CHUTHAIliB OCHOBHOTO BUNPOMIHIOBAaHHSA 1 #oOro apyroi TapMOHIKH 3YUTYBalH 3a
nonomoror ocumorpaga Tektronix i3 gacrororo 1T, Takum uymHOM (ikcyBaiach 3aJeKHICTH
reHeparlii TapMOHIK BiJl IHTEeHCHBHOCTI (DYyHIaMEHTAILHOTO CUTHAIY.

BumiproBanns I'JII' BukoHyBanmm 3a mgomomororo metoawku mopomky Kyprma-Ileppi [3].
[MorpidHO 3a3maumth, mo ™ertoq Kyprua-lIleppi 1o03Bonse pAaBaTH JWIIE BiJHOCHY OIIHKY
e(eKTHUBHOCTI HENHIHO-ONTUYHUX TEPETBOPEHb, BUKOPHCTOBYIOUM JIMIIE TOPOIIOK HETiHiiHO-
onTh4yHOTO KpucTtamy. lleil Meron mae MOXIHMBICTH JOCHiMKyBaTH HOBI mepcrektuBHi HJIO
Marepiajii, TpoTeé B HBOMY BHUKOPHUCTOBYEMO HACTYMHI HAOMIDKEHHS — YAaCTHHKH MOPOMIKY
BBa)KAIOTHCS MOHOKPHUCTANIaMH 3 ONMM3BKUMH po3Mipamu 70 100 MKM, siKi XaOTUYHO OpI€HTOBaHI B
npoctopi. BomHouac KpHCTaJiTH PiBHOMIPHO PO3MOJICHI MK IUTACTUHKAaMHU. Po3mip 3epeH y
HOPOIIKY, 0 OTPUMaHI BHACIIIOK MEXaHIYHOTO JAPOOJIEHHS, OLIHIOBAIN 3a JIOTIOMOTOI0 ONTHYHOTO
Mmikpockona. Bonu craHoBwim 30-100 Mxm. Pesynpraté BumiproBanus AT anst mociimkyBaHHX
3pa3KiB MpeAcTaBieH] Ha puc.2.
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Puc.2. 3anexHicTh IHTEHCUBHOCTI TeHepallil [pyroi rapMOHIKH BiJl TYCTHHH €HEpTii Malalovuoro
(byHAaMEHTaJIBHOTO MyYKa.

Pesynbratu mocimimkens [T y kpuctani AgGaGesSeg Moka3yroTh, M0 HETIHIHHO-ONTUYHHMA
koe¢inienT Bumipsauii Mmeronom Kyprua-Ileppi cranoButh 29,3 nM/B, 1o € myxe Onu3bkuM 10 Osg
AgGaSe, (30 nm/B) [10]. Otpumanuii pe3ynbTaT 10o0pe y3roKeHui 3 naHuMu podotu [11], y skux
3a3HavyeHo, mo KoedimieHt ds; mms cnoaykn AgGaGesSeg craHoBuTh ~ 29 im/B. 3HaueHHs Ozg TS
AQGaS, y HaykoBHUX pO0OTax 3MIHIOEThCS Maibke B TpH pa3u [12], 10 MOSCHIOETBCS TPOSIBOM
HEKOHTpPOJIbOBaHOI NeeKTHOCTI. Brepie oliHeHa ONTHYHA HENiHIWHICTD APYroro MOPSAKY IS
AgGaGeS, cranoBuTh 5,79 nm/B.

© Muponuyk /I.B., ctynenr., Kot FO.O., crynent, Muponuyk I'.JI. x.¢.M.H., o11., 3amypyeBa
0.B., x.¢.-M.H.



96 "[IEPCIIEKTUBHI TEXHOJIOI'II TA IIPHJIAJIIT" Jlyyox, 2019. Bunyck Nel4

3rifHO TPOBEACHWX CKCICPUMEHTIB Ta aHajli3y OTPUMAaHHX pPE3YJbTATiB BHUIHO, IO
inTeHcuBHICT ['JI[T 301MIBIIYETHCS 31 3MEHIICHHIM IMHPHHU 3a00poHeHO01 30HH K a1 AgGaGesSeg
(2,2eB) Tax i nia AgGaGeS, (2,8eB), mo € xapakTepHuM 11 0araTOKOMIIOHEHTHHUX XaJIbKOTCHITHUX
kpucrani (Puc.3).
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Puc.3. 3anexHicTh iHTEHCUBHOCTI TeHepallil Apyroi rapMOHIKH BiJl cepellHiX po3MipiB 3epeH
KPHUCTANTIYHOTO MOPOIIKY

[[Iupunra 3a00poHEHOI 30HM AK A Cynb(DiaiB, Tak i A CENEHITIB € OUIBIION, HIX IS
eranmonanx AgGaS; (2,64 eB) ta AgGaSe; (1,8 eB). Uepes 30inbIIeHHS IIPUHE 3200POHEHOT 30HH IIi
CHOJIYKH MOXYTh MaTH OiJIbIIIi TOPOTH JIa3epHOT0 MOMIKOKEHHS B MOPIBHSAHHI 3 €TaTOHHUMU. Pazom
13 TuM iHTeHcuBHICTE curHanmy ['JII" mist 060x cynbdini mopiBasHa 3 AgGaS, a ceneninis 3 AgGaSe,,
II0 i BU3HAYAE MEPCTIEKTHBHICTh BUKOPUCTAHHS IUX CITOTYK.

BucnoBku. OTprMaHUii pe3ysibTaT CBIAUYUTH PO T€, 0 0araTOKOMIOHEHTHI XaJIbKOTEHI/IH, a
came AgGaGeS, Ta AgGaGezSeg € nepCreKTUBHUMH HEJIHIMHO-ONTUYHUMH MaTepiajlaMH, OCKLIBKH
B HUX TIOPIT JIa3€pPHOTO IOMIKOKEHHS € OUThIINM, a HEeNiHIHHO-ONTHYHUN BiITYK MMOPIBHSIHHUN i3
KOMepIIiifHO BUKopuctoByBanuMmu AgGaS, Ta AgGaSe,.

JocsTHyTi TapaMmeTpy HETiHIHHO-ONTHYHUX €(EeKTiB APYroro MOpPSAKY, OTPUMAHHX JUIs
JOBXHMH XBWJIb, BIINOBIIHUX OCBiTIeHHIO [Y 7a3epom, 1ae 3MOry NpOTHO3YBaTH HIMPOKE
3aCTOCYBaHHS JTOCIIPKYBAaHUX KPHUCTATIB K MaTepialiB I HENiHIHHO-ONTHYHOTO TiepeTBopeHHs U
Ja3epHUX MPOMEHIB, [0 Ma€ BHUpilIaibHe 3Ha4eHHs s [Y migapHux cucteM (CBITIIOBI TAIEKOMIpH).
IloTpiOHO 3a3HAUMTH, IO BIPOJOBXK KinmbkakpaTtHOi [Y-iHmyKoBaHOT 0OpOOKH, CHOCTEpEKyBaHi
¢doToiHAyKOBaHI 3MiHM OyJH TIOBHICTIO 3BOPOTHHMH, IO MiATBEPPKYE iXHIM BUCOKHI MOTEHITiANT
BiZITBOPEHHSI.
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BoctouHoeBponeicknii HAMOHAIBHBIN YHUBEpCUTET UMeHU Jlecu YKpanHKu
BJIUSAHUE PASMEPA 3EPEH KPUCTA/JIMMECKOI'O MIOPOIIIKA HA
UHTEHCUBHOCTb TEHEPAIIMM BTOPOM TAPMOHUKHA

B oannoii pabome nposeden ananu3 GIUAHUA WUPUHBL 3ANPEUYEHHOU 30HbL U CPEOHUX
PAaAsmMepo8 3epeH HA UHIMEHCUBHOCMb 2eHepayuu emopou eapmonuxu kpucmaiios AgGaGeS,; u
AgGaGesSes.  Tlonyuennvii pe3yibmam CEUOEMETbCmEyem O MOM, UYMO MHO2OKOMNOHEHMHbIE
xanvkoeeHuovl, a umenHo AgGaGeS,; u AgGaGesSes, asnawOMcs NEPCHeKMUBHbIMU HeNUHEUHO-
ONMUYECKUMU MAMEPUATIAMU, HOCKOTbKY 8 HUX NOPO2 JIA3EPHO20 NOBPEN’COeHUS ABNAeMCA DONLUUUM, d
HeIUHEeUHO-0NMUYecKuli OMKIUK CPAGHUM ¢ Kommepuecku ucnoavzyemvinu AgGaS, u AgGaSe;.

Knrouegwle cnosa: nenuneiinas onmuka, 1asep, 2eHepayus mpemveli capMOHUKU.
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INFLUENCE OF THE SIZE OF CRYSTALLINE POWDER GRAINS ON THE
INTENSITY OF GENERATION OF SECOND HARMONICS

In this paper, we analyzed the influence of the band gap and the average grain size on the
intensity of generation of the second harmonic of AgGaGeS, and AgGaGe;Seg crystals. The result
suggests that multicomponent chalcogenides, namely AgGaGeS, and AgGaGesSeg, are promising
nonlinear-optical materials, since the laser damage threshold is large and the nonlinear-optical
response is comparable to the commercially used AgGasS, and AgGaSe,.
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