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BJIAUAHUE ®OPMbI JIASBEPHOI'O UMITYJIBCA
HA XAPAKTEPUCTHUKHU U3JIYYEHHUA B I'PAJIUMEHTHbBIX
KPUCTAJIJIAX HUOBATA JIMTHUA

B crarbe paccMaTpuBaeTcs BIMsSHHE BHYTPEHHHX IPOIECCOB B IPAIMEHTHOM KpPHCTaUle HHoOaTa JUTHs Ha OCHOBE
MOJICTIMPOBAHHUS PACIIPOCTPAHEHHMS JIA3EPHOI0 U3JIyYESHHUS] BHYTPH €r0 CTPYKTYpPbL. AKTYaJIbHOCTh PabOThl 00yCII0B-
JIeHa HEOOXOAMMOCTBIO TMOBBIIIEHUS d(PPEKTUBHOCTH HEJIMHEHHO-ONTHYECKUX NMpeoOpa3oBaTesell /Uil TeHepaluu
BTOpO rapMOHUKHU. B XoJe ucciaenoBaHus MpoaeMOHCTPUPOBAHO, YTO CO3/IaHHE PAa3IMYHBIX KOHIIEHTPAI[HOHHBIX
npoduiieil BIONb KpHCTa/UIA MO3BOJISICT CYIIECTBEHHO IOBBICHTH 3(Q(QEKTUBHOCTh I'€HEPAIMH BTOPOI TapMOHUKH
IO CPAaBHEHUIO C KPUCTAJIIAMH ITIOCTOSTHHOTO COCTaBa. BEISBIIEHBI KAYECTBEHHBIE U KOJIMYECTBEHHBIE OTJIMYHSA B Xa-
PaKTEpUCTHUKAX M3Ty4YeHHs BTOPOH FApPMOHMKH AJISI TPAJUEHTHOTO HHOOATa JINTHSA MO CPABHEHHUIO C TPAAUIMOHHBI-
MH KPHCTaJUITaMH OJHOPOAHOTO cocTaBa. Ocoboe BHIMaHME Y/IEJICHO CPAaBHEHUIO I'ayCCOBAa MMITYJIbCa W UMITYJIbCA
(hopMBI THTIEPOOIMIECKOTO CEKaHCa. Y CTAaHOBJIEHO, YTO (hOpMa BXOIHOTO MMITYJIbCa CYIIECTBEHHO BIHSET Ha 3BO-
JIFOIMIO IIUPUHBI UMITYJIbCa B 3aBUCUMOCTH OT HadaJbHOM MOIIHOCTU. IIoka3aHO, YTO BapbUpOBaHHE KOHIIEHTpa-
LMOHHOTO MPOGHIS U HAYaJIbHOM MOIITHOCTH MO3BOJIsET 3()(HEKTHBHO YIPABISATH JTUCIIEPCHOHHBIM M TU(PPaKIIMOH-
HBIM pacIUIbIBaHUSIMU Jla3epHoro my4ka. [Tlapabonudecku criajaromuii npoduiib NpoJeMOHCTPUPOBA HAUOOIBLIYIO
CTaOMJIBHOCTh B LIMPOKOM JHMana3oHe MOIIHOCTEH, TOraa Kak mapaboJIMuecKy BO3pacTarolui MpoQuiIb mokaszai
HecTaOWIbHOE TTOBEJCHUE TIPH ONIPEEIICHHBIX YCIOBUIX. Pe3ysbTaTel paboThl MOTYT OBITH IPUMEHEHBI IIPU IPOEK-

THUPOBAHHH JIA3EPHBIX CHCTEM C BEICOKOH 3()()eKTUBHOCTHIO T€HEPALMH BTOPOH TapPMOHUKH.

Kniouesvie cnosa: BTOpas rapMOHUKA, TPaJUEeHTHBIN KPUCTALT, HUOOAT JIUTHS, YUCIEHHOE MOJIETUPOBaHHE

BBEJJEHUE

B HacTosimee BpeMst HUOOAT TUTHS SBISIETCS KITIO-
YEeBBHIM MaTepUaloM B (POTOHHUKE, YTO MO3BOJISIET HC-
MOJIb30BaTh €0 B IPOMBILIUIEHHOCTH Ojaronapsi ero
KOMMEPUYECKOW JOCTYMHOCTH M (PU3MYECKHM CBOMCT-
Bam [1-3]. Ilepnoamuecku IMOSIPU30BAHHBIA HHOOAT
mutust (PPLN — Periodically Poled Lithium Niobate)
YCIIEIIHO MCIOJB3YETCsl U MOMyYeHus BTOPOH rap-
MOHHUKHU JIA3€PHOTO W3JIy4EHHs, KOTOPBIH SBISIETCS
XOpOIIMM aHANoOroM OOBEMHBIX HEIMHEHHO-ONTH-
YecKuX IpeoOpazoBaTeneil M3 HUoOaTa IUTHS [4].
[Mpumenenne PPLN-cTpykTypsl siBisieTcs 3¢ dexTus-
HBIM pEIIEHUEM NPH NPeoOpa30BaHUU U3IYUYEHUS He-
MPEPBIBHBIX TONYNPOBOJAHUKOBBIX M  BOJOKOHHBIX
Ja3epoB, a TaKkKe NPU CO3JAaHUH MapaMeTPUYCCKHX
TeHepaTopoB cBeTa [5].

Hnst ymyuiieHust 6osiee BEICOK0I()(EKTHBHBIX Ipa-
mueHTHBIX PPLN-mpeoOpasoBareneid ObTH TIpoOBeze-
HBI UCCIIEIOBaHUSI CKOPOCTEH pOCTa JOMEHHBIX CTe-
HOK B TPaJUeHTHHIX oOpa3iax HuoOaTa nmuTHs [6].
OnHako JaHHBIE MCCIENOBAHUS MTPOBOJMIUCH TOJIBKO
JUIsl IOCTOSIHHOTO KOHIPYHTHOTO HJIM CTEXHOMETpH-
4ecKoro coctaBos. [IpucyrcTue rpaguenTa npuMecH,
HampuMep, B BHUJAE HW3MEHECHHUS KOJINYECTBA JIUTHS
B CTPYKTYPE MOKET NPHUBOAMTH K H3MEHEHHIO JIO-
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KaJbHOM CKOPOCTH poOCTa IOMEHHBIX CTEHOK, 4YTO
B CBOIO OY€pe/ib OKa3bIBaeT CBOEC BiMsIHHUE Ha A (dek-
THBHOCTH PabOTEI Ipeodpa3oBarels [7], T.K. MaTpuIa
KpucTaiuia Oy/eT Mmorjomnarh, BCIeACTBHAE Yero OyAeT
WU3MEHSTBCSl TeMIleparypHoe moijie BHyTpu. HeoOxo-
JUMOCTh TIOBBIIICHUSI YHEPTeTUYECKON I(P(HEKTUBHO-
CTHU MPUMCHHMA K pa3IMYHbIM O6HaCTﬂM, CBA3aHHBIX
c 00paboTKOHM M Tepemadeil CHTHANIOB, BKIIIOYas pa-
AUOCBA3b, ONTUYCCKUE CUCTEMbI, aKYCTUUCCKUC IIpU-
ToxxeHus u ap. [8].

[ns ananuza BIUSHUA TpaJueHTa COCTaBa BHOJIb
ocu PPLN Ha 3¢ppexTHBHOCTL MPeoOpa3oBaHus U3Iy-
YeHUsl Hakauku Ha anuHe 1064 HM BO BTOpYRO rapmo-
Huky msnydenusi (I'BI') Opuia ucmons3oBaHa cxema,
MpeACTABJICHHAs Ha puC. 1.

MATEMATHUYECKAS MO/IEJIb

CornacHo QyHIaMEHTaIBHOM KilacCU(puKauu [9],
KJIACCUYECKUM HENUHEHHbIM ypaBHeHueM Ipénun-
repa (HYLL) npunsTO Ha3bIBATh ypaBHEHUE BHIA

(M

w +au_ + f(|u|)u =0.
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PPLN-npeobpa3opatens
H3 FPaJHeTHOr0 HHOOaTa THTHSA

X

Puc. 1. Cxema PPLN-npeo6pa3zoBarens

s uccnenoBanys BIMSHUS TPAlMEHTHOI'O COCTa-
Ba KpHCTaJUIa HUO0ATa JINTHS BBEJEM BBIPKECHUS IS
HaXO>KACHUS JIOKAIbHBIX 3HAYEHUH aMIUIUTYIbl BOJ-
Hbl B MoayJsiTope. C yyeToM rayccoBa Iydka CBsiza-
Ha cuctema kinaccuueckoro HYII mis @ypre-meTona
pacuenenus o gusndeckuM paxtopam [10]:

.04 1 ., b 0° A
—i—Lt=—A4 -=B,"
oz 2k 2ﬁ -
2rie v itk
klczl 1P 4,4 e,
_i(’iA2 1 A4 — ﬁ 20 A @
oz 2k, 2 277
477i0)22 (2)A 2 ﬂAkz
kc?

rae A;, — aMIDIMTYIO6I u3mydeHus (1-s1 u 2-s1 rapmo-
HUKHN); z — KOOPJAHWHATA, BIIOJIb KOTOPOU OyIeT mpo-
XOIHTh 3BOJIIOLUS; ki, — BOJHOBBIE YHUCHA; [, —
mucnepcust rpymmoBoit ckopoctu (HAI'C); Ak— Bon-
HOBasl pacCTpoWiKa, y ) =2 X d g

BaxubIM crienmanbHBIM cinydaeMm ypaBHeHus (1)

npu f(|u|) = k|u|2
HOCTh. B CBsI3aHHOM cucTeMe ISl KaKA0M U3 BOIH 3Ta
HEJIMHENHOCTh JIEXUT B OCHOBE mpoueccoB I'BIY, ko-
TOpBIE, B CBOIO OUY€pe/b, TEMOHCTPUPYIOT, YTO MPO-
UCXOANT OOMEH SHEPTUSMHU MEXy aMILTUTyAaMH (2).
CoOTBETCTBEHHO, APYTHE YJIeHbI B BhIpaxeHuu (1) sB-
TISFOTCS TIPSIMBIMU aHAJIOTUSIMU TS BRIpaXKeHnH (2):

ABJSIETCS KyOMuecKkas: HeJIMHEH-
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Crout OTMETHUTb, YTO JUIsl BTOPOTO 4YJIeHA MPUCYT-
CTBYIOT KakK NPOCTPAHCTBEHHBIE, TaK M BPEMEHHBIC
MPOM3BOHBIE BTOPOTO TOPSIKA.

B Teopernueckoii (u3uke, B YaCTHOCTH B HEJH-
HEWHOHN ONTHUKE, paCIPOCTPAHCHHBIM IPUEMOM SIBJISI-
eTcs Mepexof] B CUCTEMY KOOPIHMHAT, IBUKYILYIOCS
C IPYMNIOBOM CKOPOCTBIO UMITyIbca T =1t —z /v, Z=
=z [11]. Takas 3ameHa MMO3BOJIAET HCKJIIOYUTH 3(-
¢exTh "cHOCA" W TIPUBECTH YpaBHEHHE K Oe3pa3mep-
HOMY BUAY, YAOOHOMY JUIs aHajM3a COJUTOHHBIX pe-
meHuil. OnxHako HaydHas HOBH3HA 3aKJIIOYAETCs
B HCCJIICAOBAHMU BJIMAHUA TPaJUCHTHOIO COCTaBa,
KOTOPbI, B CBOI O4Yepelb, OKAa3bIBA€T BIMSHUE
Ha TIOKa3aTellb MPEJIOMIIEHHS OT MPOJOJIBHOM KOOp-
MUHATHI z. BBeneHue naHHOW 3aMeHbl OyaeT HeoOoc-
HOBaHHBIM H3-32 YCJIOKHEHHUSI pacueTa IpH MOMOLIN
3BM, T.K. rpynmoBas CKOPOCTb CTaHEeT (QYHKIHen
KOODPJMHATHI Vy(z) M3-3a BBIICONHCAHHONW 3aBUCHMO-
CTH KOHLIEHTPAIIHOHHOTO TPOQHIISL.

B Hactosmeit pabote MopenupoBaHHE MPOBOIM-
JIOCh JUTSL M3JIYYEHUs C JJMHOW BOJHBI HAKaYKH A =
= 1064 am (OmmKHAN MHPpPAKpAaCHBIN JUAIa30H), 4TO
COOTBETCTBYeT THNHYHBIM mapamerpam Nd:YAG-
nazepoB. BeIOOp JMaHHOWM JUIMHBI BOJHBI OOYCIIOBJICH
KaK I[IUPOKHM paclpOCTpaHEHHEM TaKUX JIa3epoB
B SKCHepHMeHTaHBHOﬁ MPAaKTHUKE, TaK W HAJIUIHUEM
HaJIeKHbIX CHEKTPAJIbHBIX IAHHBIX U1 KpHUCTaa
HUOOATa JIMTHS, B YaCTHOCTH, JJIsl pacueTa Mmokasare-
s pesioMiieHus o opmyne 3enpmeiiepa [12].
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OnuH 13 NOAXOJOB B paMKax CIIEKTPalbHBIX Me-
TOJIOB, KOTOPBIIl aKTUBHO NPUMEHSETCS IPH UHTETPH-
poBaHuM HenuHeWHoro ypaBHeHus Lllpenunrepa, —
3TO METOJ paclleIyIeHHus 0 (U3MUECKUM IIpoleccam
[13—14]. OTa cxema He TpeOyeT yCIOBHH yCTOWIUBO-
CTH, JIETKO peau3yercsi B KOAE U IO CKOPOCTH BbI-
YUCICHUH  BBIMIPHIBAET y MHOTUX  KOHEYHO-
Pa3HOCTHBIX MeTOHOB [15].

Jus pemenust ypaBHeHW#H (2) OBIT HCIIONB30BaH
cUMMeTpUIHbEIH Dyphe-MeToa paciieruieHus: o Ghu-
3udeckuM ¢akropam [16]:

A4 ,(x,z,t)=

_exp(z 12jexp(hN12)exp( 12)140102(36 1), 3)

rae Ay — HaydalbHas aMIUIUTYAa U3Iy4deHHs s
BOJIHBl HAaKaykW, YYUTHIBaIOIas B ceOe rayccoB Iy-
4oK; Ap; = 0 — HauvanbHasg aMIUINTYJa HU3Iy4eHUs

A A

BTOpOW rapMoHukH; L, N — COOTBETCTBEHHO AMC-

MIEPCUOHHBIA W HEJIMHEWHBIN omepaTopbl. B TpuBH-
JIBHOM ClIy4yae OIepaTopbl UMEIOT BHI:

« 1, 1 ., 0°4
L o4 =—AN4-—p"—1,
2k 2ﬁ2 ot
A 27Ti(012 2) * _iAkz (4)
NIAIZ_VZ A, 4 e ;
1
1 1 0* A
A, =—NA4, ——B,P 2
) 2[32 ot )
»C

B ob0mewm crmydae HadanbHas aMIUTUTyJa H3IIyde-
HUSl C TayCCOBBIM ITyYKOM IIPENICTABISIET COOOH cie-
YOI BUI:
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Ay (x,0)= \/_exp 0) exp 2T_T . (6)

B cBsi3u ¢ Tem, uTo 3HAUEHUA VIS JUINTENLHOCTH
JNa3epHBIX UMITYITbCoB 7 < 1072 ¢, GbLIM yd4TEHBI T10-
Tepu Ha moryomenue byrepa — JlambGepra — bepa
1 Ha nByX(oToHHOE moriomienne [11]:

A

absl,2

a
=exp| ——>dz |4, exp(—§|A|2dzjex —%dz ,

rae a;, — KO3(QQUIMEHT MOTJIOMIEHHs AJisi BOJH Ha-
KayKl M BTOPOH TapMOHHKH COOTBETCTBEHHO, [§ —
K03 uImeHT ABYX(HOTOHHOTO MOTIIOLICHHUSI.

JlaHHasT TOCIEe0BATEIbHOCTh BHIOpaHa B CBS3U
C WCHOJIB30BAHHBIM paHEe METOJOM pPAaCIICIUICHUS
1o (PU3NIECKUM MPOLECCaM.

Jus momydeHus TpaduKOB pacipeieieHnid BHYT-
pH KpHcTalla HeOOXOAUMO HAWTH JIOKAIbHBIE HHTCH-
CHBHOCTH BOJIHBI, KOTOpBIE OBLIM 33/IaHBI Ha CETKE
128 x 1024 x 64 cnenyronmm BeipaxenueM (7):

I(XZt)_ (7)

loca

PE3VJIbTATBI U OBCYXXAEHUE

B manHOM paznene mpoBeneH aHAIM3 paclpocTpa-
HEHHUS JIa3€pHOIO M3Iy4YEHUs B HEIMHEHHOW cpene
KpUCTaJIa HHoOaTa JIMTHS C YYETOM JIBYX (DakTOpoB:
rayccoBa MpOQMIS MONEPEYHOro pacipeaeIeHus UH-
TEHCUBHOCTH Ty4ka (B mi. XY, puc. 1) u HEomHo-
POIHOTO XapakTepa KOHIEHTPAIMOHHOTO MpPOQHIIs
JMTHSL BIOJIb HAIIPABIICHUS paclipoCTpaHeHHs Z.

I'paduueckoe oTOOpakeHUE HSBOJIONHMH TayccoBa
IIy4Ka IPeJICTABIECHO Ha pUC. 2.

0
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Puc. 2. 3aBHCUMOCTH HHTEHCHUBHOCTH I'ayCCOBOTO ITy4Ka Ha BBIXOJIE TPeoOpa3oBaTes JUisi KOHIIEHTPAMOHHBIX
npodueii mo Z: a) B B miiockoctd XY ot x; 0) Ha ocu Z OT BpeMeHH ¢
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Puc. 3. 3aBHCHMOCTH HHTCHCUBHOCTH M3JTyYCHHS OT UMITYJIbCa (POPMBI TUTIIEPOOIMIECKOTO CEKaHCa Ha BBIXOJIC
npeoOpa3oBaTelis IJisl KOHIICHTPAIMOHHBIX npoduied o Z: a) B B IIOcKocTH XY OT x; 0) Ha ocu Z OT BPEMEHU ¢

Ilpumeuanue. Tpaduxu Ha puc. 2, 3 3aBUCUMOCTEH
WHTEHCUBHOCTH BBIXOJHOTO H3JIy4eHHs B IONEPEUYHUKE
K HaIpaBJIEHUIO Z NPUBEACHBI B KOOPJAUHATAX 10 OCU X,
CIBUHYTON CUMMETPUYHO BEpIINHE MUKOB, KaK Ha puc. 2, a.

[TonoxurenbHbIM  3PPEKTOM, TPOAESMOHCTPUPO-
BaHHBIM Ha PHC. 2, ABIAETCA TO, YTO KAK JUHEIHBIN,
TaK ¥ 1apaboMUYecKre KOHIICHTPAIMOHHBIC TPOQUITH
MO3BOJIAIOT C(HOKYCHUPOBATh ITy4YOK JIA3EPHOTO H3IIY-
4yeHusi B OoJiee y3KWil My4dOK, a ClIe0BAaTENbHO, WC-
NOJb30BaTh 3TO AJS yIy4lIEHHs HpeoOpa3oBaHUs
M3JIy4€HHUs] BO BTOPYIO TapMOHUKY. TakXke CTOUT OT-
MCTHUTH, YTO 3HAYCHHC HMHTCHCHUBHOCTH JJIsA Hapa60-
JIMYECKH CIAJAI0IIEro KOHLUEHTPALMOHHOTO MPOQHIIsL
1o JUTMHE Tpeo0pa3zoBarens B LEHTPE UMITyJIbCa 3Ha-
YUTEIBHO OOJIBILIE IO CPABHEHHUIO C ITOCTOSIHHBIM CO-
CTaBOM, Y KOTOPOrO WHTEHCHBHOCTH pacrlpejesieHa
B CBSI3U C YIIMPEHUEM Iyuka. B cBoro ouepenp, 3Ha-
yeHne I MapaboMYecKl BO3PACTAIOIIEro PO
Oonbire npumepHo Ha 0.56, a s JTMHEHHOTO KOH-
[EHTPAIMOHHOTO Tpodmiss — mpumepHo Ha (.74
B CpaBHCHUU C MOCTOSAHHBIM KPUCTAJJIOM.

Umnynbcbl, wu3ilydyaeMble MHOTUMH JIa3epaMu,
MOYKHO paccyuTaTh, Kak ObLIO PAacCMOTPEHO BBHIIIE,
IpU MIOMOILM IayccoBOW (POpMBI, OIHAKO YacTO BO3-
HHUKaeT HEOOXOJUMOCTb PaCCMOTPETh Apyrue (GpopMsl
HUMITYyJIbCA. B kauecTBe CPaBHUTCIILHOT'O K BBLIIICOIIN-
CaHHOMY OBLI WCTIOJNB30BAH MMITYJIBC (DOPMBI THIIEP-
00JIMYECKOTO CEeKaHCa, KOTOPBIH €CTECTBEHHO BO3HU-
KaeT B CBSI3M C ONTHYECKHMHU conuToHamu. I'paduxu
JUTSL 3TOTO CITydasi 1aHbl Ha puc. 3.

HAVYYHOE ITPUBOPOCTPOEHUE, 2026, Tom 36, Ne 3

[TosyueHHBIE PUCYHKHU JIEMOHCTPUPYIOT, 4TO (hop-
Ma HMIIYJIbCa OKA3bIBAET BIMSIHUE HA IIUPUHY CUTHA-
na Ha ero nonyBeicote (FWHM(z)) ans xoHuentpa-
IMOHHBIX TIpodwiel o Z, nenast ogau npodumu 6o-
nee 3 PEKTHBHBIMU 110 CPABHEHUIO C APYTUMH.

Jua oneHKM naHHOW 3(()EKTUBHOCTH HUXKE TPEJ-
CTaBJICHBI PE3yNbTaThl TUPPAKIUOHHOTO U AUCIIEPCH-
OHHOTI'O pAaCIUIbIBAHWN HMIIYJIBCOB ISl Pa3IMYHBIX
KOHIIEHTPAIMOHHBIX Tpoduielt (puc. 4 u 5).

s Gonee AeTalbHOIO aHalW3a 3aBUCHMOCTH Be-
mnuuHel FWHM oT GopMbl BXOJTHOTO UMITYJIbCa HH-
e TNPHUBEICHbl CpaBHUTENbHbIE Trpaduxu. Ha atmx
rpaduKax OpeACTaBICHbl PE3YNbTaThl IS KaXIOTo
U3 PaccMaTpUBAaEMbIX THUIIOB KOHILEHTPALMOHHBIX
npodpuneil Ipu pasTUUHBIX (QOpMax BXOIHOTO HM-
IIyJIbCa.

JlanHOEe HaOIO/IeHNE MOJITBEPIKAAET, YTO BHIOOP
(hOpMbI UMITYJIbCA SIBJIICTCS KPUTHUYSCKUM I1apameT-
POM NP IPOEKTUPOBAHUH I'PAJAUEHTHBIX KPUCTAIJIOB.

IIpencraBneHHble PUCYHKH HArisiiHO JEMOHCTpU-
PYIOT BBHIBOJ, CGHOPMYITHUPOBaHHBIN BEIIE: (Gopma
BXOAHOI'0 UMITYJIbCa OKa3bIBACT CYHICCTBCHHOC BJIMSA-
Hue Ha spomonuo FWHM. B wactHocTH, B ciydae,
KOT'/Ia BXOJTHOW MMITYJIbC UMeeT popmy rurepoosinde-
CKoro cekanca, 3HaueHus FWHM wn3MmeHsroTCS B K-
POKHUX Ipeacsiax B 3aBUCUMOCTU OT THUIIAa KOHLICHTpA-
IIMOHHOTO TIPO(HIIS.
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Puc. 4. J/IudpaxunoHHoe paciulbiBaHHE UMITYJIbCa Pa3iIndHON (OPMBI B KpUCTaJLIE C pa3-
JUYHBIMA THITAMH KOHIIEHTPAIMOHHOTO MPOoQuIIst 1o Z: a — NocTosAHHEIH (1), 6 — nuHei-
HBIN (2), B — mapaboIidecKyl criafaonuii (3), r — mapabonndecku Bo3pacTaromuii (4)
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Puc. 5. JlucnepcroHHOe pacIUIbIBAaHHE UMITYJIbCA PA3IMIHON (POPMEI B KpHCTAIIIE C pa3-
JUYHBIMA THITAMH KOHIIEHTPAIIMOHHOTO MPOoQuIIst 1o Z: a — NocTosAHHBIH (1), 6 — nuHei-
HbIH (2), B— mapaboIryecky craaaroniuii (3), r — napadonudyecku Bo3pacTaronuii (4)
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Puc. 6 wurocTpUpyroT XapakTep JUCIEPCHOHHOTO
pacIUIbIBaHUSA J1a3epHOT0 MMITYJIbCa Ul UCCIIeIOBaH-
HBIX THIIOB KOHIICHTpPAIMOHHBIX mpoduieit. [lomy-
YEeHHBIE Pe3yJIbTaThl JEMOHCTPUPYIOT, YTO BHIOOD OII-
TUMAJIBHOT'O HpO(I)I/UISI KOHICHTpAIU JIMTUA T103BO-
nsieT 3 (HEKTUBHO YHPaBIATh JUCIIEPCHOHHBIM YIIHU-
PE€HUEM HUMITYyJIbCa B 3aBUCHUMOCTH OT HavyaabHOU
MOIIHOCTH U3JIy4CHHUS.

VYCTaHOBIEHO, YTO MOCTOSIHHBIN KOHIIEHTPAIHOH-
HBIN HpO(I)I/UH) ABJIACTCA HAWMMEHEC IPCANOYTUTECIIb-
HBIM B Jmarra3zoHe MomHocteir ot 0.5 mo 2 kBT, rae
HaOronaeTcss Hauboliee WHTEHCHBHOE HMCIIEPCHOH-
Hoe pacmibiBaHie. OJHAKO MPH yBEIMYCHUN Hadallb-
HOW MOITHOCTH 710 5 KBT naHHbII npodWib IeMOHCT-
PUPYET CONOCTaBUMBIE C IPYTUMH NpopUIsMU pe-
3yJIbTAThl, 4 B HCKOTOPLIX CiIydadX OKa3bIBACTCA JAXKE
0oJiee BHITOJHBIM PEHICHUEM.

l'ayccoB mmmynbc (puc. 6, a) IeMOHCTpPHPYET
IJIaBHBIC, B LI EJIOM MOHOTOHHBIC 3aBUCHUMOCTH. 9t0
CBSI3aHO C T€M, YTO rayCCOB UMIIYJIbC UMEET OTrPaHu-
YEeHHBIN CIICKTPp U XOPOIIO OMUCHIBACTCA COJIMTOHHBI-
MU perieHusMu. s Hero Hambonee CTaOWIBLHBIM
BO BCEM [HMala3oHe MOIIHOCTEH  OKa3bIBaeT-
sl TapabOIMYeCcKH CHaNaloNuid MpohuiIb, KOTOPBIH
obOecrieunBaeT MHHUMAaNbHYIO mmupuHy npu 0.5-
8 kBT. [TocTostHHBIN MPOGMIE TOKa3bIBaeT HAHOOIb-
1Iee pacIUIbIBaHUE NIPHU MaJbIX MOIIHOCTSIX, HO MOCIE
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o N
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10 kBT ero mmpuHa CTAaHOBUTCSI HAUMEHbILIEH — 3TO
MpU3HAK Tepexo/ia B HEIMHEHHBIA pexum, e ¢op-
Mupyetcsi pyHIamMeHTanbHbIA conuToH. [lapabonuue-
CKM BO3PaCTalOIIMi NpoduiIb NPOAEeMOHCTPHUPOBAI
CYIIICCTBOBAaHHUE PE30HAHCHBIX mMKOB Ha 10 kBT
n 20 kBT, cBA3aHHBIX C T€M, YTO JaHHBIH MPOUIH
co3aaeT Ae(hOKyCUPYIOLLYIO JINH3Y.

Nwmnynsc runepbonudeckoro cexanca (puc. 6, 0)
umeer OoJiee IIMPOKUE CIEKTpalbHbIE XBOCTHL [lo-
OTOMY IpHU MAJIBIX MOMIHOCTAX OH CHUJIBHEC IMOABCP-
XKEH IUCIEePCUOHHOMY paCIUIBIBAHHIO, YTO BHJIHO
no Oonee BeicokMM 3HaueHusiM FWHM mns Bcex
npoduieit. OMHAKO TIPH yBETMYEHWH MOIIHOCTH He-
nuHelHble 3QQEeKThl BOZHUKAIOT paHbIle, U yKe MpU
2-5 kBt HabmiomaroTcsi pe3oHaHCHBIE SIBICHUS IS
nocrossHHOTO poduia. Haubonee sapko 310 BeIpake-
HO JUIS apa0OJMYEeCKU BO3PACTAIONICTO0 PO,
Yy KOTOPOT'O BO3HHMKAIOT J[BA PE3KUX MUKA: Ipu 5 KBT
u B quamasone 50-70 kBt. DTo 00BACcHSIETCS TEM, UTO
BO3PACTAIOLINM IPAIUEHT CO31aeT Ae(hoKyCHpyroIIyIo
JINH3Y, W IPU OIPENEICHHOM MOLIHOCTH BO3HHUKAET
MapaMeTpUUecKuii pe3oHaHC Mexay caModazoBOM
MOJIYJISIIMEN U rpaiueHTHOH pachoxycupoBkoi. Jis
rayccoBa HMITyJIbCa TaKH€ PE30HAHCHI MEHEE BbIpa-
XKEHbI, T.K. €r0 CIIEKTP Y>K€ U HeJIMHEHHOCTh HapacTa-
eT OoJee MIaBHO.
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Puc. 6. 3aBUCUMOCTH JUCIIEPCHOHHOTO PACILIBIBAHUS OT HAa4albHOM MOILTHOCTH:
a — JUIA TayccoBOW ()OPMBI UMITYJIbCa, O — JUIS MMITYJIbca ()OPMBI THIIEPOOIHIECKOTO CEKaHCa
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Puc. 7. 3aBucumocTs 11(PaKIMOHHOTO PacIUIbIBaHUS OT HAYaIbHON MOIIHOCTH:
a — JUIA TayccoBOH ()OPMBI UMITYJIbCa, O — JUTS MMITYJIbca ()OPMBI THIIEPOOINIECKOTO CEKaHCa

Puc. 7 marmsmHO MOATBEpXKIAET CPOPMYITHPOBAH-
HBI{ BBIIIE BBIBOJ O TOM, YTO ()OpMa BXOJHOTO HM-
MyJbCa OKAa3bIBaeT CYILECTBEHHOE BIHUSIHHWE HA 3BO-
monuiro FWHM B 3aBuCHMOCTH OT Ha4aJIbLHOU MOIII-
HOCTH. DTO MO3BOJISIET, BAPHUPYSI MOIIHOCTH BXOJHO-
IO M3IY4YeHMs, JOCTUTaTh 3KCTPEMANbHbIX 3HAYEHUH
FWHM 1151 pa3snudHbIX KOHIICHTPAIIMOHHBIX MPOQH-
nei.

layccoB mmmynbe (puc. 7, a) IeMOHCTpPHPYET
KJIACCUYECKOE MOBEACHUE: MPHU MaJbIX MOLIHOCTAX
(0.5-5 xBr) audpakimoHHOE pacIUIBIBAHHE MHHU-
MaJIBHO, T.K. ITy4OK €II€ He yCIIeJ pacIIupUThCs. 3a-
TEM JIJISl MOCTOSTHHOT'O TPOQUIIS HACTyMmaeT miaTo (5—
20 xBrT), Tie mudpaxmys u cnabas caMoQOKyCHpOBKa
ypaBHoBemeHbl. IIpu MomuocTax Beime 30 kBt ca-
MO(OKYCHUPOBKa HauMHaeT mnpeodnaaate, 1 FWHM
cHmxkaercs. Jns mapabonudecku CIafarouero mpo-
¢uIIs 3aBUCHMOCTD camasl TUTaBHAs: JIMH3a MOPKUMa-
T My4OK, U 100aBIeHUE HEIMHEHHOCTH JINIIb HEMHO-
ro ycunauBaeT 3TOT dddekr. JIuHelHsld  mpo-
(nb moKkaspIBaeT pe3kuit muk mpu 50 kBt — 370 He-
JIMHEHHBIN PE30HAHC, KOT/a MEPUOJ] OMCHUN MEXITy
mudpaknued ©W  caMO(pOKYCHPOBKOH  CTaHOBHTCS
KpaTHBIM JJIMHE Kpuctamia. [lapabonuuecku Bo3pac-
Taromui nmpoduis naet asa nuka (10-20 kBt u 50—
70 xBT) u3-3a pezonancos Mexmy 3ddextom nedoxy-
CUpYIOLIMEN JINH3BI U caMO()OKYCHUPOBKOM.

Nwmnynsc runepOonudeckoro cexanca (puc. 7, 0)
uMmeeT OoJiee MUPOKHA CIIeKTp U OoJiee BBICOKYIO IH-
KOBYIO MHTCHCHUBHOCTH IIPU TOW K€ MOIIHOCTH, IO-
3TOMYy HennHelHble 3((EKTHl TPOSBISAIOTCS TpH
MEHBIINX MOIIHOCTAX. [IJIs1 HEro MOCTOSHHBIN IIPO-
¢unp yxe mpu 2 kBT mokaspiBaeT pe3koe majeHUE

FWHM 3a cyer camodokycupoBku. JIMHEHHbIN Tpo-
¢unb coxpansier uk npu 50 kBT, HO OH cTaHOBUTCS
6oxee octpeiM. [lapabGonmueckn Bo3pacTaronInii mpo-
¢wIb 1aeT nBa NuKa, MpuyYeM MepBbIi MUK CIBUTACTCS
k 8 kBT, a BTOpo#i cranoBuTca Oonee Hu3kuM. [lapa-
0OJIMUECKU CIaarolnid IpoQuiib ocTaeTcs Hanboiee
CTaOWIBHBIM, OJHAaKO NPH MOMHOCTIX oT 30 kBT
10 60 kBT ero mpenMyliecTBO Hepel MOCTOSIHHBIM
npoduieM YMEHBIIAETCA.

3AKJIIOYEHUE

B manHO# paboTe MpoBeeHO YHCIEHHOE UCCIIE0-
BaHHUE PacpOCTPAHEHUS JIA3ePHOTO H3IyYeHHUs B Ipa-
JUEHTHBIX KpUCTAIax HUo0aTa JIUTHS C Pa3IMYHBIMU
KOHIIEHTpauroHHbIMHA Tipoduiisimu PPLN-cTpykTyphI
(TTOCTOSIHHBIM, JTMHEHHBIM, Tapa0OJIMYecKH CHalaro-
MM, MapaOOJIMYecKH BO3PACTAIONIMM) IS JBYX
(hopM BXOIHOTO UMIYyJbca (TayccoBOi U THIIEpOOIH-
YEeCKOT0 CeKaHca). Y CTaHOBIJIEHO, YTO BHIOOP KOHIICH-
TPAaLMOHHOTO MPOQWUIIS CYIIECTBEHHO BIUSET Ha (-
(heKTUBHOCTH TIPeoOpa3oBaHMsI BO BTOPYIO T'apMOHH-
Ky, a TaK)Ke Ha XapakTep OUCIIEPCHOHHOIO U Judpakx-
LHUOHHOIO pacCIUIbIBAHUM Jla3epHOro ummynibca. Hau-
0oJjiee 3aMeTHBIC pa3inuuus B d3PPEKTUBHOCTH MPEOO-
pa3oBaHMs HAONIOMAIOTCS MEXAY MapaboinmyecKuMu
(kaK crHajaroIuM, TaKk U BO3PACTAIOIINM) W JIHHEH-
HBIM KOHICHTPALMOHHBIMA TPOQUISIMU, TOTZHA Kak
pasnuuns MEeXIy ABYMs MapaOolu4ecKuMH Tpodu-
JIIMH BBIpaXKE€HbI B MeHbIIEH creneHu. [lokasaHo, 4yTo
(opMa BXOTHOTO HMMITyNIbCa (TAycCOB WM THUIEpOO-
JUYECKUI CEKaHC) TaKXKe OKas3blBaeT 3HAYMUTEIHHOE
BIMSHUE Ha HBOJIOLMIO IIMPUHBI HMITYJIbCA BIOJb
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INFLUENCE OF LASER PULSE SHAPE ON THE RADIATION
CHARACTERISTICS IN GRADIENT LITHIUM NIOBATE CRYSTALS

A. E. Sukhanov, V. V. Galutskiy, E. V. Stroganova, N. D. Dokuchaev

Kuban State University, Krasnodar, Russia

The article considers the possibility of studying the influence of internal processes in a gradient lithium ni-
obate crystal based on numerical simulation of laser radiation propagation within its structure. The relevance of
the work is due to the need to improve the efficiency of nonlinear optical converters for second harmonic gener-
ation. The study demonstrates that creating various concentration profiles along the crystal can significantly in-
crease the second harmonic generation efficiency compared to constant-composition crystals. The influence of
concentration gradient on the final second harmonic conversion efficiency is investigated in detail. Qualitative
and quantitative differences in the second harmonic radiation characteristics for gradient lithium niobate com-
pared to traditional homogeneous composition crystals are revealed. Particular attention is paid to comparing
a Gaussian pulse and a hyperbolic secant pulse. It is established that the input pulse shape significantly affects
the evolution of pulse width as a function of initial power. It is shown that varying the concentration profile and
initial power makes it possible to effectively control the dispersion and diffraction broadening of the laser beam.
The parabolically decreasing profile demonstrated the greatest stability over a wide power range, while the pa-
rabolically increasing profile showed unstable behavior under certain conditions. The results of the work can be
applied in the design of laser systems with high second harmonic generation efficiency.

Keywords: second harmonic generation, gradient crystal, lithium niobate, numerical simulation
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INTRODUCTION

Currently, lithium niobate is a key material in pho-
tonics, which allows its industrial use due to its com-
mercial availability and physical properties [1-3]. Pe-
riodically polarized lithium niobate (PPLN) is suc-
cessfully used to generate the second harmonic of la-
ser radiation, which is a good analog of bulk nonlinear
optical converters made of lithium niobate [4]. The
use of the PPLN structure is an effective solution for
converting radiation from continuous-wave semicon-
ductor and fiber lasers, as well as for creating parame-
tric light generators [5].

To improve more highly efficient gradient PPLN
converters, studies of the domain wall growth rates in
gradient lithium niobate samples were conducted [6].
However, these studies were conducted only for con-
stant congruent or stoichiometric compositions. The
presence of an impurity gradient, for example, in the
form of a change in the amount of lithium in the struc-
ture, can lead to a change in the local growth rate of
domain walls, which in turn affects the efficiency of
the converter [7], as the crystal matrix will absorb,
resulting in a change in the internal temperature field.
The need to improve energy efficiency is applicable to
various areas related to signal processing and trans-
mission, including radio communications, optical sys-
tems, acoustic applications, etc. [8].

To analyze the effect of the composition gradient
along the PPLN axis on the efficiency of converting
pump radiation at 1064 nm into the second harmonic
of the radiation (SHG), the circuit shown in Fig. 1.
was used.

MATHEMATICAL MODEL

According to the fundamental classification [9],
the classical nonlinear Schrodinger equation (NSE) is
usually defined as an equation of the form

i +au_ + f(|u|)u =0. (1)

Fig. 1. Schematic diagram of the PPLN converter

To study the influence of the gradient composition
of the lithium niobate crystal, we introduce expres-
sions for finding the local values of the wave ampli-
tude in the modulator. Taking into account the Gaus-
sian beam, the classical NSE system is related to the
Fourier method of splitting by physical factors [10]:
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where A, are the radiation amplitudes (1st and 2nd
harmonics); z is the coordinate along which the evolu-
tion will take place; k;, are the wavenumbers; f, is the
group velocity dispersion (GVD); Ak is the wave de-
tuning, )((2) =2 X dy.

An important special case of equation (1) at
f (|u|) = k|u|2 is cubic nonlinearity. In a coupled sys-
tem, for each wave, this nonlinearity underlies the
SHG processes, which, in turn, demonstrate that ener-
gy is exchanged between the amplitudes (2). Accor-

dingly, the other terms in expression (1) are direct
analogs to expressions (2):

. . 04, 1 ., 1,04
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It is worth noting that the second term contains
both spatial and time second-order derivatives.

In theoretical physics, particularly in nonlinear op-
tics, a common technique is to use a coordinate sys-
tem moving with the group velocity of the pulse 7' =
=t—z/v, Z=2z[11]. This replacement eliminates
"drift" effects and reduces the equation to a dimen-
sionless form convenient for analyzing soliton solu-
tions. However, the scientific novelty lies in the study
of the influence of the gradient composition, which, in
turn, affects the refractive index from the longitudinal
coordinate z. The introduction of this replacement
would be unjustified due to the complication of com-
puter calculations, since the group velocity becomes
a function of the coordinate vy(z) due to the above-
described dependence of the concentration profile.

In this study, simulations were performed for
a pump wavelength of A = 1064 nm (near-infrared),
which corresponds to typical parameters of Nd:YAG
lasers. This wavelength was chosen due to both the
widespread use of such lasers in experimental practice
and the availability of reliable spectral data for lithium
niobate crystals, particularly for calculating the refrac-
tive index using the Sellmeier formula [12].

One approach within spectral methods that is ac-
tively used for integrating the nonlinear Schrédinger
equation is the splitting method based on physical
processes [13—14]. This scheme does not require sta-



bility conditions, is easily implemented in code, and is
superior in computational speed to many finite-
difference methods [15]. To solve equations (2), the
symmetric Fourier method of splitting into physical
factors was used [16]:

A4 ,(x,z,t)=

—exp(g lzjexp(thz)exp( 12)140102(36 1), 3)

where Ay, is the initial radiation amplitude for the
pump wave, taking into account the Gaussian beam;
Agy = 0 is the initial radiation amplitude of the second

harmonic; L, N are the dispersion and nonlinear op-

erators, respectively. In the trivial case, the operators
have the form:
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In general, the initial radiation amplitude with
a Gaussian beam has the following form:

Ay (x,0)= J»exp{ wIO)} p[(zrﬂ 6)

Since the laser pulse duration 7 < 107'* s, losses
due to Bouguer—Lambert—Beer absorption and two-
photon absorption [11] were taken into account:

A

absl1,2 =

a B r a
= exp(—%dz} 4, exp(—?|A| dzjexp(—%dz}

where a;, is the absorption coefficient for the pump
and second harmonic waves, respectively, and f is the
two-photon absorption coefficient.

This sequence was chosen in connection with the
previously used method of splitting according to phys-
ical processes.

To obtain distribution graphs within the crystal, it
is necessary to find the local wave intensities, which
were defined on a 128 X 1024 x 64 grid by the follow-
ing expression (7):

(x,z,t)= x,z,t)|2. (7

local

RESULTS AND DISCUSSION

In this section, we analyze the propagation of laser
radiation in a nonlinear medium of a lithium niobate
crystal, taking into account two factors: the Gaussian
profile of the transverse beam intensity distribution (in
the XY plane, Fig. 1) and the nonuniform nature of
the lithium concentration profile along the Z direction
of propagation.

A graphical representation of the evolution of the
Gaussian beam is shown in Fig. 2.

Fig. 2. Gaussian beam intensity dependences at the
converter output for concentration profiles along Z:
a) in the XY plane versus x; 0) on the Z axis versus
time ¢

Note. The graphs in Figs. 2 and 3, showing the depen-
dences of the output radiation intensity in the direction
transverse to the Z, are presented in coordinates along the X
axis, shifted symmetrically to the peaks, as in Fig. 2, a.

The positive effect demonstrated in Fig. 2 is that
both linear and parabolic concentration profiles allow
focusing the laser beam into a narrower beam, and
therefore, this can be used to improve the conversion
of radiation to the second harmonic. It is also worth
noting that the intensity value for a parabolically de-
creasing concentration profile along the transducer's
length at the pulse center is significantly higher com-
pared to a constant composition, for which the intensi-
ty is distributed due to beam broadening. In turn, the
value for a parabolically increasing profile is approx-
imately 0.56 times higher, and for a linear concentra-
tion profile, approximately 0.74 times higher com-
pared to a constant crystal.

The pulses emitted by many lasers can be calcu-
lated, as discussed above, using a Gaussian pulse
shape; however, it is often necessary to consider other
pulse shapes. As a reference, a hyperbolic secant
pulse, which naturally arises in connection with opti-
cal solitons, was used. The graphs for this case are
shown in Fig. 3.

Fig. 3. Radiation intensity dependences on the hyper-
bolic secant pulse at the converter output for concen-
tration profiles along Z: a) in the XY plane versus x;
0) on the Z axis versus time ¢

The obtained figures demonstrate that the pulse
shape influences the signal width at half-maximum
(FWHM(z)) for concentration profiles along the Z
axis, making some profiles more effective than others.

To evaluate this effectiveness, the results of dif-
fraction and dispersion pulse spreading for various



concentration profiles are presented below (Figs. 4
and 5).

Fig. 4. Diffraction spreading of a pulse of different
shapes in a crystal with different types of concentra-
tion profile along Z: a — constant (1), 6 — linear (2),
B — parabolically decreasing (3), r — parabolically
increasing (4)

Fig. 5. Dispersive spreading of a pulse of different
shapes in a crystal with different types of concentra-
tion profile along Z: a — constant (1), 6 — linear (2),
B — parabolically decreasing (3), r — parabolically
increasing (4)

For a more detailed analysis of the dependence of
the FWHM on the input pulse shape, comparative
graphs are provided below. These graphs present the
results for each of the considered concentration profile
types with different input pulse shapes.

This observation confirms that the choice of pulse
shape is a critical parameter in the design of gradient
crystals.

The presented figures clearly demonstrate the con-
clusion formulated above: the input pulse shape has
a significant impact on the evolution of the FWHM. In
particular, in the case where the input pulse has the
shape of a hyperbolic secant, the FWHM values vary
widely depending on the type of concentration profile.

Figure 6 illustrates the nature of laser pulse disper-
sion broadening for the studied concentration profiles.
The results demonstrate that selecting the optimal li-
thium concentration profile allows for effective con-
trol of pulse dispersion broadening, depending on the
initial radiation power.

Fig. 6. Dispersion spreading as a function of initial
power:

a — for a Gaussian pulse, 6 — for a hyperbolic secant
pulse

It was found that a constant concentration profile is
the least favorable in the power range from 0.5 to
2 kW, where the most intense dispersion broadening
is observed. However, with an increase in the initial
power to 5 kW, this profile demonstrates results com-
parable to other profiles and, in some cases, even
proves to be a more favorable solution.

The Gaussian pulse (Fig. 6, a) exhibits smooth,
generally monotonic dependences. This is due to the
fact that the Gaussian pulse has a limited spectrum
and is well described by soliton solutions. For it, the
most stable profile over the entire power range is the

parabolically descending profile, which provides the
minimum width at 0.5-8 kW. The constant profile
shows the greatest spreading at low powers, but at
powers above 10 kW its width becomes smallest—
this is a sign of a transition to a nonlinear regime,
where a fundamental soliton is formed. The paraboli-
cally rising profile demonstrated the existence of re-
sonant peaks at 10 kW and 20 kW, associated with the
fact that this profile creates a defocusing lens.

The hyperbolic secant pulse (Fig. 6, b) has broader
spectral tails. Therefore, at low powers, it is more sus-
ceptible to dispersive spreading, as evidenced by the
higher FWHM values for all profiles. However, as the
power increases, nonlinear effects appear earlier, and
resonant phenomena are already observed for the con-
stant profile at 2—5 kW. This is the most pronounced
for the parabolically increasing profile, which exhibits
two sharp peaks: at 5 kW and in the 50-70 kW range.
It is explained by the fact that the increasing gradient
creates a defocusing lens, and at a certain power,
a parametric resonance occurs between the self-phase
modulation and the gradient defocusing. For a Gaus-
sian pulse, such resonances are less pronounced since
its spectrum is narrower and the nonlinearity increases
more smoothly.

Figure 7 clearly confirms the above conclusion that
the input pulse shape has a significant impact on the
evolution of the FWHM as a function of the initial
power. This allows, by varying the input power,
achieving extreme FWHM values for various concen-
tration profiles.

Fig. 7. Diffraction spreading as a function of initial
power:

a — for a Gaussian pulse, 6 — for a hyperbolic se-
cant pulse

The Gaussian pulse (Fig. 7, a) exhibits classical
behavior: at low powers (0.5-5 kW), diffraction
spreading is minimal, since the beam has not yet had
time to broaden. Then, for a constant profile, a plateau
occurs (5-20 kW), where diffraction and weak self-
focusing are balanced. At powers above 30 kW, self-
focusing begins to predominate, and the FWHM de-
creases. For a parabolically falling profile, the depen-
dence is smoothest: the lens compresses the beam, and
the addition of nonlinearity only slightly enhances this
effect. The linear profile shows a sharp peak at 50
kW—this is a nonlinear resonance, where the beat
period between diffraction and self-focusing becomes
a multiple of the crystal length. The parabolically in-
creasing profile produces two peaks (10-20 kW and
50-70 kW) due to resonances between the defocusing
lens effect and self-focusing.

The hyperbolic secant pulse (Fig. 7, ©) has
a broader spectrum and higher peak intensity at the



same power, so nonlinear effects appear at lower
powers. For this pulse, a constant profile already at
2 kW shows a sharp drop in FWHM due to self-
focusing. The linear profile retains a peak at 50 kW,
but it becomes sharper. The parabolically increasing
profile produces two peaks, with the first peak shifting
to 8 kW and the second becoming lower. The parabol-
ic falling profile remains the most stable but at powers
from 30 kW to 60 kW its advantage over the constant
profile decreases.

CONCLUSION

In this paper, we numerically studied the propaga-
tion of laser radiation in graded lithium niobate crys-
tals with various concentration profiles of the PPLN
structure (constant, linear, parabolically decreasing,

and parabolically increasing) for two input pulse
shapes (Gaussian and hyperbolic secant). It was found
that the choice of concentration profile significantly
affects the efficiency of conversion to the second
harmonic, as well as the nature of the dispersion and
diffraction spreading of the laser pulse. The most no-
ticeable differences in conversion efficiency are ob-
served between parabolic (both decreasing and in-
creasing) and linear concentration profiles, while the
differences between the two parabolic profiles are less
pronounced. It is shown that the shape of the input
pulse (Gaussian or hyperbolic secant) also has a sig-
nificant impact on the evolution of the pulse width
along the crystal. The article also presents the basic
mathematical model used to obtain the graphs.



