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AnaHOTa U

IIposeneno nccnenosannme kpucramia CdS meromamn dheMTOCEKYHIHOM CIIEKTPOCKOIINN *Te-
TBIPEXBOJIHOBOrO cMentenus. Oupemesieno Bpems da3osoii penakcaruu, pasuoe 180 de. Oco-
OEHHOCTH KPHBBIX CIIa/la KOTEPEHTHOTO OTKJ/IMKA IO3BOJMIOT IMPEANONOKUTh, 9TO IPUIUHON
neda3supoBKN SBJISIETCS SKCUTOH-IKCUTOHHOE B3amMmozeiicTme. /[yt KPMBBIX CIaaa CUTHAA
CTUMYJIMPOBAHHOTO XA XaPaKTEePHO HAIWYHe JOMOTHUTEILHON OBICTPOCTAIAIONIel KOMIOHEH-
THI C BpEMEHEeM CI1a 1a 4 1IC Tpu SHEPTUHU BO30Y K IAIONNX UMITY/IHCOB, IPEBBITAIONIEH TOPOTOBOE
snaugenne B (.4 Mx/Ixk.

KuroueBbie ciioBa: (hpeMTOCEKYH/IHAS CIEKTPOCKOINS, YeTHIPEXBOJTHOBOE CMEIIEeHHe, T0-
JIyIIPOBOIHUK, BpeMs jeda3upOBKN, KOMHATHASA TEMIIEPATypa.

BBenenue

B mnociegree Bpemsi paznudHble METOAbl (hEMTOCEKYH/IHOW JTa3epHOil CHeKTPOCKO-
[IUU TIOJIY YU/ IIHPOKOE PACIPOCTPAHEHUE TP UCCIEJOBAHUAX OBICTPONPOTEKAIONTUX
npoueccoB B paziudnbix cpepax [1]. Ucnosb3oBanue TexHUKU HEIMHENRHON CIIEKTDO-
CKOIUU JA€T BO3MOXKHOCTB TIOJIYIUTh WHMOPMAIINIO 0 JuHAMUKE (Ha30BOH peslakcaIun
U HACEJIEHHOCTEll BO30YIKIEHHBIX COCTOSTHUN B MOJIYIPOBOJIHUKAX, KOTOPYIO 3a9aCTyIO
HEBO3MOKHO MCCJIEIOBATE IPYTUMU METOJAMY CIIEKTPOCKOMUN. JTa JUHAMUKA, 00SI3aHA,
KaK B3aUMOJIEHCTBHIO C 3JIEKTPOHAMH U JBIPKAMHU, TaK U B3aUMOJEHCTBHUIO ¢ 9KCUTOHA-
Mu un ¢ononamu. Bpems neda3supoBku ABIAETCA BAaXKHBIM MapaMeTpPoM, TakK KaK OHO
XapaKTepu3yeT BHYTPEHHWE W BHEITHUE MPOIECCHI PACCESTHUS HA JIEKTPOHHBIX HOCH-
TeJISAX, TpPUMecax u (POHOHAX. B030yKaeHMe yIbTPAKOPOTKAME ONMTUYECKUMU HMITYITb-
CaM¥ BBIPAYKAETCST B POYKICHUN KOTEPEHTHBIX CYMEPIO3UIN U KOT€PEHTHBIX MHOTOYA-
CTUYHBIX cocTosamii. Jannasg pabora MOCBSIIEHA UCCIEJ0OBAHUIO MOy TPOBOIHUKOBOTO
kpucrasina CdS, Haxongierocs: npu KOMHATHONH TeMIIEpAType, MeTOIaM¥ KOIepEeHTHOM
CIEKTPOCKOINUU Y€ThIPEXBOTHOBOTO cMelenus. HeaBHO ObLIN NPEANPUHSITHI MOTBITKA
CO3/TaHUS BBICOKOTEMITEPATYPHOIO IXO-TPOIECCOPA, OCHOBAHHOTO HA METOIaxX (hemroce-
KyHIHOTO (bororHoro 3xa (O@PI) [1]. CyruecTBeHHBIM MOMEHTOM 3THX WMCCIIeI0BaHM
SBJISETCST TO, UTO OOpa3er HAXOAUTCS MpW KOMHATHOW TeMreparype W HeT HeoOXOIu-
MocTH B oxaaxkaenuu cpeapl. C mosunuii co3manus GeMTOCeKYHTHOTO 9X0-IPOIEccopa
9TO O3HAYAET CYNIECTBEHHOE YMEHbIeHHe pa3Mepos ycrpoiicra. OIuH U3 MepPBhIX IKC-
nepuMenToB 10 @D B nonynpospoanuke (GaAs) npu KOMHATHON TeMmepaType ObLI
BeimosiHen I1.Bekkepom ¢ kosteramu [2]. Bouam wccieqoBaHbl KPUBBIE Claga CHTHA-
JioB @D 71 PA3IUUIHBIX TJIOTHOCTEH BO30YKIEHHBIX 3JIEKTPOHOB. [110THOCTH HOCH-
Teseil KOHTPOJIUPOBATIACEH [IyTeM U3MEHEHUs MHTEHCUBHOCTEH BO30Y K TATOMINX UMITY. b=
cos. B pabore [3] 6b110 10Ka3aHo, uTo sHEprug neppuanoro PP nponopironaibHa
CTEIYIOMIEMY SKCIIOHEHITUATBHOMY MHOXKUTEITIO

E, x exp(—Ti2/Te), (1)
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riae T, = Ty/4, Ty — Bpemst onTudeckoii 1edasnpoBKy, Ti2 — HHTEPBAJ BDEMEHH MEK Iy
BO30y K Aa0MUMK uMIyjibcamu. B pabore [2] no cray MHTEHCUBHOCTEH CUIHAJIOB Jjist
PA3IMYHBIX ILIOTHOCTEH 3IeKTPOHHLIX HocuTeaeil n or 2- 107 no 710" cm 2 Gouin
ompeiesieHbl 3HadeHnst T, u OBLIO YCTAHOBJIEHO, UTO

T.=68- N3, (2)

a BpeMms onTudeckoil nedas3uporku magajo ¢ poctom N ot 44 mo 14 dbc. Ananus noka-
3aJ1, 9TO onrudeckas aedaszupoBka obsg3aHa 3JTEKTPOH-3JTEKTPOHHOMY B3aUMOEHCTBHIO
HOCHUTEJICH.

C remaTukoil JAHHON PabOTHI TECHO CBA3AHBI (PEMTOCEKYHIHBIE IKCIEPUMEHTHI Ha
kpucrasie CdS, BeimosnHennsie B paborax [4, 5]. B pabore [4] ncciaenoBano MesK30H-
HOE TIorJIoNIeHre (MUPUHA 3alpenienHoil 30asl pasHa 2.48 3B) u GbL10 MOKA3aHO, YTO
BpeMst 3JIeKTPOH-IBIPOYHOI pekoMOunarmn me mpesbimaer 200 ¢pc. Hanbonee 6am3kmit
demrocekyHAHDBIA dKcnepuMenT 1o Habmoaenuio nepsuanoro @@ B kpucramne CdS
nocrassien B pabore [5]. Vccaenosanus nposejgennsl Ha niaunax soiad 600-710 am ¢ um-
nyabcamu anuTeabHOCThI0 180-260 dbce. [Tokazano, YTO OCYIECTBIISETCS MEPEXOJT IJIEK-
TpoHOB B 30HY npoBogumoctu CdS BejemcrBue aByxdoToHHOTO moryonienns. Kpome
TOTO, aBTOPHI OOPAIAI0T BHUMAHUE HA TO, UYTO B 00pa3Iie BO30YXKIAIOTCS SKCUTOHBI U
SKCUTOHHBIE MOJIEKYJIbI [6], KOTOpPbIE B3auMOAEHCTBYIOT C 9JIEKTPOHAME, HAXOAIIUMUCS
B 30HE MPOBOANMOCTH. TakuM 00pa3oM, MOXKHO OXKHIATh, YTO MPUINHON 1eda3upoBKn
ABJIAETCS IKCUTOH-IKCUTOHHOE B3anMo/eiicTeue [5].

1. DOkcmnepuMeHT M 00CYXK/JeHUE €ro pe3yJbTaTOB

JIaHHBIA SKCIIEPUMEHT MTPOBOIUIICA HA (PEMTOCEKYHIHON YCTAHOBKE, MOIPOOHO OTIH-
cannoil B paborax [7-11]. Bo30yzKknaromue uMIIyibCbl UMEIH CJIeAYIOIUe HapaMeTphl:
mmrensaocts 50-60 de, cnexkrp mmpunoit 40 HM ¢ MAKCHUMyMOM HAa JIJINHE BOJIHbBI
790 uM, sHeprus mMIyabca BapbupoBanach B npeaenax 0.4 + 0.7 mk/x. Ilyuku do-
KyCHPOBAJIUCH JINH30i1 ¢ porycHbiM paccrogauem 110 mm wa xkpucraan CdS Tommuaoi
1 MM, OCh ¢ KOTOPOTO MEPTEHINKYIIPHA MIOCKOCTH 00pa3Ia U, CJIeI0BATEIHHO, BEKTO-
paM MOJITPU3AIUN UMITYJIHCOB.

Meronuka ananuza cnaga curnana @DPD neranbho uznoxkena B kaure [1]. Cyrb
METOIMKH 3aKJ09YaeTCs B OJHOBPEMEHHON PEerucTpanuu KOrepPeHTHBIX OTKJINKOB B Ha-
NPaBJICHUSX BOJHOBBIX BEKTOPOB 2ks — ky; u 2k; — ko (rme ky u ko — BosHOBbIE
BEKTOPbI BO30YKIAOMUX UMIYJILCOB) KaK (DYHKIUM BPEMEHU 3aE€PIKKU MEKIY HM-
nyabcamMu Tio [12]. 3aBHCHMOCTH MHTEHCHBHOCTEH KOTEPEHTHBIX OTKIWKOB OT Ti2 B
kpucrasne CdS, nonydennas namu, npuBeeHa Ha puc. 1.

B upeamnosioxkenuu o ToM, 4To Bhipazkenue (1) npumenumo K onucanuio cnaga DO
B pe3y/bTare OTePU KOIePEHTHOCTU SKcuToHaMu [5], HabsrogaemMblil ciaz ¢ xapakrep-
HbIM BpemeneM 44 ¢dc coorBercTByer Bpemenn jnedasuposku T, = 176 dc. B curyarnun,
KOTJIa JJIUTeILHOCTh UMITYJIbCOB CPAaBHUMA Wn TpeBbimaer 1,;, BpeMs neda3upoBKu
MOXKET OBITH TIOJIYIEHO U3 AHAJN3A BDEMEHHOTO CABUTA 11 ax MEKIY MAKCUMYMaMU CHUT-
masoB B Hanpasiennax 2ks —k; n 2k; —ko. B mamewm ciaygae 3To 3HAUEHHE COCTABIIO
100 dc; uz [12] caemyer, 94T0O /s HALIErO 3HAYEHUS PA3JIBUKKU MEXKJY MAKCUMYMaMU
curHasoB Bpems meda3npoBku cocrapiaseT 180 (e, a omnoponnas mupuna [, MOXKeT
oBITE onenena 1o gopmyne [yom = 1/(7Ty) = 1.8 - 1012 ¢ 1.

Ha pwuc. 2 mpuBeneHbl KpUBbIE CMaJa CUTHAIA CTUMYJIHPOBAHHOTO DD, mj1s KO-
TOPBIX TP HEPruu BO30OYKIAOIMKUX HMITYJIbCOB, MPEBBIMAONIEH MOPOroBoe 3HaYe-
uue 0.4 Mx/[K, XapakTepHO HAJIUYHUE [TOTOJHATEIHHON OBICTPOCHIA/IAIONIEH KOMITOHEHTHI
(Bpems cnaza 4.5 nc). Bpemsa cnaga crumyiauposannoro @@ npesbiinaer Bpems Tep-
manmsaimn (350 dce) n pekomburarmn (200 dce) smekTpoHoB [4, 5], 9To CBUIeTeIbCTBYET
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Puc. 2. Kpussie cnaga crumynupoBanaoro @D npn pa3inyaHbIX 3HATEHUSX SHEPTUH UMITYTh-
coB. 3HaYeHWe BPEMEHHOI0 MHTepBaia Ti2 cocTasiano 120 dc

B IOJIb3Y IKCUTOHHOW MPUPObI BO3DYkKenns. TeM HE MeHee JPyrue WHTePIpPeTarun
[IPUPOBI MOJYYeHHBIX CUIHAJIOB HE MCKJIIOYAITCH.

Pabora Beimosinena B pamkax nporpavmu I[pesumnyma PAH «Ksanrosas dusuka
koHgeHcupoBaHubix cpeny 1 O@H PAH «DyugamenTaabHas CIEKTPOCKONNS U €€ TIPH-
menenusi», @enepasbuoit [IporpammMbl o nomepxkke Beaymux nay4dnbix mkos (HIII
4531.2008.2), a Takzke nomuepxkana Poccuiickum dongom GyHIaMeHTaNibHbIX UCCIe10-
sanuii (mpoext Nt 09-02-00136a, 08-02-00032a u 08-02-90001-Be-a).

Summary

K.V. Ivanin, A.V. Leontyev, V.S. Lobkov, V.G. Nikiforov, G.M. Safiullin, V.V. Samartsev.
Femtosecond Four-Wave Mixing Spectroscopy on CdS Crystal.

Femtosecond four-wave mixing coherent specstroscopy in CdS crystal on 790 nm at room
temperature is analyzed. It is stated that the optical dephasing time is equal to 180 fs. Some
specific features of the coherent responses’ decay curves indicate that this optical dephasing is
due to exciton-exciton interaction. The stimulated photon echo decay curves appear to have a
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fast decay component (the time constant of approximately 4.5 ps), in case when the energy of
exciting pulses exceeds the threshold value of 0.4 uJ.

Key words: femtosecond spectroscopy, four-wave mixing, semiconductor, dephasing time,

room temperature.
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