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TA30BBIH CEHCOP HA OCHOBE IIOPHCTOT'O KPEMHHEA H KPEMHHEBBIX
HAHOHHTER
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Tosepraocrasck 3bdest EIEOCTPYITYPEPOSIERIC MITEpATOR CTISONICR TONEEEDYGEEN 33 X Gommol
e A i ————
Flamocrpysrypaposammsi xpeiui g31teTes IPHRTeRATeT A XaTSPHRION 38 TR Tered 13-33 RASLZ Y X
amopiepac: 3dbexTon % o YERKITIER STeRTpENEc caofcrs. B paGors TpRBOIITCE cpismEremEeE i
‘ayacrTexsRoCTE € 232 KpesLeRSCK EIRORTeR X BOPRCTOT0 Kpesus. 053 ¥ATePIAT2 MOTyT PASOTITS KK B
e conexramzste asose 23T OTRIRO X TYBCTRRTETROCTS X pAITRL £33 BECHa PAATITRR, 4 % KONGE
[ ——— - —————

Bexenme

Tloprcrati Kpesen (TTK) CIHTA€TCS OTHIN 3 OITHMATSHEIX MATEPHATOR [UT% HITOTORTE-
HIA T430BEIX CEHCOPOB GIATOTAPS €T0 COTETARFIO YERKATSHEIX H GIATONPHATESIX CBORCTS.
Jalkanen s p. pa3paCOTATH JATIHK a3 Ha ocHoBe TIK MyTet MOHNTOPHET HIMEHEHHS HATEHIH
€MKOCTH H KOXQHITHEETa OTPAKERIIR OTHOCHTETSHO BHEIIEIEX a1copoexTos [1]. Yan u 1p. my-
DU OGRApYACEHE TIDH KOMHATHOM TeMTepaType NO; IIyTeM H3MEpEHRA COMPOTHETERH Tepe3
CHCOPS! C IPOTPAMMHDYEMED TOECCHORATEHEN I GPOBEIN MyTHTIMETpOM [2].

Tax e xax 1 TIK. Kpesmesste Harorn (KHH) ABT0TCE OTTTHDE MATEPHATAMS B 13
roToBTeRMH ras0BEIX cercopos. Tlepesnt 3To mokasat Lieber 8 2001 roxy [3]. Tlpexnaraercs Tax-
&e Hem0T308aT5 KHH MpH H3TOTORTeHHN JKOROMITTECKH BHTOTHELX, MATOMOIIEEI H MATOpa3-
MEDHELX T430BIX TATSHKOB BOTOPOTA, KOTOPSIY He IMEET 34T2Xa, IIBETa H ABTAETCH CATEHO BOC-
ITaMEEFOMIMCA TIDH KOHIIEHTPAITIEX y&e TyTS Gortee 4% [4]. Ofexts EpeTste napst avpmHaka
(NH;), KOTOPSIE MOy HATYGHO OTDAKATECS Ha OKpYAGKOIIEH CPeTe i MOTYT BEI3BATS DECTADG-
‘TOpHBIE 3360TEBAHI, TOAE TIpETATACTCA 1ETEKTHPOBATS C HOMOITEO CEHCOPOB Ha ockose KHH.

B paGoTe IDEICTARTERR! Pe3ySTaTS! [0 HCCTETOBAMHO CETeKTHBHEIX TA30851X CEHCOPOB HA
ocxose TTK 1 KHH

e T0B AT HCIOTS 308ATHCS EaHOpasMepEste ekt [TK 1 00pastst

MeTOZ0M 3TEKTPOXHMITECKOTO TPABTEEIIA KpEMEHESSIX [IACTHE 1l THIIOB GSLTH HOTyIeEEt
obpasit [K. 3aveHns HAMPKCHNA H IVIOTHOCTH Toka cocrasamd 10 B & 15 mA/cr’, cootser-
Craexo. Bpess TpaBTesHs CocTaz1a10 20 cexyrA Take HCNOTS30BATHCh HODIOAKE MOHOKPH-
CTATTHACKOTO KpeMHES 1-THIA C KoRTesTpamek docdopa 10 e’ B KpHCTATIONpagecko
operTammefi (100) B KaTeCTBE HCXOTHOR IOTTORKE.

Tl momyesmus KHH HCTOTS30821CS BeciMa p{peKTHRELH, AQBH0 HIBeCTHSIH 1 HeIOpOro-
CTOSI MeTO METaLT HELIYIHPOBAEHOrO SIMHecKoro Tpastestix (MUXT), KOTopsLi meeT pad
HpeImMYIECTE 10 CPABHERIO ¢ ZPYTHME MeTofavit monyestux KHEL B KasecTse HCYoM0f 0T
20K HCTOTBI0BTCS TeTHPOSAHE GOPON P-THIA KPHCTATIeCKii KpeMS C KORTIHTpaeit
HockTeneli 3apina 10° o, Tommmsofi 300 M i HanpagTeRstex miockocTs (100). YeTsHoe co-
TpOTHETeRHe MOTORXH CoCTABTET0 10 O™ Ca.

JTa waveperma STeKTpITECKIEX cBoHCTS, mmenaca KHH i TTK MeraTiimeciate xoRTaxTs!
TOTIHHO OKOT0 370 E GELTH HaeCeHE! METOTOM HAIEUTEHTIE HEMIOCPEICTBEEHO Ha HOBEPREOCTS
0GpasIIos. 3aTeM TOTOREIE CEHCOPS! NOMEITATH B CIENHATSHYIO KaMepy H HOTABATH PASTHNHEE
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TapH1 IOTAPHBIX H HENONAPHBLX ATLTKOCTeH. TIApE COITABATHC TYTEM TPOMYCKARILA CYXOTO BO3-
7% (15% BTAAEOCTH) Tepes AMIKOCTH H PAICIBTEHA MOTOKA T3 C CYXIDM BO3IXOM. KoHe-
‘Tpamms 1apos cocras 1T mpmvepHo ~0.5 P/Po, Tte P napTerme napos, Po aBTeHHe KACKIIEHEE
napos.

SKCHEPIMEHTATHHbIE Pesy.THTATEN

/€ T0BARR MoP{OTOTHH HOBEPREOCTH cercopa Ha ockose ITK mpmBezess! 5
prcysie 1. Cormaco 3D HIOGPAKERH:0, HOTYIERHOMY CKAEPYIOMHM J0RIOBEDM MIKPOCKOTIOM
(C3M), 52 TI0BEPXHOCTH CeCOPa HAOTIOTACTCA CHTHHAR HEOEOOTHOCTS (PHCYEOK 12).

iy

b)
- Tpexseproe m0GpaKerTe; G ~ TEyMepHoE mOGpAKERHE

Puc. 1 - C3M m306paxese M0BEPXEOCTH Ta30B0T0 cestcopa Ha ockose ITK

‘TakoKe SeTKO EHLIES! HepABEOMEPEO PACTIpeeTeHS e HITe0GpaTELIE BICTYTIEL BEICOTA KO-
‘Tops zocTarae 40 . Cornacko 2D H30GDAK €I MPHMEPHAR CTeMeRS TOPHCTOCTH COCTABTAET
50% (prcyHox 16).

Ha pucyee 2a mpexcrastestst BAX TTK 1% pasTHHEL KORHI A KOHTAKTOB.

Vote )
D)

2 - BOTETAMTIEPHAS XAPAKTEPHCTHKA CTPYKTYPSI TIOPHCTOTO KDEMHEH 7117 PASHEIX KORQHTY
IIEH KORTAKTOB; b - MOTeTs BCTPEHHO BITIOTEHEIX THOI0B 7% CTPYKTYPE! TIOPHCTOND KpeM-
s

Puc. 2. BOTHTaMIIepHA% XapaKTEPHCTHKA CTPYKTY P! METAT IOPHCTE KpEMHI/METaTT H Mo~
€T BCTETHO EKTOTERHEN JHOTOR.

KaK BiIe0, IpH CTyTae, KOT/a 063 KORTAKTA HARECEHA! KA TIOBEPXHOCTS KpHCTATTIEC]
KpeEms (qepHAR THEI - 1) IDAKTHECKH IOy HTaCk THEERHAR XapaKTeDHCTHKA  GAPEEps!
TloTTRar He BTOT K2 STEKTPOTPOBOTHOCTS.
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ates G5i1a PACCMOTPEHA BTOPAR KOMOHRAIA KOHTAKTOB, T.¢. O KORTAKT PACTIOTORER
HA TI0BEPXHOCTH KPHCTATTIECKOTO KDEMETS,  BTOpOFt Ha noBepxsoCTs ITK (KpACHas THems - 2).
'XapaKTepHCTHXA B JAEOM CTyae SBTAETCA HETHEERHOM  BH3YATHEO CHMMTPITHOR. CInnMeT-
PHFHAR XapAKTEDHCTKA H OTCYTCTERe KoRTakTos IIIOTTKIN EA KPHCTATTIIECKOM KpEMEE 10380~
IHET Ha CETATS SAKTIOSEEHE, TTO HeTHEEAHOCTS BOTSTaMIIEPHOR XaPAKTe HCTHKH BSIJEAEA BT~
pesEm caoficreav TTK. TTozobHoe 3aKTovesHe GELT0 COPMYTDORAO B padore [5]. Mst &e
TIDHITHCSIEAEM 3TH XAPAKTEDHCTHKE K TeTepOpazMEpEDt Gapbepay [6] MpOTHBOMOTOREE moTAp-
HOCTEf MEATY KpeMEHEBEIMH HAROKDHCTATTHTAMI PATHELX PA3MEPOE, KK CXeMATHTECkIH HOKA3AHA
Ha prcyEKe 2. Ha pHCyEKe 24 TaK e IOKA3aHA KpHEAs 3 (CHELEA THES) C KOEQHIypaIeli KOHTa
708 Kor1a 06a OFM HareceRs! Ha mOBepXHOCTS TTK. JIOGABM, TT0 MOTETS BCTPETHO BTIOTEHHEX.
HEILIEATSHEIX THOTI0B, MOKA3ARHAR K PHCYEKe 26 FBTAETCA TAKOH e MOTETE, KOTODas HCIOTS-
30BATACD TIPH OTTHCAETH TOKA YT B TPANIHCTOPE C BSICOKOR HOTBIAHOCTESO STEKTPOROB KA 0C-
HoBe AIGaAs/GaAs [7]. Hav 12 e GEUTH CMOTETHPOBAEE! TEOPETHIECKIE KDHESIE BOTSTAMIIED-
HOTi XAPAKTEPHCTHKH H 3TH DE3yTTATS! GELTH CPABERE! € SKCTEPHMERTATSHENH TAMHEDE. TeopHX
OCHOBaHA £ HOBO MOTETH HTEKTPHMECKOTO TIOTEFIHATA B GPAKTATEHOM KTACTEpe, 00PAzyeMEDY B
TIOTYpOBO TEIKOBEIX RaHOCTPYKTYpax [8].

Jlnx recteosasms TyBCreTeTsHOCTI TTK K Iapay OPrasiMECkIIX coeTMHeRH HCMOTS30-
BATICK KOHQHTYPAITLA KOHTAKTOR 10X HOMEpOM 3 (DHCYEOK 23). MOTEKYITSL KOTopste azcopGupy-
forcs Ha mopepEocT TTK MMERTOT €X0 BINEKTPHTECKR TOCTORHEYR),  CTETOBATETHO,
HAGTIOTAOTCA HIMEHEFIIR B eMKOCTH H IpOBOTIMOCTH. Ha TIOBEDXHOCTS CeHCOpa, 2 FMERHO HA 06~
TACTS MEATY BYMR KORTAKTAMSH OABATHCS AP OPTAHITTECKIK Ta308.

Ha prCyEKe 3 MOKA3aH THEAMIIECKEHi OTIHK TODHCTOTO KPEMEIE K PAYTHTHENS rasa. B
KateCTBE SMeKTPHTECKof XapaKTEPHCTHKI G5LTa BEIGDARA EMKOCTS IPH EpEMEEHOM HAIDIKEEHH
50 B 5a wactore 1 KT

Tlaps: HemOTAPHECK Coe THHesIti HOGYALAOT MERBMeRHe CraoRapHoR exkocr Ho, He-
CMOTPA A 370, MAPH! HEMOTAPHEIX KHIKOCTeR TOKAISIBAIOT HETepeciti >pdex. TIpi moTaTH ces-
COp SYECTBYeT 3TH a8t Cpa3y, eMKOCTS BOSPACTAET, HO Sepe3 MPIMEpHO 20-30 CEKYELX yMeRBIa-
€10 IPHIEM, FX BETIFHEA IATA€T HITKe KOMEATHRIX yCT0BH & XOTA IDHDOTA STOTO ARTEHMY
He COBCeM ACEA, OHA MOKET GHITh TIDHMeReHa Ha IPAKTHKE, TIOCKOTEKY MOKET IOCTAXTS eIle 01
HIDM T12paMeTPOM CETEKTHBHOCTH CeRCOpOB Ha octiose TTK.
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Puc. 3. Hastestesmne exxocTs TTK 10 BpeMeFtH TIpH TI0Zate Pa3THEI MApoB AHIKOCTet
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“Taxam 0Gpason, GEUTH HCCTEIOBEEL H CPABEERE! MEAITY COBOM Ta30BSIe CEHCOPEI KA OC-
HoBe ITK 1 KHH. 62 Cercopa HMESOT CEOH 0CTOHECTBA i HEXOCTaTRat. K 0CTOMHCTBAM MOKHO
OTHECTH T0, 770 063 CCHCOPA OIeHb GBICTPO PEATRPYIOT KA Ta3sl, IPEFIEM IPH KOMHATHOT TeMme-
patype. HeZocTaTkon, K Ipmyepy, cestcopa ia ockose ITK B176TCA T0, 770 OF ILT0XO TyBCTEYeT
Hertoapiste MoTeKy a1 Cecopst Ba ocHope KHH IMEROT HeZOCTATOK B0 BEMERH BOCCTAHORTe-
E3 (BO3BpAIeETIe B HCXOIEO CoCTOREMe). HECMOTA A 370, TyIte BCero HCHOTE30BATS Ce-
copst 5 ocsiose KHH 7% CeTeKTHEHOCTH, HOCKOTKY OFH CAMH [0 CeGe HMET TIOp a CTERKAX.
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