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© .EpeaaHCKUU QJU3U&fecKUU UHCTUTyT, 1976 

CTpyKTypHOe COBepweHCTBO reTep03IlHT8KCHanbHhlX CHC• 

TeM ( f8C ) HrpaeT B8)!(Hy!O pOnb B nonY'leHHH CT86HnbHblX 

H BOCnpOH3BOJlHMb!X napaMeTpOB nonyn_t.JuBOJlHHKOBbIX npH6o­

poB, H3rOTaBnHBaeMb!X Ha HX OCHOBe, PaHee 6brna IlOKa3aHo 

nepcneKTHBHOCTb peHTreHOBCKOH JlH~paKUHOHHOH Tonorpa~HH 

l P.LIT) Jln.H H3y'IeHH.H CTtJYKTypHbrx Jle~exToB a f3CXJ.Si.-Ge , 
Ge - Si. [I,2] H UQ AsL3] . B 'IacTHOCTH 6:i.rna ycTaHoBne­

Ha B03MO)!(HOCTb nony'IeHH£1 He38.BHCHMb!X TonorpaMM OT 

nneHKH H OT noMO)!(KH. C noMOillhIO PT .LI H ApyrHx MeTOAOB 

BnepBbie 6brna o6Hapy)!(eHa cpparMeHTapHa£1 cTpyKTypa (<PC), 
)lnH IBb!1£1CHeHHH npHpOJlbI KOTOpoH: IlOH8Jl061macb C'beMKa 

6onhIDOro 'IHCna TonorpaMM OT rn1eHKH H IlOAnO)!.KH, 'ITO 

noBnexno sa co6oi1 pesKoe yBenH'IeHHe CfMMapHoro Bpe~'e­

HH 9KCil03HUHH, HC'IHC1!£1eMoro COTH£1MH 'i8COB [2] . . 
YHHK8nhHbie CBOHCTBa CHHXpOTpOHHoro H3nyqeHHH ~CY!) 

( 6onblliHe MrHOB9HHbie 3Ha'IeHH£1 MOilJHOCTH H3ny'I3HH£1, He-

3H8'IHTenbH8H paCXOJlHMOCTh ny'IK8 peHTreHOBCKHX nyqefi c 

lliHpOKHM JlH8Il830HOM JlnHH BOnH) ( 4-7 J Il03BOn5IIOT 38 KO­

pOTKOe BpeM£1 nony'IHTb 0.llHOBpeMeHHO 6onbrnoe 'IHCno TO­

norpaMM c Bb!COKHM pa3peweHHeM OT o6eHx BellJeCTB f.3c' 
c IlOMOillblO KOTOpblX MOJKllO CY.llHTb 0 HapyweHH£1X B nneH­

Ke H no.llnO)!(Ke, UenhIO HaCT0£1Illefl pa60Tb1 5brna paapa60T1ta 

Me·TO.OHKH C'beMKH Ha c YI TonorpaMM f3C c HH3KHM ypoB­

HeM <Pn10opecueHTHoro <jJoHa. 

x) 
3.lleCh H Aanee nocne.llOBaTenhHOCTb BemecTB oaHaqaeT 

COOTBeTCTBeHO MaTepHanbI IlOAnO)!(KH H IUieHKH. 
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11ccneAOBaHHSI DhmH npoBeJleHbI Ha Dy'IKe CHHxpoTpOH­

Horo HanyqeHHSI ycxopHTensr EpeBaHCKoro ¢H3H'iecxoro HHC-

TuTyTa npH- SHeprHH aneKTpOHOB E mQJ( ='4,5 faB Ha pac-

CTOSIHHH ..P •35 M OT MeCTa 9MHCCHH H3Jlyqemrn.· DOCKOnb-

Ky c 11 SIBnSleTCSI nonuxpOMaTH'ieCKHM, HBCKOnhKO y31IOB 
oopaTHOA peweTKH KpHCTanna OAHOBpeMeHHO nonaAaIDT Ha 
COOTB9TCTBYIOIIIHe c<iiepbl 3BanhJlB. DoaTOMy, IlpH C'beMKe C 
IlOMOIIIblO c 11 nonyqaeTCSI . ii ayarpaMMa MOHOKpHCTanna. Ma­
nasr )Ke yrnoBaSI pacxOJlHMOCTb H3Jly'leHHSI Il03BOnSleT Ha 

Ka)!{JlOM H3 pe¢neKCOB aaperHCTpHpOBaTb qeTKHe H3o6pa)!{e­

HHSI Jle¢eKToB o6paaua. TaKol!: MeTOA nonyqeHHH nao6pa)!{e­
HH:li: Ae<PeKTOB Ha oenoM cna6o paCXOJlSllll9MCSI H3ny'leHHH 

peHTreHoBcKoli Tpy5KH BnepBble 6hm paapa6oTaH <l>yJl)!{lfBa­
po:ll: c COBBTOpaMH [8] . lloaTOMy JlnSI YJlOOCTBa COBoxyn- · 
HOCTh pe¢neKcoa ( TonorpaMM) He. OilHOa nneHxe, nonyqeH-

HbIX Ha c 11 DY JleM Ha3blB8Tb B JlBnhHeAweM cpy Jl)!{lfBapo­
rpaMMaMH. 

AHaJIH3 pa60TbI, BblilOJIHeHHbIX Ha CHHxpoTpoHax DESY 
H Ni~ A [ 4,5] noKa3bIBBeT, 'ITO BB)!{He:ll:wHM ycnoBHeM 

nonyqeHHSI : Ka'leCTBeHHblX TOnorpaMM SIBmieTCSI ycTpaHeH~e· 

napa3HTHOro BJIHSIHHSI <PnIOopecaeHTHOI'O ~OHa, B03HHXaI0111e­

ro OT nonaJlaHHSI nepBH'iHOro ny'lxa Ha paanH'IHble JleTaJIH 

KaMepbI. 

HaMH 6hma paapa6oT8Ha xaMepa JlnSI nony'leHHSI Tono­

rpaM c HH3KHM ypOBHeM ljx>Ha npH C'beMKe B cnyqae reoMeT­
pHH Jlaya. CxeMa KaMepbl JlJISI C'beMKH ¢yHJl.lKHBaporpaMM 

noxaaaHa Ha puc. l, KaMepa BhlnonHeHa H3 cTaJihHOro IlHJIHH -
JlOa co ·c''beMHoa nepleAHell: u aa.QHeA xpb1wxaMH. BHyTpeH­
HSIE nosepxHOCTb KaMepbl BblJlO}ICeHa 18J110MH~He110A. <PonhrOll: 

TOJllllHHOll: 1 MM, HxO.llHOe OTBepCTHe nepe,llHeA Kpb!IIIKH HC­
II0Jlb30BBJ10Cb JlJISI yCTBHO!IXH KpHCTanm)Jlep}ICaTensr. l:3 BblXOJl­

HOM OTBepCTHH KAMephI yxpennSIJIBCb anIOMHHHeBaSI Tpy6xa 
l4) JlHBM0TpOM 10 MM, OCHOBHOe H83HaqeHHe KOTOpOH aax­

RIO'IBJIOCb B llOJlBBJleHHH cpn10opecueHTHOI"O ¢0Ha, C03JlBBae­
MOI"O Dy'IKOM B B03JlYX0. 0Ha )!{9 HCrrOnhayeTCH JlnSI IOCTH­
pOBKH KaMep&! OTHOCHTe!ihHO OCH nyqxa, KOTOpaSI aaxmo'la­

eTC~ B nony'leHHH Ha ¢nIOopecueHTHOM SKpaHe, yKpenneHHOM 
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Ha BbIXOJl8 TpyC51lB H811CX:8)!{8HHOI"O 11306pa*9HHSI BXOAHOrO 

oTsepcTus. B •TOM cny11ae CBHxpoTpOHHbI:ll: nyqox npoxOJlHT 
no OCH npa6opa, lie XACUCb HHXBKHX JleTaneA KaMepbI. Ha 
HBIII B3I"DSl.ll 8,tUIHCT!leHHblM HCTO'IHBKOM <PoHa MOI' Ob!Tb caM 

accne.ayel\llhlA o6pa3ell. Ylcnonbao11anac1> ¢oTonneHKa c oT­
BepCTHeM, . JtOTOpa SI Ha):leBanacb Ha aaIIIHTHyIO Tpy6xy (CM, 

puc. l) • 'ITO BCKJllO'laJIO B03MO}ICHOCTb IlOHBneHHSI qm10opec -
ll9HllHH OT CTexna $OITOruiaCTBHJtB, KOTOpbie npHMeHRm!Cb BO 

/ ·acex npe.llbIJlYlllHX onhITax. KpoMe Toro B peaynbTaTe noMe­

llleHHB ¢oTonneaxn B xaceTy aa nnexcurnaca yJlanocb aHa­
'IHTellbHO CHH3BTb ypoBeHb MJII"KOJ!: XOMITOHeHTbl ¢oHa H 

TeM CaMbIM IlO!lbICH1Tb '19TKOCTb TOnorpaMM. 

C'biMxa TonorpaMM npo:ao.iumacb Ha nneHKY c BbICOKHM 

paapeweaaeM ( SMynbCKH JVK). C peJlH.11.11 axcnoaH1tH.11 onpe.11e­
nHnac& H3MepeHHeM o6mero qHcna ycxopeHHbIX anexTpo-

HOB [ 9] • B a1tcnepB~eHTe 9TO 'IHCno 6bmo ai.16paHo pae­
HbIM ·· ~,8 ;· . 1012 anexTpoaoa. CooTBeTCTBeHHo BpeMR aKcno-

3HllHB xonetS.anocb B. HHTep11ane OT O.llHOl!: .110 5 MHHyT B 

aaalicBMOCTH OT TOnlllHH:bl xccne.ayeMoro xpncTanna. Ha 

O.llllOI t'YAXOIBaporpaMMe Ba pacCTOSIHHH 80 MM OT KpHCTan­
na ,llO toTOilJl~HXB perHCTpBpOB8J10Cb OJlHO!lpeMeHHO .110 20 

petnexcoia. ,.rlnH Toro, 'ITo6bI B O.llHOA ycTaHOBKe KpHCTanna 
nony'IJITb xa'ieCTBeHH:ble TOnorpaMMbl OT pe¢neKCOB paanH'l­

HOA HHTeHCHBHOCTH, a 1:aceTy 38KJI8.llblBanacb cTona Ha 
HecxollbXBX ljx>Tonn~BOK. Dpa HOM •1:cnoaHllHS1 Bb16Hpanac1> 
TBXHM o6pa30M, '1To6~ HA HaaCSonee yAaneHHOA OT KpHcTan­
na 9M)'JlbCHH CHJlbHbIM petl>neKC8M THna 220 COOT!leTCT?aOBa­

JlO HOpMaJibHOe no~epHeH•e . 8 •TOM cnyqae HA nepe.11Hell: ~o­
Tonnlaxe udpMan1>Ho •xcnOHBpQBaHHhIMH nonyqa10TCS1 OTpa­
JKeHBSI c tSonee cna6oA HHTeBCHBHOCTblO ( THna 113 ,440 H Ap.). 

Ha pxc.2 noKa3aHa O.llH• H3 :t')"A)!{HBaporpaMM xpxcTanna 
KpeMHBs, noaepXHOCTb KOToporo tSMna nepneHJUl&yilHpHoi 
uanpaBneHRIO < 111 ::>- • JleMto BJIJleT&, 'ITO ypo11eHb cj>moopec­
lleBTHOro cpoHa H83HA'IBTeJieH. 

c IleJibJO !lblSICHeHBSI !leBB'IHHbl paapeUieHH51 TOnorpaMM 
<:: Hcnonb30BBHBeM CH 15b!J1 CH51T x:p11cTann Si c 6om.wol: 

-5-



nnoTHOCTbIO AHCJIOKaUH:li ( Nd = 1·105 CM-2 ). B yqacTxax 

c yxasaHHO:if BeJIH'iHHO:if Nd. paapewaIOTCSI OTJ:lenbHbJe nHHHH 
( puc.31. HaMH 6bmo npoaeaeHo TaK*e conocTaaneirne Tono-· 
rpaMM, CHSITb!X c HCnOnb30BaH:tfeM c l1 H M0Ko1. H3nyqeHHSI 

peHTf'€1!0BCKO:if Tpy6KH no MeTOJ:lY flaHra OT OJ:lHOro H Toro 
lKe yqacTKa KpHCTanna KpeMHH51, B KOTOpOM 6b!JIH 06Hapy­
lK8Hbl pSIAbl CKOnblKeHHSI J:lHCJIOKaUHH ( puc.4-a H 4-6). CHIH­

M OK, nonyqeHHbr:if Ha CJ1 (plic, 4-a) Mano OTnH'iaeTCSI no 
~eTKOCTH H306palKeHHH Ae<jleKTOB OT CHHMKa, nonyqeHHOf'O 
Ha peHTI'eHOBCKO:if Tpy6xe. 

D.nSI Bb!51CH8HH.H B03MO)KHOCTe:li npHMeHeHHH c J1 K HC­

CJieJ:lOBaHHIO reTepOCTpyxzyp 6b!JIH npOBe):leHbl C'beMKH f3C 
Si - <Te , no11y'l:eHHblX nyTeM HapaumaaHHSI nneHox H3 Mone­

xymrpHoro nyqxa Ha noano*Kax t5eaAHCnoxauHOHHoro Si. 
xax H a pa{ioTax [1,2] • TeMnepaTypa nO.lllIO*eK aapbH­
poaanacb a HHTepaane OT 400 AO 800oC, TonwHHa nneHOK 
COCTaBnSina 20 MKM, 

<PyJ:l*HBaporpaMMbl, norryqeHHbie OT f3C Si.- G<Z., Bbl­
paweHHble npH TeMnepaTypax T = 450°C, xapaxTepHay10TcS1 

0 
H8JIH'iH€M pe¢>neKCOB TOJiblCO OT nOJllIO)KKH .s i. . 0Tpa>Ke-
HP.:SI OT nneHKH G<Z 0TcyTcTay10T, nocxonbxy npH Taxo:li 
T 0 oHa .sralfileTcSI non•xpRCTannHqecxoi!. 0J:lHH Ha 220-pelJl-
nexcoa OT nOJ:lJI01KXll noxasaH Ha pRc,5, OcHOBHo:i! oco-
6eHHOCTbJO STO:li TonorpaMMbl SIBJISleTCSI HanHqHe CBoeo6pa3-
HOf'O l!JOHa, COCT0Slll10f'O H3 TeMHblX H CBeTJib!X IlSITeH ( ae­
peH). 3aMeTHblX HCK8)KeHHH CTpyxTypb! Ha TaKHX TOnorpaM­

MB"X He OOHapy)KeHO, DoaTOMy a6conJOTHaH J:leljlOpMaUHH 06-
naCTH no):lnO)KKH, pacnono)KeHHOH noa OJ:lHHM KpHCTannoM 

OTHOCHTeJ!bHO HeBeJIHKa H3-3a MaJiblX pa3MepOB 3epeH [10], 
HuaKaSI TeMnepaTypa 008.lKJ:l0HHH He cnoco6cTByeT K TOMy 
:lKe pa3BH'!'HIO nnaCTH'lecxoa J:leqx>pMaUHH. 11oSTOMY n OJlnO)K­

xa KpeMHHSI B cny~ae nonHKpHCTannH'l:0CKO:if nneHKH rep­
MaHHH no CTpyKTypHOMY coeepweHCTBy Mano OTnH'iaeTCSI OT 
HCXOAHOro 6e3):lHCJIOKaUHOHHOro KpHCTaana. 

l1Ha.s: xapT1nrn Ha6moaaeTCSI B cnyqae f3C, Bb1paweH­
Hb1e npR T 0 = 800-850° C, DneHKa repMaHHH e STHX ycno-
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BH.IIX HBnSieTCSI MOHOKpHCTanbHO:if. DOSTOMy lfi'YJ:l)KHBaporpaM­
Mb! TaKHX 1 "3C COCTOSIT H3 y rtBOeHHOf'O 'iHCna pe<jlnexcoa, 
IlOCKOJibKy nneHKa nononHHTenbHO J:laeT He3aBHCHMble OTpa­
)KeHHSI. 11pH 9TOM peqineKCb! OT nneHKH xapaKTepH3YIOTCSI 

60J1bWOH J:lHcpcpy3HOCTbJO, 'iTO CB!lJiAeTeJibCTByeT 0 t5onee HH3-
KOH CTeneHH CTpyKTypHoro COBeprueHCTBa IIJieHKH no cpaB­

HeHHIO c noan:oJKKo:if. HMecTe c TeM B noano*Ke cpopMHpyeT­
CSI ce:q,eo6pasHasi: 51qeucTasi: AeqJeKTHasi: cTpyKTypa ( p1w. G), 
noS1ansi:10waS1CS1 Ha ecex pe!pnexcax ct> YA*HBaporpaM~bl. 110-
nsr CMellleHHH B OKpeCTHOCTH Ka:>KAOli Sl'ieHKH pacnpeaene­
Hbl H30Tp0IlHO, HaxoHeU, B TOJICTb!X nneHKax B03HHKaeT 

¢>parMeHTapHaSI CTpyKTypa (pHc,7), HJ:leHTHcPHKaUHSI KOTOpO:if 
o6ner'l:aeTCSI HaJIH'l:HeM Ha6opa TonorpaMM Ha ¢>ya)fmeapo­
rpaMMe, Kax H B npe.c:<hreywe:H: pa6o·re (2 J , 6hrnH o6Ha­
PY*eHbl nonsi: HanpSI*eHH:if napannenbHbIX nonepxIIOCTII pas-
11ena .llBYX aemeCTB BOKpyr Ka)f{):lOI'O sneMeHTa <PC. J13,1yqe­
HHe pasnH'l:HbIX pe<jln>excoe noxasa no, 'l:TO xapaxTep HCKa-
:>KeHHH MeHSieTCSI npM nepexoae OT OAHoro K ApyroMy OT-
pa)KeHHIO, 'iTO CBHJ:leTeJibCTBYC'.(' 0 CJIO)KHOM 83HMyTanbHOM 
pacnpe aeneHHH Hanpsr*eHH:if. 

Bbl BUD.bl 

I. Paapa6oTaHa ycoeeprueHCTBOBaHHasr axcnepHMeHTanbHaH 

MeTOJ:lHKa C'beMKH cPYJ:l)KHBaporpaMM c HCilOllb30BaHHeM 
CHHXpOTpOHHOf'O H3llY'i0HHSI. CHHMKH xapaKTepH3YIOTCH Bbl­
COKHM paspeweHHeM, cpaBHHMb!M c paspeweHHeM JlaHrOB -
CKHX TonorpaMM, a TaK:lKe HH3KHM ypoBHeM <jln10opecueHTHO­
I'O cpoHa. 

2. BnepBbre nonyqeHbI cP'YJ:l:lKHBaporpaMMbI KOMn03HTHbIX 

CHCTeM. l1cnonb30BaHHe ClfHXpOTpOHHOI'O H3nyqemrn Il03BO­
m1eT nonyqaTb OJ:lHOBpeMeHHO TOnorpaMMbl OT nneHKH H 

IlOJ:llIQ)f{KH f3C , 'iTO npeACTaBJISleT 60J1bWli0 yJ:l06CTB8 a~H 
pacurnci>pOBKH B03HHKaIOlilHX aect>eKTHbIX CTpyKTyp • 

ABTOpb! Bbipa)f{aIOT rny6oxy10 npH3H8T0JibHOCTb 

M .A.MapTHpOCSIHy, r.A.MaxapHHy 3a nOMOlllb npH npoeeae­
mrn pa6oT Ha nyqxe C J1 H H.H.ConaaTeHKO sa Bbrpaurn­
BaHHe o6pa3UOB f3C. 
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ITOJlITJ1CJ1 K PI1CYHKAM 

P1rn. l CxeMa KaMephI wu1 c'heMOK !l>'YA*HBi:porpaMM Ha 
CHHXpOTpOHHOM H3lly'leHHH: 

1-Hccne.ityeMhiil: KpHcTann: 2-!f>oTonneHKa:, 3-xace­
Ta H3 nnexcHrnaca; 4-Tpy6Ka-KonnHMaTop H3 
an!OMHHHSJ,: 5-Kopnyc KaMephl H3 CTanH; 8-BHyTpeH­
HSUl o6onO'lKa H3 an!OMHHHH; 7-!f>n10opec1mpy10mH1!: 
axpaH; A H E-AH!f>parHpoBaHHbie nayany'IKH. , 

p HC.2 cfJyJ:t)KHBaporpaMMa KpHCTanna KpeMHHSl Ni 1 c JUIC­
noKallHOHHhlMH nonocaMH CKOUb)KeHHH. 

PHc.3 

PHc.4 

PHc.5 

PHc.6 

PHc.7 

TonorpaMMa KpHCTanna Si. Ni 2 c 6onbwoa nnoT­
HOCTb!O AHcnoxauHil: Nd. ( Nci =l · 105cM-2) , 
220- pelf>nexc. CHHxpoTpOHHoe Hany'leHHe Xl4. · 

TonorpaMMhl (pelf>neKC 220) OAHOI'O H TOI'O )Ke 
y'laCTKa KpHCTanna Ni 1, nony'leHHhle c IlOMO!Ilb!O ! 

a)CHHxpoTpOHHOI'O H3ny'leHHH, x 14; SKil03. 2MHH. 

6)Hanyqemrnr MoKot Tpy6KH ECB-10, X 14, 
.axno3. 4 'laca. 

220 -pelf>neKC OT IlOJ:tnO)KKH r3C, IlOny'leHHOil: npH 
TeMnepaType nOJlllO)KKH 450°C. X 14. 

B'leHCTaH .ite!f>eKTHaH CTPYKTypa B no.itnO)KKe r3C , 
nony'leHHOil: npH TeMnepaType no.itnO*KH 80o0c . 
220-pelf>nexc. X 14. 

cfJparMeHTapHaH CTpyKTypa B r3C s l - Ge I B03HH­
Ka!OmaH npH 6hICTpOM oxna)KJ:t8HHH CHCTeMhl nocne 
BblpaIUHBaHHSl. BHAHhl Hanpsr)KeHHSl a6nH3H Ka:lKAOI'O 

aneMeHTa cTpyxTyphI. 220-pelf>nexc. X 14. 

" .. -8-· 

P11c.l 

' 

' 

, -

"-;I 

P•c.:J 
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