KoMmnbroTepHoe MmogenunpoBaHue ¢pa3oBo-
KOHTPAaCTHbIX N306paxeHnn B 6es10M
CUMHXPOTPOHHOM M3JTY4YEHHUU Ha nNpuMepe
MUKPOTPYb6OK B KapbuTe KpeMHHUs

%

&
\
T. C. ApryHoBa, ®TU PAH um. A. @. Nogpe, C-leTepbypr

B. I. KoH, PHL] "KypuyatoBckumn HctutyT", MockBa
Jung Ho Je, X-ray imaging center, Pohang University, Korea



BLicokasa KocepeHmMHocmb rny4YKka Ucmo4YyHUKOE8 CUHXPOMpPOHHO20
usnyydyeHus (CH) mpempe2o rnokKkosieHUsA deslaem 803MOXHbLIM
rnosiyyeHue ¢gha3o80-KOHMpacmMHbIX U3obpa)keHUU MUKPO-06bLeKmoae.

Experimental
stations

\

cTtouHnk ClIA manoro pasmepa,
pacnofloXKeHHbIN Ha OObLUIOM
paccToAHMK OT 0OBLEKTA,
CO30,aET MYy4YOK C Manon yrnoBou
pacxoaumMocTbio.

[pn 3TOM BpeMEHHan
pacxoanMocTb 3ajaéTcq
caMU MKW UcchnepoBaTeNAMU.

Insa amol uenu obbIYHO
Lucronb3yrom Kpucmarnnbl-
MOHOXpoMamophbi,
8bIMOMHAWUE HECObKO
yYHKUUU OOHO8PEMEHHO.

Puc. 1. Cxemamuy4yeckasa duazgpaMma,
foKa3blearowjas HaKkornumerbHoe Korbuo
ANEeKMPOHOS8, pellémKy MacHUmos u coopmy
opbumail.



Pohang Light Source - ucmo4Huk CH 3-20 MOKoJIeHUA;
2. [ToxaHe, Pecnybnuka Kopes.

JluHelHbil yckopumens: 2.5 T3aB.
HnuHa kpyeosol opbumsbi: 144 M.
2bbekmueHbIlU pa3aMep UCMOYHUKa:
160 MuKpoH (H) x 60 mukpoH (V).

9 VUV emaHuyul u 18 peHmaeHo8cKuUx
cmaHuud.

UccnepgoBaHUA NpoBOAUIIUCL Ha
cTaHUuu /B2: peHTreHOBCKaA
MUWKPOCKOMUA.

Puc. 2. HakonumernbHoe KonbUo, 3KcrnepuMeHmarbHbll 3an, TUHEeUHbIU ycKkopumerb
U mexHu4yeckue 30aHud Ha meppumopuu Pohang Light Source.



interaction of micropipes with foreign polytype inclusions in SIC
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®as3oBbIM KOHTPACT MUKPO-
OObEKTOB He TpebyeT OYeHb
BbICOKOW BpEeMEHHOW
KOrepeHTHOCTU U coxpaHdaeTca
Npy UCNonb30BaHUK
MOHOXPOMamopoe C HU3KUM
paspeweHuemM [1] Unu paxe e
HeMOHOXPOMamu3uposaHHO
M («6bennom») nyuyke CU [2-3].
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Kapbuod kpeMHUS - nepcriekmueHbLIU Mamepuars 3/1IeKmpoHHOU MexXHUKU.

SiC npesocxodum KpeMHUU:

Mo HanpsxeHuro Npobos -

8 3 pa3a;

llo mennonpodHocmu -

8 3 pasa;

o wupuHe 3anpeweHHOU 30HbI -

8 3 pasa.

SIC - omiuYyHbIl Mamepuan onsg
U320MOB/IEHUSA CUMOBkIX, BbICOKO-
memnepamypHsIX, padlollOHHO-CMOLUKUX
npubopos ¢ maneimu nomepamu. B
Cunosoll aNeKMpOoHUKe 3ameHa Si Ha SiC
dacm KosnoccalbHbIl ebili2pbill KakK 8
MowHocMU, mak u e niaowadu npubopos.

OO0HaKo, MPOMbIWNEHHbIU 8bIMYyCK MOLWHBIX
nonynposoOHUKOskIX Mpubopos Ha OcCHoee
SIC 803MOXEH MOMLKO Npu Hamu4yuu
8bICOKOKa4YeCmeeHHbIX Kplicmarsios.

[ Tpboussoocmsy Kpucmanios
Melwarom oegekmbl cmpykmypsbl,
B80O3HUKarouwue 8 rpouecce pocma.



Kpucmannsi SiC ebipawjuearom MmemodomM cybnumayuu.

[lep>kaTenb Lt
MOLN oM [Topnoxxka: SiC
) MOHOKpUCTanNm
[ pad TOBbLIN P,
KOHTENHED -~
Pactywnn SiC
2 MOHOKpUCTan
Ta KOHTEWHEP N P
o
e yrshio g
Tannnyeckni P

B

SIC - NICTOMHUK
Mapa

Puc. 3. Pocm Kpucmanna ocyuwecmensaemcs 8 « C3HO8LY-
A4yelike» - 3a3ope -Mexoy NoONOXKOU U UCMOYHUKOM napa; 8

gakyyme unu e Ar, memnepamypa 2000 — 2200 C, ckopocms
pocma 0.5 — 1.5 mm/yac.

B YyacTHOCTMU,
Sublimation
sandwich meTop,
ObIn paspaboTaH B
1970 npop. HO.A.
BopakoBbiMm, O T
PAH.

Yu.A.VVodakov
and E.N.Mokhov,
Patent USSR
N403275 (1970),
Patent USA
B4147575
(1979).



Mukpompy6ku e SiC - dechekmbi-yoéuliynbl.

PocToBble fedeKThl
CTPYKTYpPbI — MUKPOMpPYOKU -
BbI3bIBAIOT 31 EKTPUYECKIM
npobon B npubopax Ha SiC.

Puc. 4. Pocmosas nosepxHocms
Hal Mukpompybkol (a), Memod
CKaHUupyrowel 3neKmpoHHOU
MUKpOCcKonuu.

Cxemamu4yeckoe usobpaxeHue
8UHMoeol oucokauuu e

Kpucmannu4yeckol pewémke (b).

VIx Hasblgarom
‘Oegbekmamu-
yvbuuuamu” npubopos
Ha SIC, a ux
MIOMHOCMb 8X00UMm
8 YUCJ/IO OCHO8HbIX
rnokasamesneu
Kadecmea
eblpalieHHo20
obpasya.




Memodn! uccnedoeaHusi Mukpompybok e SiC.

PeHTreHoBcKagd TDI'IDFDEI(*)MFI OnTuyeckas MWKPOCKON A

Puc. 5. CHHXpOTpOHHada Tonorpamma B Puc. 6. MukpodcoTtorpacuna B

reomeTpun bparra. (0001) 6H SiC. npoxopAallem cBeTe. [ eKcaroHalbHble
AMKW TpaBneHUa COOTBETCTBYIOT

X. R. Huang, M. Dudley, W. M. Vetter et al, BblXoAam MUKPOTPYBOK Ha NOBEPXHOCTb

J. Appl. Cryst. 32, 516 (1999). obpasLa.




Memods! uccnedoeaHuss Mukpompybok e SiC.

CkaHupytoLlaa sanekTpoHHada MDa30B0-4YyBCTBUTENbHAA
MUKPOCKOMUS paguorpaduns

Puc. 7. [pynna mukpoTpyboK Ha Puc. 8. CnHXpoTpoHHOE ¢ha30BO-KOHTpacTHoe
TpaBMNEeHHOW NOBEPXHOCTU NNacTUHbI n3obparkeHe ckonneHna MUKpoTpyboK. benble
SIC. ['eKcaroHanbHaa cpopma AMOK U ‘raflo’ - N300parkeHNA AMOK TpaBneHna Ha
chaceTkn BHYTPU TPYOOK yKa3blBaloT MOBEPXHOCTH.

Ha NpuUcyTCTBUE AUcnoKaLnii.



Oﬁpa&ﬂbl U mexHuUKa aKcriepumMeHma.
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Puc. 10. Obpa3sey — nnacmuHa SiC,
gblpe3aHHas napannenbHo ocu
pocma kpucmarnna (0001).
MukpompybKu pacnonoxeHsbl
20pU30HmManbHo. [logepxHocmb
obpa3ua — nepneHOUKynapHa nyyky.

Puc. 9. CxemMa akcrepuMeHma, eKknroyaroulas
depxamernb obpaszua, cUUHmMUIIamop, demeKkmop
u cucmemy nuH3.




SKkcnepuMmeHmMankbHbLIe pe3ysibmamkl. ornpedesieHUe duamMmempa.

a Puc. 11. (a) Mukpompybka e nanacmuHe SiC, NogepxHocme Komopol
yCcmaHoeeHa nepneHOuKynapHo ny4yky. Bo epems aKcrnepuMeHma
nonoxeHue Mukpompyokt b0 20pU30HMaNbHbIM.

(b) N1300paxkeHus, U3MepeHHbIE Ha pa3HbIX PacCcmosHUSIX om
oemexkmopa. Liughpbl 45 — 5 nokasbigarom paccmogHUsa om
demekmopa 0o obpasua, cm.



Pacyém peanbH020 criekmpa ¢ y4émomM nmoasomumenedu.

Flux [phs/sec/mrad 0.1% BW]
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Puc. 12. Cnekmpbl CH, paccyumaHHbie
C YYEémoM noenomumened
(bepunuesoe OKHO 2 MM monwjuHoud u
obpasey monuwjuHol 490 MUKpOH) U
bes yyéma noanomumenedq.

KomnbloTepHoe mogennpoBaHue B Benom
CW — 3aTo cymmupoBaHne KapTuUH AnA
pasHblX 3HEPrni.

PasnuyHble rapmoHukn CH no
PpasHOMY MNOrnoLjarTca Kak B
NOrnNoTUTENAX, Tak N B obpasLe.

HeobxodumMmo o4eHb MOYHO
yyumbieamsb pearnbHbil
crnekmp paanoxeHus CU
o eapMoHukam. [lpu4yem &
3adadyy exooum He
UCXOOHbIU cnekmp CU, a
mom, KomopbiU
peaucmpupyemcs
O0emeKmopom.
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KoMnbromepHoe mModesiupoeaHue
Kpyarnou MmukpompyOku.

Puc. 13. KomnboTepHOe MofennpoBaHue
3aBUCUMOCTHW OT paccTOAHNA. PaccTodHue
B CM MoKasaHo MeXay naHenamu.

Jlesas eepxHAA NaHeNb: hparmMeHThb
KCNEPUMEHTANBHbIX N300parkeHui.

[lpasasd eepxHAS naHenb: pacyéTHbIE
n3obpakeHnd Ana MAUKPOTPYOKK
AnameTpom 4 MUKpOHa.

HuxHue naHenu noKasblBarT pesynbraThl
MoAeNMpoBaHUA Ana MUKPOTpYDOoK
AMamMeTpom 3 (nNeBad NnaHenb)

U 5 (NpaBad NnaHesnb) MUKPOHaA.

MacwTab cnpaBa npeacTaBnaeT WKany
Ceporo LpeTa.
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ModenupoeaHue MUKpompy6ok annunmu4ecko20 ceyeHus.

7 e L i

e — e

Ay s MopenupoBaHne TpyooK

i -~
(1) lNodeoHka 3agucumocmu om paccmosHus. ) 3NNUNTUYECKOro cevyeHuns
e A /’/ NpoBoAMnoch B 2 3Tana.

ST R

/ 2) [NToO20oHKa
| pa3mepa 800/1b

\ MUKpompy6Ku.

Mg A e

Puc. 14. 3o0bpaxeHusa Mukpompybku annunmu4yeckKkoao ceqyeHus, U3MepPEHHbIE &

3asucuMocmu om paccmosHuUsa om demekmopa. [NyHKmupoM omMeYyeHbl YPO8HU U3MEpPEHUS
npogpunel UHMeHcusHocmu edornb MmpyoKuU.



Mpumepbl ModenupoeaHus npodgusiel UHMeHcUeHOCMU.
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Pe3ynbmambl MO@EHUPOB&HHH 3asucumMocmu om pacCmMoAHUA.

6 - .
e e
| : —a——a—01— " z—‘l
5 - L e — -
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& 4
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E —o—o—o Ay 4
) > e =sn ] 14
©
=
a °
longitudinal
- A ——a— R} [loka3aHb! mpu yposHs
v usmepeHus npogouned
. 800/1b OCU MpYOKU:
; , : | _ r | | | |

Distance from detector, cm

Puc. 15. 3Ha4YeHusa ouamempa MUKpompyoKu 3nnunmuUYecKo2o celdeHus, rnofyvYeHHsle
8 pesynbmame MoOenuposaHUsa 3aslUcUMOCcmU om paccmosHusa obpasel, - 0emeKkmop.
Traverse - ocbk afaurnca, UaMepeHHas nepneHoUKYIapHo nydky,; longitudinal - napannensHo

MyyKYy.



ModenupoeaHue "3aKpy4YeHHbIX” MUKpomMpyO6oOK.

[Ipn noBopoTe TPYOKN BOKPYr €€ ocu (T.€. MpW HaKnoHe obpasla)
NoABUIICA y4aCcTOK TEMHOIMo KOHTpacTa, OTMeYeHHbIN Ha puc.16 cTpenkon 1'.

Puc. 16. MaobpaxeHue Mukpompybok e HaknoHEHHOM obpa3aue. M3obpaxeHus
3asucumMocmu om paccmodHuUs O0na y4Yacmka mEMHo20 KOHmpacma, oimMeYyeHHo:20
cmpenkod 1°. ugbpbi 5 - 55 noka3biearom paccmogHuUe om demexkmopa, cM.



U3mepeHue cedyeHUs ed0s1b ocU MUKpompyO6Ku.

B - . ‘ .
® |ongitudinal 45 cm
—m=8 55 cpm
5
[ |
\ Traverse
! u A MoxHo sudemp, Ymo
" 4 - L A npodoribHbIU duamemp
[ |
S YMeHbWaemcsa e00/1b
E l . A - mpy6bku, moada kKak
= 3 - | A A : rnonepeYyHbll- ysenu4yusaemcs.
g . .
E \' & | A VameHeHue MoXHo obbsacHUMb
g 2 - C RN A rogopomMoM arnnunmu4yecKoao
] e " CeyeHus, m.e.
- A . g :- " . 3aKpy4yusaHUeM
N A A MUKpompybKU 60Kpye eé ocu.
0 — 1 r 1 rr 1T T 1T T+ T T T 7 [ |

—
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Puc. 17. lameHeHne nonepeyHoro (traverse) n npogonbHoro (longitudinal) gunameTpoB
MUKPOTPYOKN B 3aBNCUMOCTIN OT NOJIOXKEHNA BAOSMb €€ OCKU ANA ABYX pacCTOAHUN OT
LeTekTopa: 95 CM U 45 cM.
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pa3BUT 3KCNEPUMEHTasIbHbIN METO/ NPEeLnU3noHHOro U3MepPeHus
npogpunen pacnpeaeneHns UHTEHCUBHOCTU Ha ¢pa30BOM, TO €CThb

KOorepeHTHoM, n3obpaxeHun MUkpoTpybok B 6esiom nyyke CU

CO3[4aHa KOMIIbKOTEPHAGA MNporpamMmMa, rno3BoJiAl0WaAa MOAEJIMPOBaATh
HPOCI)HHH pacripegesieHna UHTEeHCUBHOCTHU U T1poBOAUTD

aBTOMaTUYECKYIO MOAIOHKY napaMeTpoB MUKPOTPYyOOK

peluaroLmm ¢hakTopoM ycrexa B rpoLecce MoAeMpoBaHus
aBnsieTcsa 3HaHune cnektpa CU, popmupyiolero nzobpaxeHue

3aBUCUMOCTb OT PacCTOSIHUSI M03BOJISET MOBbLICUTH HAZlEXHOCTh
ros1iy4aeMbiX U3 NMOArOHKN rnapamMeTpoB MUKPOTPYOKHU

HAOCTOBEPHO YCTAdHOBJIEHO, HTO MMKPDTP)/&KH MOryr MMeTb
HE TOJIBKO KPYrJioe cedeHne, Ho u aJuyinrTtn4yeckoe, € rnoBoporomM

JIJinrca rnpn gen>XeHnn s40s1b ocu prﬁKM






