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[peanaraercs HoBasi CXeMa 3KCrepUMEHTa,

c POKYCUPOBKOU MyYKa B AETEKTOPE MOc/ie OTPaXKEHUS,
KpuctasnoMm. [Nponaratop 3Ton 3a4a4v coBrnagaeT

C rpornaraTopoM KpuUcTasiszia, HO 3KCEPUMEHT

JIErKO BbIMNOJ/IHMM. Bonee Toro, MHTEPECHO D
U3yyaTb MHOIOC/IOUHbIE KPUCTasl bl

B. I'' Kon, Kpucmannoepagus, 2006, m. 51, N. 4, c. 605



HﬂpeHﬂC H3JIVICHHS OT HCTOYMHHKA MO ACTCKTOpPA B HH-JIJAHH CXEME
BbIMHCIBICTCH KAK MHDFGKPHTHLIfI pacHcCT CBCPTOK IIOJIA C IIpOollaraToOpaMH

E(x)=P(x,x;,L,)* P, . (x;,x,)* P(x,,x;,L,)
*P(x,,x,)*P(x,.0,L,)

HpH JSTOM IIpollalraTop IIyCTOI'O HIPOCTPAHCTBa HMCCT BH/|

: exp| i (x=x )

(iAL)"? AL

P(x,x,L)=

A — JUIMHA BOJIHBI, L — paCCTOSIHUE BJIOJIb ONITHYECKOM OCH, IIPOIIaraTop
JIMH3BI UMeeT BUJ (/' — (POKYCHOE pacCTOSTHHE JTMH3HI)

.?

. X : o
P (x,x,)=exp —mF[I—zy] o(x—x,)



IIpomaraTop MHOTOCIIOMHOTO KpUCTaJUIa (CHMMETPUYHOE OTPAKEHHUE)

d
Puc(x.3',2) = [ Ru()expliglx - ).

R(g)= R -RC exP(zqo) CC- R -R, (q) |
1-Cexp(ip) R,-R_,(q)
ad g 2 /2 oXa
P =— . ﬂ:(CT-—S f)l . RI.EZ >
sin &, s f
o =(9—qy)sm20, —iy,, s=Ky,, [= Aj(_h j
h

. Ad. A
o =Kyy, q,=Kp+K]| 7 7 ltgt,
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BomHoByIo (pyHKIHIO TToCTIe JTMH3BI £7(X3) moimyyaeM cpasy B
aHATUTHYCCKOM BHAe. OcTaIbHOM pacueT YA00HO JejIaTh METOIOM

npeoOpazoBanus Dypre. [Ipu 3 TOM Ha paccTOSHHU POKYCHPOBKH
HCTOYHHKA HMEEM

P(x,x,L,)* P(x,%,,L,) = P(x,%,, L, + L)
P(x,x,,L,+L)*E, (x,) 2 o(x—x,)
OTcroia CIEAYET, YTO €CIIH JACTEKTOP HAaXOAUTCA B (pOKyce, TO
E(x)~ bP,,~(x,,0)

To ecTh Tak Kak 6}’,[[’[‘{) HCTOYHHK H JCTCKTOP HAXOIUATCA HAa IIOBCPXHOCTH
KpHCTaJlla.



[nsa yncneHHoro akcriepuMmeHTa 6bin BbibpaH MHTepdepoMeTp

®abpu-lepo, peasibHO U3roToB/IEHHBIN U UCMO/Ib30BaHHbIN B
cratee: S.-L. Chang, Yu. P. Stetsko, et al.,
Phys. Rev. Lett. v.94, 174801, 2005.

OH cocTouT U3 2-x crioeB Kpuctanna Si, TonwmHon 70 MKM,
pasfesieHHbIX C/10eM Bo3ayxa TosiwmHon 100 MKM.
CumMmeTpuyHoe otpaxxeHue 12 4 0 npu 3Heprum ¢poToHoB 15 K3B.
Yron bparra /74.27 rpaa.

PaccMOTpeHbI 3 C/ly4asi Y3Koro rny4ka:
OrpaHUYeHHbIN y3kou wesnsio (A);
cchokycnpoBaHHbIN napabonuyeckou nvmH3ou (B)

U cPOKyCMpOoBaHHbIN 30HHOM MIaCTUHKOMN C TEM Xe
¢boKycHbIM pacctosiHneM (C)



E = 15.0 k3B E = 14.44 k3B
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[Tapabomuueckas MuH3a: NIaHapHad,
Si, R=7.5Mxkm, A=102 MM, F =174 cm.
30HHAag NJIACTHHKA: IHHEHHAL,
Si, rl =12 Mmxkm, N=226, A =361 mxm, F =174 cm.



W3 pesynbTaToB
pacueTa BHIHO, YTO
napabonuueckas
JIXH3a 5KBHBAJICHTHA
IE]IM, B TO BpeMs KaK
30HHAas NJIaCTHHKAa
naxke 6e3 HyJeBOro
nopsAAKa HE NOAUTCH
H3-3a HaJIHUHsA
MHOTHX IOPAJKOB

(bOKYCHPOBKH.
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CkauyKkd HHTEHCHBHOCTH HA rpaHanax KpuctaiioB
CBH3AHbLI C HHTCI'PA/IbHO-KHHCMATHYCCKHM
OTpAKCHHEM XBOCTAMH yl"J'lOBOfI 3aBHCHMOCTH

A (x) S J- dqg exp(rqx) _ 'SI O(x) exp| —— L, X
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Simulations of Bragg diffraction of a focused x-ray beam by a single crystal
with an epitaxial layer

V. G. Kohn!"#* and A. Kazimirov>'

'Russian Research Center “Kurchatov Institute,” 123182, Moscow, Russia
*Cornell High Energy Synchrotron Source, Cornell University, Ithaca, New York 14853, USA
(Received 5 March 2007: revised manuscript received 14 May 2007; published 28 June 2007)

The Bragg case diffraction ol a narrow x-ray beam in a multilayer crystal is studied theoretically. The beam
produced by a parabolic refractive lens i1s Bragg reflected by a crystalline sample and a spatial distribution of
the intensity is recorded by a detector placed at the focus of the lens. This x-ray optical scheme represents a
topographic technique which is extremely sensitive to a depth variation of a crystalline structure. Simulations
of the mtensity pattern were performed by using a computational technique based on a convolution of indi-
vidual propagators by performing a double fast Fourier transform procedure. It was shown that each interface
in a multilayer crystal can be observed on the intensity pattern with a contrast depending on the incident angle.
Thus. by recording a series of images at different angles, valuable depth sensitive structural information can be

obtained.

DOI: 10.1103/PhysRevB.75.224119

[. INTRODUCTION

iffraction is a powerful tool to study the atomic
f crystals, surface layers, and interfaces. High-
liffractometry 1s based on using a well collimated

s [ [ [ S [ | [

PACS number(s): 61.10.Nz, 41.50.+h

Analytical solution for the propagator obtain
crystal of finite thickness®™ revealed an interestir
phenomenon: a strong reflection is created not onl
front (entrance) surface but also from the back s
crv<talline <labh In analoev with refection of acot
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PacueT BBIIIOJIHEH 1A
SHEpIruu E = 25 K138,
IS A TFOMHHHUEBOU
JIHH3BI ¢ (POKYCHBIM
paccrosHueM 100 cm,
PacCTOSHUE OT
UCTOYHHUKA JIO JIUH3bI
50 m. BepxHss kpuBas
ITOKAa3bIBAET KOOPU-
HATHYIO 3aBUCUMOCTD
OTHOCHTEIILHOH
UHTEHCUBHOCTH cpa3y
3a JIMH30M (amepTrypa).
Huxusas kpusas —
3aBUCUMOCTD B (POKYCE
JIUH3BL.
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PesynbTaThl pacuera
111 gudpakuuu B S1
I KpUCTAallla ¢
TOJIIIIHHOM 5 MKM.
CBepxXy — IO aHAJIUTH-
yecKou popmylie s
OECKOHEUYHO Y3KOTIO
IyYKa U YU CIIEHHBIM
METOJOM I IMyYKa

¢ mupuHou 0.01 MKm
(KpUBBIE COBIIAJAOT).
CHHU3Y — JUIA ciIyvasi
(pOKYCHPOBKH ITy4Ka
nuH30M. OOpaTHUTE
BHUMaHUE Ha S0X
YCHJICHUE IIPH HCIIOJIb-
30BaHUM JIUH3BHI.
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I IpocTpaHcTBEHHOE pacipeJEICHUE
OTHOCUTEIIbHON HHTEHCUBHOCTH
c(pOKYCHPOBAHHOTO MYYKa IOCIIE
111 orpaxkenusa mo bpsrry ot
SMUTAKCHATIBHOTO CJIOS TOJIIUHOU
2 MKM Ha TOJICTOU IOJIJIOMKKE.

N cioi ¥ OI0KKa U3 KPEMHHUSL.
HecooTBeTcTBHE ITapaMeTpa
PEIIETKHU B CIIOE U B MOJJIONKKE
Ad/d =D-10*. 3nauenus D
nokasaHbl Ha rpaduke. LleHTp
YIJIOBOU allepTyphl JIMH3BI COOTBET-
CTBYET TOUHOMY OpATTOBCKOMY
 lonokeHUIO MO ITIOKKHU.



..................

)

o0 Kpusbie yriioBou 3aBUCH-
MOCTH OTHOCHTEIILHOH
J k . HHTCHCHBHOCTH I TCX KC
P T N I ..:.-I::;-._',.l:.-:.-. it }YGHGBHIT[? YTO W HA Gﬂaﬁﬂe

6 ¥ U1 TeX JKE 3HAYCHHI
 HECOOTBETCTBHA IIapaMeTpa
‘/ - pemetku D, kpome D = 10.

Jlma D = 10 nmuk orpaxeHus
OT CJIOSI CHJIBHO CJABUHYT
BIIPABO U BBIXO/JIUT 3a

-  Ipeneisl rpaduka.
e L L L Bl CpaBHeHHe HOK&BBIB&&T

IIPUMEPHO OJUHAKOBYIO
YYBCTBUTEJILHOCTh METOJOB.
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lIpocTpaHCcTBEHHOE pacupeaeICHUE
OTHOCHUTEJIbHOM HHTECHCUBHOCTH
c(pOoKyCHpPOBAaHHOTO MYyYKa IOCJIE
111 orpaxkeHusa mo bparry ot
SMUTAKCUATIBHBIX CJIOEB Pa3IMUYHOM
TOJIIIIUHBI HA TOJICTOM I1OJJIOKKE.
M ciout ¥ moQj10:KKa U3 KPEMHHSL.
HecooTBeTcTBHE MapameTpa
PEIIETKH B CJIOE H B MOJJIOXKKE
Ad/d = 2:10%. 3HaYeHHS TOJIIHHBI
CJIOA IOKAa3aHbl Ha KPpUBBIX. LleHTp
YIJIOBOU all€pTYypHhl JIUH3BI COOTBET-
CTBYET TOUHOMY YCJIOBUIO bpsrra
IS ¢J1o41. I'peyroibHUKaMu
OTMEYEHBI JIYUH, BBIXOISIIHE
IIOCJIE OTPA’KEHUS OT TPAHHUIIBI.
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I IpocTpaHCTBEHHOE pacipeCIICHUE
OTHOCHTEJIbHON HHTEHCHBHOCTH
c(pokycHpoOBaHHOTO IMy4Ka JJII TEX
K€ YCIIOBUM, UYTO U Ha cJIarje 8, HO
IJI1 HECOOTBETCBHUS MapaMETPOB
pemetku Ad/d = 10-3. Tak kak
VIJIOBas anepTypa JIMH3BI COOTBET-
CTBYET CJIOIO, TO OTPAKEHHUE OT
CJIOSI MIOXO0XKE HA OTPAKEHUE OT
TOHKOI'O KpHCTAalJIa, a OTPAKECHHUE
OT I'PAHUIIBI C MTOIOKKOH UMEET

CIIOXKHYIO CTPYKTYPY.






