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One of the most important task• of investigation of X-J'a7• 

diffraction from crystalline structures is determination of 

quantitative relation between the diffraction parameter• and 

the degree of the crystalline structure perfection. Here mo•t 

interesting for modern indu•try are the methods allowing to ob­

tain required inf~~mation quickly and with high re•olution. 

With thi• purpo~e a number of nondestruotive method• of 

identification of t~~ structural perfection of monoc1'7•tal• 

•uch as topography [1,2], measurement.of the diffraction para­

meters [3,4], secondary electron prooes•es in solids [5] , etc 

are u•ed. But, all the methods listed are not quick beoall89 

the comparativl;r long time is neces•ary for measurement and 

compute of a great number of parameters, using special prog -

rama [6], and for preparing of samples, espeoiall;r, for the ..._ 

cuum conditions (7). 

In the present paper the re•ults of design and experimen­

tal stud;r of a method for detel"!llination of the degree of sur­

face and volume structural perfection of crystalline eamplea 

by means of measuring only one parameter of photons.spatial 

distribution at X-ray diffraction are presented. 
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1'1I1",1H Lon of the proposed method, using SR of dedicated 

I wtLh the usual beam emittances and intensities, 

wt I I 1d I ow lo nllt11.in high quickness and resolution. 

Tl1111 ni11tli11tl I tee in the following. The SR beam, collimated 

by n. 11
0

- w l <I• n t l l, is directed on a double-crystal spectrome­

l.,1 • ( l1Cfl ) wl,tlt 1rnltp11.rallel dislocation of crystals and loca -

d n L L 

lhe d t rrr 

!'rom the collimator's plane. The width, h of 

nor DCS, as it is seen from the Du-Mond's 

dil'\gr111n [9 j ( l'lfU! r' I ~· 1), in 6 general case, when the crystals 

have a di fferent ntruo Lural pnrameters, is defined by 

h 
c1ct9e,t9e2+ez 

= h + - · · L (1) 
0 1 + ct9e,t~ez 

where e,,ea -diffraction angles, and £1,ez are the widths of 

the rocking curves of the used crystals. 

The case of identical crystals brings eq. (1) to the form: 

h =ho+ 
f.1 + ea L 

2 (2) 

As it is known (see, e.q., Ref [3,4]), the rocking curve 

width and shape are sensitive to the lattice disturbances and 

h ~+~ hence, the value~ =--z-L defines the degree of perfection 

of crystals using in the given diffraction. 

Let the first. crystal in DCS, serving as a monochromator, 

for whiCTh e1 is known, when the second crystal, to be se~rch­

ing samp~e, is substituted during the experimental. The value 

of Ah, measured for each sample, will be proportional to the 

rocking curve width Ea of searching sample and hence will de­

termine the degree of its perfArtion •• 
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The method was experimentally investigate4 using SR beam 

of the Yerevan Physics Institute accelerator ARUS. The SR beams 

necessity for the performing of the idea bas~d on the fact, 

that the absolute value of 6h and hence, r~solution too, are 

defined by the distance L which in case pf SR, can reach 

tens of meters. For example, for L•100 m ' .;he method's reso­

lution is up to o. 05", when the slit's wil:.li-h measurement accu-

racy is - 'tpm. 

The experimental facility consists of a double-crystal spec­

trometer based on a ordinary goniometer type GUP-5, a collima-

ting system, dislocated on the beam linr, at 8m distant from the 

first axis of DCS, a vacuum beam pipe lflld a detection system. 

The shape of the diffracted beam was pectured using RJ-1 

type film, placed perpendicularly to the beam axis with a pre­

cision better than 2'. The experimenta\ facility is schemati­

cally shown in Fig.2. The Experiment was performed in Bragg­

Bragg and Bragg-Borman geometries, which allowed to investi -

gate the sensitivity of the method to surface and space distur­

bances. To provide ATXR conditions (flt> 6) at investigations in 
0 

Bragg-Borman geometry, the wavelength was chosen to be A-0.5A, 

which simultaneously allowed to avoid the effect of harmonic 

components in the SR photons flux. The width of the slit was 

chosen to be 500 ~m. As a samples for the research the Ge mo­

nocrystals with Ga , .As and Cu admixtures in concentrations 

of "'1018 atom.cm, and Sl monocrystals polish.::d by 7, 20 and 

501-1m -grained abrasive powder were used. 

Fig.) represents the images, obtained from the samples un­

a~- ' nvestigation. rhe widths of the slit images, measured by 
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means of comparator having 1pm reaolution are given in the 

Table. 

The reaulta presented in the Table indicate to high sen­

eitivity of the method auggeeted. Ibidem, the widths of the 

rocking curves of the samples under investigation are presen­

ted, which are meaaured on the (n - n) epectrometer using SR. 

Comparison of the resulta of measurements of e and Ah oon -

firms that the interpretation of the slit's image widening me­

chanism is correct and it is possible to use the method under 

discussion to identify the degree of monocrystals disturbance. 

Using instead of the film another mor~ sensitive detector 

will allow to attain high quickness of the method. 

A 

.. 'l=::=J' ' -~ 
e1c!i4t1~•&1 

l•ctp&, ~~ Fig.1 
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Figure Captions 

Fig. 1. A Du-Mond diagram for the case with ( n,+n) arrangement 

of the monochromator and the sample under investigation. 

Fig. 2. Schematic representation of the experimental facility: 

1- the iquilibricem orbit of accelerated electrons; 2-

SR beam; )-collimating slit; 4-monochromator; 5-mono­

crystal under investigation; 6-film. 

Fig.). Slit images,obtained from monocrystals with different 

degrees of perfection 

1.- The collimated SR beam cross section image behind 

of the Be window. 

2.- Perfect Si , Bragg-Bragg geometry. 

J.- Anperfect Si, Bragg-Bragg geometry. 

4.- Polished Si (5:0fm grains), Bragg-Bragg geometry. 

5.- Perfect Ge, Bragg-Bragg geometry. 

6.- Perfect Ge, Bragg-Borman geometry. 
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Geometry of Sample 
experiment 

Ge perfect 
Bragg- Ge (As) 
Borman Ge(Ga)+Cu 

Si anperfect 

Bragg- Ge perfect 
Ge(Ga)+Cu 

Bragg Ge {As) 
Si perfect 
Si polished 

(?Jim) 

Si polished 

(20Jlm) 
Si polished 

(50Jlm) 
Si anperfect 

Collimator width 

Table 

Diffracted Rocking curve .dh = h-ho 
width h (mm) width(ang.sec) (mm) 

0.610 7.0 0.110 
1. 100 10.2 0.600 
1.397 7. 6 0.897 
1. 989 11. 8 1.489 

0.539 7.0 0.039 
0.600 7.6 0.100 
0.962 10. 2 0.462 
0.525 6.5 o. 025 
0.887 12.0 0.)87 

1. 767 91. 5 1.267 

2.)72 1'69. 0 1.872 

0.887 11.8 0.)87 

h
0 

= O. 500 mm 

9 



References 

1. A.A.Rusakov, X-raying of metals, Atomisdat, Moscow, 1977, 

p.480. 

2. I.L.Shulplna, The X-ray topography methods tor single crys-1 

tale investigation, AllRA., Leningrad, Mashinostroenie Pub., 

1977, vol.18, p.92-101. 

3. L.K. Datsenko, Dynamic scattering ot X-rays and the struc­

tural perfection ot real crystals, Ukr.Pis.Gur.,1979,vol.24~ 

N.5, p.577-590. 

4. E.K.Kovev, V.E.Baturin, Triple-crystal spectrometer for X­

ray diffraction investigation, AMR.A, L.Maahinostroenie Pub. 

1975, vol.16, p.121-130. 

5. M.J.Bedryk, G.Materlik, K.V.Kovalchuk, Depthselective X-ray 

standing wave analysis, DESY SR 84-12, 1984, ISSN 0723-797~, 

Hamburg, W.Germany. 

6. M.S.Nachamson, Automatisation ot investigation ot the strucj.. 

ture, composition and property& ot the substance using com­

puter, TsNIITEI priborostroenia, 1981, p.39. 

7. S.Kikuta, T.Takahashi, Y.Tusi, R.li'ukudome, Dubbl-C17stal, 

Vacuum -X-Ray Diffractometer, Rev.Sci.Instrum., 1977,vol.48, 

No.12, p.1576-1580. 

8. H.H.W!nik, S.Doniack, Synchrotron Radiation Reaearch, Pie-
• 

num Press, New York and London, 1980, p.754. 

9. J.Du-Mond, tpeory of the use ot more than two succeesive 

X-Ray crystal •reflection to obtain increased resolving 
' power, 1'hys.Rev., 1937, vo1;52, p.872-883. 

The manuscript was received 4 November 1988 

10 

1 ne address for requests: 
Information Department 

Yerevan Physics Institute 
:'V\arkaryan St., 2 
Yerevan, 375036 
Armenia, CSSR 

Y1 • 11 • KAP AEIBOB , JJ. • JI. fil'VI Kffi! 

V!CCJIEUOBAHV!E PAC!IMPE!Il1H Vl30EPNKfill}ff! KOJll.IHUHPY!JliF~! lllGJ]ll J-3 

,lll1i1>.PATI1POBAHHO!d Pilll'ITEHOBCKOI .. 1 CltffIXPOTPOIIllOI i 1'13.J!Y'..fi;;. i: m OT 

CT1'11IBH COBEPllIEHCTDA KPYICTAJUIOB 

(Ha aHr.JllriiCKOM .fl3llKe, !IP.peBO.U nanm1a f.A.) 

Pe.nm<Top JI.II. r.lyKamr 

TeXHJ11rncKID1 pe.nainop A.C.A6p:1r.unr 

IIo,nrni:caJI~ B ne<raTh 30/Xll-88r. 
ClqiceTHa.fI neqaTb,Yq.Hs.u.A.0,5 
:±i.E.THIT.lf> 671 

lh>-03162 <DopMD.T GLxb4/I6 
Tn JXlJK 299 :ms • ll. 8 
vlu.n:e1tc 35;~4 

OTireqaTruIO,B EneBaHCI<OM QM3ttqec1wi1 HHCTH'l'Y'I'e 
·<;peBaH 36, yA.tpaneB /umxm1JIH 2 


