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Results of the investigation of monocrystal surface leyers
defected structure by means of two-cryatal topography in the
Brage geometry using synchrotron radiation are presented. Topo-
gramg obtained in high orders of reflection are shown to con-
tain information sn the structure perfection of monocrystal
surface layers with thickneass of several up to hundreds mic-

ronsg.
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Ag is known [1] the quality or semiconductor electronic
devices, defined by the conformity of their parameters to the
predetermined specifications, depends greatly on the structu-~
ral perfection of the silicon crystalline substrate. In the
process of formation of the parameters of devices and micro-
circuits a small depth of the surfece is involved. Thus Lhe
development of quick test method of the definition of surface
layers structursl perfection is very urgent and its applica-
tion will permit to increase the industrial yield and quality
of electronic devices.

At presenf indestructible methods of the investigation of
monocrystal structure[?”e] using traditional X—ray‘éources
cannot provide quick test iﬁvestigations, since in order to
obtain one topogram one needs many—houreé ekposure time[ﬁ’g];-‘

This peper presents the results of fﬁe investigation of
posgsibilities of defining. the structural perfection of mong-
crystal surface layers by means of topography in the'Brugg
geomeiry, using the symohrotron radiation of the Yersvaa Fhyl -
sics Institute accelerator[?] « The method is based on the phe-~

nomenon of primery extinction and allows to define the picture
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of defects distribution 1im surface 1ajer at a depth of several.
up to dozems of microns by means of topograms obtained at ve-
rious orders of reflection in a wide range of wavelengths.

7o estimate the quick-testability, degrees of resclution
and informativity of the method, topographic investigations
1w ve been carried out of the silicon monocrystal with special-
ly introduced unit dislocations[s] and crystalline substrates
with a diode matrix. Topograms were taken in two-crystal (n,
+n) and (n, -n) spectrometers in (III), (333) and (444) orders
of reflection. The topograms obtained are compared to those
teken in the Leue and Bragg geometry in one-crysial apectrome-
ter using the white SR spectrum. an sxperimental setup assembl-
ed on the basis of the gonlometer GUR—S[S] is arranged at the
SR beam path at a distence of ~ 25m from the radiation origin
point. After the formaiion by means of collimatorstjd] the Sﬁ

2 and divergence in the

beam hed transverse dimensions 4x 12mm
horizontal and vertical planes 8Y =075 1077 snt & =2.4 1074
rad , respectively. As an SR monochromator & perfect monoocrys-
tal of silicon wes used with a dislocation density Nd3~100m'2,
whose reflectipg‘surface is cut parallel to the crgsgallqgra-
phic plane (III) with an accuracy no more than 2 angular minu-
tes. The choice of a perfect monochromator is induced by the
necessily to exclude the overlapping of the mcnochromator de:
Tacle H1,8 Gl the diffractional picture of the invggtigated
suunple. Jopograms were taken on & éhotoplat: wiih #l type .
enulsion, The photoplute was located parallel to the investiT
gated sample which allowed to preserve Llhe scale of imapes.

when iaking topograms st different orders of reflection as well



-

as fo avoid geometric distortions of the image.

Fig. 1 presents the topograms obtained in (ITI), (333),
(444) orders of reflection for (n, +n) (g) and (n, -n) (v)
spectrometers, The comparison of topograms shows that images
of disturbance fields substantielly differ depending on the
order of reflection, l.e., depending on the depth of extinction.

The applicability of the two-crystal monochromatic Bragg
topography method with the variation of extinetion depth for
investigating the defected structure of monocrystalline sub-
strates for electronie devices is confirmed by topograms on
fig. 2. It presents the images obtained from the substrates
with diode matrix in {n, +n) ang (o, -n} arrangement for the
same orders of reflection, that were used in previocus topograms,.
4 strongly disturbed areda was selected on the circuit for whieh
were also taken topograms in the Bragg and Laue geomelry using
& polychromatic SR beam (figs. 3,4). As is seen from the topo-
gram on fig. 4, in this region there is a fracture in the
6rystal depth. The topograms in the Bragg goeometry for (444),
(333) ana (1II) re#lections show en inerease of the contraast
of the fracture iﬁage with the increase of extinciion. The
comparisaon of'topdgrams obtained én e two-crystal Spectrometer
with thet of the one-crystal spectrometer (seé fig. 3) shows
that the one-crystal topography is insensitive’to the majority
of disturbances which are distinctly menifested in two-crystal
geometry, o _ .

The comparisog with the tppogram obtained in the:Laqe ge-
ometry (fig. 4) (rujiuérﬁgramb)l§%11] shows that the laﬁter_
gives less information on the 6lane structuré'cohpared-to that
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on the volume structure of defects.

Ag s seen from the above topograms, the imége in the

" first order of reflectlon carries the most iniormatlon on the

gurface 1ayer structure. Beaides the topogram: obtained - at
(n, -n) arrangamant of’ crystals in (III} reflecticn has a:
greater reaolutlon compared to (n, +1) arrangement. This is
eccounted for by the difference of diffracted beam forﬁé%ion
mechanisgms in-these gpectrometers. A3 is well known (aee -5
12 ) in fhe cese of (n, -n) specirometer the maximum imege
contrast. correéponds to the angular disorientation equal to
the convolution cf diffracteu maximums of the investigated re-
gion of the sample. In the cese of (n, +n) spectrometer the
same contrast is ﬁanifested when the disturbance of the aample
plane structure overcomes the, angular divergence AU of the :
SR 1ncident beam. Therefore, in the ocase of (n, +n) spectrome-
ter, in order to obtain & resclution comparable with. that of '
(n, -n) apectrometer narrower collimated beams ore needed‘jo]
which leads to the waist of the illuminated regloh and to a
corresponding 1noreale of the total time required for the ob—
taining of the lmﬂgeP of &1l the sample surface.
Dne characteristlc of topograms depicted on fig. 2 is

that the width of the (III) topogram for both cases of crys-
tal arrangement is much less than the illumineted region and

it has a brilliance modulation close t0 the colonlike with

* abrupt f£alls at the ends. The appearénce of such a "glitter"

nay be accounted for by a complex curve of the substrate aris-
ing at technologieal treatment{-] The topograms in flg. 2
thow that the 1nten81ty distribut1on in the "glltter“ w1dth
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"and its form along the vert;cal direction of collimating slit

are sensltlve to the disturbance of the surface structure.
These characterlstlcs of "glitter" can as well be used tc

. develop qulck test methods of the analysis of the surface

:atructural state.

... The homogeneous direct "glitter" parallel to the collimat

© o ing Sllt (fig. ‘5b) informs of a good structural perfection.

The. curves of the type shown in fig. 5a point out the presence

‘:'of disturbance.

Hence the 1nformation obtained from the two-crystal spec-
o trbmeter:la suffxc;ent to define the degrees of disturbance in

the acting layer of.the subgtrate.
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Fig. 1

Fig. 2
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Topograms of S5i sample with unit dislocations in (1I11),
(333), (444) orders of reflection taken on & two-crys~
tal spectrometer;

8} at (n, +n) arrangement of crystals;

b) at (n, -n) arrengement of crystals.

Topograms of silicon substrate with a diode matrix in
(III), (333), (444) orders of reflection taken on &
two-crystal spectrometer;

a) at (n, +n) arrangement of crystals;

b) at (n, -n) arrangement of crystals.

Topogram of & silicon substrate with a diode matrix
taken on & one~crystal spectrometer.

Topogram of & silicon substrate with a dlode matrlx
taken in the Laue zaometrv on a one—crystal spectrome-
ter.

a) topogrem of a silicon substrate 'disturbed region in
(III) order of reflection taken on a two-crystal (n,
-n} spectrometer.

b) Topogram of a silicon siibstrate undisturbed region
in (III) order of reflection taken on & two-crystal

{n, -n) spectrometer.
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