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RAMAN STUDY OF THIN-FILM AMORPHOUS SILICON DOPED WITH
SILVER NANOPARTICLES

The peculiarities of the process of simultaneous magnetron sputtering on a substrate of
polycrystalline silicon and silver are studied. Coatings from an amorphous silica dispersed
therein with silver nanoparticles, as well aselectron microscope images and atomic force
microscope images of the coatingsare obtained. Raman spectra study of the resulting films
show increased scattering of the vibrational modes of amorphous silicon films with silver
nanoparticles.
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X —-RAY INTERFEROMETRIC INVESTIGATION OF STRUCTURAL
DISTORTIONS IN SEMICONDUCTOR CRYSTALS UNDER THE
INFLUENCE OF FAST ELECTRONS

An X-ray interferometric method for defining radiation pointed defects depending on
the dose and depth of penetrating electron radiation using a three-crystal interferometer made
of perfect silicon monocrystal with reflecting planes has been theoretically substantiated and
experimentally realized (110). Relative deformations have been defined and the density of
radiation defects depending on the radiation dose by fast electrons with energy 4,5 MeV has
been calculated according to moiré patterns.

Keywords: interferometer, silicon monocrystal, density of radiation defects, radiation
dose, moiré patterns.

1. Indroduction. Investigations of physical material properties depending on
the density of different radiation defects are expedient for obtaining substances with
the given properties and, in particular, for the development of radiation resistant
instrumentation. Silicon crystals are especially promising.

Structural imperfections arising in crystals at irradiation are mainly point
defects, which, on the average, are evenly distributed in the bulk of the irradiated
crystal. The observation of these defects and their distribution by means of ordinary
radiographical methods is known to be a rather difficult problem. On the other hand, X
- ray interferometrical methods are highly sensitive to such defects and have high
resolution. On X- ray moiré pictures it is possible to discern even minute distortions of
the crystal lattice and determine the density of point defects and their change within
small ranges of the matrix. Hence, having in view the investigations of imperfections
formed in crystals under irradiation, we took advantage of X- ray moiré patterns.

The aim of the present work is to investigate the structural distortions in
semiconductor crystals irradiated, as well as 4,5 MeV electrons by means of the
method of diffraction moiré.
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2. Electron irradiation. Radiation damages in perfect crystals due to electron
irradiation are well studied by means of different techniques [1]. It should be noted,
however, that such investigations in the field of dynamic scattering of X-rays in the
irradiated crystals are not sufficiently studied.

Hence, the development of sensitive methods for the experimental investigation
of local densities of point defects formed under radiation in crystals in general, and in
semiconductor crystals in particular, is extremely urgent.

An electrical method is known for the study on the density of radiation defects
in crystals, and with its help, the distribution of radiation defects in depth formed in n -
type silicon at irradiation with beams of 2 to 9 MeV electrons has approximately been
determined by measurements of the resistance distribution [2].

Also well - known are the methods of X-ray diffraction and X-ray
interferometry [3-6]. Besides the method of crystal swaying, all the methods of X-ray
diffraction (non-interferometrical ones) are inapplicable to the study of local densities
of point defects. However, for small radiation doses, the method of crystal swaying is
also inapplicable for the study of local densities of point defects because of its small
sensitivity and low resolution [7].

The application of interferometrical methods to the study of local densities of
radiation defects is also connected with great problems [4]. In fact, to obtain
appreciable interferometric effects in case of small radiation doses, it is necessary to
direct the radiation perpendicular to the reflecting planes of the interferometer, as the
interferometer is most sensitive to the shifts of atoms in the direction normal to the
reflecting planes. The shifts of crystal lattice atoms are mostly caused by radiation
fluxes also normal to the reflecting planes. Then, to study the dependence of local
densities of radiation defects on the radiation dose and its penetration depth, the
dimension of the irradiated crystal should be large enough.

Fig. 1. The diagram of interferometer irradiation. Fig. 2. The initial moiré
l-interferometer, 2- lead casing, 3- direction of electrons pattern
fluxes, 4- direction of the normal reflecting planes (110)
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Therefore, if the reflecting planes of the interferometer shown in Fig. 1 are
ABCD planes, then the direction of radiation satisfying the mentioned requirements is
direction 4 (see Fig. 1).

Structural distortions arising in semiconductor crystals at small radiation doses
are so small that conventional methods of investigation prove to be inefficient. Hence,
having in view the investigation of the afore-mentioned structural distortions, we took
advantage of the method of X-ray diffraction moire for its sensitivity to deformations
and its high resolved power. From a perfect silicon single crystal, we have constructed
a three-crystal LLL - interferometer with reflecting planes (110), which were
perpendicular to the working surfaces and the base of the interferometer. On obtaining
the initial topogram, the third crystal of the interferometer was irradiated with fast

electrons (4,5 MeV).The total dose was varied from 4-10" to 20-10" electrons/cm?.
In all cases the irradiation was in the direction normal to the reflecting planes of the
third crystal of the interferometer, other crystals being completely shielded by special
lead casing (see Fig. 1).

After each irradiation event, photos were taken to obtain moiré patterns
corresponding to different radiation doses. In Fig. 2 we show the initial moiré pattern
obtained from the interferometer, which was later irradiated with electrons.

a c d e

Fig. 3. The moiré patterns obtained from the interferometer after 4.5 MeV electron
irradiation for different doses a - 4-10"° b- 8-10"°, ¢-12.10"°,

d- 16-1015, e - 20-10" electrons/cm 2

The moiré patterns in Fig. 3a to e are from the same interferometer irradiated
with different doses of 4,5 MeV electrons. The irradiation with electrons is seen from
these figures, to lead to the change of moire patterns. With the increase in radiation
dose the periods of moiré fringes are reduced (see Fig. 3 a to e), i.e., the deformation
increases.

3. X - ray interferometric method for the determination of the density of
radiation (point) defects in crystals. It should be noted that in all the mentioned and
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generally known (X-ray) interfcrometric investigations of crystal imperfections, no
technique developed for the determination of the density of point defects was used.
Our purpose here is to theoretically substantiate and apply an X- ray inter-
ferometric method to the determination of the density of radiation point defects
depending on the dose and penetration depth of radiation.
The change in the crystal volume as a result of deformation could be expressed as
follows [6]:

1 _
AV = — | rfdV, 1
3Kj 0

where K is the factor of all-round compression of the crystal, f is the vector of the
density of volume forces exerted on the crystal. As the irradiation leads to an increase
in Frenkel defects (point defects), then, if we know f due to these defects, we can

calculate the change in the volume and, hence, the change in the lattice parameter.
Using the value of relative deformation determined in advance from experiments, one
can calculate the density of radiation defects.

In elasticity theory, the interstitial atoms (vacancies) produce elastic fields
which are described by the density of forces [8]

f(F) = —KQ,grads(r). @

If we substitute (2) into (1), then
1 - - 1 S
AV =—§onrgrad5(r)dv =§ond|vr5(r)dv =Q,. ©)

Hence, the value of €, is the increase in the crystal volume due to the presence

of one interstitial atom. One can show [1] that N such point defects producing
deformation according to (2) give a cubic expansion AV determined b
av =127 N (4)
1+v V
where C is a constant having the dimension of the volume and of the order of
magnitude of the atomic volume characterizing the "power" of the defect, v is the
Poisson factor. The relative variation of the lattice parameter could be expressed as
& 1AV 1-v N

— - 4z ._C. (5)
d 3V 1+v V
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Thus, using (5) and calculating the relative deformation one can estimate from
the moiré patterns the local density of radiation defects, N/V = N .

From the topograms of Fig. 3a to e, the distributions of the intensities of moiré
fringes in definite directions are obtained, and distances between maxima are measured
by means of microphotometry. In all cases the measurements are taken only between
definite maxima and, in this way, the values of relative deformation Ad/d corresponding
to different radiation doses are calculated.

Dependence of the density of radiation defects on the radiation dose.

Solving (5) with respect to N/ = N, we have

ND=[1+VjAd/d ®)

1-v ) 42C °

If we substitute the experimental values Ad / d corresponding to different doses into

(6), then taking into account that C =10 **cm3and v = 0.262, we obtain the dependence
of the density of radiation defects on the radiation dose. The results are given in the Table.

Table

Radiation dose

(electrons/ cm?) 4.10% 8-10%° 12.10 16-10° 20-10%°

Relative

-7 7 7 7 7
deformation 154-10 2.2-10 3.08-10 4.18-10 5.5-10

Density of radia-

16 16 16 16 16
tion defects (cm™) 2.1-10 3.0-10 42-10 5.7-10 75-10

The local density of radiation defects is seen to increase with the radiation dose.

The dependence of the defect density on the penetration depth of 4,5 MeV
electrons in the crystal is studied, and it is seen that the density of defects is reduced as
electrons go deeper into the analyzer crystal of the interferometer.

In view of the afore-said we come to the following conclusion:

1. With the help of the method of X- ray diffraction, the moiré structural
distortions are observed, which arise at the irradiation of the analyzer crystal with 4.5
MeV electrons.

2. Using the relative deformation determined from the obtained topograms, one
can estimate both the local density of point defects and their dependence on the
penetration depth of electrons at different radiation doses.

3. The developed method could be used, in particular, for determining the
density of radiation (point) defects in crystals both in scientific research and in the
production of semiconductor devices.
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u.<. UPN3UL

uhuu<uNrRU3hL P3N EILEMPNRY UMUS ELBUSMALLEMNY
unuUsSUo 4UMHNrS4UWOLU3PL ULTUYLUINRULEN P
NELSAELUPLSEMDEMUAUPULUL <GESURNSNRE3NRLL

Stuwywunpbtit hhduwynpybp b thnpduwlwunpttu hpwywuwgyb) £ nwnhwghnu Yb-
wnwiht wpwwubph npnadwu nbungbuwhumbpdbpwswihwywu dbpnn’ Yufujwsd EGlunpn-
Uwjht Gwnwqupdwu pwdlbswihhg b pwihwugdwl funpnigniuhg' oquwgnpdtiing uhih-
ghnuiph Juuwpnw) dhwpniptinhg wwwpwundwsd (110) wunpwnwpdunn hwpenieniiutpny
Gnwpjniptin hunbipbbpwswih: Cun Unwuph wywwnybpubph' npnagt) Bu hwpwpbpwlwu nbtbnp-
dwghwubpp, npnug Yhpwnnwing npngdb b nwnpwghnu wpwwnubph funngeniup’ Yufudws
4,5 Ut tubpghwyny wpwgq EGYwnpnuutpng dwnwquwjpdwt pwdubswihhg:

Unwugpuypti pwnbp. hunbippbipwswih, uhthghnwih dhwpniptin, nwnhwghnt wpwwn-
ubiph funneinit, dwnwquwypdwu pwdubswih, Untwnph wwunytipubip:
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A.O. ABOSIH

PEHTTEHOUHTEP®EPOMETPUYECKOE UCCJIEJOBAHUE
CTPYKTYPHBIX HAPYIIEHU, BOSHUKAIOIIAX B
MOJYITPOBOJHUKOBBIX KPUCTAJUIAX ITOJI AEHCTBUEM
BBICTPBIX 2JIEKTPOHOB

Teopernyeckn 0OOOCHOBaH M 3KCIEPUMEHTAIBHO PEalu30BaH pPEHTIeHOMHTEp(hepo-
METPHUYECKUH METOJ OINpEACIEHHs IUIOTHOCTH paJHalMOHHBIX TOYCYHBIX AE(EKTOB B 3aBHU-
CHUMOCTH OT JIO3bI U TIIyOWHBI IPOHUKHOBEHHUS 3JIEKTPOHHOTO OOJIydEHHs C HCIIOJIb30BaHUEM
TPEXKPUCTAIbHOTO HMHTep(hEepOMeTpa, H3rOTOBICHHOTO U3 COBEPIIEHHOTO MOHOKPHCTANIa
KpeMHHUsA ¢ oTpaxarouuMu miockoctsamu (110). ITo MmyapoBbsIM KapTHHAM OINpeseleHbl OTHO-
CUTENbHBIC AeOpMaIK U BBIYMCICHA TUIOTHOCTD PaJHallMOHHBIX A€(PEKTOB B 3aBUCHMOCTH
OT /103bI 00JTydeHHsI OBICTPBIMU 3JIEKTpOHAMHU dHeprueH 4,5 MaB.

Knioueguie cnosa: nurephepoMeTp, MOHOKPUCTAILT KPEMHUS, INIOTHOCTh PaHalliOH-
HBIX Ae(EKTOB, 1032 0OTydCHHS, MyapOBbIC KAPTUHBI.

YK 661.681

P.M. MOBCECH{IH, A.C. CAAKSIH, A.H. KOYAPSH

IOPEKTbHI HEKOJVIMHEAPHOCTHU B O/JTHOMEPHOM
CIIMH-3ABUCUMOM PACCESsIHUH

Pemiena 3agaua 1D — paccesiHus CIMH-TIOJIIPU30BaHHON BOJIHBI HA (DUHUTHOM Oapbepe.
Bexrtops! monspu3anuy nagaronieil BOMHB U HAMarHMYEHHOCTH Oapbepa, BOOOIe TOBOPS, HE
pacronaratloTcsi B OJHOH TUTOCKOCTH. McciaeqoBaHBl 3aBUCHMOCTH TOJIIPH3ANNN PACCETHHBIX
BOJIH OT CTENCHEH CBOOOIBI, OTPEACTIAIOIINX OPUSHTAIINI0 HAMAarHIICHHOCTH Oapbepa.

Knwouesgvte cnoga: cimH-NIOISIPU30BaHHAS BOJTHA, KOHEYHBI MarHUTHBIA Oaphep, CIIMH-
3aBHCHUMOE paccestHre, KO3 PUIIMESHTH! IPOXOKICHUSI H OTPAKEHHS, ICPEOPHECHTAIINS BEKTOpa
TTOJISIPU3AIUH.

1. 3BectHbie cimHTpoHHbIe sBneHns — GMR, TMR. Valve effect u T.1. [1-3] —
00yCIIOBIIEHBI CITMH-3aBUCUMBIM TpaHCIOPTOM. OONIHOCTh CHCTEM, B KOTOPBIX OHHU
MIPOSIBIIIOTCS, 3TO CYIISCTBOBAaHKUE B HUX BBIJICIICHHBIX HAIIPABICHUH, 00yCIOBIHBAaIO-
IIUX TOSBJICHUE HOBBIX MArHUTHBIX U CIIMHOBBIX CTereHed cBo0oabl. OHUM H3 TIpHU-
MEpOB MOXKET CIIY)KHTh CHUCTEMa, COJIEepIKaIllas /[Ba MArHUTHBIX CIIOS HAHOTOJIIUHBL
[NoTreHnmanbHEI POoUITb €€ CONEPXKUT JBa MarHUTHBIX Oapbepa ¢ HEKOJUTMHEAPHBIMU
HamarHudeHHOCTsAMHU [4]. Cuctema 001aaeT BCeMU YKa3aHHBIMH BBIIIE CBOMCTBAMU.
Kpome Toro, B Heit Bo3MokeH 3ddekT, aHanornuHblil n3BecTHOMY B onTrke 3 dekty
Maimoca: HEeKOJTMHEApPHOCTh HAMarHHICHHOCTEH MPUBOJIUT K TOMY, YTO B pe30HAHCE
MIPOXOYKICHUS JOJDKHBI HPOSIBIATHCS SIPKO BBIPAKECHHBIC MOAYIISILIMOHHBIE Y(P(PEKTHI.
B [5] paccmoTpeHa ananorudHas, HO 0ojiee MpocTasi CUCTEMa, COCTOSIIAs U3 OHOTO
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