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Abstract Backscattering analysis of magnetic, epitaxial layers on gadolinium gallium garnets
is described. The obtained results have been compared with the values estimated using segregation
coefficients. The good agreement of these results testifies to the usefullness of the backscattering method
in nondestructive analysis of the layers composition. The incorporation of lead (originated from
fluxed melts) into crystal structure has also been found.

INTRODUCTION

In recent years the considerable development of the backscattering analysis,
both in the basic and the applied research, has been observed (Chu et al. 1977;
Turos 1974, 1978; Mayer, Ziegler 1974; Meyer et al. 1976). This method has
been particularly useful for the structural and analytical studies.

In order to investigate the properties of the magnetic layers of GGG materials
it has been necessary to determine precisely an elemental composition of these
layers.

¢ The determination of the composition by classical methods has not been accurate
enough (O’Dell 1974).

The purpose of the present paper is the analysis of usability of the backscatter-

ing method in the accurate determination of the composition of GGG laye'rs.

METHOD DESCRIPTION
The backscattering method is based on utilization of the phenomena occurring

during interaction of charged species, like protons, deuterons or helium ions with
the surface of solids. The charged particles accelerated in the energy range of 0.5—
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2 MeV by means of an electrostatic accelerator, are then elastically sqattered by
the target atoms. After scattering the particles are analysed by the semiconductor
detector. The detector allows to record the number and the energy of scattered
particles. The energy of scattered particles depends on the mass of scattering atoms
and the depth at which scattering occured. The analysis of the backscattering
energy spectrum obtained in that manner epabl;s to dctermme the target composi-
tion. The investigations of the crystal materials in which one of the cry§tallogygph1c
axis has been aligned with beam directions (channeling), allows to obtain additional
informations on the extent of crystal damage. . o

In the experiments carried out, directions of the crystallographic axis in the
target were not aligned with the direction of the incident beam. It allowed us to
consider investigated crystal as an amorphous material. The geometry of the ex-
periment and different particle trajectories depending on the scattering depth are
shown in Fig. 1.

The energy ol the incident particles is £, and the angle between the target normal
and the direction of the incident beam is 6,. Let us consider the particles scatter-

Fig. 1. Backscattering process in a sample com-
posed of homogenous mixture of two monoisotopic
elements 4 and B

ed by surface atoms and by the atoms located at the depth x of the material.
In the first case the energy of scattered particle depends only on the mass
of the scattering atom 4 and is equal k E, - k, is the scattering parameter de-
pending in this case only on the mass of the scattering atom. In the second
case the energy of the scattered particles is additionally diminished because
of the energy loss in the target material and after emerging from the target
is equal E, ,. The difference k ,E,—E, , is proportional to the depth at which
scattering occurred. For the target containing n elements (compound sample),
energies of the particles scattered by surface atoms A A A arelequalito kg ES
ky E, ... k4 E,, respectively. The energies of particles scattered by the atoms 1oca.
ted at the depth x are equal to E, , .. E, ,.

The energy spectrum of particles scattered’ by a compound target is therefore
composed by the superposition of component spectra (each of them being due
to the scattering by different atoms). The formation of such a spectrum in the
case of two component target (4.B,) is schematically shown in Fig. 2.

In the present work we have investigated the LPE layers of the garnets the
composition of which can generally be denoted by formula: ((B6 ) (He, @ 2)0)
where B is one of the elements, like Sm, Eu, Ca, C—Ge or Ga. Such compounds
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ed by the target composed of two elements A
and B
HIE)
HyE)

HéE.)

E Ko Ko E

>

can be therefore denoted as X,0O,,. In the work (Chu et al. 1977) the interpreta-
tion method of the spectrum for that kind of compounds was presented. The
concentration ratio of two components can be determined as follows:

H, o4,
H, o4,

N Al/ N A3 1T (1]
where: .

N,, — concentration of a given component in the target,

H, — number of counts correspanding to the component i,

o, — scattering cross-section for i component of the target.

For Z > 20 eq. 1 can be approximated by the expression:

H. i225
N AR 2]
Nl = 5
where: ‘
Z, — atomic number of the component i.
Assuming additionally that:
(N [N+ (N [N+ ... +(N,IN) =8 B3]
where: ; ihvie
N — concentration of “molecules” X O,, in target, one obtains:
N
N, (1 g N b N, SR +——A"—>=8 [4]
N N, N, N,,

The content of 4, component in "molecule”” X;0,, has been determined by the
ratio N, /N. Using equations (2) and (4) the content of any component in epitaxial
layer of "the garnet can be determined.

EXPERIMENTAL

The experiments were carried out using beam of 2 MeV He* ions obtained
from the Van de Graaff accelerator of the Institute of Nuclear Research. The
proper experiments were preceded by calibration of the.measurgng systeam usit}]]g
standard sample of a known composition. On the basis of this p(;oqe ure 'bl:
energy calibration of the spectra has been made. This, in turn, made 1(ti possit
to establish the energy of ions scattered by given elements and therefore to determine
the masses of particular component of the target, i.e. to perform the quantitative
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analysis of the layer composition. The compositiqn of the layers was preliminary
estimated using segregation coefficients (Sarnecki 1980).

Because of dielectrical properties of investigated material it was necessary to
remove from the sample the electrical charge induced by the analyzing beam.
This was achieved by evaporating thin layer of aluminum (approx. 0.03 pm) on th_e
top of the samples. The early experiments were carried out without changing posi-
tion of the samples. The analysis of energy spectra has revealeq the presence of
a pronouced peak in the energy region corresponding to Fe. Thls result could be
explained by iron segregation or accidental convergence of directions: crystgllq-
graphic axis of the iron sublattice and incident beam. The latter effect can be elimi-
nated by rotation of the sample during experiment. It has been found that the
mentioned Fe peak is no longer present in the spectra obtained for rotated
samples. Analysis of the results was done using exclusively the spectra of the
samples coated with Al layer and rotated during measurements.

RESULTS AND DISCUSSION

The energy spectra of the He* ions, obtained for the samples of different ele-
mental composition, are shown in figures 3—5. The spectra analysis revealed the
presence of Al surface layer of the thickness of about szveral hundred A. The pre-
sence of lead of uniform concentration has also been found. Gadolinium-gallium
garnets are commonly grown by liquid phase epitaxy from PbO—B,0, fluxed
melts. Consequently some incorporation of Pb may be observed. Because of its

Fig. 3. The energy spectrum for the sample
no /. H isnumber of counts per channel/1000

200 4(')0 CHANNEL NUMBER

’

Fig. 4. The energy spectrum for the sample
no 2. His number of counts per channel/1000

200 Lbocmwsl NUMBER
32

H ‘Fig. 5. The energy spectrum for the sample
no 3. H isnumber of counts per channel/1000

200 400

CHANNEL NUMBER

large ionic radius, Pb>* is most likely to be accomodated in GGG in the largest
cation site, the dodecahedral site, which normally is occupied by Y3" (Glass
and Elliott 1974). Thus, instead of a single crystal generally denoted by
(Y,B,_)(Fe,C,_,)O,, where B — rare-earth element or Ca, C—Ga or Ge, the
single crystal denoted by (Y, ,Pb,B, )(Fe,C, )O,, is formed.

The compositions of layers were calculated using the previously described
method, the results being given in Table 1. The composition of layers estimated
using segregation coefficients (Sarnecki 1980) are also presented in the Table.
Because of the strong temperature effect on segregation coefficient the estima-
tion of the layer composition using that coefficient is a very inaccurate method.
Also the accurate control of epitaxy process parameters is impossible. It is incapable
of detecting fluxed melts components (such, as Pb) in the layer and determin-
ing their content. Backscattering method enables to determine composition of
the chosen layers independently of the preparation manner.

The method is a nondestructive one and allows to determine distribution of the
impurities. No special standarts are required except the universal one, for the
energy callibration. The basic limitation of the method seems to be the difficulty
in the content determination of elements of atomic mass considerably smaller
than the mean atomic mass of the layer. However, it is possible in some cases
to determine the content of light elements using nuclear reaction method, which
is a modification of the backscattering method.

TouIN Tl
The composition of layers
Shmrle Layer composition estimated using Layer composition calculated using
Fru segregation coefficients backscattering method
/ (Yz‘nscau,vs)(Feq,1GCO.O)OIZ (Y\.0 Pb, 0:Ca, 00
(FGJ.JZGCOASI)OII
2 (Y,,5sSmg 45)(Fe, sGa, )0y, (Y3,62Pby,025My,36)
(FC_\.uGal.zo)ou
3 (YI.-IEUO.O)(FCJ.OGal.I)OIZ (Yl.S'leO.OlEuOAJl)
(Fe, 45Ga, 10)0y,
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The main characteristics of the method are following:

— method is undestructive, ;

— sample sizes are limited only by the beam spot diameter (approx. 1 mm),

— typical depth resolution is 200 A%

_ the measurement time is limited by the statistical errors; the number of
counts giving 1% accuracy can be accumulated in 30 min,A

_ there is no measurable sample heating during experiment,

— the analysis of the spectra based on eq. 4 is straightforward; no use of com-
puters is necessary. '
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JADROWA MIKROANALIZA MAGNETYCZNYCH WARSTW
EPITAKSJALNYCH GRANATOW GADOLINOWO GALOWYCH

Streszczenie

Praca miala na celu oceng¢ przydatno$ci metody rozpraszania wstecznego do
precyzyjnego wyznaczania skladu epitaksjalnych warstw granatow.

Ze wzgledu na unikalno$¢ metody opisano pokrotce jej fizyczne podstawy.
Przedstawiono sposob interpretacji widma dla zwiazkéw typu granatow. Wa-
runki eksperymentalne dostosowano do wiasnosci badanego materiatu. Wyznaczo-
ne sklady warstw poréwnano z szacunkowymi wartosciami uzyskanymi na pod-
stawie wspolczynnikow segregacji. Stwierdzono zgodnos¢ wynikéw. W warstwie
zaobserwowano obecno$¢ ofowiu o réownomiernym rozkladzie koncentracji.
:?st}'cpowanne ofowiu wynika z uzycia PbO—B,0, jako topnika w procesie epi-
aksji.

Uzyskanp wyniki $wiadcza o przewadze metody rozpraszania wstecznego nad
klasycznymi metodami wyznaczania skladu warstw epitaksjalnych.

OBJASNIENIA FIGUR

Fig. 1. i stki ieraj

.g 331;:23:1)g;g::;;\[xoprg;sgsz;;;awiz:?;gl(v:’ ZrziezB tarcz¢ zawierajaca homogeniczna mieszaning
Fig. 2. Widmo energetyczne czastek rozproszon
Fig. 3. Widmo energetyczne dla probki /

Fig. 4. Widmo energetyczne dla probki 2

Fig. 5. Widmo energetyczne dla probki 3

ych przez tarcze zawierajaca dwa pierwiastki 4 i B
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Anoxcel TYPOC, Andxcel MOAITOPCKU, Ayek AFESTbCKU, Mapex BESTYHbCKM

AAEPHbIA MUKPOAHANMU3 MATHUTHbIX
3MNMUTAKCUATBbHbIX MNEHOK
FPAHATOB FrAAOJTMHOTIO-TAJTIbOBbIX

Peszome

Llenbto paboTbl 6bina oueHka NpUrogHOCTU METOAA YNpYroBO pacCeAHWUA ANA
TOYHOrO OMpeAeneHus CoCTaBa 3MUTAKCANbHbIX FpaHaTOBbIX NNEHok. B Buay
YHUKanNbHOCTU MeTOoAa yNpyroBO PacCeAHWs AAHO KpaTKoe onucanue ero ¢usu-
4eCKUX OCHOB.

MpeacTaBneHo cnocob MHTepnpeTaunum CNekTpa ANA COEANHEHUM TUNA rpaHaTa.
MapameTpbl 3kcnepuMeHTa Gbinu obBycnoBneHbl CBOWCTBAMU MCMbITYEMOro Ma-
Tepuana. OnpepenénHble COCTaBbl NNEHOK COMOCTAaBMEHO C NpUBNUIUTENBHBIMMU
A3HHBIMU NONYYEHHbIMU U3 Ko3hduuMeHToB cerperauumn. PesynbTaThl nokasanuce
cxoaHbiMU. B nnéHkax oBHapyXeHo CBUHEL C OAHOPOAHbIM pacnpeseneHuem
koHueHTpaumuu. MpucyTcTBMe CBUHUA ABNAETCA cneacTeuem npumenexns PbO—
B,O, B KayecTBue (nrOCa B NPOLECCE INUTAKCUANBHOTO HAPALLMBAHUA U3 HKMAKOW
asbl.

OBBbACHEHUA K ®UTYPAM

®ur. 1. CxeMa npouecca pacCesHUA YaCTUL HA MULIEHU COAEPXKALUEW ABA MOHOUIOTOMHbLIE 3MEMEHTDI
AnB

®ur. 2. 3aBUCMMOCTb YMCNA PErUCTPUPOBAHHBIX YACTUL OT SHEPTUM ANA MULIEHW COoAepXalled ABa
MOHOM3OTONHbIE 3neMeHTbl A u B

®ur. 3. DHepreTUYeckuil CNeKTp paccesHus AnA NNEHku Ho 1.

®ur. 4. DHepreTuHeckui CNeKTp PacceaHns ANA NNEHKU HO 2.

®ur. 5. DHepreTuyeckuil CneKTp paccesHus ANA NNéWku Ho 3.



