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SYNCHROTRON SECTION TOPOGRAPHY OF IMPLANTED
LAYERS

Back-reflection and transmission synchrotron section topography was applied for
examination of silicon implanted with high energy protons and o-particles. The
experiments were performed using white beam X-ray radiation from the DORIS
storage ring. The wave front was limited by 5 pm slit. A number of section patterns
in different reflections were obtained.

The important aim of the present experiments was the direct localization of the
destroyed layer and the evaluation of its thickness. In the case of crystals implanted
with 1 and 1.6 MeV protons and 4.8 MeV a-particles the localization of the destro-
yed layer was possible as back-reflection geometry while for 9 MeV proton implan-
tation only in transmission.

The Bragg-case section topographs revealed a characteristic pattern caused by the
layer structure in the sample. A number of maxima due to shot-through layer and the
deformation field in the vicinity of the destroyed layer was observed. This pattern
was changed in different reflections but it was directly dependent on the energy of
the implanted ions. The correlation of the experimental pattern and the theoretical
one, obtained by numerical integration of Takagi-Taupin equation, was achieved.

In the case of samples implanted with the ions of lower energies the transmission
section topographs exhibited slightly deformed Kato fringes and additional strong
interference contracts coming from the implanted region. The samples bombarded
with 9 MeV protons produced a very distinct moiré fringes due to the interference of
the beams diffracted by two parts of the crystal separated by the destroyed layer.

Material prezentowano na sesji posterow.
Petny tekst wystapienia zamieszczony bgdzie w materiatach z konferenciji.
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COMPATIBILITY OF YBa,Cu,0, THIN FILMS AND ABCO,
SUBSTRATES FOR DIFFERENT ORIENTATIONS

In the last year a great interest appeared in YBCO thin films preparation on
different substrate materials. Preparation of epitaxial film is a very difficult problem.
There are many requirements that must be fullfilled by the substrate materials. Main
problems are lattice mismatch (misfit) and similarity of structure. From paper [1] it
follows that difference in interatomic distances and angles of substrate and film is
amore important problem than sinularity of structure. In this work we present
interatomic distances and angle relations between substrate materials belonging to
ABCO, group (where A= Sr or Ca, B = rare earth element, C = Al or Ga) of
different orientations and YBCO thin films.

There are many materials used as substrates for HTsC thin films. ABCO, group
of compounds is characterized by small dielectric constants (necessary for the micro-
wave applications of HTsC films), absence of twins and small misfit [2]. Three most
interesting compounds CaNdAIO,, SrLaAlO, and SrLaGaO, were investigated. All
these compounds are of pseudo - perovskite structure with space group I4/mmm.
This structure is very similar to the structure of YBCO. SLG substrate has the lowest
misfit (0.3°/0) and dielectric constant.

For preparation of thin films on substrates of this group of compound plane of
<100> orientation is mainly used. Good quality films of <001> orientations are
obtained[3). In this case not only a-a misfit plays a role, but c-3b misfit is very
important too.

Sometimes for preparation of thin films substrates of <001> and <110> orienta-
tions were used. On these substrates good films of YBCO with the same orientations
were manufactured [3].

Different misfits for different YBCO faces have been analyzed. It has been found
that the mismatching factor for (100) face is very similar to that for (001) face so
there is a possibility of preparation of thin films on both orientations.

References:
[1] Ruyan Guo, A.S. Bhalla, L.E.Cross and Rustum Roy, J.Mater.Res. 9 (1994) 1644
[2] K.Mazur, J.Sass, A.Pajgczkowska, SPIE Liquid and Solid State Crystals 1845 (1992)103

51



[3] S.Hotsu, J.Ishu, T.Kawai and S.Kawai, Appl. Phys. Lett. 59 (1991) 2886.

This work has been supported by grant No 8 T 11B 003308 from the State
Committee for Scientific Research (KBN).

Material prezentowano na sesji komunikatéw.
Tekst wystapienia zostat wydrukowany w: Collected Abstracts 1995 r.

ICCG XI - THE ELEVENTH INTERNATIONAL CONFERENCE ON
CRYSTAL GROWTH, Hague, The Netherlands 18-23/06.1995

Z. Frukacz ", M. Malinowski ?, T. Lukasiewicz ", Z. Mierczyk ¥, B. Surma "

D Institute of Electronic Materials Technology
ul.Wélczynska 133, 01-919 Warszawa, Poland

2 Institute of Micro. and Optoelectronics, Warsaw University of Technology
ul. Koszykowa 75, 00-662 Warszawa, Poland

3

Institute of Quantum Electronics, Military University of Technology
ul. Kaliskiego 2, 00-908 Warszawa, Poland

GROWTH AND OPTICAL PROPERTIES OF Cr*:YAG SINGLE
CRYSTALS

Tunable solid state lasers working in the 1.2 - 1.6 mill range of great interest for
medicine, optical communication, remote sensing and spectroscopic applications.
One of the relatively new laser material of this type is tetravalent chromium ions
(Cr*+) doped yttrium aluminium garnet crystal (YAG). Strong absorption in the 1 pm
band offers a possibility of efficient pumping using powerful IR AsGa laser diodes
and a construction of all solid state device. Cr**:YAG single crystals were grown in
ITME laboratory in Warsaw by Czochralski technique. In this paper details of the
material technology are discussed. The effect of crystal growth on optical properties
of crystals was studied by monitoring absorption spectra and argon or Nd*:YAG
laser excited emission spectra in the near infrared range. Further improvement in IR
emission intensity has been obtained through crystal annealling in the oxygen conta-
ining atmosphere. Finally new results on Cr*:YAG laser will also be presented.

Materiat prezentowano na sesji posterow.
Peiny tekst wystapienia zamieszczony bedzie w: "Journal Crystal Growth".
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CRYSTALLIZATION AND PROPERTIES OF DOPED SrLaAlO, AND
SrLaGaO, CRYSTALS

SrLaAlO, (SLA) and SrLaGaO, (SLG) crystals of general formula ABCO, have
been grown by the Czochralski method. The quality of SLA and SLG crystals
depend strongly on axial gradient of temperature and growth and rotation rates.

High quality crystals were obtained at axial gradient of temperature near crystal-
melt interface lower than 50°C/cm, growth rate 1-3 mm/h and the rotation rate
10 - 20 rpm [1].

Strong anisotropy in morphology of SLA and SLG single crystals, grown by the
Czochralski method, is clearly visible.

On the basis of our considerations for ABCO, type of the tetragonal crystals we
find that there can appear {001}, {101} and {110} faces for ionic type model [2].

To investigate facets formations the crystals were doped with Cr’+, Er’+, Pr*,
Ba?*. Greater size ion of chromium, which is substituted for A1** clearly induces
faceting. There {110} faces appear easily and SLA crystals crack even, when the
amount of Cr is below 0.3at.%. SLG single crystals are not so sensitive to the content
of chromium ions. It was also found that if {110} face appears at the beginning of
growth process the crystal changes its color on the plane {110} but it happens only
on the shoulder part. The projection of {110} face has a great amount of oxygen
positions which can be easily defected.

Pure and doped SLA and SLG crystals measured by EPR in the <110> direction
show more intensive lines than in other directions which suggest that the amount of
oxygen defects on the {110} plane is higher.

References

[1] A. Gloubokov, R.Jabtoriski, W.Ryba-Romanowski, J.Sass, A.Pajaczkowska, R.Uecker
and P.Reiche, J. Crystal Growth, 1995 1/2 5.123-127
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CRYSTALLIZATION AND SYNTHESIS OF SrLaAlO,, BaLaAlO, AND
THEIR SOLID SOLUTIONS

SrLaAlO, (SLA) crystallizes in tetragonal, I4/mmm, [1] and BalLaAlO, (BLA) in
orthorhombic, P22 2, [2] structures. The compounds melt congruently and single
crystals have been grown by the Czochralski method.

The influence of cation radii of Sr?* (0.145nm) and Ba?** (0.161nm) with coordi-
nation number 9 on the stability of crystal structure is investigated.

The results on single crystal growth of pure SLA and BLA and on one phase and
solid solutions synthesis are presented.

SLA crystal of tetragonal structure is strongly anisotropic and the growing crystal
is easy bounded by slowly grown {001}, {101} and {110} faces. The effect is not so
clearly seen in the orthorhombic BLA crystals.

The synthesis of solid solutions is performed in the temperature range from 1350°C
to 1450°C, in air. The total synthesis is found at 1450°C. Multiphase system is observed
from 5 to 90 mol% BLA in SLA. In range from 50 to 70% BLA the cubic phase of
perovskite structure with lattice parameter equal to 0.3788 nm is found. The well
developed cubes of sizes about Smm are observed on surface of polycrystalline pellets.
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The defined chemical formula of crystals is LaALO, doped with Sr and Ba. It should be
pointed out that in this case the orthorhombic phase is not found. The orthorhombic
phase has not been separated neither by solid-state reaction nor by the crystallization by
the floating zone method. The melting temperature is about 2000°C. It can be concluded
that the cubic phase is always formed at the gas-solid state interface.
The solubility of Ba in the tetragonal structure is lower than 5at.%.
The properties of crystals are discussed on the basis of X-ray, SEM and EPR
measurements.
References:
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[2] L.M.Kobba, L.N.Lykova, E.V.Antipov, Koordinacionnaja Chimija 11(1985)74.
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SI-GaAs CRYSTAL GROWTH IN MODULATED THERMAL FIELD

The aim of this work was to find technological (thermal) conditions allowing to
obtain SI-GaAs crystals of large and stable diameter of 3" and 4", weight 4.5 kg and
7.5 kg with good yield and process repeatability.

Crystals have been grown by HPLEC method on the high pressure puller GALA-
XIE MARK_IV. Multiheater graphite systems for 6 “ and 8 *“ quartz and pBN
crucibles have been constructed and optimized (for 5 kg and 8 kg of GaAs charge).

In these systems the following characteristics were obtained:

- axial temperature gradients above the melt as a function of ambient gas

pressure for Ar and N,
- axial temperature gradients above the melt versus crucible position,
- temperature gradients inside the B,O, encapsulant layer as a function of am-
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bient gas pressure for Ar and N,.
The process parameters for the Mark IV computer program have been optimized
for “in situ “ synthesis and HPLEC crystal growth process.
SI-GaAs crystals with 3" and 4" diameter have been obtained and the influence of
the growth conditions on the crystal properties, especially on the structural quality,
has been observed.

This work has been supported by grant No 312549101 from the State Committee
for Scientific Research (KBN).
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PHYSICAL PROPERTIES OF CARBON DOPED SI-GaAs CRYSTALS

In this work we investigated the growth of semi-insulating GaAs crystals with
control of carbon concentration. All crystals used in this study were grown by LP
LEC or HP LEC techniques. The crystals were pulled from slightly As rich starting
melt containing 7N Ga and 6N5 As situated in pBN or SiO, crucible.

The carbon was incorporated into the melt during synthesis or monocrystalliza-
tion in the range 4-10"+ 2-10'cm?.

Electrical parameters of the crystals were measured by the Van der Pauw techni-
que. Carbon concentration was evaluated from local vibrational mode infrared ab-
sorption for C, with FTIR spectrophotometer at 77K, deep donor EL2 concentration
by NIR absorption.

When the carbon concentration is low (N < 0.5:10cm?), many crystals become
n-type with resistivity p = 10* Qcm. This value of carbon concentration was conside-
red a critical one for obtaining high resistivity material, which does not have to be
semiinsulating. If carbon concentration N_. >5-10”cm™ all obtained GaAs crystals
were semi-insulating (p = 10’ Qcm). The mobility as well as the resistivity is the
parameter which decides about the properties of semi-insulating material.
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For carbon concentration N < 4-10"°cm™ the carrier mobility varied from 1000
to 6000 cm?/Vs.

With N, = (4 + 10)-10"cm” most of the crystals have shown the mobility
1= (4000 + 6000) cm?/Vs. When the carbon concentration was high, small decrease
of the mobility was observed.

The influence of carbon concentration on thermal stability of SI-GaAs wafers and
threshold voltage of FET transistors was also investigated.
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INFLUENCE OF TECHNOLOGICAL PROCESS ON
SEMI-INSULATING BEHAVIOR OF UNDOPED InP CRYSTALS

Today, iron doping is the only reliable technique to make InP crystals semi-
insulating with resistivities p > 10’ Qcm. SI-InP crystals are of technological interest
because they are used as a substrate for various promising electronic devices. Becau-
se of high Fe out-diffusion into the epitaxial layers undoped SI crystals should be
more convenient for these applications. On SIMC-8 we presented the results concer-
ning undoped semi-insulating crystals [1]. This material has been obtained by anne-
aling of undoped bulk crystals with carrier concentration n < 10'*cm. In conclusion
we have stated that semi-insulating properties are not connected with residual Fe
atoms, but with other factors.

In this work we have investigated the influence of the technological conditions
on semi-insulating properties of undoped crystals. Special attention was paid to
stoichiometry of InP melt and its influence on electrical parameters of the crystals.
The crystals were grown from the melt with controlled nonstoichiometry. All crystals
have been annealed at 900+ 950 °C for 8+ 75 h under phosphorus pressure 1+ 15atm.
The crystals were characterized by Van der Pauw technique, sheet resistance measu-
rements, and NIR absorption for evolution of Fe concentration.

57



[1] A. Hruban, St. Strzelecka, W. Wegner, M. Gladysz, W. Orlowski, M. Piersa, A. Mi-
rowska, 8-th Conference on Semi-insulating III-V Materials, Warsaw 1995

This work has been supported by grant No 8 S501 056 04 from the State Com-
mittee for Scientific Research (KBN).

Materiat prezentowano na sesji komunikatéw.
Tekst zostat wydrukowany w: Collected Abstracts... 1995 r.

ICCG XI - THE ELEVENTH INTERNATIONAL CONFERENCE ON
CRYSTAL GROWTH, Hague, The Netherlands 18-23/06.1995

E. Janssen ", A. Gloubokov ?, A. Pajaczkowska ? , C.F. Woensdregt "
D Institute of Earth Sciences, P.O. Box 80.021. 3508 TA Utrecht, The Netherlands

2 Institute of Electronic Materials Technology
ul. Wélczynska 133, 01-919 Warszawa, Poland

» Institute of Physics, Polish Academy of Sciences
Al. Lotnikéw 32, 02-668 Warszawa, Poland

GROWTH MORPHOLOGY OF TETRAGONAL ABCO,
COMPOUNDS: THEORY AND OBSERVATIONS ON CZOCHRALSKI
GROWN CRYSTALS

Tetragonal ABCO, compounds where A = Ba, Sr, Ca; B = rare earth elements
and C= Ga or Al, are very suitable substrates for epitactic growth of thin films of
high-Tc superconductors. They are chemically stable and have very low dielectric
constants. Moreover their lattices match very well with those of superconductors. In
order to know the influence af the crystal structure on the crystal morphology,
CaYAIO, has been selected as model. According to the Hartman-Perdok theory the
F forms are in order of decreasing d, : {002}. {101}. {103}, {110}, {112}. {200},
{123}. Calculation of attachment energies in an eletrostatic point charge model
yields theoretical grewth forms. Because the Al-O bond is partially covalent, growth
forms have also been computed as a function of the charge of oxygen, q,. For the
formal electric charges the growth form is planar following {OOl} with {101} as
major and {110} as minor lateral form. At lower effective q_ theoretical growth
forms are still tabular but the morphological importance of the lateral forms are
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changing. At q = -1.6 lel {110} is much more important than {101}, and at q <
-1.4lel {110} becomes the most dominant lateral form, while {101} has been repla-
ced by {103} as minor lateral form. CdNdAIO,, SrLaAlO, and SrLaGaO, have been
grown by the Czochralski technique. At the convex crystal-melt interface facets of
{101 }occur while the cylindrical part shows {001} and depending on the growth
direction {100} (// <100>) or {110} (// <110>). During the growth flat crystal-melt
interfaces must be avoided. They produce inhomogeneities in colour caused by
oxygen deficiency in the case of {110} interfaces. Cracking parallel to {001} inter-
face occurs due to the strongly anisotropic character of the crystal structure. A flat
interface parallel to {100} is never stable during the conditions of Czochralski
growth.
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CZOCHRALSKI GROWTH OF f-BaB,0, (BBO) CRYSTALS

Low temperature phase 3-BaB,0, crystals (BBO) belonging to trygonal structure
exhibit excelent nonlinear optical properties. High nonlinearity, large birefringence,
transmission range between 190-3500 nm and damage threshold as high as 10 GW/cm?
measured with 100 ps pulses make this material very useful for optical parametric
oscillation and higher harmonics generation. Temperature transition to centrosymme-
tric phase a-BaB,0O, is in 925°C while the melt point is 1100 £ 5°C so BBO crystals
have been grown by flux technique. Growth process is very slow and the obtained
crystals possess flux inclusions.

It was found possible to obtain -BaB,O, crystals by Czochralski method. Growth
process is carried on from supercooled melt below the melt point. As a starting
material specially prepared 3-BaB,0, powder was used. Suitable growth conditions
i.e. temperature gradient near solid-liquid interface, pulling and rotation rates were
found. Obtained B-phase crystals were confirmed by X-ray diffraction. Special cut
samples with phase matching angle 22° respect to optic axis C were prepared for
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SHG test. Green light 530 nm after irradiation with Nd:YAG beam was observed.
Real structure of BBO crystals by X-ray high resolution diffraction was researched.
References:
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[4] H.Konta, S.Imoto, Y.Kuwano, J. Cryst. Growth 128(1993) 938.
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SINGLE CRYSTAL GROWTH AND SPECTROSCOPIC
PROPERTIES OF LiNbO, DOPED WITH Er*, Tm*, Yb* AND Pr*

Single crystals of LiNbO, doped with Er**, Er** + Tm™, Er** + Tm* + Mg0, Yb*
and Pr* were grown by Czochralski method starting from the congruent melting
composition.

Uniformly doped, good quality crystals were obtained at low temperarture gra-
dients and pulling rate 1.5-2 mm/h and rotation rate 8-20 rpm. The crystals were
grown either in Y or in Z direction. Their dimensions were up to 80 mm in diameter
and up to 90 mm in lenght.

The as-grown crystals were regular and free of macroscopic defects. They were
pulled in a separate operation. Electrodiffusion was not observed during pulling
which was confirmed by X-ray microprobe analysis.

The absorption spectra of RE doped LiNbO, single crystals were studied in
spectral range 28000 cm™ - 2000 cm™ at temperatures from 300 K to 15 K. The
interaction between RE ions resulting in changing of absorption spectra structure for
particular terms related to different ions has been observed.

60



It seems that doping of LiNbO, with different rare earth ions may broaden its
potential application as a laser host material especially in integrated optics.
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THE CZOCHRALSKI GROWTH OF SrLaGa,0, Nd** AND Pr*
DOPED SINGLE CRYSTALS AND THEIR SPECTROSCOPIC
PROPERTIES

Single crystals of SrLaGa,0O, undoped and doped with 5 at. % and 10 at. % of
neodymium and 0.5 and 1 at. % praseodymium were grown by the Czochralski
technique.

A heating system with good thermal insulation and iridium crucible and after
heater was applied in order to achieve appropriate radial and axial temperature
gradients in the crystallization chamber. Low temperature gradients and flat crystal-
melt interface can provide good optical quality crystals free of internal stresses.

All single crystals were grown in [001] direction. The pulling rate was 1.5-3mm/h
and the rotation rate 50 rpm. The composition and the dopant’s distribution in the
crystals were checked by X-ray microprobe. The crystals up to 25 mm in diameter
and up to 80 mm in length were of good quality and the dopant’s distribution was
uniform. The doped crystals were investigated for their spectral and lasing properties.
Absorption spectra in the range of 180-8000 nm and luminescence spectra in the
range of 300-3000 nm were measured, then laser rods were cut and their generation
properties were evaluated.

Materiat prezentowano na sesji posterow.
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STUDY OF CARBON NITRIDE FORMATION BY ION
IMPLANTATION

Recent theoretical calculations of the properties of new materials indicate, that [3-
C,N, carbon nitride could be a very interesting compound for numerous applications.
The main interest in the synthesis of this material is its theoretical hardness which is
expected to be higher than that of diamond.

The growing interest resulted in numerous attempts to synthesize carbon nitride.
Physical vapor deposition (PVD) or chemical vapor deposition (CVD) methods were
used mainly. It seems however, that the ion implantation may be an alternate and
promising way to synthesize B-C,N, since it provides high impurity concentration
and high stress level during the process which should favourise the formation of
covalent bonds. The aim of this paper is to present some preliminary results dealing
with the implementation of ion implantation in the carbon nitride synthesis.

In the experiments the retention of nitrogen atoms implanted into carbon were
determined by means of Rutherford Backscattering Spectrometry (RBS) and the
formation of diamond-like carbon (DLC) layer with high nitrogen content, by de-
composition of hydrocarbon vapour by nitrogen beam, was shown.

In the first experiment the samples from commercial graphite implanted with
increasing doses of molecular nitrogen were used. The nitrogen implantations were
performed at room temperature with 100 keV N,* ions up to doses varying from
0.5x10" at.N/cm? to 10x10"" at.N/cm?. The DLC-like film was formed on the surface
of silicium wafers and its composition was measured by means of RBS technique.

Materiat prezentowano na sesji posterow.
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OPTO-ELECTRONIC SCANNING DEVICE FOR THE
OBSERVATION OF SCATTERING OF YAG LASER LIGHT IN
SEMICONDUCTOR MATERIALS

Infrared laser light scattering is a powerful tool for investigation of inhomogene-
ities in the bulk semmiconductor materials. A device for the observation of infrared
scattering in semiconductor wafers is designed and manufactured. For sample illumi-
nation the diode pumped Nd:YAG laser emitting monomode 1,06 um beam is used.
The laser beam waist inside the semiconductor samples does not excess 50 um. The
scattered centers inside the sample are observed perpendicularly to the direction of
illuminating beam using microscope with infrared CCD camera. To obtain 2D image
of scanned plane the sample is moved horizontally by the scanning stage driven by
computer. Controlled changing of the scanning plane enables the investigation of the
sample in the third direction. The scanning and scattered image processing are
controlled by computer. The device is tested on GaAs wafers.

This work has been supported by grant No 8 S501 012 06 from the State
Committee for Scientific Research (KBN).
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Pelny tekst wydrukowany bedzie w materiatach z konferencji.
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ION CHANNELING IN SPINEL SINGLE CRYSTALS

Spinels are materials which crystallize with a structure similar to that of the
mineral having this name. The characteristic feature of the spinel family of materials
is the enormous variation in chemical composition which is reflected in the broad
range of their physical properties. Recently, a very low sensitivity of the MgAlQ,
spinel to the ionizing radiation led to its application as a window material in nuclear
fusion devices and as inert matrix for reactor irradiation of higher actinides. The aim
of the reported project was to perform a investigation of the channeling properties of
MgAl 0, single crystals. The crystal structure of spinel, though cubic, is quite com-
plex. There are 56 atoms in a unit cell: Mg atoms are occupying a diamond cubic
structure, one half of the unit cell octants is occupied by Al atoms in a tetrahiedral
arrangement, whereas O atoms are located in all octants forming complementary
oriented tetrahedra.

Spinel single crystals of <110> orientation were polished with diamond paste
down to 0.25 pm and subsequently heated at 1400°C in Ar/H, to anneal the polishing
damage. The channeling experiments were performed using 2 - 2.9 MeV “He beam.
The shape of the channeling spectra for principal directions of a spinel single spectra
reflects clearly the structure of atomic planes and rows. Taking as a reference the
relative height of steps in the random spectrum, characteristic for each atomic
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species, one can deduce which kind of atoms is mostly exposed to the channeled
beam. The channeling spectrum for the (111) plane shows similar features as the
random one, thus indicating that no atomic component is shielded. In contrast, the
increase of scattering intensity for Mg and the reduction for O can be observed in the
(100) planar direction. Some shielding of Mg atoms was noted for the (110) plane.
The < 110> axial spectrum does not show any peculiarities which is in accordance
with the channel structure. It is worth mentioning, that a largely enhanced scattering
yield for Al and O was observed in the <111 > axial channeling spectrum. This is
apparently due to the location of a mixed Al-O row in the middle of that channel.

The basic work on radiation damage behavior in compound materials demands
a separate analysis of lattice defects in each sublattice. We have demonstrated that
ion channeling is a suitable technique for this purpose. By the judicious choice of the
channeling direction the sensitivity to the atomic displacements in the chosen sublat-
tice can be significantly enhanced.

Materiat prezentowano na sesji posterow.
Petny tekst wydrukowany bedzie w: "Nuclear Instrument and Methods Physics
Research".

ICCE - 2ND INTERNATIONAL CONFERENCE ON COMPOSITES
ENGINEERING, New Orlean, USA 21-24/08.1995

K. Pietrzak

Institute of Electroric Materials Technology
ul. Wélczynska 133, 01-919 Warszawa, Poland

METAL MATRIX COMPOSITES - METHODS OF JOINING

Metal matrix composites (MMCs) reinforced with short ceramic fibres (e.g.
carbon or ALO, fibres) or with other metals (such as e. g., W) show numerous
advantages since their properties can be programmed by modifying appropriately
their composition and technology. A point of considerable importance is the possibi-
lity of joining the composites with metals or their alloys. The major problem here is
to choose an appropriate joining technique, such that ensures the formation of a high
quality joint, resistant to the service conditions, avoids the degradation of the compo-
site microstructure, in particular of the interface layer between the matrix and the
reinforcement, and, still, is not expensive [1]. The paper presents the results of
experiments on joining the following composites: 6061Al-based materials containing
15vol.% of &-alumina fibres, CuCrl - based materials containing 20 vol% of carbon
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fibres (C,), CuZrl-based materials containing 20 vol% of carbon fibres and Cu-based
materials with 10 vol% of dispersed tungsten powder [2,3]. The CuCrl-C, and
CuZr1-C, composites were joined with austenitic steel, the 6061A1-Al,O, composite -
with the 6061Al alloy and the CuW composite - with copper of 99.99% purity. The
material pairs were choosen so as to take into account their possible applications.
Several different joining techniques were examined. This paper discusses the results
obtained when using diffusion bonding and vacuum brazing. The aim of the present
study was to select the optimum technique of joining. The measure of the joint
quality was taken to be the uniformity of the distribution of the reinforcing phase
within the interface layer.

The joining processes were conducted under optimum condmons i.e. such
which ensured the best mechanical properties of the joints. The degree of degradation
of the structure was taken to be the coefficient of the relative content of the reinfor-
cing material RCRM - X/B, where X is the percent content of the reinforcing phase
in the composite after the joining process, and B is the percent content of this phase
in the starting material.

In the CuZrl-Cf composite diffusion-bonded with austenitic steel, the content of
the fibrous phase appeared to be markedly reduced compared with its content in the
starting material. In the CuW brazed with copper, the composite was depleted of
tungsten in the vicinity of the joint. In the other composites, the averaged RCRM
distributions were uniform. The non-uniform distribution of the reinforcing phase
observed in the joints can be explained in terms of the diffusion processes that
proceed during the joining. In conclusion we can state that both the proposed
techniques can be used for joining the investigated composites. It should however be
remembered that the optimum techniques are those which do not degrade the compo-
site microstructure, and this depends on both the technique employed and the chemi-
cal composition of the composites to be joined.

References:

[1] K. Pietrzak: Joining of carbon fibre copper composite to metals. Advanced in Materials
and Processing Tecbnologies, Lublin City University, pp.315-323.

[2] W. Wiosinski, D. Kaliuski, W. Olesinska K. Pietrzak: Carbon fibre copper composites
made by volumetric bonding. Advanced Composites Letters, 1993, Vol.2, No.6, pp.219-
223.

[3] J.W. Kaczmar, K.U. Kainer: Properties of PM-manufactured 6061 A1l-base composite
materials strengthened with s-alumina fibres. Composites Engineering, Vol.1, No. 6, pp.
363 -374, 1991.

Materiat prezentowano na sesji referatow.
Petny tekst zostal opublikowany w: "Advanced Composites Letters" 1995 r.
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RADIATION DAMAGE IN SPINEL SINGLE CRYSTALS

The crystal structure of spinel, MgALO,, though cubic, is quite complex. There
are 56 atoms in a unit cell. Basic work on radiation damage behaviour in compound
materials demands a separate analysis of lattice defects in each sublattice. Spinel
single crystals of <110> and < 1 00> orientation were analyzed by means of the RBS/
channeling technique using 2.0 - 2.9 MeV “He beam prior and after ion implantation
with Kr and Xe ions to the fluences ranging from 10" to 10" at/cm?. The results of
our study can be summarized as follows:

spinel can be driven amorphous at room temperature by the implantation with
approx. 2-10'¢ Kr( Xe )/cm?,

radiation damage behavior in aluminum and oxygen sublattices is closely simi-
lar; magnesium sublattice is much more stable with respect to ion bombardment,
however, the precise analysis of Mg - sublattice is rather difficult because of
the Al - Mg signal overlapping and the presence of 3 Mg isotopes.

recovery stage of simple defects at a temperature close to 500°C was observed.

Materiat prezentowano na sesji posterow.
Petny tekst wydrukowany bedzie w: "Nuclear Instrument Methods Physics
Research" 13, 1995.
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THE EFFECT OF Cr IMPLANTATION ON THE MORPHOLOGY OF
Al:Si FILMS

Annealing of Al-based metallization layers on SiO2/Si substrates results in the
formation of hillocks i.e. large outgrows that may cause shortcuts in multilevel
circuits. In this work we study the properties of Al: Si 1% and Al: Si 1%: Cu 4%
films subjected to irradiation with Cr* ions. The oxidized silicon wafers were coated
with Ipm thick metallic layers by magnetron sputter deposition. Prior to sintering,
typically at 450°C for 30 min, the films were implanted with chromium ions at an
energy of 130 keV and to doses 4-10" - 9-10"cm™. Investigations of the processed
surface using SEM, Alpha-step together with a procedure for digital evaluation of the
surface morphology shows that chromium implantation leads to a significant reduc-
tion of the hillock population, in particular those of largest size. It should be stressed
that the effect is observed for Al:Si and Al:Si:Cu alloys but not for pure Al. SIMS
profiling gives evidence of measurable mobility of Cr atoms during the annealing.
TEM investigations reveals in Cr* implanted Al:Si layers an array of fine precipitates
located within the grain volume. In addition to that, in Al:Si:Cu metallization there
appear pellet-like crystallites in the bulk and regular crystallites 0.15pm in size,
presumably CuAl,, at the grain boundaries. Undoubtedly this latter phases are asso-
ciated with copper however their precise identification by electron diffraction analy-
sis is still in progress due to small dimensions of the objects. From the fact that the
modification of grain-growth kinetics occurs only when Si is present in the film one
may conclude that Cr atoms precipitate in a Si-rich phase (binary or ternary). Other
effects of Cr implantation into Al-based films are reduction of lattice constant and
increase in sheet resistance (by 20%). Formation of Cr containing precipitates seems
beneficial in suppressing the overall diffusivity in the layer thus preventing the
excessive vertical growth of the grains.

Material prezentowano na sesji posterow.
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SYSTEM JA!(OSCI W LABORATORIUM CHARAKTERYZACJI
MATERIALOW WYSOKIEJ CZYSTOSCI INSTYTUTU
TECHNOLOGII MATERIALOW ELEKTRONICZNYCH

Instytut Technologii Materiatéw Elektronicznych specjalizuje si¢ w technologii
otrzymywania i w wykorzystaniu materialéw o strukturze monokrystalicznej. Wyro-
by opracowywane w ITME charakteryzuja si¢ wysoka czysto$cia, doskonata struk-
turg krystalograficzng i specyficznymi wtasnos$ciami wymaganymi we wspétczesnej
elektronice. Aby osiagna¢ takie rezultaty problemy jakosci w Instytucie sg uwzgle-
dniane zaréwno w pracach badawczych jak i wdrozeniowych.

Zgodnie z norma PN-EN 45001:1993 i przewodnikiem ISO/IEC Nr 25:1990
opracowano system zapewnienia jakosci dla Laboratorium Charakteryzacji Materia-
tow Wysokiej Czystosci zajmujacego si¢ petna charakteryzaja materiatéw, obejmu-
jacg zaréwno analiz¢ sktadu chemicznego jak i struktury. Zasady, jakimi kieruje si¢
Laboratorium w swojej dziatalnosci zawarto w 22 rozdziatach Ksiggi Jakosci. Spo-
sob realizacji zasad polityki jakosci opisano w 21 procedurach ogélnych.

Materiat prezentowano na sesji posterow.
Peiny tekst wydrukowany bedzie w materiatach z konferencji.
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DIGITAL ANALYSIS OF PHOTO-INDUCED CURRENT
TRANSIENTS IN SEMI-INSULATING GaAs AND InP

Semi-Insulating (SI) GaAs and InP wafers are widely used as substrates for
advanced high speed integrated circuits. They are also starting materials for manu-
facturing low dimensional electronic devices such as HEMTs and HBTs. So, the
quality of these materials is of great importance in terms of device performance,
yield and reproducibility.

The objective of this paper is to show how the deep-level defects, determining
the electrical and optical properties of semi-insulating materials, can be characterised
by measurements of photocurrent transients. The traps are filled with excess charge
carriers generated by optical pulses and the measurements are performed while the
light is off A new digital method for recording and analysis of these transients is
presented. The deep traps in high-resistivity bulk crystals of GaAs:Cr, undoped GaAs
and InP:Fe were studied and the characteristics of thermal emission rate of charge
carriers as a function of temperature were obtained. From these data the activation
energy and apparent capture cross-sections for deep traps were calculated. The
studies were completed by the measurements of ESR spectra for the same samples so
the traps could be identified with the specific point defects such as EL2 in SI GaAs
and Fe?* in SI InP.

This work has been supported by Grant No 8550102807 from the State Commit-
tee for Scientifc Research.

Materiat prezentowano na sesji posterow.
Tekst zostat wydrukowany w materiatach z konferencji.
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ELECTRICALLY ACTIVE DEFECTS IN Ni-CONTAMINATED CZ-Si
WITH OXYGEN PRECIPITATES

Silicon single crystals (Cz-Si), grown by the Czochralski method, contain a high
concentration of dissolved oxygen atoms and much lower concentration of other non-
purposely introduced contaminants, e.g. transition metals. During the IC fabrication
the silicon wafer is oxidised and this system in the region adjacent to the oxide is
affected by a high stress. Under these conditions the system is also exposed to a high
temperature heat treatment resulting in a generation of various extended and point
defects. So, the knowledge about the behaviour of these defects is of great importan-
ce for development of future advanced ULSI technologies.

The object of this work is to find how the defect structure of n-type Cz-Si
containing oxygen precipitates (OP) changes due to the heat treatment carried out at
high temperatures (HT) and high hydrostatic pressures (HP). The samples with the
net donor concentration of ~ 1 x 10" cm™ and the interstitial oxygen concentration ¢
< 9x10" cm™ were prepared in three ways : a) without preannealing (defect free), b)
by preannealing at 720 -1000 K for 192 hours in order to create the nucleation centers
for oxygen precipitation, ¢) by multiple-step process - the first annealing as in the
case b) and the second at 1270 K for 20 hours. The high-pressure annealing was
performed for a period up to 5 hours at temperatures up to 1550 K and hydrostatic
pressures up to 1.35 GPa. Ni atoms were introduced by wrapping the samples into Ni
foil during HP-HT treatment.

The changes in the sample defect structure were monitored by Deep Level
Transient Spectroscopy (DLTS) as well as by chemical selective etching and X-ray
methods. Four electron traps labelled as T1 (E, =0.20 eV, ¢, = 2x 10" cm?), T2
(E,=045eV, o, = 7x10" cm?), T3 (E, =0.62 eV, 6, = 2x10® cm?) and T4
(E,=0.48¢V, o, = 7x10" cm?) were detected. It was found that the traps concentra-
tions are strongly dependant on the preannealing temperature controlling the oxygen
precipitation process and on the hydrostatic pressure applied to the samples, which
determines the stress at the boundary between oxygen precipitate and the matrix of
silicon atoms.

Material prezentowano na sesji posterow.
Tekst zostat wydrukowany w materiatach z konferencji.
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GROWTH AND CHARACTERIZATION OF NEW DISORDERED
CRYSTALS FOR THE DESIGN OF ALL-SOLID -STATE LASERS

Absorption lines of rare earth ions in crystals are usually much narrower than
emission bands of semiconductor lasers. Consequently the absorption efficiency of
all-solid -state lasers, based on rare earth doped crystals, is reduced and additionally
a stringent control of laser diode temperature is needed. These shortcomings may be
remedied by using the active media with structural disorder which tend to broaden
the spectral lines of actjvating ions.

However, the disordered crystal must be chosen carefully since the strong inho-
mogeneous broadening may influence adversely the extraction efficiency. In this
work we examine the crystals belonging to two large families of compounds of
general chemical formula ABC,0, and ABCO, (A = Sr, Ba, Ca; B = Y, La - Gd;
C = Ga, Al) which appear to be promising matrices for rare earth and transition metal
ions: Slope efficiency recorded for laser diode pumped BalLaGa,0,: Nd laser is
comparable to that of YAG:Nd laser indicating that the extraction effciency is not
reduced in spite of inhomogeneuos broadening of emission line.

The activator - activator and activator - host interactions have been studied using
the crystal samples containing Eu**, Tm3* Pr** and Cr’* in order to assess their laser
performance. Based on results obtained the suitability of chromium doped SrLaAlO,
and SrLaGaO, crystals for the design of tunable lasers is predicted.

Materiat prezentowano na sesji posteréw.
Tekst zostat wydrukowany w materiatach z konferencji.
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FTIR STUDY OF OXYGEN PRECIPITATION IN HIGH PRESSURE
TREATED Cz-Si CONTAMINATED BY TRANSITION METALS

Czochralski grown silicon single crystals (Cz-Si) contain dissolved oxygen atoms
and nonpurposely introduced transition metal contaminants. Under high temperature
and stress (e.g. at the surface film/ Si bulk edge during IC processing) the structural
form of mentioned species can change considerably.

Present work deals with investigation of oxygen precipitation phenomena by
Fourier Transform Infrared Spectroscopy (FTIR) in Cz-Si samples with the oxygen
atom concentration in the interstitial positions, ¢, < 9x10" cm™ subjected to annealing
at up to 1400K under uniform stress (hydrostatic pressure) up to 1.0 Gpa (HP - HT
treatment) [1]. Deconvolution of the IR absorbtion curves into Gaussian profiles was
performed to separate absorption originating from different oxygen containing com-
ponents.

The sample defect structure before and after the treatment was checked by
selective eatching, X-ray methods and TEM.

The samples contaminated by Ni or Mo during HP-HT treatment with nucleation
centers for oxygen precipitation created by preannealing at = 000K were chosen.

The effects of HP-HT treatment on c_ are mostly dependent on the initial defect
structure of the samples (preannealing conditions) and on particulars of the treat-
ment. Contamination by transition metals has only changes minor effects (typically
co changes within £10% as compared to non-contaminated samples).

Observed effects are compared with reported for contaminated Cz-Si annealed
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under atmospheric pressure [2].
[1] A.Misiuk, J.Adamczewska, J.Bak-Misiuk, J.Wolf, Solid State Phen., 32-33 (1993)167,

[2] M.Reiche, Materials Sci.Forum, 143-147 (1994) 1529.

Materiat prezentowano na sesji posterow.
Tekst zostat wydrukowany w materiatach z konferencji.
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ELECTRON SPIN RESONANCE STUDY OF Fe** IONS IN SrLaAlO,
AND SrLaGaO, HIGH-T . SUBSTRATES

Single crystals of SrLaAlO, (SLA) and SrLaGaO, (SLG) are considered as
promising substrates for the HTSC films. Crystals are grown by the Czochralski
method and it was found that all of them contain iron impurity lower than 10 at.%.
The sensitivity of the ESR method was enough to investigate iron ion in the undoped
(as-grown) and iron doped crystals.

In these crystals the angular dependence of three lines was distinguished at
X-band frequency in the temperature range from 4 K to 300 K. These lines are
attributed to Fe** (3d°, S= 5/2). The transitions insides for allowed doublet * 1/2, and
“forbidden” + 3/2, + 5/2 were observed. The Fe** ions are surrounded by a distorted
octahedral distribution O* ions. This octahedral lacks inversion symmetry and there
are possible transitions with AM > | presumably as electrically induced. These trans-
itions are described by axis spin-Hamiltonian with the parameters D > 1.2 cm™ and
g,=g =198

Materiat prezentowano na sesji posterow.
Tekst zostal zamieszczony w materiatach z konferencji.
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LOW FIELD MICROWAVE ABSORPTION IN A YBCO THIN FILMS
ON DIFFERENT SUBSTRATES

Non-resonant microwave absorption as a function of temperature and magnetic
field has been studied in epitaxially grown thin films of YBCO on SrTiO,, SrLaAlO,
(SLA) and SrLaGaO, (SLG) substrates. Results obtained showed that both single
crystals of SLA and SLG look promising as the substrates for the high temperature
superconducting films of YBCO.

Materiat prezentowano na sesji posterow.
Tekst zostal wydrukowany w materiatach z konferencji.
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RAMAN SPECTROSCOPY IN SrLaGaO, SUBSTRATE CRYSTAL

There has been a considerable interest in the physical properties of strontium
lanthanum gallate, SrLaGaO, (SLG) belonging to the family of compounds with the
general formula ABCO,, where A = Ca or Sr, B = rare earth element and C = Al, Ga
or some transition element. SLG single crystals are interesting as substrates for high
temperature superconducting thin films from the standpoint of lattice matching and
their dielectric properties. Good quality of epitaxial layers requires both crystallogra-
phic perfection and appropriate physical properties of substrate material.

SLG single crystals used in our experiment were grown from nonstoichiometric
melt by Czochralski method. Samples of sizes about 3x5x6 mm® were cut from as-
grown yellow colored SLG single crystals. The samples used in Raman scattering
experiment were ground and polished to optical quality.

In this paper we report the Raman scattering study of SLG single crystals.
Through polarization studies of oriented crystals the Raman-active vibrational modes
were identified. Moreover, the study of the polarized and temperature dependencies
of some of the Raman modes have been performed. The results obtained are discus-
sed in terms of the nature of defects which might arise in the ABCO, lattice during
crystal growth process.

Material prezentowano na sesji posteréw.
Tekst zostal wydrukowany w materiatach z konferencji.
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OPTICAL METHODS IN ASSESSMENT OF STRUCTURAL
STABILITY OF HTS THIN FILM SUBSTRATES. APPLICATION TO
SrLaAlO, AND SrLaGaO,

Performance of high temperature superconducting thin films depends critically
on the physical properties of the material used as a substrate. In particular, any
potential substrate material should combine an acceptably low dielectric constant and
low microwave noise levels with the stable crystalline structure giving minimal
mismatch with the superconductor used. In addition to these features which are
inherent to material considered a high structural perfection is desired which usually
is the most difficult to achieve. Methods of optical spectroscopy provide the informa-
tion on both the structural stability and the density of lattice defects which is relevant
to the development of high quality HTS substrates. Two different approaches have
been used in this study in order to get a closer insight into the structure of SrLaAlO,
and SrLaGaO,. In the first one the behavior of structural defects have been investiga-
ted in the 5 K - 600 K region. In the second one the Cr* and Eu** ions have been
used as probes of local crystal field strength and symmetry and their optical spectra
have been analyzed. The results reveal that the inherent structural disorder associated
with random distribution of Sr** and La* ions over the lattice sites favours the
formation of point defects which are abundant in both crystals.

Materiat prezentowano na sesji posterow.
Tekst zostal wydrukowany w materiatach z konferencji.
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D Institute of Electronic Materials Technology
ul. Wélczynska 133, 01-919 Warszawa, Poland

? Institute of Physics, Warsaw University Branch
ul. Lipowa 41, 15-424 Biatystok, Poland

¥ CNRS, L.M.M.M., Meudon, France

FMR STUDY OF Co SUBSTITUTED YTTRIUM IRON GARNET
FILMS

V)



Y3~zCazF<~:5_x_yCoxGeyO12 films (7 + 10pm) grown on (001) plane GGG substrate
were investigated vs. temperature using FMR technique. The measurements were
carried out on X-band spectrometer equipped with the cryostat, enabling investiga-
tions at 4-300K temperature range. The resonance field H amplitudes were measured
for external magnetic field applied in two characteristic planes: (001) and (110).
Essential influence of the film speed of growth on magnetic anisotropy constants was
found which is discussed taking into consideration Pb ions contribution. Angular
dependencies of the Hr field became more complicated with lowering of temperatu-
re. For the explanation of obtained results it was necessary to consider magnetic
anisotropy description assuming three cubic anisotropy constants and four uniaxial
anisotropy constants. The FMR signal vanished at temperatures below about 100 K.
This temperature depended on the applied field orientation. This effect is explained
by consideration of magnetic anisotropy determined from torque anisometry analy-
ses. The temperature peculiarities are discussed taking into account contributions of
different magnetic ions (with different valence and crystallographic position) to
magnetic anisotropy.

Material prezentowano na sesji posterow.
Tekst zostat wydrukowany w materiatach z konferencji.

GRIN’95 INTERNATIONAL CONFERENCE GRADIENT - INDEX
OPTICS IN SCIENCE AND ENGINEERING
Kazimierz Dolny, Poland 13-15/09.1995

R. Stepien, L. Kociszewski, D. Pysz

Institute of Electronic Materials Technology
ul. Wélczynska 133, 01-919 Warszawa, Poland

PROBLEMY TECHNOLOGICZNE SZKIEE. NA SOCZEWKI TYPU
GRIN -

Przedstawiono problemy zwigzane z wytwarzaniem szkiet przeznaczonych do so-
czewek typu GRIN. Jednym z najwazniejszych wymagan stawianych szkle jest jego
wysoka jednorodno$¢ chemiczna i fizyczna. Przedstawiono wyniki uzyskiwania struk-
tur GRIN przy zastosowaniu szkiet wytapianych w warunkach laboratoryjnych w
elektrycznym piecu oporowym oraz w piecu indukcyjnym. Jakos¢ uzyskiwanych szkiet
poréwnano ze szklem wytapianym w Jeleniogérskich Zaktadach Optycznych. Wyty-
czono kierunek optymalizacji jednorodnosci szkta przez zastosowanie jednostopniowe-
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go wytwarzania pretéw szklanych metoda wyciagnigcia z tygla ogrzanego indukcyjnie.

Tekst zaprezentowano na sesji posterow.
Tekst wystapienia wydrukowany bedzie w: "Proceedings of SPIE" 1995 r.

SYMPOZJUM: ZASTOSOWANIE CZUJNIKOW SWIATLOWODO-
WYCH W MECHANICE, Warszawa, Poland 16/09.1995

L. Kociszewski, D. Pysz, R. Stepien

Institute of Electronic Materials Technology
ul. Wélczynska 133, 01-919 Warszawa, Polska

OPTYCZNE WLOKNA SZKLANE DO CZUJNIKOW
SWIATELOWODOWYCH

Szkta wielosktadnikowe w odréznieniu od powszechnie stosowanych szkiet krze-
mionkowych dajg duzo wigksze mozliwosci modyfikacji parametréw (np. wspot-
czynnik zatamania $wiatta, wspétczynnik rozszerzalnosci termicznej ). Rozszerza to
mozliwos¢ tworzenia struktur o skomplikowanym rozktadzie naprezen wewnetrz-
nych, profilu wspétczynnika zatamania, apertury numeryczne;.

Metoda mozaikowa, mozliwa do zastosowania przy wytwarzania swiattowodéw
ze szkiet wielosktadnikowych, pozwala na wytwarzanie §wiattowodéw wielordzenio-
wych, posiadajacych puste lub wypelnione obszary nie przewodzace Swiatta (wpro-
wadzajace naprezenia), wieloptaszczowych oraz struktur widknistych. Zaréwno rdze-
nie jak i pokrycia moga mie¢ rézne wiasnosci optyczne, mechaniczne i termiczne.

Mozliwe jest wytwarzanie struktur posiadajacych kierunkowo zmnieniajaca si¢
apertur¢ numeryczng na skutek umieszczenia w warstwie kory Swiattowodu obsza-
row o skokowo zmienionym wspéiczynniku zatamania. Stosowana w przypadku
szkiet wielosktadnikowych technologia jest prostsza i zapewnia nizsze koszty wytwa-
rzania. Wymagania co do wlasnosci stosowanych szkiet sg bardzo wysokie. Dotycza
takich parametréw jak transmisja spektralna, jednorodnos¢ szkta, naprezenia wewne-
trzne, wspotczynnik zatamania, wspétczynnik rozszerzalnosci termicznej, przebieg
krzywej lepkosci. Stwarza to szereg problemdéw technologicznych przy wytwarzaniu
szkiet na kore i rdzen §wiattowodu.

Optymalne warunki daje metoda indukcyjnego wytapiania szkiet, ktdra zostata
opracowana i zastosowana w ITME do prac w dziedzinie szkiet i §wiattowoddéw.

Materiat prezentowano na sesji posterow.
Tekst zostal wydrukowany w materiatach z konferencji.
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