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P R E F A C E 

This booklet is the second in a series of biennial re
ports designed to present the main scientific activities and 
research results of the Institute of Electric Engineering of 
the Slovak Academy of Sciences. I am satisfied that our deci
sion, in the summer of 1988, to present our work also in these 
reports was correct. We have obtained many positive response 
from our colleagues and also from new friends. I am writing 
this preface with the hope that this second edition will 
establish our report tradition, and that it will contribute 
to extend existing collaborations and to find new ones. 

During the period of the last two years our scientific 
program has been basically unchanged - we have studied the 
properties of semiconductors and superconductors with the aims 
to contribute to the new technological procedures for prepa
ring these materials and to a better understanding of the 
electro-physical behaviour of structures made from them. From 
the broad scale of our results obtained during 1989-1990, 
which you can see from the contents as well as from the list 
of publications, I can mention only a few: 
- Superconducting YBaCuO thin films were succesfully deposited 

on different substrates including semiconducting silicon 
with zero resistance critical temperature T = 84 K, 

- A modified model for picosecond real-space electron transfer 
in GaAs-AlGaAs heterostructures with graded barriers was 
developed using Monte Carlo simulation, 

- A new method for preparing undoped (p)InGaAs epitaxial layers 
using rare earth oxides in an LPE process was succesfully 
applied for Schottky barrier investigations and photodiode 
preparation, 

- 8 Tesla superconducting magnet systems for gyrotron plasma 
heating in Tokamaks were developed and tested, 

- Submicrometer ion-implanted GaAs MESFET technology was 
further improved with the help of a new three-layer model 
of planar alloyed ohmic contacts, plasma deposition of sili
con nitride films, etc., 
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- New information was obtained about the flux flow in high Tc 

superconductors, which we can also prepare with a recently 
completed home-made CVD apparatus, 

- Design parameters and characteristics of multifilamentary 
NbTi wires and cables for AC 50 Hz devices were obtained. 

During 1989 we have established a new scientific division 
of cryoelectronics (weak supreconductivity). Related problems 
were solved before in the division of microelectronics. Impor
tant changes connected with our scientific life occured after 
November 17, 1989, as a result of the political changes in our 
country. On the Institute level these resulted in the aboli
tion of the Electro-Physical Research Centre of SAS as a non
effective administrative entity. The same happend with other 
Centers at the Academy, and our Institute recovered again its 
independent status in the Academy, as it was before 1981. 
Since Spring of this year we have a scientific board, consis
ting of nine elected scientists from our Institute, which 
will decide on the main policies connected with the scientific 
program of the Institute. 

Finally, I wish to mention that we have also contributed 
to scientific exchange through organization of international 
conferences and symposia. These were the 3rd Conference on 
Physics and Technology of GaAs and other Semiconductors, 
Tatranská Lomnica, December 1988 (proceedings were published 
in 1989 at Trans. Tech. Publ. Ltd. Zurich), 5th Czechoslovak 
Symposium on Weak Superconductivity, Smolenice 1989 (procee
dings were published in 1990 at Nova Sci. Publ., New York). 

Peter K 0 R D O Š 
director of the Institute 

Bratislava, autumn 1990 
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DEPARTMENT OF SUPERCONDUCTING MATERIALS 

Already more than 20 years the Department of superconducting materials 
(DSM) is involved in research and development of technical superconductors. 
The following types of superconductors were so far developed: 
- tape Nb,Sn prepared by the liquid state diffusion 
- multifllamentary (MF) Nb,Sn prepared by solid state diffusion 
- tape Nb,Sn prepared by chemical vapor deposition (CVD) 
- tape Nb,Ge prepared by CVD. 

In the current time period of 1989 to 1990 in the DSM the following 
main areas of interest are considered: 
1) Improvement of MF Nb,Sn properties (J > 5x10 A/m in 10 T, development 

of "R and W" technologies and development of MF Nb-jSn for AC applicati
ons, etc.). 

2) Deposition of HT superconducting layers by MO CVD and spray techniques 
3) Theory of superconductivity (basic properties of MF superconductors, 

with super-fine filaments, superconductivity mechanism of low dimensio
nal and high T superconductors, etc.). 

From the program mentioned above some important results are shown in 
the following short abstracts. 

Many of our results were obtained in cooperation with a foreign in
stitutes and universities. For instance the multifllamentary Nb,Sn super
conductors were partially performed in cooperation with Institute of meta
lurgy (IMET) in Moscow, the measurements in high magnetic field were per
formed at Institute of atomic energy (IAE) in Moscow. We have collaboration 
with Institute of nontraditional metallic materials in Milan, KfK Karlsru
he, Institute of Nuclear Physics Genoa, University of Bordeaux, etc. 

P. Huťka 
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A MONOLITHIC MULTIFILAMENTARY Nb,Sn CONDUCTOR SUCCESFULLY TESTED IN SMALL 
COILS WOUND AFTER HEAT TREATMENT 

P. Kováč, L. Cesnak 

Up to the present time the majority of small Nb^Sn magnets have been 
made by the "wind and react" technique. In this case no mechanical hand
ling an so no dangerous stresses are applied on conductors with the britt
le Nb,Sn filaments. On the other hand special and expensive construction 
and insulation materials are needed when the magnet is heat treated at 
= 700 °C. In consequence high current density in the winding cannot be 
achieved because the conductor insulation is very thick (~130 urn ) and the 
problem with the mechanical stability of turns in the winding must be sol
ved by impregnation. 

The "react and wind" technique uses only varnish insulation about 
10 urn thick. In this way higher mean current density in the winding and a 
lower price of the Nb,Sn magnet can be achieved. 

In this contribution a monolithic multifilamentary NbjSn wire is de
scribed, especially its behaviour in small coils wound after reaction. The 
cross section of flattened MF Nb,Sn superconductor 0.3 x 1.5 mm i size, 
which contains 1560 Nbfilaments in a bronze matrix surrounded by a Ta
barrier and Cuenvelope, is shown in Fig. 1. 

Fig. 1. Cross section of flattened Nb,Sn superconductor 0.3 x 1.5 mm. 

After heat treatment 680 °C, 4.5 hours, two experimental coils were 
wound having an inner diameter of 45 mm. The first one had only three la
yers and after testing it succesfully, the conductor was removed and on 
the same mandrel a second one of 15 layers was wound. The conductor was 
not insulated. As interturn insulation a bifilarly round formwar insulated 
thin copper wire was used. Mylar foil was applied as interlayer insulation 
2 



The bifilar winding made it possible to detect the resistive transition of 
the tested coils. By means of potential taps the resistive voltage were 
carefully checked on the most exposed parts of the conductor, i. e. at the 
transition and turning points from one to the next layer. Taking into ac
count the comparison of short critical currents and coils transition cur
rents, we can say that no degradation of superconducting properties has 
been caused by winding the reacted conductor into coil form - see Fig. 2. 

The same piece of conductor 
was rewind and heat treated at 
680 C up to 15 hours once more. 
Then one layer coil was wind 
and the effect of cooling by te
flon bandage and the effect of 
mechanical stress by stainless 
steel wire bandage were tested. 
No degradation of critical cur
rent was observed during the 
wind and rewind procedures and 
compresive mechanical stresses 
too. The good results offers 

the possibility to wind small coils of 40-80 mm inner bore with heat trea
ted monolithic multifilamentary Nb,Sn conductor using the same procedure 
as with Nb-Ti. This has been confirmed by critical current measurements 

before and after wind 
and rewind steps on coil 
diameter D=45*48 mm, see 
Fig. 3. 

Fig. 3. The bending 
strain in outer conductor 
filaments ( £ ) caused by 
winding of testing coils 
and critical currents 
compared with short sam-
pie results (Ic ^ J . 

Fig. 2. Test coil at winding. 
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MICROSTRUCTURE OF A 15 SUPERCONDUCTORS OBSERVED BY TEM 

A. Rosová, I. Vávra 

We have observed the microstructure of Nb-Ge layers 5 to 8 urn thick 
prepared by CVD method on stainless steel tapes /I,2/ in different levels 
parallel with the substrate layer. Both in central and bottom part of the 

layer there are large (~-'lum) Nb,Ge 
grains only, however, near or on the 
Nb-Ge surface there are also small grains 
(^O.lum) of nonsuperconducting hexago
nal Nb,Ge„ phase (localized on or between 
A 15 grains). Further, there are disloca
tions in some A 15 grains. Both disloca
tions and small grains of nonsuperconduc
ting phase can act as pinning centres in 
addition to grain boundaries. 

Cross-section of 
interface Nb,Sn/Nb in 
multifilamentary wire 
is shown in Fig. 2. 
(The plane of paper is 
parallel to filament 
axis). Nb,Sn layer was 
prepared by reactive 
diffusion of Nb from 
bronze matrix into Nb 
filament /3/. The elon
gated shape of Nb 
grains is typical for 
drawed filaments, Nb,Ge 
grains have slightly 
columnal shape near the Fig. 2. 0,5jum Fig. 3. Tjum 

Nb,Sn/Nb interface but far from it they are equiaxed (Fig. 3). 

'1/ Černuško V. et al.: 3. Physique 45 (1984) Cl429. 
Ill Frohlich K. et al.: Czech. 3. Phys. B39 (1989) 197. 
/3/ Kováč P.: The 1st ItaloCzechoslovak Symposium on Superconducting, 

Lecco, 1989. 
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PREPARATION OF SUPERCONDUCTING YBaCu0 THIN FILMS BY MO CVD 

0. šouc, 0. Machajdík, V. šmatko, V. Černuško, K. Frohlich, š. Hríb, 
S. Štefánik 

Films were prepared in a simple apparatus consisting of horizontally 
situated quartz tube heated by resistance furnaces. The 2,2,6,6tetramethyl 
3,5heptanedionates complexes of yttrium and barium and acetylacetonate of 
copper were used as metalic element sources. The vapors of precursors were 
transported by Ar to the deposition chamber and mixed with 0„. Here, the 
films were deposited on single crystals MgO at the deposition temperature 
Tn=800 C. After the growth process, the substrates were cooled down to the 
room temperature under CL atmosphere. The growth rate of the films was ap
proximately 0.5um/h. 

A deficiency of Ba in the layer was indicated by the electron micro
probe analysis. This deficiency is due to low volatility of Ba precursor 
and its substantial decomposition during the transport. The Xray diffrac
tion pattern revealed the presence of YBa„Cu,07 , CuO and Cu.Y.Oc phases. 
The crystal structure of Y,Ba2Cu,07_ was determined to be orthorombic with 
caxis oriented perpendicular to the substrate. The value of c parameter 
was c=11.72 H. Four probe resistivity measurement revealed transition star
ting at T =72 K with zero resistivity at T=38 K. 

006 005 

007 

/ 1 

003 

60 50 40 30 20 
"2ir 

Fig. 1. XRD pattern of strongly oriented YBa„Cu307_ on the MgO substrate, 
with the presence of CuO and Cu„Y?0,. 
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THIN EPITAXIAL YBajCujO^CAg) FILMS PREPARED BY AEROSOL DEPOSITION 

M. Jergel, F. Hanic*, š. Chomik, G. Plesch*, V. Štrbík, H. Allárová 

One of the many techniques used to day for preparation of highT^, su
perconductors is the combined chemical method of aerosol deposition and 
spray pyrolysis /!/. By this method we have prepared thin, well oriented 
and textured YBa.Cu.O, (Ag) films on MgO single crystal substrates. 

Our preparation process is divided into two steps: first, the deposi
tion of an aerosol from YBaCu(Ag) agueous nitrates solution onto heated 
substrate is performed. The second step is an annealing performed either 
at atmospheric pressure of oxygen and temperatures T ž 900 C, or in vacuum 
degraded by partial pressure of oxygen and Ti 600 °C /2/. The thickness of 
the films is between 1 and 10 urn . 

Fig. 1. YBCO(Ag) films 
annealed: 528.a at at
mospheric pressure and 
T>900 °C, S44 in va
cuum degraded by p0^ 
and !■& 600 °C. 

0 80 160 240 320 
— T,K 

The R(T) dependence for our YBCO(Ag) films is on Fig. 1. The prepared 
films are well oriented and textured, Fig. 2. The EDAX analysis has shown 
very homogeneous and stoichiometric composition on the surface of samples. 
The type of the used substrates as well as the annealing temperatures are 
very important for the interaction between the substrate and the prepared 
film / ) / . An Auger electron spectroscopy depth profile for our sample anne
aled at T a 900 °C is on Fig. 3. 

Besides properties mentioned above we may say that our method is rat
her simple and allows to combine layers of various composition. In princip

*Institute of Inorganic Chemistry, Slovak Academy of Sciences, 842 36 
Bratislava, CzechoSlovakia 
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le, the used substrates can be of various shape and the deposition may be 
performed either on static or moved substrates. 

Fig. 2. Xray diffraction 
patterns for our oriented 
and textured films (510). 

Fig. 3. AES compo
sition depth.profi
le (54). 

/!/ Jergel M.: Studies of high temperature superconductors, Vol. 5, Nova 
Sci. Publ. Inc. New York (1990). 

Ill Hanic F., Jergel M., Chromik Š., Plesch G., Štrbík V.: Proc. Int. Conf. 
on Superconductivity, Jan. 1014, 1990, Bangalore, India. 

ľil Jergel M., Chromik S., Beňačka Š., Štrbík V., Agarwal S.K., Narlikar 
A.V., Chakraborty B.R., Shivaprasad S.M.: Proc. 5th Czechoslovak Symp. 
on Weak Superconductivity, May 29  June 2, 1989, Smolenice, Nova Sci. 
Publ. Inc. New York (1990) p.37. 
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TWINNING IN YBa2Cu3D7_x SINGLE CRYSTALS 

A. Rosoyá, I. Vávra 

We have observed a number of twins in YBa»Cu,07_x single crystal pre
pared by standard flux method (Keiser's method) in LCS at Bordeaux Univer
sity in France 111. 

TEM has confirmed that twin 
boundaries are parallel to the 
<110> direction or the crystallo-
graphic equivalent <110> direction. 
These single crystals consist from 
regions with only one orientation 
of twins. The regions are visible 
in polarized-light optical micro
scope. We have compared the image 
of twins observed by TEM and the 
image of twins-like structure ob
served by polarized-light optical 

microscope. It was confirmed that the orientation of "strip" in optical 
microscope is parallel to twins and differences in images (and differences 
between dimensions of bright and dark strips and twin thickness) are cau
sed by low resolution of optical microscope. 

At gradual ion milling the optical microscope enables to observe the 
space distribution of regions. Interfaces are randomly oriented to a, b 
and c crystallographic axes. A two-dimensional image of regions varies 
with the depth of single crystal. 

Fig. 1. 2/jm 

Fig. 2. 1/um Fig. 3. 0,5/Jm 





Fig. 5. ^ m 

Interfaces between regions of equally oriented twins are different. 
Some of them are very sharp transitions between regions (Fig. 1). In some 
cases we have observed an increase of twin density in interface between 
regions (Fig. 2 and Fig. 3 as a detail of Fig. 2). We have observed an in
tersection or penetration of twins there, too (Fig. 4). 

Stress field surrounding the end of twin effects the thickness of ad
joining twins (see Fig. 5 and Fig. 3). 

In present time we should like to recognize the role of such agglome
rates of twins and interfaces between regions at all in the process of cur
rent flow. 

Ill Tressaud A. et al.: J. Less Common Metals 151 (1989) 237. 
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AC MAGNETIZATION OF HIGH-T^ SUPERCONDUCTORS AT COMPARABLE DC AND AC FIELDS 

F. Gomory, S. Takács, P. Lobotka, K. Frohlich 

Various types of AC magnetic; measurements are used to characterize the 
high T superconducting materials. In these measurements the sample is pla
ced in harmonically varying magnetic field. Very common way to determine 
the critical temperature T is a simple AC susceptibility measurement, 
without any DC field superimposed to AC. More sophisticate methods have 
been developed to study the magnetic field profile inside the sample. These 
methods work well at DC fields substantially higher than the AC field, and 
allow to determine such important parameters, like the critical current 
density j and the volume content of the superconductor vg. 

The ceramic high T samples exhibit very strong dependence of the ma
croscopic critical current density on magnetic field. That means in the 
interval of DC fields comparable to AC field amplitude some interesting 
effects can be expected. Therefore, we have carried out a systematic study 
of ceramic YBaCuO samples behaviour in AC fields combined with DC fields 
of comparable magnitude. The samples were of the unified cylindrical shape, 
with various physical properties due to different sintering temperatures 
III. 

The most striking feature observed in these experiments is illustra
ted in the Fig. la. Here, the result of applying the Campbell's procedure 
111 to the measured signal is given. This procedure should yield the rela
tion between the penetration depth S of magnetic field (normalized to the 
sample radius R) and the AC field amplitude b. At superimposed DC field of 
10 mT, the curve - in full agreement with theoretical expectations /3/ -
consists of two parts, corresponding to two types of supercurrents flowing 
in the sample - the intergranular and the intragranular ones. At lower DC 
fields such a behaviour is dramatically changed. This feature have beed 
explained taking into account the strong dependence of macroscopic critical 
current density on the magnetic field with the help of the model of Kim 
A / . We have demonstrated, taking into account this model, that the curves 
of Fig. 1 do not reflect the real penetration depth as a function of AC 
field amplitude. However, the calculations of "virtual" penetration depth 
curves based on Kim's model have given excellent agreement with the measu
red ones - see Fig. lb. The fitting of theoretical curves to the experi
mental ones has shown that the dependence of intergranular critical current 

in 
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Fig. 1. Campbell's profiles of magnetic field inside the high T sample at 
different values of the superimposed DC field (in militesla). 

density j on magnetic field at 77 K is very near to j .B=const. Better ag
reement at the DC field of 2 mT is observed in the case of applying the DC 
field after cooling the sample under T (zero field cooling regime) than in 
the case of the sample cooled in DC field. This is also consistent with the 
other considerations, because the field cooled sample starts from the state 
with almost homogeneous magnetization. Extensive calculations have been 
carried out, giving in this case the analytical formulas for some signifi
cant points on the curve /5/. The agreement observed for numerous samples 
 besides the cylindrical also for the slab geometry  have proved the ge
neral validity of obtained results. 

/!/ Gomory F., Takács S., Lobotka P., Frohlich K., Plecháček V.: Physica C 
160 (1989) 1. 

IV Campbell A.M.: J. Phys. C 2 (1969) 1492 
ľbl Kú'pfer H. et al.: Cryogenics 28 (1988) 650. 
M / Kim Y.B., Hempstead C.F., Strnad A.R.: Phys. Rev. 129 (1963) 528. 
/5/ Gomory F., Takács S., Lobotka P.: to be published in "Studies of High 

Temperature Superconductors". 
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AC MAGNETIC MEASUREMENTS ON YBaCuO SINGLE CRYSTALS 

3. Pišta, F. Gomory, K. Frb'hlich, P. Lobotka 

Indepth knowledge of physical properties of high T superconductors is 
jnot possible without experiments on single crystals. The first questions 
arising in the practice is if the measured object is realy a single crys
tal. We have shown the AC susceptibility measurement can serve as a tool to 
recognize the presence of polycrystallinity in the sample /!/. There are 
two important features distinguishing the single crystal from the polycrys-
talline high T superconductor: Negligible surface effects (start of the 
transition at the same temperature for both the real and the imaginary part 
of AC susceptibility) and absence of the weak links (only one peak in the 
imaginary part). More through knowledge of the character of flux pinning 
can be obtained by the Campbell's method 12/. 

We have applied this method to nearly cube-shaped singlecrystalline 
sample (0.7 x 0.75 x 0.42 mm3) prepared in LCS University of Bordeaux /3/. 
The sample exhibits very sharp transition to the superconducting state -
see Fig. 1. Measurement of the penetrated and the trapped fluxes /4/ as 
functions of AC field amplitude has shown a slight difference between the 
Magnetic states of the field-cooled and the zero-field-cooled sample - see 
Fig. 2. It means, that during the cooling in DC magnetic field some portion 
of flux remains in the sample. We believe, this indicates some amount of 

weak links to be present in the 
sample. From the curve in Fig. 2, 
the lower critical field H j can 
be estimated. Below H,^ the flux 
does not penetrate the sample vo
lume, independently on the AC 
field magnitude. Therefore, mea
sured values of the normalized 
penetrated as well as the tr.apped 
flux does not change below H_^, 
reflecting only some surface or 
parasitic effects. Rising the AC 
field amplitude over H j, the 

Fig. 1 both fluxes start to increase. In 
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Fig. 2. 

this way, we have estimated H J |c~8'3 mT and H . J_c~3'l mT at 77 K. The 
dependence of normalized penetration depth Í/R (2R is the smallest dimen
sion of the cube perpendicular to the field) on the AC field amplitude b 
constructed using the Campbell's procedure are given in Fig. 3. At zero DC 
field the effect of H . is clearly seen, while at 100 mT the character of 
the curve implies the influence of weaklink effects. 

/!/ Gomory F., Lobotka P., Chaminade J.P., Nganga L.: presented at the In
ternational Conference of Macroscopic Quantum Effects, Smolenice'89. 

Ill Campbell A.M.: 3. Phys. C 2 (1969) 1492. 
ľil Tressaud A., Chaminade J.P., Amine K., Nganga L., Dance J.M., Lahaye 

M., Bonnet 3.P., Chevalier B., Etourneau 3.: 3. LessCommon Metals 151 
(1989) 237. 

/4/ Gomory F.: Solid State Commun. 70 (1989) 879. 
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LOCALIZED MORE-PARTICLE EXCITATIONS IN THREE-, TWO- AND ONE-DIMENSIONAL 
SUPERCONDUCTING FERMI GAS 

S. Takács 

The existence of the energy gap in high-T superconductors is unambi-
gously proved. The number of papers on tunneling measurements is unusually * 
large. In addition to the usual structures in tunneling characteristics, 
the high-T superconductors show some nearly periodic resonance-like struc
tures above the gap voltage /!/. We proposed /2,3/ two possible mechanisms 
for these resonances: the existence of localized electron states in par
tially normal inclusions near the contacts, and the possible existence of 
localized baglike excitations /5/ in the quasiparticle (QP) spectrum of 
high-T superconductors. 

Although we give the results for the free energy of the bags with re
spect to BCS, we are interested mainly in estimation of bag energy changes 
by changing the number of included QPs. The total energy of the bags in the 
potential U=q/(r/R)2 is 

E,=(*Z(E^)l/2Ly/4 (30) 
E g ^ O . B K q L g / A ) ! / ^ (20) 

E ^ O . ^ q L ^ / E p ) 1 7 4 ^ (ID) 
where A is the energy gap and L. is the sum of the total energy numbers 
filled up to some level /2,4/. 

The 3D bags are energetically unfavourable with respect to the (unr
ealized) BCS excitations, the 2D bags are of the same order and the ID bags 
are lying below the BCS excitations. 

We give now some implications concerning the resonance structure in 
tunneling characteristics of high-T superconductors. The energy of bags 
depends on the number of quasiparticles present in the bag. The equilibrium 
number can change with temperature, and it can be influenced by structural 
or other types of fluctuations in the material, too. We obtain thus some 
quantized energy levels in the bag. These changes can influence the tunne
ling characteristics of the superconductor and one can expect some resonan
ce-like structure at voltages corresponding to these energy differences. 
For comparing with the experiments, we take as characteristic values 

14 



Ep=0.2 eV, A =2kgT f̂elé meV. The energy steps are then given by 

7 A Ä 110 meV for q=Ep 
"3 

SE2 

\ . 2/i  32 meV for q=A 
2.3^.^37 meV for q=Ep 

1 A Ä 16 meV for q=£i 
.0.38/3% 6 meV for q=Ec 

c
S
E1 Ä . 

\ 
0.2AÍ; 3 meV for q=Á 

The steps are comparable with experimental results in 3D and 2D, whereas 
they are always smaller than A in ID. 

It is possible to include also the Coulomb contribution to the free 
energy /4/. In spite of having a determining equation for the deviation of 
QP number, we cannot obtain the equilibrium number. The inclusion of a sur
face term (or more precisely, the selfconsistent calculations) should solve 
this problem. 

Ill Behačka Š., Svistunov V.M., Pleceník A., Chromík Š., Levarský Š., Gaži 
á. and Takács S.: IEEE Trans, on Magn. MAG25 (1989) 2583. 

12/ Takács S.: Mod. Phys. Lett. B3 (1989) 421. 
ľil Takács S.: Czech. J. Phys. B 39 (1989) 680. 
/*/ Takács S.: Physica C 162 (1990) 91; Takács S., Behačka Š. Pleceník A., 

Svistunov V.M.: Physica C 162164 (1989) 1049. 
/ V Weinstein M.: Mod. Phys. Lett. B 1 (1987) 327. 
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STUDY OF FLUX FLOW IN HIGH T^ SUPERCONDUCTORS 

S. Takács, F. Gomory, P. Lobotka 

Using the parameters of high T superconductors, we investigated the 
role of the flux.flow in AC magnetic fields. It should be more pronounced 
than in ordinary type II superconductors. We calculated the influence of 
the viscous flow of vortices on the magnetic field distribution and the hy
steresis losses both below and above the penetration field B . 

The theoretical results in the extreme flux flow model (i. e. when the 
viscous forces are exceeding the pinning force /l,21) give the following de
pendence of the losses per cycle on frequency f and field amplitude b (as
suming J =const.) 

W; -v b 3 _ B/f 1 / 2 , for b < B p 

W, ._ bl+*fl/2 , for b>Bp 

These results differ from the critical state model ( W ^ b , Wyvb) by the 
factors oC=B=l/2 in the field dependence and in the frequency dependence 
(no frequency dependence is obtained in the critical state model). 

The experimental results on AC susceptibility measurements (the ima
ginary part is proportional to the losses) were compared with the theore
tical ones. The field dependence factors «< and B were about 0.1-0.23 and 
0.11 and 0.42, respectively /!/. These deviations could be explained by 
including the field dependence of the critical current density into the 
calculations of the field distribution and AC losses IM. 

The frequency dependence is more complex for the intra- and intergra-
nular currents. It is very weak for the intergranular currents below the 
penetration field (about 0.05 instead of 0.5) and above the penetration 
field at low frequencies, but very close to the theoretical value above the 
penetration field at frequencies larger than about 10 kHz (Fig. 1). All 
these results lead to the conclusion that the viscous flux flow plays a 
smaller role in the intergranular currents (where the macroscopic critical 
current density is relatively low) than expected from theory. This should 
have some consequencies for theories like thermally assisted flux creep, 
extreme flux flow, etc. 

The frequency dependence of the intragranular currents above the pene
tration field behaves similarly 73/. In addition, we revealed a region near 
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T with losses proportional to the frequency. Ihis is a sign for the enhan
ced conductivity rather than superconductivity (this is confirmed by the 
missed superconducting shielding in this region /3/). Surprisingly, the lo
sses are proportional to the square root of the frequency also for field 
amplitudes below the penetration field. 
For single crystals / ) / , one would expect the results to be analogous to 
the intragranular currents, but they are closer to the intergranular ones. 
Maybe, this could be changed for samples with higher critical current den
sities. 

Although we could explain some deviations of experimental results from 
the extreme flux flow model by the inclusion of field dependent J , many 
questions remain unsolved for both polycrystalline (inter- and intragranu
lar currents) and single crystalline high T superconductors. 

0001 

io4 f.Hz rř 

Fig. 1. Frequency dependence of losses above the penetration field 
of the intergranular currents at 90 K (1), 89 K (2), 88 K 
(3), 87 K (4). Full lines  only intergranular currents 
present, dashed lines  region between inter and intra
granular currents. 

/!/ Takács S., Gomory F.: Supercond. Sci Technol. 3 (1990) 94. 
Ill Takács S., Gomory F.: Czech. J. Phys. B 40 (1990) 471. 
ľil Gomory F., Takács S., Lobotka P.: Studies of High Temperature Supercon

ductors (Ed. A.V. Narlikar), NOVA Science Publ., Inc., New York, Vol. 6 
(1990) (in press). 
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UDH-1 ULTRASONIC DETECTOR OF GASEOUS HELIUM IN CLOSED ROOMS 

T. Melišek 

The detector was developed according to the requirement of industrial 
operation of cryogenic equipments using helium. Helium leakage from the 
closed system is undesirable especially due to its high price. Most mass 
detectors that are used which are able to indicate various kinds of gases. 
Their universality, intricacy, and high price are superflous to indicate 
higher concentrations. 

The ultrasonic detector UDH-1 is simpler, more reliable and cheaper 
than the detectors used at present. It is located on the room ceiling above 
the assumed place of helium leakage. Fixing of the probe onto the ceiling 
is simple (2 screws) due to its small dimensions (400 x 20 x 20 mm). Thin 
cables are led from the probe, and their location and length are not im
portant at all. The signal of the probe is led into the evaluator which 
signals helium leakage by means of light or sound signals. The evaluator 
can be located at any place. It size is 220 x 200 x 100 mm and its weight 
amounts to 2 kg. When the probe is 1.5 m far from the place of leakage, 
1 dm of helium suffices for reliable signalling of a crash. 

Checking of helium leakage by ultrasonic detectors has been succesfu-
lly introduced into operation and they can be exhibited, if required. The 

principle is protec
ted by a patent app
lication and the 
piece production is 
secured in the Slo
vak Academy of Scien
ces, Bratislava. If 
larger amounts are 
necessary, the docu
mentation and know-
-how for large-scale 
production can be 
provided. 

View on the evaluator of the Ultrasonic 
Detector of Gaseous Helium. 

ULTRAZVUKOVÝ D t l f K ! 
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DEPARTMENT OF APPLIED SUPERCONDUCTIVITY 

During the last two years period a research activity of the Applied 
Superconductivity Department was focused on following problems: 
- study of electromagnetic properties of low and high Tc superconductors 
- design and tests of compact superconducting high current density magne
tic systems for magnetic fields 8-12 T 

- study of thermall controlled superconducting switches and 50 Hz supercon
ducting transformers 

- study of possibility of the superconducting magnet system application at 
dry magnetic separation of energetical coals. 

Many of our results were obtained in cooperation with domestic as well 
as foreign institutes in the frame of multilateral scientific cooperation 
of academics of sciences USSR, Poland, Bulgaria and Czecho-slovakia. Some 
our projects were organised in the form of comercial contracts (e.g. deve
lopment of 8 T superconducting magnet system for gyrotron ECR plasma hea
ting in tokamaks for USSR, laboratory 10 T superconducting magnet for Po
land). The most important results are described in abstracts of this Report. 

F. Chovanec 
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CRITICAL CURRENT DENSITIES AND MAGNETIZATION OF BULK Bi(Pb)SrCaCu0 
SUPERCONDUCTORS 

M. Polák, M. MajoroS, P. Kottman, M. Kádrová, V. Plecháček* 

New high temperature superconductors of Bi(Pb)SrCaCu0 type are 
promising materials because they have T as high as 107 K /!/. Also the cri
tical current density 3 of bulk samples in low magnetic fields (B<0,2 T) 
at LN2 temperatures is substantially higher than that of the standard 
YBa2CujOx bulk material 111. Recent experiments have shown that BiPbSrCaCuO 
material have a potential for practical applications also at L He temperatu
res because the J values of 10 A/cm in high magnetic fields above 20 T 
were achieved / ) / . 

Single high  T phase samples with nominal composition of 
(Bi,_ Pb ) 2 Sr2Ca3Cu3010+x were prepared in SVUM, Praha. Currentvoltage 
characteristics were measured resistively in magnetic fields up to 1,5 T 
at 77 K and 8 T at 4,2 K IM . The highest value of J (B=0;77 K) determined 

c 2 
from 3E characteristics using 1 ,uV/cm criterion was 1 800 A/cm . The de
crease of 3 in the increasing magnetic field was smaller than in 
Y.Ba„Cu,0 material, but in higher magnetic fields (above 0,5 T) 3 was 
reduced to zero (Fig.l). Parameters 3. and U characterizing relative slope 
of JE characteristic and potential barrier for flux pinning, respectively, 
were determined from 3-E characteristics, too 111. Dependences of J , J, 
and U on magnetic field and temperature were shown to correspond with the 
theory of thermally activated flux creep. The values of transport 3 were 
compared with those obtained by contactless measurement of shielding cur
rents in rings of HTS 11,51. Although these currents are not identical with 
the critical currents measured resistively, their values are comparable 
and they can characterize the transport properties of the material. The 
method is very useful in technological research, as no contacts are re 
quired. 

Magnetization measurements at 77 K showed non zero value and hystere
tic behaviour in magnetic fields B«:0,5 T, but no hysteretic behaviour in 
B> 0,5 T. This fact suggests that both inter  and intragranular critical 
currents, measured in magnetization measurements, are reduced to zero at 
this temperature. No such phenomenon was observed at 4.2 K. 

+
SVUM Praha 
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Fig.l: Magnetic field dependence of critical current 
density for two types of NTS at 77 K 

l\l Polák M., Majoroš M., Kottman P., Hanic F., Plesh G., Plecháček V., 
Trejbalová Z., Hejdová H.: Pročíst ItaloCzechoslovak symposium on 
superconductivity, Lecco, Italy, 1314 June 1989

111 Polák M., Kottman P., Majoroš M., Kedrová M., Plecháček V.: Supercon
ductor Science and Technology, 3 (1990) 67. 

ľil Sekine M., Appl.Phys. Lett 55 (26) 2772; Kase 3, App. Phys. Lett 56 
(10) 970; Heine K, Appl. Phys. Lett 55 (23) 2441. 

IM Polák M., Kottman P., Majoroš M., Kedrová M., Plecháček V.: to be pub
lished . 

hl Polák M., Majoroš M., Hanic F., Pitel J., Kedrová M., Kottman P., 
Talapa J., Vencel L.: Journal of Superconductivity 2 (1989) 219. 
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PROPERTIES OF MULTIFILAMENTARY NbTi WIRES AND CABLES FOR 50 Hz 

M. Polák, M. MajoroS, C. Janäák 

In AC magnetic fields the filaments in a multifilamentary composites 
are coupled by currents flowing through the normal metal matrix. AC losses 
W, in such a composite are the sum of hysteretic losses Wh in superconduc
ting filaments and coupling losses Wc in normal metal matrix. 

Keeping j constant a lowering of the losses can be obtained by redu
cing the filament diameter d. and twist pitch length 1 and increasing 
transverse resistivity y a . Composites with d- < 1 ̂im have hysteretic los
ses low enough for practical use. The lowering of coupling losses is achie
ved by resistive CuNi matrix. 

However, the increase of f j may result in decrease of the maximum 
stable superconducting transport current. Thus the optimal superconducting 
composite construction ought to be a compromise between two contradicting 
factors-reducing AC loss and obtaining high maximum transport currents. 
This problem can be solved by using combined Cu-CuNi matrix. Also the geo
metric configuration of such a matrix plays an important role determining 
the final electric and magnetic properties of these composits. 

In our laboratory we investigated the influence of different Cu-CuNi 
matrix constructions on AC losses of fine filamentary composites in perpen
dicular sinusoidal magnetic fields B 6 1 I with f = 50 Hz III. All sam
ples were made by Doneck Physico-Technical Inst., UAS, USSR, by 3 - fold 
pressing using the hydroextrusion method. The optimal (with lowest parame
ter Wy IXj at B = 1 T) matrix construction was found ( X - filling 
factor of the composite). The influence of filament spirality on current-
-voltage characteristics of twisted multifilamentary NbTi superconductors 
was investigated HI. Also a simple method for determining the transverse 
resistivity of multifilamentary composits with high resistivity matrix 
was developed / ) / . The wires, several hundred meters long, were fabrica
ted, twisted, isolated and tested. Typical results are shown in Fig.l. Se
veral magnets for 50 Hz made of these wires were designed IM'. Three dif
ferent types of cables made of fine filamentary conductors were designed 
and tested 15/ in small model transformers for 50 Hz. 
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Fig. 1 
The magnetic 
field dependence 
of the critical 
current I in 
finefilamentary 
composits 

0 1 2 3 4 BIT) — 

Fig. 1 

111 Chovanec F., Polák M., Hlásnik I., Majoroš M., Janšák L., Cesnak L., 
Kokavec J.: Research of superconducting conductors and model equipments 
for alternating current at power frequency. (Report of the Electrotech
nical Inst., SAS, Bratislava, December 1989). 

Ill Polák M., Mints R.G., Majoroš M.: Cryogenics 29 , (1989), 963 
ľil Polák M., Janšák L., Majoroš M.: Method for determining transverse re

sistivity of multifilamentary composites with highresistivity matrix, 
(accepted to Cryogenics). 

/4/ Polák M., Majoroš M., Klabík V.: Superconducting magnets for 50 Hz. 
(Proc.lst Conf. on Technique of Low Temp., Košice, CSFR, May 1518, 
(1990), 96. 

/5/ Polák M., Majoroš M., Chovanec F., Klabík V.: Models of superconduc 
ting transformers, (submitted to "Transformátory"). 
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INVESTIGATION OF NbTi FILAMENT INHOMOGENEITIES BY AN ELECTRICAL METHOD 

M. Polák, M. Majoroš 

At present the nonuniformities of superconducting filaments in NbTi 
multifilamentary composites are a subject of intensive theoretical and ex
perimental studies. The nonuniformities of critical current density and 
cross-section of individual filaments as well as along them are considered 
to determine the form of the current-voltage characteristics observed on 
multifilamentary composites. 

We proposed and tested a new electrical method of investigating the 
nonuniformities /!/. We showed, that geometrical nonuniformities as well as 
nonuniformities of electrical properties and heat transfer can be evalua
ted by this method. The theoretical background of the present method is 
based on the analysis of steps on the recovery part of current-voltage 
characteristic caused by normal zones localization on nonuniformities 
(Fig. 1). 

Fig. 1 
Recovery part 
of I-V characte
ristic of 9,8 urn 
NbTi filament 

The parameters of steps in measured voltage can be used for evaluating the 
distribution of the nonuniformities along the measured filament. 

Ill Polák M., Gurevich A.VI., Majoroš M., Mints R.G.: Investigation of su
perconducting filament nonuniformities by an electrical method. Cryo
genics, in print. 
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EXPERIMENTAL 50 Hz SOLENOIDS 

M. Polák, M. Majoroš 

Special superconducting fine multifilamentary NbTi wires with CuNi 
matrix were developed in order to minimize losses in 50 Hz ac fields. Ne
vertheless, small losses are still present. The construction of 50 Hz su
perconducting solenoids has to assure the evacuation of the heat generated 
by losses from the winding volume into liquid He. The temperature increase 
of the winding must not be high. It requires special construction and win
ding technology. 

We have developed and tested 50 Hz superconducting solenoids with co
oling channels as well as solenoids with winding completely impregnated by 
thermal/conductive epoxy resin. The model solenoids generated 50 Hz magne
tic field with the amplitude up to 0,85 T in 30 mm bore. Another 40 mm 
bore solenoid, has been constructed and prepared for testing. 

50 Hz solenoids: 1 - 40 mm bore projected for magnetic field amplitude 2 T 
2 - 30 mm bore solenoid with cooling channels and one-si

de impregnation of the layers. Maximum field 0,85 T. 
3 - Fully impregnated 8 layer solenoid with the clear bo

re 20 mm. Maximum field 0,5 T. 
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8 T SUPERCONDUCTING MAGNET SYSTEM FOR GYROTRON PLASMA HEATING IN TOKAMAK 

F. Chovanec, C. Krempaský, J. Kokavec, P. USák, L. Oanäák, M. Polák, 
B. Gregor, A. S. Dochenkov*, S. V. Lelikhov+, V. S. Vysotsklj** 

GYROTRON'S BOX 
$ 0.8.a8>2,4 m 3 

In our previous work 111 we described design and tests of series of 
superconducting magnet systems for ECR plasma heating in tokamaks T-10 and 
T-15. The working team formed from Institute of Electrical Engineering SAS, 
Bratislava, Institute of plasma Physic CSAC, Prague, Kurchatov Institute of 
Atomic Energy, Moscow, Institute of Electrophysical Apparatus, Leningrad 
and two companies Ferox Decin and BEZ Bratislava have produced ten 5 T sys
tems for Tokamak T-10 and twenty four 5 T systems for Tokamak T 15. The so
viet termonuclear fusion device Tokamak T-15 has now powerfull plasma hea
ting complex consisting from 24 gyrotron generators /Fig.l/. It operates 
at frequencies up to 140 GHz and has total power more then 5 MW. The next 
generation of tokamaks will call for gyrotron systems operating at frequen
cies up to 240 GHz and requiring the magnetic field as high as 10 T. Our 

new gyrotron magnet 
system providing mag
netic field of 8 T is 
described below. In 
general, the require
ments for the gyrot
ron magnet system are 
following: 111 stable 
magnetic field should 
be provided in the 
warm bore, 111 the 
certain field profile 
on central axis must 
be produced with gi
ven tolerances in the 
central region of a 
resonance chamber as 

well as in the region of cathode and collector, /3/ the displacement bet-

+Kurchatov Institute of Atomic Energy, Moscow, USSR 
++Lebedev Physical Institute of Academy of Sciences, Moscow, USSR 

TOKAMAK T-15 

F i g . 1 T-15 plasma heat ing complex 

26 



ween cryostat axis and that of superconducting magnet should be less than 
given value, / 4 / the helium boill-of must be as low as possible. The de
signed 8 T system /Fig.2/ consists of superconducting NbTi/Nb,Sn magnet 
equiped with a superconducting switch enabling the persistent mode of ope
ration, helium cryostat with removable current leads, two correcting /cat
hode and collector/ warm coils and controlled power supplies containing li
quid helium detector and magnetic field monitor. The required axial field 

profile is produced with toleran
ces of 0.02 \ in the central re
gion and that of 1.5 \ in the cat
hode and collector region. The ra
dial displacement of the magnetic 
axis from that of cryostate one less 
than 0.2 mm is guaranted. The li
quid helium holding time is about 
two weeks /regime in persistent mo
de with removed current leads/. The 
superconducting magnet consists of 
two sections. The outer one is 
wound from NbTi multifilamentary su
perconductor contains 2970 filamen
ts. The conductor has rectangular 
cross section 1.2 x 0.7 mm . The at
tention was paid to control the me
chanical stresses in the winding 
during winding, cooling and char
ging processes. In order to elimi
nate the magnet training and degra
dation the numerical computer simu
lation model was used 111. The 
"wind and react" method was used 

for inner Nb,Sn section wound with 1 mm diameter wire containing 14 400 su
perconducting filaments. 

Fig. 2 
1-sc coil, 2 liquid He, 3-N2 inlet, 
4-current leads, 5-He inlet, 
6,7 - correcting coils. 

Ill Chovanec F., Kokavec J., Krempaský L., Janšák L., Alikaiev V. V., 
Oochenkov A. S., at al., Proc. ICEC 11, 469, Butterworths, (1986). 

121 Vysotskij V., Karasik V., Kleshnina 0., Chovanec F., Kokavec J., 
Krempaský L., Ušák P.: Proc. MT 12, Tsukuba (1989) /in press/. 
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MEASUREMENT OF THE LONG TERM STABILITY OF B^ IN PERSISTENT MODE OF THE 
SUPERCONDUCTING MAGNET WINDING 

P. Ušák 

Strict demand to suppress helium consumption during superconducting 
magnet operation to minimum results often in using persistent operational 
mode 111. Joule heat input from current leads is avoided and if they are 
removable the heat input due to thermal conduction from outside is signi
ficantly reduced,too. 

It is often important to maintain the constant value of magnetic in

duction B during the desired time interval. In real conditions there is 
always some slow decay of the persistent current because of thermal dissi
pation on finite resistances of joints between superconducting switch 
and magnet as well as joints within the superconducting magnet winding. 

Measurement of magnet field decay serves for determination of bounda
ries of B change within a given operational time and gives the guide in 
selecting the appropriate technology for the magnet and switch from stand
point of the joints resistance. 

Time variation of the central magnetic field B Q(t) in persistent mode 
was measured for several days by means of low temperature InSb Hall probe 
of the type TLMK HI fed by the current source stabilized to lppm. 

To suppress fluctuations and to increase the measurement precision, 
it was used technic of computer controlled parallel sampling of Hall volta
ge U H and current I H through the probe. The current I H was measured by 
means of the voltage on normal shunt in series with the probe. 

The data acquisition system was based on the computer M3T320.3 and 
twins of identical voltmeters M1T380.1 capable to measure with precision 
close to the level of lppm. Measured U H voltage was corrected according 
the value of I H measured at the same sampling interval. 

For a given constructions of measured superconducting magnets and 
switches the typical values of summary resistance of all the joints were 
close to 10" 7 and resulted in magnetic field decay on the level of 
Bo.109 s1. 

/!/ Chovanec F. et al.: Zborník Kryogenika 88, Ústí nad Labem, ČSVTS. 
Ill Polák M., Ušák P., Štofánik F.: Elektrotechn. čas. 31, 325, (1980). 
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CONTROL AND DIAGNOSTIC UNITS FOR CRYOGENICS 

L. Janšák, j. Ružička, M. Gábor 

Two control and diagnostic units for cryomagnetic systems and the im
proved digital magnetometer were developed in recent period. 

The microprocessor based control and diagnostic unit (CDU) CU200M for 
cryomagnetic systems of ECR plasma heating generators was realized for IAE 
Moscow. 

The CDU permits the control a high current power supply for main su
perconducting magnet as well as two auxiliary cathode and collector soleno
ids. The wide range of high current power supplies can be controlled, de
pending on the switch selector setting. Independent up and down ramp rate 
can be set between 0.01 and 9.99 % A/s from numeric keyboard. The preset 
value of the high current power supply can be selected with 0.01 \ resolu

tion from numeric keyboard. 
Two auxiliary medium power supplies (5A30 V) can be controlled inde

pendently in step mode. The preset value of the output current can be set 
0.1 % resolution by the numeric keyboard. 

The CDU contains a digital helium level meter with programmable samp
ling rate from 2 to 20 s, including conti operation and test mode. 

The important part of CDU is a programmable quench detector which 
serves for superconducting magnet protection. The amplitude of the poten
tial pulse is programmable from 50 mV to 1 V and length of pulse from 25 to 
100 ms. 

The current monitor allows to measure all output currents as well as 
the magnetic field of the superconducting magnet when operating in persis
tent mode. 

The simpler unit CU200G serves for control and diagnostics of super
conductive magnets. Unit contains a programmable voltage source for magnet 
power supply, discrete helium level detector as well as the current and 
output voltage monitor. 

Digital magnetometer OHM 290 with autorange serves for magnetic field 
measurement in a electromagnet or permanent magnet systems, measurement of 
remanent magnetization of instruments and materials. 
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NbjSn INSERTS FOR HIGH MAGNETIC FIELD SYSTEMS 

M. Polák, M. Majoroä, J. Pitel, P. Kováč, 0. Talaps, L. Vencel 

In the framework of collaboration between our Institute and Institute 
of High Temperatures, Soviet Academy of Sciences in Moscow, we have got se
veral kilometers of Nb,Sn multifilamentary wire. The outer diameter of the 
wire is 1.5 mm and it contains 14 461 Nb filaments 5 urn in diameter in 
bronze matrix. No stabilizing copper is builtin. 

We have developed magnet technology adapted for this conductor. The 
goal was to develop Nb,Sn insert for increasing magnetic field in NbTi/ 
Nb,Sn combined magnets. 

Basic problems of the work were the following: construction of con
tacts and joints, insulation of the former, optimization of the heat treat
ment, the choice of the impregnat and the impregnation technique. 

For the former insulation plasmasprayed ceramic layer was applied. 
The wind and react technique was used for the winding fabrication. The for
mation of Nb,Sn was made in vacuum at T»700°C during 10 hours. The winding 
was then impregnated by the epoxy resin ChS Epoxy 110 BG 15. 

Several Nb^Sn solenoids were made and tested in external magnetic 
field generated by NbTi sole
noids. Their parameters are gi
ven in the Table I. Generally, 
very small training of all sole
noids has been observed. The 
quench currents were close to 
the short sample critical cur
rents. 

Further research program is 
oriented to the construction and 
technology of Nb,Sn magnets for 
magnetic fields Bgl2 T. 
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Table I 

PARAMETERS OF THE FABRICATED NbjSn INSERTS 

I n s e r t s 

Clear bore (mm) 
Outer diameter (mm) 
Height (mm) 
Maximal generated magnetic 
field Bm (T) 

Contribution of the 
Nb?Sn insert <"T) 

Quench current (A) 
Over- all current density 
at Bm(A/ciri ) 

Weight (kg 
Cross-cection„occupied by 
one spire (cm ) 
Inductance (H) 

A-1 

35 

A-2 

30 
84 99 
162 170 

11,45 : 11,25 

2,95 4,46 

378,8 370 

1,364.10* 1,365.10* 

4,01 

2,777.10"2 j 2,71.10"2 

0,015 j 0,0365 

A-3 A-4 
1 

40 30 
80 120 
200 195 

9,45 i 9,82 

2,84 

435 

1,512.10* 

2,876.10"2 

0,0145 

2,89 

190 

0.65.10* 

2,927.10"' 
0,0625 
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POSSIBILITY OF THE SUPERCONDUCTING MAGNET SYSTEM APPLICATION AT DRY MAGNETIC 
SEPARATION OF COAL I I I 

0. Pitel, F. Chovanec, V. Hencl 

The most widespread way of utilization of pulverized brown coals is 
their combustion in boilers for powder firing at thermal power plants. Mag
netic separation seems to be an alternative method the purpose of which is 
to reduce sulfur and ash content in coal matter before combustion. In our 
previous works we were interested in coal cleaning using open gradient mag
netic separation methods /2,3/. Depending on the type of coal we were suc-
ceded in decreasing the content of total sulfur up to 55 % and ash up to 
40 %, whereby simultaneous combustible recovery was higher than 90 %. Con
struction of superconducting open-gradient magnetic separator /OGMS/ has 

several advantages comparing with 
high gradient magnetic separator 
/HGMS/. First of all do not arise 
problems connected with plugging 
and cleaning of matrix. There are 
no problems with "dead time" and/or 
replacement of the matrix. However, 
the efficiency of HGMS method can 
be higher than that of OGMS due to 
higher forces generating on the sur
face of the matrix elements. The 
aim of this work was to compare ef
ficiency of both methods from the 
point of view of benefication para
meters /grade, recovery/ on two 
different coal samples of the 
brown coals from two open pits at 
the North Bohemian Basin. 

To perform the OGMS experiments we developed superconducting magnet 
system enabling to reach the value f =110 T /m of the radial magnetic force 
density component at separation zone in 90 mm bore diameter. The experimen
tal set-up is given in Fig.l. Typical results are shown in Fig.2. HGMS ex-

Fig. 1 OGMS device 

"""Institute of Geology and Geotechnics, CSAS, Prague 
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Fig.2 Sulfur content 2.7 % 1ash, 
2sulfur, 3combustible 

40 \ resp. 13 \ higher. Recovery of 
ash was 23 \ resp. 8 \ higher in fa
vor of HGMS, whereby the experiments 
were performed at partly optimised 
conditions requiring the loss com
bustible to be less than 10 \. Ho

wever, lower efficiency of the 0GMS 
method can be compensated by simple 
construction and working of the se
parator. If compare the magnetic 
methods of coal cleaning we can con
clude: The magnetic method is less 
efficient as a chemical one but it 
is more economic /3/ and enabling 
to remove ash. 

periments were performed using su
perconducting magnet located in a 
cryostat with warm bore 150 mm in 
diameter. In a working space with 
the magnetic induction up to 5 T 
is placed the brass chamber with 
rectangular cross section 50x40 
mm and height of 150 mm that con
tains matrix consisting of ferro
magnetic stainless steel sticks 
3 mm in diameter. The HGMS experi
mental setup is shown in Fig.3. 

More encouraging results were 
obtained having applied HGMS met
hod. The differences in recovery 
of total sulfur in magnetic frac
tion were for two various samples 

Fig. 3 
HGMS device. 1feeder, 2magnet, 
3sucking device, 4matrix, 
5. cryostat 

/!/ Presented at the 13 th Int. Cryogenic Engineering Conference, April 
2427, Beijing, China, 1990. 

Ill Hencl V., Hlásnik I., Chovanec F., Pitel J.: Proc. Cryopraque 86, 36 
Inst.Int. du Froid, (1986) . 

I~il Chovanec F., Pitel J., Hencl V. at all: Proc.ICEC 12, 329,Butherworth 
Surrey, (1988) . 
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CRYOGENIC PLANT AND CRYOMAGNETIC LABORATORY OF IEE SAS 

F. Chovanec and F. Jäger 

The cryogenic plant have been supplying Institute of Electrical Engi
neering of SAS as well as more than 3D users in Bratislava by liquid nitro
gen and liquid helium. During a year the plant is distributing of about 
200 000 litres of liquid nitrogen and producing 20 000 litres of liquid 
helium. Liquid nitrogen is transported from Slovnaft factory, collected in 
stationary tanks and distributed to laboratories and/or to external users. 
At present the plant has two stationary tanks with total capacity 20 000 
litres and two mobile tanks with capacities 5 000 and 1 000 litres. Liquid 
helium is produced by piston detander liquifier ZRH 50 fabricated at Ferox 
Company. It is running ones a week, its capacity is 60 litres per hour. 

In 1950 we started a montage of a new fully automatic turbine liqui
fier ZH 50 T from Ferox Company. The block diagram /Fig.l/ shows an arran
gement of a new plant supplying liquid helium to a storage and distribution 
system. The capacity of liquifier is 40 litres per hour. 

Fig 1 
1-turbine liquifier, 2-control block, 3-oil removal system, 4-He 
recycle compressor, 5-pure He buffer vessel, 6-pure He supply cy- j 
linders, 7-500 1 store dewar, 8-transport dewar, 9-recovery 3x10 m 
gasholders, 10-recovery compressor, 11-impure He cylinders, 12-in 
line purifier. 
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About one half or the liquid helium production is used by Applied su
perconductivity department of Institute of Electrical Engineering. Its 
cryomagnetic laboratory has an area 21 x 5.5 m and allows to test magnet 
systems with stored magnetic energy up to 0.5 MJ and weight up to 3 tons. 
More than 50 various magnet systems developed and produced by companies 
FEROX Decin, SKODA Plzen, and BEZ Bratislava in cooperation with Institute 
of Electrical Engineering have been tested there during last ten years pe
riod. It was for example: superconducting quadrupole dublet for JINR 
Dubna, 36 gyrotrone magnet systems for Kurchatov Institute of Atomic Ener
gy in Moscow, 3 magnet systems for anticorrosive coating device developed 
in Paton Electric Welding Institute in Kijev and several high field labora
tory magnets for various institutions in USSR, Poland and Czechoslovakia. 
In most cases works were organised as comercial contracts. An average 
year revenue during last five year period was 1.4 milion Kčs. In addition 
to cryogenic and electric tests the cryomagnetic laboratory provide physi
cal and technological measurements in high magnetic field. Parameters of 
available high magnetic field systems are summarised in table: 

No 

1 
2 
3 
4 

WORKING BORE 
DIAMETER 

180 mm 
147 mm 
35 mm 
20 mm 

MAXIMUM MAGNETIC 
FIELD 

7 T 
7.7 T 
11.5 T 
10 T 

WORKING VOLUME 
TEMPERATURE 

4.2 K 
300 K 
4.2 K 

1.5300 K 

System No 1 is used mainly for testing of Nb,Sn windings with outer 
diameter up to 180 mm in external magnetic fields. Improved NbTi/Nb,Sn 
magnet system achieving magnetic field above 8 T is prepared now for the 
system No 1. System No 2 is used for experiments with coal cleaning by 
magnetic separation. It can be used as an opengradient as well as matrix 
magnetic separator. System No 3 is used for j /B/ characteristic measure
ments in superconducting wires and cables. Range of power supplyies can 
provide currents in specimens up to 3 kA. System No 4 has Oxford Instru
ments variable temperature insert and provide temperature in the range 
1.5300 K. New magnet for system No 4 achieving field above 12 T is now 
under construction. 
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BASIC LABORATORY FOR TECHNICAL APPLICATIONS OF SUPERCONDUCTIVITY (BLTAS) 

The BLTAS has continued its activity in the frame of multilateral sci
entific cooperation of academies of sciences of COMECON countries. Main re
search directions and results are as follows: 
1. Technology and physical properties of superconducting materials. 
2. Technology and electrodynamics of superconducting magnets and devices. 
3. Technology and electrodynamics of superconducting thin films and weakly 

coupled superconducting structure devices. 
The technology of preparation of the multifilamentary NtuSn composites 

with high critical current density in high magnetic fields using titanium 
doped niobium filaments in bronze matrix has been elaborated. 

A new electrical method of investigation of superconducting filament 
nonuniformities based on the analysis of the steps on the recovery part of 
the current-voltage characteristics of multifilamentary composites was de
veloped and the influence of filament spirality on current-voltage characte
ristics of twisted multifilamentary NbTi superconductor was elucidated. 

First results have been obtained in preparing short YBaCuO samples of 
composite wires and ribbons with increased critical current density by the 
melt growth or screen printing and sintering techniques. 

The research of superconducting magnets concentrated on high current 
density superconducting magnet for gyrotron. A model epoxy potted magnet 
wich has reached 8=7.75 T and short sample critical current at overall win
ding critical current density of 1.6x10 A/m . Moreover two microprocessor 
control and diagnostic units for cryomagnetic systems were developed. 

The theoretical analysis and verification tests of the NbTi ribbon 
thermally controlled superconducting switch (TCSS) as well as of supercon
ducting transformers with 50 Hz working frequency for superconducting cur
rent supply powering superconducting magnets have been performed. Critical 
current, voltage-current and resistance-voltage characteristics at DC and 
AC regime have been measured on a Nb,Ge layer as potential candidate for 
TCSS. 

The technology of YBaCuO thin films with T ^ 85 K by coevaporation from 
different sources have been elaborated. The characteristics of these films 
as well as of the tunnel-junctions YBaCuO/Pb have been measured. 

I. Hlásnik 
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MF Nb,Sn SUPERCONDUCTORS WITH THIRD ELEMENT IN Nb FILAMENTS 

P. Kováč, P. Huťka, B. Michajlov* 

The influence of Zr, Ti and Ta in the Nb filaments of MF Nb,Sn super
conductors were studied. We examined the addition of three elements: 0.25 
to 1.2 w% of Zr, from 5 to 7.5 w% of Ta and about 1 w% of Ti. If the con
centration of this elements is not in the convenient scales, the doping 
causes the fall of current density in high magnetic fields. The optimal 
concentration of doping element influence fine grain growth of Nb,Sn and 
encreases the resistivity of Nb^Sn in normal state and so B too. The ad
dition of 1 w% Ti shows very effective way to increase the current density 
in high magnetic fields which is approximately double at 6=18 T in compari
son with pure niobium filaments. The effect of 1 w% Ti and 0.25 w% Zr addi
tion on overall current density in the range of magnetic field from 7 to 
14 T is shown in Fig. The values of current density up to 8=12 T were mea
sured directly and above this value, the Kramer's rule was used for current 
density calculations. The conductor with 1 w% Ti was measured in the field 
region from 8 to 20 T in Institute of Atomic Energy in Moscow. Very high 
current density of 10 A/m in 8=20 T was achieved. 
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MICROPROCESSOR CONTROLLED QUENCH DETECTOR 

L. Oansák, J. Ružička, S. Kozlov+, A. VasillBv+ 

A simple microprocessor controlled quench detector was developed as 
part of cryomagnetic microprocessor control unit. The quench detector des
cribed bellow will serve for safety operation of 5 T cryomagnetic system 
for UHF plasma heating system. 

The potential ends of the magnet are connected to the simple resis
tance bridge. Output from the bridge against the central point of the mag
net is fed to the analog part of the quench detector. This consists of 
an AC/DC converter and analog comparator. The reference voltage of analog 
comparator is programmable in the range 0.05  IV. 

Active comparator output inicializes the programmable counter which 
determines the minimum quench signal duration. The programmable time is 
205075 and 100 ms. When both the amplitude and duration of the input 
quench signal is over the programmed levels, the error signal is generated 
at the output. 

The internal test facility is built in. The input of quench detector 
is connected via rellay contact to the auxilliary generator with parame
ters (amplitude and pulse durations) which are at the centre of program
mable values. The TEST PROGRAM changes the programmable parameters and 
counts the number of events when the conditions for quench signal genera
tion are fullfiled. 

The input as well as output signals are galvanically isolated from 
the microprocessor bus by the optocouplers. 

"""Institute of nuclear physics, Leningrad 

38 



THEORY AND VERIFICATION TESTS OF THE NbTi RIBBON THERMALLY CONTROLLED 
SWITCH FOR 50 Hz APPLICATIONS 

I. Hlásnik, N. V. Markovský , 0. A. Shevchenko+, 0. Kokavec 

Theoretical analysis of the influence of different design parameters 
such as the thickness of the superconductor ribbon and of the insulating 
material as well as of the bath and working temperature on the main switch 
characteristics i.e. on the recovery and activation time constants and the 
losses of a thermally controlled superconducting switch (TCSS) is presented. 
It reveals the possibility to increase the repetition frequency of such 
switch in the range of the industrial 5060 Hz frequency. Successful veri
fication tests of a thermally controlled switch made from 20 (urn thick, 
10 mm wide and 11 cm long NbTi ribbon in a halfwave rectifier mode at 50 
Hz were made (see Fig.l). Maximum current amplitude of 306 A at effective 
resistance less than 10" ~l in the superconducting half period as well as 
maximum voltage amplitude of 0.57 V at effective resistance of about 40 mfí 
in the off state half period have been obtained. It has been shown that the 
measured current in the normal state agrees very well with the calculated 
minimum propagation current of the normal zone. More detailed informations 
are in III. 
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III Hlásnik I., Markovský N.V., Shevchenko 0. A., Kokavec J.: X 16, 11th 
Internát. Conf. on Magnet Technology, Tsukuba, Japan , (1989). 

Institute of Electrodynamics, Academy of Sciences, Ukrainien SSR, Pr.Po
bedy 56, 25268 Kiyev 57, USSR 
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THE STUDY OF SUPERCONDUCTING TRANSFORMERS FOR 50 Hz RECTIFIER 

I. Hlásnik, J. Kokavec, L. Cesnak, V. S. Vysotsky+, V. R. Karasik* 
V. N. Tsikhon+, N. V. Markovsky++ 

In the frame of research and development of superconducting rectifiers 
for 50 Hz operating frequency seven superconducting transformers with out
put power of about 200 VA were made and tested IWI. They were wound from 
three different wires and have different forms of coils and of iron cores. 
Parameters of tested transformers are collected in Table 1. Three of them 
(SCT-1,2,3) had rectangular, other three (SCT-4,6,7) cylindrical and one 
(SCT-5) toroidal winding shape. 
Table 1. Parameters of tested transformers 

Parameter 

Primary winding: 
crossection, mm / di ameter, mír, 
turns 
layers 
wire: diameter, mm 

filaments 
twist, mm 

matrix: Cu, % 
CuNi, '/. 

Secondary winding: 
crossection,mm / diameter, mm 
turns 
layers 
wires in parall 
wire: diameter, mm 

filaments 
twist, mm 

matrix: Cu, % 
CuNl, */. 

SCT-1 

20x50 
390 
3 

0,5 
126 
10-15 
64 

30x60 
5x2 
2 
10 
1,0 
1045 
25 
58 

SCT-2 

20x50 
390 
3 

0,5 
200 
10-15 

50 

30x60 
5x2 
2 
5 
1,5 
200 
30 

50 

SCT-3 

20x50 
425 
1 

0. 12 
14496 
0,8 
27.6 
38,S 

21x51 
5x2 
1 
6 
0.34 
14496 
5 

27,8 
3S,S 

SCT-4 

49 
222 
2 
0,5 
200 
10-15 

50 

58 
35 
1 
1 
1.5 
200 
30 

50 

SCT-5 

i":-:40 
313 

0, 12 
K496 
0,8 
27,8 
33.B 

18x41 
36 
1 
6 
0,3 
14496 
5 
27.S 
33. B 

SCT-6 

56 
104 
1 

0,5 
200 
10-15 

50 

58 
110 
1 
1 

0,5 
200 
10-15 

50 

SC7-7 

58 
134 
1 

0,5 
200 
10 15 

50 

49 
10 
1 
6 

0,35 

3,5 

For good cooling channel system in the winding was used. All SCT except 
SCT-5 worked with the same iron core of C-form made from electrotechnical 
laminated steel 0.08 mm thick. The iron core cross-section was 16mm x 40 mm 
and its window height 80 mm. SCT-5 was used with toroidal core from amorp
hous iron with cross-section 12.5 mm x 30 mm and inner diameter 49 mm. 
+ P.N. Lebedev Physical Institute of Academy of Science, Moscow, USSR 
++Institute of Electrodynamics of Ukrainian Academy of Science, Kiev, USSR 
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Three different methods were used for measuring AC-losses at 50 Hz: 
- usual analog wattmeter at loss level more than 10 mW 
- at lower loss level digital measuring of current and voltage followed by 
numerical integration of their product HI; for coils having big induc
tance it was needed to compensate partially reactive voltage /3/ 

- for very low loss level measuring of the current and of the active part 
of voltage by selective nanovoltmeter and their multiplication /!/. 

All methods gave a good coincidence of results. The losses in short 
circuit mode and unloaded mode of all SCT were measured with iron core. The 
losses of SCT1-SCT4 were measured also without iron core. They were higher 
than those with iron core. 

The minimum relative total losses of 0.04-0.1 \ were measured for 
SCT-5 made from metallic glass ribbon and low loss fine filament NbTi com
posite with mixed Cu-CuNi matrix from Alsthom Co. The highest ones of about 
10 % were measured in SCT-1 without iron core. 

Further decrease of losses can be achieved by design optimization e.g. 
by interleaved winding. Moreover in all transformers without iron core a 
very high relative reactive input power was needed. 

From technological point of view the most simple are windings on cy
lindrical turned bobbins with machined channels. 

The using of toroidal transformer shape reduces its size and leakedge 
fields but essentially complicates the manufacturing of the winding and de
teriorates the cooling when many layers are used. 

Obtained results have confirmed the possibility of making compact and 
cheap 50 Hz SCT for superconducting rectifiers of the output power of about 
200 VA with the efficiency better than 99.9 \. 

Ill Hlásnik I., Kokavec J., Cesnak L., Vysotsky V.S., Karasik V.R., Tsik-
hon V.N., Markovsky N.V.: The study of superconducting transformers for 
50 Hz rectifier, to be published in the Proc. of the 13 th ICEC, April 
1990, Beijing, China 

111 Cesnak L., Takáš S., Gomory F., Hlásnik I.: Cryogenics IB, 386 (1988) 
73/ Hlásnik I. et al.: SEDAP 69-308, SUP 84 (1969), SEDAP 18/11 (1969) 
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DEPARTMENT OF CRYOELECTRONICS 

Department of cryoelectronics investigates selected problems concer
ning weak superconductivity. Before the discovery of high temperature su
perconductivity (HTSC) we dealt mainly with tunnel and bridge type junc
tions and structures based on low temperature superconducting (LTSC) thin 
films (niobium, lead and lead alloy). Using electron beam lithography and 
plasmochemical etching there were prepared microstrips, variable thickness 
bridges (the smallest dimension 0.1,urn) and rf SQUIOs. Their physical and 
circuit properties were studied. Tunnel type structures with different geo
metries (as radiofrequency mixers, voltage standard, interferometers), with 
dimensions of tunneling barrier 10 to 0.2,urn and critical current densi
ties from 10 to 10 A/cm were prepared and investigated. The static and 
dynamic properties of tunnel type Josephson junctions and dcSQUIDs were 
also studied by means of computer simulations. A part of these results is 
included in the last bienial report. 

The LTSC program is at present oriented to the preparation of high qua
lity and high stability tunnel junctions based on niobium thin films with 
aluminium oxide barrier (Nb/A10 /Nb), realization of dcSQUID structures 
for biomagnetic applications, series of tunnel junctions for metrological 
applications and structures for low noise microwave receivers (mixers). 

The HTSC program of our department is concerned with the preparation 
of YBaCuO polycrystalline and epitaxial thin films, their chemical and 
ion beam patterning into strips and bridges, and the study of physical 
properties of the films and weak link structures by means of dc, rf, tun
nel spectroscopy, SEM, EDAX, and other experimental techniques. 

The tradition of international cryoelectronic conference was created 
in Smolenice castle near Bratislava. The Proceedings of the 5 Czecho

slovak Symp. on Weak Superconductivity (held in May 1989) was published 
by Nova Sci. Publ. (USA, 1990) and the next Symposium will be organized 
in May 1991. 

š. Beňacka 
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HIGHTo SUPERCONDUCTING YBa2CUjOx THIN FILMS PREPARED BY VACUUM CODEPOSITION 

S. Chromlk, V. štrbík, R. Adam, 5. Beňačka 

We have developed a lowtemperature vacuum codeposition method based 
on simultaneous evaporation of starting materials Y,BaO (or alternatively 
8a,BaF„), and Cu from three independent sources in vacuum of 10 Pa with 
partial oxygen pressure of 10" Pa /!/. The temperature of substrates during 
evaporation was 550600 C, the film growth rate was about 1 nm/s and the 
thicknesses were below l,um. The prepared thin films were superconducting 
in situ after application of definite cooling steps but without any additio
nal annealing in oxygen at higher temperature than 600°C. Better reproduci
bility was achieved when we used, as a starting material, the mettalic Ba 
or BaF„ instead of BaO /2,3/. The obtained zero resistance critical tempera
tures for different substrates and sources of Ba are given in Table 1. Our 
thin films exibit a granularpolycrystalline morphology with grain size and 
critical current density 0.50.7,um and 10 A/cm (at 4 K), respectively. 
The mutual thin filmsubstrate interdiffusion depth is smaller than 10% of 
the film thickness in the case of Si substrate (BaO source) (Fig.l). 
Tab. 1: 

BaO 

Ba 

BaF2 

86 
— 

88,4 

86,7 

85 

85 
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/!/ Chromik Š. et al.: IEEE Trans.on Magn. 25 (1989) 2484. 
121 Chromik Š. et al.: in Weak Superconductivity, Ed.Š.Beňačka,M.Kedro,No

va Sci.Publ., New York, 1990, p.33. 
'3/ Chromik Š. et al.: Appl.Phys.Lett. 56 (1990) No22, in print. 
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HIGHLY ORIENTED YBa^Cu^O^ SUPERCONDUCTING THIN FILMS PREPARED BY VACUUM 
CODEPOSITION 

š. Chromik, S. Benafika, V. Strbík, R. Adam, V. šmatko, F. Haníc* 

The films were prepared by vacuum codeposition process based on simul
taneous co-evaporation of Y,Cu and BaF„ from three independent sources III 
at vacuum pressure of 10~4Pa. The total film thickness and substrates tem
perature during the evaporation were 70-150 nm and 600-750 C, respectively. 
As substrates we used (200)-Mg0 and (100)SrTi03 single crystal materials 
HI. Fig.l shows X-ray diffractograms of unoriented film (d=700 nm) prepa
red on single crystal MgO where the superconducting phase of composition 
Y.Ba2Cu,07 has dominant diffraction peaks (001) which characterize the pre
ferential orientation of the film with c axis oriented perpendicular to the 
substrate. The SEM studies of films thinner than 150 nm deposited on single 
MgO and SrTiO, substrates show no granularity (thin film partialy grown epi-
taxially) and evident imitation of the substrate surface relief. The onset 
of transition to the superconducting state, maximum zero resistence critical 

temperature, and critical current density 
at 4.2 K were 85-90 K, 83K, and 6.106 
A/cm , respectively. A shift on onset 
transition temperature to lower values 
(--90 K) is linked with the thickness of 
film below 0,1,urn. The value of x=0.5 in 
the formula Y . B a ^ u ^ 5+x was found from 
correlation between the lattice parameter 
c and x value /3/. 

60 50 40 30 20 t> 
28 (degrees! 

Fig.l X-ray spectra:a) unoriented film prepared on single crystal A1,0, 
b) highly oriented film prepared on single crystal MgO where peaks 
which do not belongto (123) phase were identified as follows:(+)BaF2 phase, (S) substrate, (o) CuO phase, (?) unknown phase 

III Chromik Š.et al.:Appl.Phys.Lett.56 (1990) No.22, in print. 
IV Chromik Š.et al.:Proc.of 19th Int.Conf.on Low.Temperature Physics, 

Brighton,1990,accepted for publ. 
/3/ Maradyan et al.:Physica C 162-164 (1989) 536. 
+Institue of Inorganic Chemistry,Slovak Acad.of Science,Bratislava 
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RF SPUTTER ETCHING OF THIN YBaCuO FILMS 

P. Tomáš, S. Chromik 

The sputter etching of thin YBaCuO films with Ar ions is presented. 
The YBaCuO films (0.1,um thick) were prepared by the vacuum coevaporation 
of three components (Y,Ba0,Cu) on MgO polished substrates at 700°C III. The 
apparatus used for the sputter etching was parallel plate reactor for reac
tive ion etching. The etching experiments were performed at 0.1 Pa with Ar 
plasma at 13.56 MHz. We were able to prepare microbridges up to l,um long 
and 2,um wide (see the Fig.l). The masks was prepared by the standard pho
tolithography technique with Shipley-3 positive photoresist. The wafer to 
be etched was placed at the not-cooled electrode and because of overheating 
during the etching, the resist mask was degraded (as it is apparent from 
the figures) and was hard to remove. The etching rate of this YBaCuO super
conducting films was about 2 nm/min. 

Fig.l SEM picture of the 1 ,um Fig.2 SEM picture of the 5,urn long 
long and the 2 ,um wide and 3 ,um wide microbridge 
microbridge / 

111 Chromik Š. et al.: Proc. of 19 Int.Conf. on Low Temperature Physics, 
Brighton, 1990, accepted for publ. 
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PROPERTIES MODIFICATION AND PATTERNING OF HIGH  T^ SUPERCONDUCTING THIN 
FILMS BY ELECTRON BEAM OF SEM 

V. šmatko 

YBa?Cu,0 granular superconducting thin films (about 0.5,urn thick) 
prepared by vacuum codeposition 111 were irradiated and patterned by focu
sed (50 8) electron beam of SEM (BM 340). Low energy electron beam (l^uA, 
40 keV) modify electrical properties of films (critical current density and 
critical temperature gradually decrease at repeated irradiation) without 
morphological changes. These changes are in agreement with conception of 
intergranular weak connections /2,3/. At higher electron energies supercon
ductivity of the films is completely destroyed and changes in film morpho
logy are evident (Fig.l). In the case of low thermal conductivity substra
tes (e.g. MgO) the film may be fully removed. In Fig.2 parallel grooves 
about 5,urn deep, in MgO substrate are obvious. More detailed study of 
electron beam interaction with high T superconducting films is in progress. 

11/ Chromik Š. et al.: IEEE Trans.on Magn. 25 (1989) 2484. 
Ill Beňačka Š. et al.: Bull.Mat.Sci. (1990), in print. 
/3/ Strbik V. et al.: Modern Phys.Lett. B 3 (1989) 729. 
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A STUDY OF YBajCUjO^ THIN FILMS IN HIGH MAGNETIC FIELD 

V. Štrbík, M. MajoroS, W. Boon*, M. Polák, S. Beňacka, S. Chromik, 
Y. Bruynseraede+ 

The experimental study of high T^ superconducting thin films in high 
magnetic field was performed on granular thin films prepared by coevapora
tion III with typical parameters: thickness d=0.7,um, Q3n0=l mj2cm, zero 
resistance temperature Tco=85K. The critical current density was j =104 

A/cm
2 at T=4.2 K and B=0. 
A good current carrying ability (jc=10

3 A/cm2
) of these films was 

found in magnetic field up to 9 T both for parallel and perpendicular orien
tation to the film surface. The j (B) dependences are in good agreement 
with modified KimAnderson relation and the observed hysteretic effects 
were ascribed to the difference of surface and volume pinning in grains 121. 
From resistancetemperature dependences in high magnetic field (see Figure) 
we determine the base parameters of superconducting films, namely upper 
critical magnetic field Bc2(0)=200 T and coherence length fc(0)=1.3 nm for 
T=D /3/. The broadening of resistive transition in high magnetic field we 
interpret by flux creep effects in grains (full lines in Figure) / ) / . 

Katholieke Universiteit Leuven, B3030 Leuven, Belgium 
III Chromik Š. et al.: IEEE Trans.on Magn. 25 (1989) 2484. 
Ill Majoroš M. et al.: in Weak Superconductivity Ed.Š.Beňačka,M.Kedro, 

Nova Sci.Publ.,New York,1990,p.43 
/3/ Štrbík V. et al.: Supercond.Sci.and Techn.,submitted. 
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TEMPERATURE DEPENDENCE OF CRITICAL CURRENT DENSITY OF YBaCuO THIN FILMS 

R. Adam, V. štrbík, š. Chronik, š. Beňacka 

Experimental investigation of critical current density Jc of wet pat
terned polycrystalline disordered III and highly oriented 111 YBa^Cu^O^ 
superconducting thin films were performed. The most frequent limiting fac
tor of j are weak links between superconducting grains. In / ) / we investi
gated granular YBaCuO thin films with critical current density Jc(4.2K)« 
10* A/cm2 and thickness 0.7,urn. Temperature dependencesJC(T) of measured 
samples were found in the form j (T)/Jc(0)=(lt) where t=T/Tc (see figu
re). This behaviour is characteristic for ScS and SNS weak links 
(1.5<oL<2) and for disordered superconductors (2.5 < oí. < 3). 

Different j (T) dependence was observed for highly oriented thin films 
of thickness 0.1,urn and j(4.2K) SrlO6 A/cm2. Neither previously used weak 
links model nor AmbegaokarBaratoff (AB) model for SIS structures is con
sistent with observed j (T) dependence. The experimental results may be 
described mainly by flux creep model equation /4/ Jc(T)/Jc(0)=(latbt ) 
which fits j (T) for a=0.504 and b=0.53 very well (see figure). 

T/Tc 

III Chromik Š. et al.: IEEE Trans.on Magn. 25 (1989) 2484. 
Ill Chromik Š. et al.: Proc.l9th Int.Conf.on Low Temperature Physics, 

Brighton 1990, accepted for publ. 
/3/ Štrbík V. et al.: Modern Phys. B 3 (1989) 729. 
/4/ Mannhart J. et al.: Phys.Rev.Lett. 61 (1988) 2476. 
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TUNNELING STUDIES OF HIGHTc SUPERCONDUCTORS 

A. Plecenlk, S. Beňacka, 5. Chromik 

A study of the energy gap of highTc superconductors by tunneling 
spectroscopy was performed /1,2/, using point contacttype (PCT) tunneling 
junctions (TJ) on YBa2Cu307_x (YBCO) ceramic materials as well as PCT and 
sandwichtype TJ on YBCO polycrystalline disorded and oriented thin films. 
The junction exhibited Pb counter electrode with no artifitial tunnel bar
rier. We observed either a simple tunneling structure with the value of 
energy gap 2A=32 meV (curve a, point 1) or a more complicated structure, 
which we ascribe to the existence of several energy gaps from different 
YBCO superconducting phases near the barrier region (curve c, points 2,3 
and curve e, points 4,5,6). A small energy gap with the typical value of 
2A=6 meV in all the cases was observed. If we apply reverse calculations 
of Tc from the measured values of 2A (using the 2 A A T =8 ratio the result 
obtained for the artifitial barrier /2/), we get the values of T =60 K, 
45 K, 30 K and for the socalled small energy gap T =8.8 K. These results 
coincide with obtained by us temperature dependence of 2A(T) / ) / on these 
TJ. Thus, we suggest that the 90 K 
phase does not exist near the bar
rier boundary and the other pha
ses arise owing to the YBCO in
teraction with the upper elec
trode material. We proved this 
assumption by XPS spectroscopy 
on the YBCOPb interface, where 
the oxygen depletion layer in 
YBCO was confirmed. Consequently, 
there exists a heterostructure 
with various superconducting 
phases in YBCO both in vertical 
and horizontal directions. 

3 

TD 

m V 
111 Pleceník A., Beňačka Š.: IWEPS'90, Kirchberg, 1990. 
Ill Geerk 3. et al: Physica C 162164 (1989) 837. 
/3/ Takács S. et al.: Physica C 162164 (1989) 1045. 
IM Beňačka Š. et al.: Solid State Comm. 68 (19B8) 753. 
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MICROWAVE LOSSES IN HIGH T^ SUPERCONDUCTORS 

S. Benafika, M. Maheľt š. Gáži 

Microwave study of high T superconductors (HTSC) allows to receive 
more information than dc methods. We applied perturbation method using hol

low and saphire resonators in 10 and 20 GHz frequency bands, and modulated 
microwave absorption measurements at low dc magnetic field. Granular 
YBa?Cu,0 thin films (about 1000 nm thick ) with disordered grains orienta

taion and relatively small critical current densities j (10 A/cm at 
4.2 K ) , and highly oriented thin films (about 100 nm thick) with j =10 
A/cm were investigated. To date the results may be summarized as follows 
/14/. The microwave losses are due to viscous motion of vortices and are 
preferentially localized in intergranular weak links or intragranular de

fects. The losses were observed at perpendicular (to the film plane) dc 
magnetic fields as low as 0.01 mT. More optimistic results were obtained 
for parallel fields. The hysteretic absorption which decrease with increa

sing temperature (Fig.l), and flux trapping effects (Fig.2) have evidently 
the same origin as in the dc case and reflect specific properties of HTSC. 

„HlmTl J 1 
+
Dept.Radiophys., Comenius Univ., 842 15 Bratislava, Czechoslovakia 
/!/ Maheľ M., Behačka Š.: Weak Superconductivity, ed.Š.Behačka, M.Kedro, 

Nova Sci.Publ., New York, 1990, p.97. 
11/ Maheľ M., Behačka Š.: Proc.19th Int.Conf.on Low Temp.Physics, Brighton 

1990, accepted for publication. 
/ ] / Behačka Š., Maheľ M., Gaži Š., Chromik Š.: Bull.Res.Mat., in print. 
IM Mahel M., Hlubina R., Behačka Š.: Physica C, submitted. 
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THE SERIES ARRAY OF 108 JOSEPHSON TUNNEL JUNCTIONS FOR VOLTAGE STANDARD 

J. Lavársky, V. Strbík, S. Chromik 

We have performed dc measurements of a series array of 108 Josephson 
tunnel junctions. An extension to about 1800 junctions is planned as a ba
sis of the Josephson voltage standard III in the Czechoslovak Institute of 
Metrology. 

Our preliminary experiments 111 provided optimal values of the parame
ters of RFoxidation which is the basic process at preparing oxide barrier 
between two superconductors (base electrodePblnAu, counter electrodePb). 
The technological conditions were as follows: pressure of oxygen P=7 Pa, 
self cathode bias USCB=140 V, temperature of samples T=40°C, duration of 
oxidation step t=25 min. A window in SiO layer formed the junction area 
2x(25x35/Um

2
) (see Fig.l). 

The IV characteristic is plotted in Fig.2. The total gap voltage was 
268 mV, the gap of one Josephson junction was about 2.5 mV, and the Joseph
son critical current density was 52 A/cm . The microwave experiments at 75 
GHz are in progress. We suppose that the series array with such a critical 
current density is suitable for the Josephson voltage standard operating 
near 100 GHz. 

Ill Niemeyer J., Grimm L., Meier W., Hinken J.H., Vollmer E.: Appl.Phys. 
Lett. 47 (1985) 1222. 

121 Levársky J., Strbík V., Chromik Š.: in Weak Superconductivity, Ed. 
Š.Beňačka,M.Kedro, Nova Sci.Publ., New York, 1990, p. 183. 
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DYNAMIC REDUCTION OF CRITICAL CURRENT IN TUNNEL JOSEPHSON JUNCTION 

M. Darula, M. Kedro 

The investigation of dynamic behaviour of tunnel Josephson junction in 
the case of driving signals closed to the plasma frequency is important be
cause of the application of Josephson junction based devices, such as high 
speed sampling units, A/0 converters, etc. The value of critical current 
plays an important role in these devices. Computer simulations and analyti
cal calculations based on the RCSJ model show dynamic reduction of critical 
current of the Josephson junction for fast driving signals /!/. A model si
tuation where the Josephson junction is driven by a step-like current pulse 
was treated (Fig.l). We define the dynamic value of critical current id as a 
treshold value of current capable to switch the Josephson junction into the 
voltage state. Fig. lb shows the dependence of dynamic value of critical 
current as a function of pulse duration &t obtained using computer simula
tions. (Dimensionless units are related to plasma frequency in time scale 
and critical current in current scale, respectively.) In the case of undam
ped Josephson junction this dependence can be derived in the form of an ana
lytical function, i =0.73 sin( _At/2)/(a t/2). Consequently, the dynamic re
duction of critical current does not exceed 27%. 

time 
0.7 

analytical 
approximation 

computer 
simulation 

At 
10 15 

III Darula M., Kedro M.: J.Low Temperature Phys. 78 (1990) 287-296. 
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DEPARTMENT OF OPTOELECTRONICS 

Research activities of the Department of Optoelectronics are focused 
on technology and properties of III-V semiconductors. This basic research 
is so oriented that its results have continuation in the research and de
velopment of the advanced optoelectronic devices mainly photodetectors in 
our or other institutes. 

Main research problems are as follows: 
- preparation of the semiconductor heterostructures based on GaAs, InP, 

I nx G al-x A s' InxGal-xAsvPl-v by LPE and VPE Process. Study of the various 
technological steps influences on the electrical an photoelectrical pro
perties of prepared compounds; 

- electrical characterization of semiconductor materials, mainly semiinsu-
lating GaAs and InP, ion implanted active layers into GaAs and epitaxial 
layers; 

- study of the metal-semiconductor interface including preparation of the 
Schottky barriers on In„ ciGag 4yAs, GaAs and other III-V semiconductors. 
This technology is also used for preparation of the MSM photodetectors 
and studying of its properties. Various possibilities for enhanced of 
the Schottky barrier height are studied; 

- theoretical study of the fundamental behaviour of the semiconductor ma
terials, structures and superlattices including Monte Carlo simulation. 

This research is supported by our own experimental technics or equip
ments for epitaxial growth from liquid and vapour phase, galvanomagnetic 
measurements, DLTS with optical excitation, and special device oriented 
photoelectrical measurements. 

Some results of the basic research are immediately applied in a small 
series production of the photodetectors for near infrared region and spe
cial Hall generators. 

Department of Optoelectronics has a wide international connections 
and cooperation with many foreign research institutes and universities. 

J. Novák 
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GETTERING PROPERTIES OF THE PrO^ IN THE InQ 5 3Ga Q 47As LPE GROWTH 

J. Novák, S. Hasenohrl, M. Kuliffayová 

The preparation of high purity InGaAs layers by LPE is difficult due 
to the unavoidable impurities present in the growth solution. The one pos
sibility to reduce the background impurity concentration in the LPE layers 
is baking of growth solutions with adding rare earth elements in hydrogen 
atmosphere. This method is based on the high chemical reactivity of the 
rare earth metals with some elements as Si, S, Se, representing residual 
impurities in InGaAs. Unfortunately rare earth elements show high oxida
tion potential and therefore they must be brought into the epitaxial boat 
in an atmosphere with very low oxygen content. The adding of partially 
oxidized rare-earth metal into the growth solution is the source of some 
uncertainly in the growth process. For example praseodymium metal is 
inert toward hydrogen atmosphere at room temperature only. At temperatures 
between 300 and 400°C the praseodymium absorbs rapidly hydrogen. This con
version of the metal to its hydrids is next source of problems, because 
the extent of this conversion is particularly limited by previous oxida
tion of the pure rare earth metal. These two chemical reactions could 
bring down reproducibility of the epitaxial growth from run to run. The 
rare earth oxides exhibit similar chemical reactivity to residual impuri
ties elements as the pure rare earth metals and this fact can be used for 
the gettering of the residual impurities. We have realized a number of ex
periments with the intention to find correlation between the electrical 
properties of the grown layers and the Pr02 amount in the growth solution. 
At low amount of Pro2 is dominated its ability to getter various back
ground impurities. This process strong depends on many factors such as 
quality of In alone, source materials InAs, GaAs, homogenization or baking 
time, etc. Fig. 1 shows dependence of the electron Hall mobility of n-type 
In s,Gan 4?As layers on carrier concentration for experiments with va
rious amount of Pr02 in the melt (between 0-0.05 mg PrO per g In). 
These layers were grown without baking of the growth solution, it was 
only homogenizated for 1 hour. Increasing the amount of Pr02 causes de
creasing the carrier concentration from 2x10 cm" to 2 - 3x10 cm 
and electron mobility increasing from 8400 to 11000 cm /Ms at 300 K. 
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of these samples were bet
ween 18 000 and 40 000 

2 
cm /Vs. Next improving of 
the mobility values can be 
chosen by additional baking 
of the growth solution be
fore the grown. 

If we wish find the 
correlation between amount 
of Pr02 in the melt and 
electrical parameters of 
the grown samples, the 
starting condition of all 
experiment must be the 

same. In account of that we have realized growth experiments with various 
amount of Pr02 in the melt (between 0  0.4 mg/g In) without growth solu
tion baking, only with its 1 hour homogenization. Before each growth the 
graphite boat was prebaked with the same Indium for 24 hours in H„ atmosph
ere. Using of the same baking In melt for all experiments indemnify for the 
same starting condition. In this experiments carrier concentration decre
ases from 2x10 to 7.5x10 and carrier mobility has a maximum at value 
of 0.02 mg/g In. It follows from the fact that Praseodymium is probably an 
acceptor and at higher amount of PrCL the ptype layers were grown. 

The nearbandgap photoluminescent spectra of GalnAs/PrO. epitaxial 
layers were measured at 4.3 K. They consist of a narrower boundexciton 
(BE) line and broader donoracceptor (DA) line and the halfwidth of these 
lines are strong influenced by PrCL gettering and doping. 

10 ' 
Concentration 

10' 
(cm-' 

Sample Nr. PrCL concent ra t ion BE DA 

M 110 
M 226 
M 141 
M 265 

Ĺ 

N 
Y 
Y 
Y 

n 
n 
P 
P 

cm" * 

4 x l 0
l é 

5x10-15 
3x l0 !5 
4 . 4 x l 0

1 7 

meV 

7.97 
4.23 
3.19 

0 

meV 

12.7 
12.09 
10.12 
15.63 
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EPITAXIAL GROWTH OF Inx xGaxAs ON InP BY VPE 

R. Kúdela 

Epitaxial layers InGaAs were grown on InP substrates by hydride met
hod. The source of arsenic was arsine and the source of HC1 was AsCl-j. The 
total flow of hydrogen was 1300 ccm/min in all experiments. Boats with In 
and Ga were held at 800°C, the growth temperature was 680°C in all cases. 
Different flows of reactants were tested to obtain optimal lattice-mat
ching and morphology. Growth conditions of some experiments are in Table 1. 

Table 1 
sample 

IGA 9 
IGA 10 
IGA 11 
IGA 14 
IGA 15 

F(In) 
(ccm/min) 

130 
130 
130 
130 
130 

F(Ga) 
(ccm/min) 

20 
20 
20 
19 
19 

F(As) 
(ccm/min) 

10 
15 
20 
10 
10 

X 

0.463 
0.470 
0.492 
0.486 
0.479 

h 
( ,um) 
2.3 
3.8 
2.5 
2.2 
2.5 

F(G 
F(Ga) 
a) + F(In) 
0.133 
0.133 
0.133 
0.127 
0.127 

F(Ga), F(In) are total flows of hydrogen through the bubblers with AsCl-j 
at 15QC, 

F(Ga)/(F(Ga)+F(In)) is the ratio of flows through Ga to the sum of flows 
through In and Ga, 

x is atomic fraction of Ga in the solid, h is thickness of layer grown 
during 30 min period. 

If we compare our ratios F G g / I n + G a with theoretical equilibrium va
lues, which are about 0.083, we can see, that the experimental values are 
about 50 % higher. This fact can be caused by non-equilibrium conditions 
and kinetic processes during the growth. Our experimental results are in 
good agreement with the work /!/, where values 0.135 were published. The 
growth rates at our experiments were between 4.4 and 7.6/um/hr, what is 
in the middle of published values (from 1.5 to 12/Um/hr). We measured car
riers concentrations in our layers. They were n-type with electron concen
trations in the range from 10 1 4 to 10 1 5 cm"3. From rtg diffraction rocking 
curves we found out, that our layers are compositionally slightly graded 
and the wide photoluminescent spectra is consequence of this fact. 
/!/ Quinnan K. P.: Journal of Cryst. Growth 83 (1987) 319. 
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DIFFUSION INTO Ir^ 5 3Ga 0 47As FROM SiOgiZn SPIN-ON FILMS 

5. Hasenohrl, E. Now*", J. Novák 

Diffusion of Zn and Cd is very often used for forming p-n junctions in 
optoelectronic devices based on InP, GaAs, AlGaAs and InGaAs. One of the 
mostly used procedures is diffusion in closed evaluated ampoules in which 
sufficiently high vapour pressure of the column V component protects the 
semiconductor surface. We have used this method for preparing p-n junctions 
in InGaAs lattice matched to InP as one of the technological steps during 
the production of InGaAs photodiodes III, 111. The inevitability of con
trolling the weight of the doping material, inserting of this material and 
the sample into the ampoule and mainly evacuating and sealing the ampoules 
before and opening them after the diffusion causes, that this process is 
complicated and time consuming. That is the reason why, after the develop
ment of the spin-on films, an open tube spin-on film method is so often 
used for preparing p-n junctions. Spin-on films that can be easily put on 
and removed out from the samples and that act simultaneously as a protecti
ve and as a doping layer are now developing rapidly. Some of them are com
mercially available (Demetron, Emulsitone), but many of them are laborato
ry prepared. For our experiments we use spin-on solutions prepared at Sec
tion of Chemistry at Leipzig (GDR). The subject of our cooperation is: 

- preparation of p-n junctions 
in InGaAs from spin on solutions 
- testing the spin-on solutions 
of various composition by measu
ring the parameters of the pho
todiodes 
- investigation the possibili
ties of the spin-on films struc
turing. 
For illustration, there is on 
Fig. 1 the SIMS depth profile of 
Zn in LPE InGaAs layer. 

Ill Hasenohrl S., Novák J., Morvic M., Kuliffayová M.: Crystal Properties 
and Preparation 19-20 (1989) 235. 

121 Hasenohrl S. , Novák 3.: Electrotech. 3. 3 (1989) 251. 
Leipzig University, Section of Chemistry 
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DETERMINATION OF THE DEPTH PROFILES OF ELECTRON MOBILITY AND CONCENTRATION 
IN IONIMPLANTED GaAs LAYERS BY USING GEOMETRICAL MAGNETORESISTANCE 
MEASUREMENTS 

3. Betko, K. Meřínský 

The depth profiles of carrier mobility and concentration in thin semi
conductor structures have been a subject of much interest. In recent years 
geometrical magnetoresistance (GMR) techniques have been developed to ob
tain mobility and concentration profiles in the active layers for MESFET 
transistors /I,2/. These techniques can also be useful for obtaining mobi
lity profiles in heterostructures / ) / . 

The GMR method and some results of the determination of electron mo
bility and concentration profiles in ionimplanted ntype GaAs layer are 
presented here. 

The experimental sample geometrical configuration and structure with 
two ohmic contacts are shown in Fig. 1. The implanted layer was prepared 
by direct implantation of Si

+ ions into semiinsulating GaAs (SIGaAs) 
12 2 

with a kinetic energy of 180 keV and with a dose of 5x10 ions/cm . The 
ratio L/w of the geometrical dimensions must be much less then 1 to appro
ach to the GMR configuration. 

For the determination of the depth profiles a differential method by 
stepetch technique, in which a thin layer is removed between successive 
electrical measurements was used (etch solution: 1H2S04+1H202+200H20). 

For the calculation of the electron GMR mobility ,uGMR 

tion n~ 
and concentra

/%MR 

'GMR 

'GMR 
1 

the following equations were used /4/: 
1/2 

B R 
MB ^2B

 R
20 10 

R„  1 
10 20 

1 

2B IB Au + Ge + Ni 

\10 R 20 e
/
u
GMR 

L 
wef 

where R,„ and R2f) are the total sample 
resistances without magnetic field be
fore and after removing the individual 
thin layers of thickness ci, respecti

vely; R1B and R2B 

impl. layer 
GaAs 

SIGaAs 

Fig. 1 
are analogous quantities in the magnetic field B. 

b a 



HgMR 

(Ä) 
0,4 

0,3 

0.2 
0,1 

0 

10
z 

10' 

10
z 

10
1 

10' 

10" 

10' 

-

u -
+ + +

-
+ 

. 
+ 

T = 300 K 

♦ ♦ ♦ 

I^GMR'SI 

. 

+ 

♦ 

' I 

100 

Fig. 2 

200 300 
d (nm) 

T = 300 K 

100 

Fig. 3 

200 
d (nm) 

300 

The depth profile of electron 
GMR mobility is shown in Fig. 2. The 
mobility profile starts from the va
lue of 0.4 m V s~ to a maximum, 
then rapidly decreases to a minimum 
and then again increases towards to 
the value of the bulk GMR mobility 
in the substrate SIGaAs material 
(dashed line). 

In the Fig. 3 the depth elec
tron GMR concentration profile in 
the investigated implanted GaAs la
yer is shown. Up to 100 nm the con
centration has a practically con
stant value (1x10 m~ ) and then 
rapidly decreases over several or
ders. The value of the bulk GMR con
centration in the substrate SIGaAs 
material (dashed line) is also shown 
in the figure. 

The advantage of the GMR tech
nique consists in the possibility to 
determine the electron mobility and 
concentration depth profiles up to 
the interface between the implanted 
layer and the substrate SIGaAs ma
terial. Moreover, a simple sample 
geometrical configuration with two 
contacts is needed and resistance 
measurements are required only. 

I l l Sites J. R., Wieder H. H.: IEEE Transactions on electron Devices 
ED27 (1980) 2277. 

/2/ Jay P.R., Wallis T. H. : IEEE Electron Device Letters EDL2 (1981) 
265. 

ľil Look D.C., Norris G. B.: Solid State electronics 29 (1986) 159. 
IM Betko J., Měřínský K., Boháček P., Cisár M.: Slaboproudý obzor 51 

(1990) 64. 
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THE C-V ANALYSIS OF SCHOTTKY BARRIER IN SEMI INSULATING GaAs 

F. Dubecký, B. Olejníková 

Due to the wide spectrum of applications of semi-insulating (SI) GaAs 
the interest in studying its properties is ever increasing. One of the key 
parameters characterizing SI GaAs is the concentration of uncompensated 
shallow impurities N . = |N„ - N.|. Its value can be determined from the 
routine C-V analysis in conductive semiconductors. The application of ca
pacitance methods (including C-V analysis) to structures based on SI semi
conductors is in general considered not feasible. It is argued that the 
value of series resistance created by the base region is too high and thus 
makes a sufficiently precise measurements difficult or even impossible. 
Moreover, because of the large value of the screening length in SI GaAs 
some authors doubt in the very existence of the depletion region. 

In the paper /!/ we have shown that capacitance methods are utiliz-
able in characterizing of SI semiconductors. We have found out that the 
screening length in SI GaAs is determined by the charge of ionized impu
rities and reached a value of about 0.05,urn, which is small enough as com
pared to the usual sample geometry. Further we have determined some spe
cific reguirements on the experiment by the analysis of the inequality 
previously derived in 111. First, one has to optimize the sample geometry 
by the reduction of its width and by the minimizing of the ratio of the 
areas of barrier and back contacts. Second, one has to choose suitable ex
perimental conditions: i) a low value of the frequency of the measuring 
signal, ii) a sufficiently high value of the sample voltage V, iii) 
lowering of the d.c. resistivity of sample by the elevation of measurement 
temperature and/or by using of the illumination. We have shown that under 
such experimental conditions the formula of Sah and Reddi / ) / for low-
-frequency C-V dependences can be used for calculation of the N . in SI 
materials. 

The considerations described above were experimentally verified by 
the C-V analysis of the Schottky back-to-back barriers (produced by Au 
evaporation) in SI GaAs:Cr of 3 different producers /1,4/. Low-frequency 
(300 Hz - 2 kHz) C-V dependences were measured at elevated temperatures 
(428 - 465 K ) . N . (Tab.) was determined from the slope of the S C~ = 
= f(V) dependence (Fig.) in the region V > 2 V by using known formula 

6 0 



N net 
2 d(S2C 2) 

dV 

where £ is the permitivity, e is the electron charge and S is the area of 
Schottky contact. 

Sample 

1 
2 
3 
4 

Producer 

Mitsubishi 
Wacker 
Žiar n.H. 
Žiar n.H. 

f [Hz] 

1,000 
1,000 
4,000 

300 

T [K] 

462 
453 
458 
428 

"net B"''] 
2.9x10.22 
i.4xio,f 
5.6xl0,{ 
6.5xl0Z1 

^ 3 

x 
Ä-

0-

SI GoAs:Cr / ^ / ^ 
sample No/top contact polarity/oc J:. 

Tab.: 
Summary of results 
obtained by C-V 
analysis 

Fig. 
Dependences of the 
S2C~2 on V of investi
gated SI GaAsiCr samples 0 1 2 3 A y (V) 

The obtained results show in a convincing way the existence of the 
depletion region, and, more generally, the applicability of capacitance 
methods to SI semiconductors, in particular fcr determination of the con 
centration of uncompensated shallow impurities. 
Ill Dubecký F., Olejníková B.: 3. Appl. Phys., submitted. 
Ill German L. S.: Fiz. Tekh. Poluprov. (Sov.) 3, 604 (1978). 
/3/ Sah C. T., Reddi V.G.K.: IEEE Trans. El. Dev. ED 11, 345 (1964). 
/4/ Dubecký F., Olejníková B.: Proc. of IC-STDCS, Yokohama, 1989, in 

press. 
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REFLECTANCE OF METAL/GalnAs CONTACTS FOR SCHOTTKY PHOTODIODES 

L. Malacký 

dO.7 • 

The responsivity of Schottky photodiodes depends on the reflectance 
and transmitance of metal used. Both these parameters strongly depend on 
the metal thickness. The reflectance of metal GaQ47Inn_53As/InP structu

res at 1300 nm wavelength is presented. The Al, Ti, Ni, Au and Pt films 
with various thickness were used for Schottky contacts on 5,urn thick 
GalnAs epitaxial layers grown by VPE on (100) InP substrates. Just before 
metal evaporation the GalnAs surface was etched in H2S04:H202:H20 solution. 

The reflectance was measured using freshly deposited 200 nm gold film 
on GaAs substrate as a reflectance stan
dard. Large area Ge photodiode was used 
for detection of reflected optical po
wer. The angle of incidence was less 
than 7°. 

Fig. 1 shows the calculated depen
dence of reflectance of the structure 
on metal thickness for normal incidence. 
The measured values are shown on Fig.2. 
However, they are significantly smaller 
than the calculated ones. The greatest 
difference was observed for thin Al 
films. This phenomenon could be due to 
island microstructure of metal films. 
Both figures show that the smallest re
flection losses exhibit the Ti/GalnAs/ 
/InP structure. The calculated value 
was of about 45 % and the measured one 
of about 38 X for 10 nm metal thickness. 
The reflectance of single GalnAs layer 
was 32 \. 
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SCHOTTKY BARRIER ENHANCEMENT OF (n)GaQ 4 ?In 0 53As USING Ga)(In1 xP 
STRAINED LAYER 

P. Kordoš* 

GalnAs has excellent transport properties for high-speed electronic 
operation, but it is hindered at the device preparation as the Schottky 
barrier height of (n)GalnAs is very low, 0 B í 0.23 eV. Recently Schottky 
barrier enhanced GaAlAs or InAlAs layers on GalnAs were used, unfortunately 
the air oxidation of Al-rich materials together with the presence of deep 
traps at the InAlAs/GalnAs interface are disadvantageous. A new possibility 
to influence the barrier height is given by strained layers and GalnP can 
be a good candidate for barrier enhancement of (n)GalnAs. 

Using MO CVD technique following structures were grown on semiinsula-
ting InP substrate: 0.5,urn thick InP buffer layer, l,um thick Ga 4,In 5,As 
with n s 2x10 cm* and strained (n)Ga In, P layer. Compositions and 

strain f (%) — thicknesses of strained layers 
» ,0 -1 -2 -3 -4 -5 -6 -7 together with the theoretical 

dependences of the critical la
yer thicknesses on GalnP compo
sition are given on figure. 

Surface morphology obser
vations using optical interfe
rence microscop and REM and 
photoluminescence measurements 
were used to analyse the pro
perties of strained layers. For 
the sample 1 with strained la
yer thickness of 12 nm mirror-
like surfaces without genera-

InP GaP mole fraction * GaP 
tion of defects were found, in 

contradiction samples 2 and 3 have a rough textured surfaces. Planar Schot
tky diodes were prepared with different contact areas and using gold as a 
barrier metal. I-V and C-V measurements were carried out to calculate the 
00. Barrier heights of 0.48 - 0.51 eV were obtained on (n)GalnAs with thin 
strained GalnP. 
x/ 

This work was performed on the Inst. Semicond. Electronics, Aachen Tech
nical University and supported by A. v. Humboldt Foundation. 
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SCHOTTKY BARRIER CONTACTS ON (p)Ga 0.4 7
I n
o.53

A s 

L. Malacký, 3. Novák, P. Kordoš 

The Schottky barrier to the ntype GalnAs is very low, of about 0.2 
eV /!/. On the other hand, the barrier height on ptype GalnAs is higher 
than 0.5 eV 111, which can be sufficient for many device applications. In 
our work, the properties of metal/pGa Q_ 4 7In n_ 5 3As Schottky contacts are 
studied. We present our results of barrier heights measurements for Ag, Al, 
Ti, Au, Ni and Pt contacts using IV, IT and CV methods. 

The Schottky barrier contacts (metal dots with diameter 120/Um and 
80 nm thickness) were fabricated on ptype GalnAs epitaxial layers grown 
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by LPE (p = Jxiu cm ,,up 

cm
2
/Vs). The surface preparation con

sisted of cleaning in boiling trichlor
ethylene and methanol. Oust before me
tal deposition the GalnAs surface was 
etched with H^SO^iH^iH^O solution for 
30 s. 

Fig. 1 shows the typical measured 
forward IV characteristics of four con
tacts, each with other metal. It can be 
seen, that the semilog IV plots exhi
bit no linear region: occasionally only 
a small parts of characteristics are 
linear. The deviation from ideality is 
assumed to be due to presence of inter
facial layer and at higher current den
sities the series resistance becomes 
dominant. The mean values of barrier 
heights 0g~V as well as, the range of 
ideality factors of all analyzed types 
of pGalnAs Schottky contacts, deter
mined by method developed by Cheung ľil, 
are listed in Table 1. The high ideali
ty factors of about 1.5 indicate 
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Ag 
At 
Ti 
Au 
Ni 
Pt 

*M 
[eV\ 
4.26 
4.28 
4.33 
5.1 
5.15 
5.65 

n 

1.35-
1.40-
1.34-
1.17-
1.37-
1.38-

1.85 
1.81 
1.71 
1.98 
1.75 
1.86 

•írv 
[eV] 
0.62 
0.61 
0.55 
0.56 
0.55 
0.49 

A ' = 61.9 

*L" 
[eV] 
0.57 
0.56 
0.53 
0.54 
0.53 
0.47 

#ÍT' 
feVl 
0.60 
0.54 
0.55 
0.54 
0.54 
0.49 

$%-" 
[eVj 
0.73 
0.71 
0.56 
0.57 
0.57 
0.50 

presence of an 
thick interfaci 
al layer. This 
is also confir
med by low va
lues of measu
red Richardson 

X 
m 

which was found Table 1 to be 3-4 times 
less than the predicted one given as A(m*/mn). 

The Schottky barrier heights 0n~ modified by measured Richardson 
constant are also listed in Table 1. Table 1 also contains measured 
heights 0„ achieved from Richardson plots. These values are low when 

I-V compared with 0„ , because the Richardson plot yields a zero temperature 
barrier height, which should be slightly higher then measured one at room 
temperature. Using measured A in barrier height determination from I-V 
characteristics, the comparison of 0R~ and 0„~ is much more reasonable 
and follows predicted behavior. 

Fig. 2 shows the typical 1/C -V plots of contacts made on GalnAs with 
different metals. The obtained barrier heights 0„~ are also listed in 
Table 1. However, Fig. 2 shows rather different slopes of 1/C -V plots for 
different metals. Only Ni, Au and partially Pt contacts exhibited concen
trations obtained from C-V and Hall measurement in close mutual agreement.' 
The other samples exhibited significant differences, although, the Schot
tky contacts were made on the same wafer and the areas are the same too. 
We assume, that the observed differences in N» are due to presence of in
terracial layers with various thicknesses and origins. These layers, more 
or less, depending on oxide thickness and reaction of metal with semicon
ductor, influence the C-V curves. The differences between 0R and 0 R 

can be explained by presence of a thin interracial layer for Ni, Pt, Au 
and Ti contacts, but unrealistic height 0JT values for Ag and Al samples 
indicate presence of an additional oxid-like interracial layer. 

HI Kajiyama K., Mizushima Y. , Sakata S., Appl. Phys. Lett. 23 (1973) 458. 
12/ Selders J., Emeis N., Beneking H., IEEE Trans. ED 32 (1985) 605. 
/3/ Cheung S. K., Cheung N.W., Appl. Phys. Lett. 49 (1986) 85. 
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METAL-SEMICONDUCTOR-METAL PHOTODETECTOR ON P-TYPE InQ 5 3 ^ 4 7 ^ 

3. Novák, L. Malacký 

The fabrication of InGaAs MSM structures as the advanced photodetec-
tors for 1 - 1.7,um wavelengths is hindered by low Schottky barrier height 
(0.1 - 0.2 eV) on n-type ternary. Recently, a study of Schottky contacts 
on p-type InGaAs have shown that the barrier height is about 0.5.- 0.7 eV 
depending on metal used. 

The devices were prepared on p-type InGaAs epitaxial layers (LPE) 
prepared on semiinsulating InP substrates. The background hole concentra
tion and hole mobility obtained from Hall measurements were 1x10 cm 
and 220 cm2/Vs, respectively. Al metallization for Schottky contacts 
(0„ 0.61 eV) was used. The interdigitated structures have fingers either 

AI/p-GolnAs/AI 
X = 1300nm 

3 ,um wide with 3 Aim interelectrodes spacing or 2,urn wide with a 4,urn 
spacing. The total photosensitive area is 100x100,urn. 

Fig. 1 shows the bias dependence of responsivity of the MSM photode-
tectors measured at X = 
= 1.3,urn wavelength. The re-
sponsivities of 3/3 and 2/4 
photodetectors in the bias 
region where gain did not 
occur were 0.34 A/W and 
0.43 A/W, respectively. These 
values correspond to 91-98 
percent of internal quantum 
efficiency, considering fin
ger shadowing (51 and 34 per
cent of the surface), and 32 
percent of optical losses by 
surface reflection. Bios (V) 

Bias dependent gain was observed at 3/3 structure in correlation with 
reaching the flat-band voltage in the structure. This gain limits the speed 
of the response to the short light pulse Ct = 740 ps for 3/3 structure). 
The 2/4 photodetector exhibited very good frequency properties ('£ < 300 
ps) internal gain was not observed at operating voltage. 
/!/ Novák J., Malacký L., Electron. Lett. 26, 11, 704-705 (1990) 
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SiO ANTIREFLECTION COATING ON InGaAs/InP PIN PHOTODIODES 

P. Eliáš, 3. Novák 

Absolute responsivity of the InGaAs/InP photodiodes is limited by re
flection of light from surface. The reflectivity R of uncovered diode 
structures in the area of 1300 nm has been estimated to be 3 0 % . An evapo
rated SiO thin film is used as protective antireflective coating. 

Theoretical investigation of the airSiO layerInGaAs layer system is 
based on Abel's method /!/. In our approach we suppose refractive indices 
n
Air'

 n
SiO'

 n
InGaAs

 to be real values
 Then Frennel's coefficients of re

flection and transmission for the condition of normal incident light are 
real values, too. 

We assume n A i r = 1; n s i Q = 2.15; n I n G a A s = 3.61 111. Then the condi
tion of zero reflection nJ.Q = n., x nj _ . is not exactly fulfilled. 

An array of optimal thickness of SiO layers is theoretically given by 
d = (21  1) /4 n s i Q where 1 = 1,3,5... The thickness of SiO layer equal 
to 151 nm for 1 = 1 is considered to be optimal. The layers for 1 = 3,5,... 
are too thick and very selective near the maximum of transmittance in the 
area close to 1300 nm. 

We present an absolute spectral responsivity of the uncovered (a) and 
covered (b) diode TFD 400 here. The sample is covered with 150 + 20 nm SiO 
layer. If we assume the reflectance before the evaporation of the layer to 
be 30 %, now we estimate the reflectance to be about 7 \. 

< C'.CQ 4 — . N 
L'.yj 110 1.30 1.50 1.70 

A (yu,m) 
l\l F. Van de Wiele: Physical processes in photodetectors, Part II. 
Ill T. Kmeť: Diplomová práca, 1988. 
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DETERMINATION OF T ELECTRON AND LIGHT HOLE EFFECTIVE MASSES IN Al^ Ga^ ̂ As 
ON THE BASIS OF ENERGY GAPS, BAND-GAP OFFSETS, AND ENERGY LEVELS IN 
AlxGalxAs/GaAs QUANTUM WELLS 

L. Hrivnák 

We have shown /1,2/ that the T-energy gap E , electron and light ho
le effective masses m£, m ^ , and the lattice constant a of tetrahedral se
miconductors are bound by the relation 

(me + m l h) cg 

where 
c = 27rtf/mQa, 

(1) 

(2) 
m being the rest mass of an electron. Some data with references which fit 
this semiempirical relation are given in Table 1 of our paper l~il. 

Low temperature data for GaAs, ! n o . 5 3 2 G a 0 . 4 6 8 A s ' 
and InAs which are consistent with (1) 

crystal 

GaAs 
I n 0 . 5 3 2 G V 4 6 8 A s 

(InP) 
InAs 

a (nm) 

0.5654 / 9 / 
0.5869 191 

0.6058 (9/ 

E£ (eV) 

1.519 HI 
0.811 / 6 / 

o.4io no ; 

m e r , m o 

0.0665 HI 
0.042 m 

0.024 IWI 

m i r
h

, m o 

0.095 lil 
0.051 /8 / 

0.026 no: 

m / c C " " I 
9.410 I 
8.733 

8.197 

Table 1 

Using the relation (1) we have proposed /1,2/ the relations for band-
-gap offsets of lattice-matched heterostructures with straddling lineup 

2 

•<E 
Ec = ("el 
r 

^ 2 ^ g ' 
(míhl- míh2)cÍ • 

(3) 
(4) 

These relation are consistent with the effective mass continuity at the 
boundaries of adjacent semiconductors with nonparabolic bands in which the 
energy of an electron (light hole) can be expressed by the relation 

E.(k) = (mX(k) - m . ) ^ 

This relation is equivalent with the commonly used relation 

,E), K2k2/2mri = E(l + 

(5) 

(6) 
if the nonparabolicity coefficient is ^ - 1/2 m ^ 
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Respecting the band nonparabolicity in accordance with ('3) we have 
shown /4/ that for the quantum well schematically shown in Fig. 1 effective 

x r 
masses m < m,, corresponding to the energy eigenvalues E , are the solu
tions of the equation 
/2m* m[ n { \ 

= 0 

« , : * 
1/2. 

—  —  2 
1/2 

(7) 

Al,Go,_,As Go As AI,G<J,„As 
N,a H2Q N,Q 

The groundstate electron and hole con
finement energies are 

Eg(l) = m*(l)  mg, c^ , 

WD < h
( 1 ) m

lh2 V 

(8) 

(9) 

and the corresponding transition energy 
is 

1.1 '<(U + m^d) c; (10) 

Fig. 1 

Nowadays the most experimental da
ta of energy gaps, band offsets, and 
energy levels in quantum wells are 
available for Al Ga, As/GaAs hetero
structures. We have utilized them for 

the dedermination of / electron and light hole effective masses on the ba
sis of the above given relations 151. The results are: 

2 
0.0665 + 0.1006X + 0.0137x 

r 
me(x)/mo 
m
íh

( x ) / m
o
 = ° 0 9 5 1 + 00441x + 0.0097X2, 

(11) 
(12) 

at 2 K, and 

me(x)/mo = 0.0632 0.0H56x 0.0231x 
2 mľh(x)/mo = 0.088 + 0.372x + 0.0163x 

(13) 
(14) 

at 300 K. 

HI Hrivnák L., Acta Phys. Slov. 38 (1988) 346. 
Ill Hrivnák C : in Gallium Arsenide, edited by P. Kordoš and 3. Novák, 

Trans. Techs., Aedermannsdorf, Switzerland, p.l. 
/3/ Hrivnák L. 
IM Hrivnák L 
151 Hrivnák í 

phys. stat. sol. a 116 (1989) K73. 
unpublished 
Appl. Phys. Lett. 56 (1990) 2425. 
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MONTE CARLO SIMULATION OF ELECTRON TRANSPORT IN GaAs-n-Al^a^As 
HETEROSTRUCTURES WITH HIGH ELECTRIC FIELD APPLIED PARALLEL TO THE LAYERS 
INTERFACES 

M. Moško, I. Novák" 

The work is devoted to the problems of electron transport in layered 
heterostructures GaAs-n-Al Ga, As with high electric field applied paral
lel to the layers interfaces. Special attention is payed to the electric 
field induced transfer of hot electrons between adjacent layers (real-spa
ce electron transfer - RSET), to the energy exchange between layers by 
RSET and to the RSET induced negative differential conductivity of the he-
terostructure. Two approaches are presented: 

1. Energy exchange between layers was simulated /!/ by Monte Carlo 
method considering two valley (?,L) conduction band and neglecting band 
bending effects. Results for position-dependent electron temperature in 
the heterostructure show significant cooling of hot electron gas in the 
GaAs layers and heating of cold electron gas in the AlGaAs layers, both 
due to energy exchange between layers. Energy exchange is accompanied by 
the step in electron temperature at the interface of layers. 

2. Monte Carlo simulation combined with iterative solution of the 
Poisson equation was performed HI to study the transport in the hetero
structure with graded AlGaAs layers. Three-valley (T7,L,X) conduction band 
and spatial variation of the AlGaAs band structure due to the compositio
nal grading were taken into account. Simulation results show that the use 
of graded AlGaAs layers with proper spatial variation of the Al composi
tion enables to achieve picosecond time constants for RSET and RSET indu
ced negative differential conductivity also in heterostructures with 
highly doped (>1017 cm"'3) AlGaAs layers both at 77 and 300 K. 

Ill M. Moško, I. Novák, J. Appl. Phys. 66 (19B9) 2011. 
/2/ M. Moško, I. Novák, J. Appl. Phys. 67 (1990) 890. 

"institute of Physics of the Slovak Academy of Sciences, Bratislava, 
Czecho-Slovakia 
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DEPARTMENT OF MICROELECTRONICS 

The Department of Microelectronics solves selected problems in the 
preparation and study of properties of metallic, semiconducting and di
electric thin films and structures for microelectronics and optoelectro
nics. 

In the last years the activities concentrate to the study of structu
ral and electrical properties of high temperature stable Schottky gates to 
GaAs on base silicides (WSi^), nitrides (WN ) and metallic superlattices 
(Ta/Cu), the study of microdefects and interdiffusion processes in GaAs 
active layers and interfaces arising after rapid thermal annealing and 
reactive ion etching. 

Design, dc performance and microwave characterization of a submicro-
meter gate length (Lg 5 0.25/um) ion-implanted GaAs MESFETs were carried 
out. The preparation of the planar interdigitated metal-GaAs-metal (MSM) 
photodetectors for monolithic integration with MESFETs in optoelectronic 
receivers for wavelength 0.8,um was realized,too. 

Certain activities were devoted to the investigation of the role of 
frequency on the reactive ion etching of trench structures in silicon and 
to the study of selected problems of plasma diagnostic. Silicon nitride 
layers deposited at low temperature by PE CVD method are used as diffu
sion masks and passivating coatings on GaAs. The works in this field are 
directed to the investigation of chemical composition and mechanical stre
sses in deposited SiN films. 

The initial results were achieved in preparation of metallic super-, 
lattices Cu/Ti. The superlattice period and other structural parameters 
were measured by low angle X-ray diffraction. The chemical composition in 
normal direction was measured-by AES and microstructures was observed by 
cross-sectional TEM. 

T. Lalinský 
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INTERDIFFUSION BETWEEN SOME REFRACTORY METAL SUICIDES AND GaAs 

3. Osvald, R. šandrik* 

Interdiffusion between the gate material and GaAs substrate is the 
main obstacle to the advance of the self-aligned technology of GaAs metal-
semiconductor field effect transistors. Several researchers have reported 
WSi as being the most reliable material. More recently some experiments 
have also been carried out with TaSi- and MoSi2 and results were quite pro
mising for TaSi„ III and little worse for MoSi2 111. 

Interdiffusion between silicides of some refractory metals (W,Ta,Mo,Ti) 
and GaAs at temperatures of post-implantation annealing of 825-975 C was 
studied by Rutherford backscattering spectrometry (RBS), particle-induced 
X-ray emission (PIXE) and X-ray diffraction. 

The substrates used were Te-doped GaAs wafers with a (100) orientation 
and a 2xl024 m dopant concentration. Thin layers of silicides were depo
sited by d.c. magnetron sputtering. After the deposition the specimens we
re annealed under five different regimes: classical furnace annealing at 
825 and 875°C and rapid thermal annealing (RTA) at 975°C with a duration of 
several seconds. Only WSi2 and TaSi2 received the RTA treatment. 

RBS and PIXE spectra for WSi2 specimens are shown in Fig.l. Already 
after annealing at 825°C some pits in and peeling of WSig films appeared as 
a result of poor adhesion of films. The process is more pronounced in struc
tures annealed at 875°C. The back-side edge of tungsten is bevelled, which 
means that movement of tungsten atoms towards GaAs has started. The silicon 
part of the spectrum disappeared, which was the result of silicon diffusion 
into GaAs. RBS spectra of RTA structures did not show any change in compa
rison with annealed specimens. In PIXE spectra there in seen a very slow 
increase in the gallium peak height with increasing temperature compared 
with tungsten, silicon and arsenic peaks. This fact may be interpred as a 
slight movement of gallium species towards WSi2 films. In Fig.2 there are 
RBS and PIXE spectra of TaSi2. Structures annealed at 825°C have a very si
milar RBS spectrum to that of the reference specimen but structures annea
led at 875°C show marked deviation from unannealed films. The silicon peak 

""laboratory of Neutron Physics,Joint Institute for Nuclear Research,Dubna 
(U.S.S.R.) 
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Fig.2 (a) RBS spectra of TaSi„; (b) PIXE spectra of TaSi„ 

is also not so well expressed. In contrast, rapidly annealed specimens again 
showed no marks of interdiffusion up to time intervals of 14s. MoSi„ films 
seemed to be even less stable and the interdiffusion has started at 825°C 
already. 

In unannealed TiSi2 specimens and the 825°C annealed ones the titanium 
part of the spectrum nearly coincides with the GaAs contribution. The GaAs 
edge has moved to the higher energy side after annealing at 875°C; this 
implies diffusion of titanium to the bulk of GaAs. Treatment at 825°C cau
sed only a litle change in the ratio of contribution elements, which is 
almost unobservable in RBS spectra. 

Ill Tseng W.F. and Christou A.: Electron.Lett. 19 (1983) 331. 
121 Osvald j. and Sandrik R.: Thin Solid Films 169 (1989) 223. 
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A THREE LAYER MODEL OF PLANAR ALLOYED OHMIC CONTACTS TO n-GaAs 

M. Forges, T. Lalinský, l. Mozolová, J. Kuzmik 

Alloyed ohmic contacts based on AuGe-Ni metallization are widely used 
in the technology of n-GaAs microelectronic and optoelectronic elements 
and circuits. The optimal fabrication process of these contacts with low 
values of specific contact resistance pc is presently well elaborated. Ho
wever the problem of electrical characterization which is directly related 
to the complicated metallurgical structure of the alloyed ohmic contacts 
/I,2/ has not been solved satisfactorily yet. The aim of this work is the 
elaboration of a three layer planar alloyed ohmic contact model. In this 
model both the interface between the highly doped alloyed region and the 
adjacent contact metal, and the interface between the alloyed region and 
the basic layer, are considered. The model enables the determination of the 
contact parameters and their dependence on reduction of dimensions in a mo
re, realistic way. The measured experimental dependence are interpreted and 
the technological limits for the quality of contacts are determined. 

The cross section of the planar alloyed ohmic contact based on known 
metallurgical models /I,2/ is shown in Fig.l. The contact consists of three 
main layers with two interfaces. First, there is the rest of the original 
active layer, marked fij, characterized by the sheet resistance RSR. Then, 
the highly doped alloyed region appears, marked /Jj', created by the inter
action of the AuGe-Ni ohmic metallization with GaAs in the process of oh
mic contact alloing, characterized by the sheet resistance Rs(<. The third 
part of the ohmic contact, marked /J7, consists of the AuGe-Ni ohmic me
tallization rest and the TiPtAu bonding overlayer. The interface between 
the rest of the original active layer /TJ and the highly doped alloyed ZZ7 
is characterized by the specific contact resistance p c l, expressed in 
/ilcm2/. The interface between the highly doped alloyed region /JI and the 
ohmic metallization /_27 is characterized by the specific contact resistance 
p „, expressed in /ilcm /. 

When accepting our model, the analysis of the planar alloyed ohmic 
contact /3,4,5/ is not correct. Thus, it is impossible to explain the mea
sured dependence RXd.) with corresponding value RgCdp) by means of the 
two layer model. Let us now show an example of the two layer model used 
for our measured dependences. 
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The parameters Rw and 
L, can be determined 
from the measured depen
dence RE=f(d.). The va-

" lues of Ri. (d„) can be 
calculated according to 
the equation: 
R ^ d ^ ^ o t h L. 

The calculated values 
—' R£(dQ) are approximate

ly 20 times smaller than 
the actually measured 

values Rp(d„). From the above men
tioned facts it follows that the 
two layer model does not correspond 
with the reality in the case of 
planar alloyed ohmic contacts. The 
dependences of the normalized vol
tage under contact due to the com
parison of the different models are 
shown in Fig.2. The basic diffe
rence between these models is evi
dent. 

20 10 
x (yum) 

Fig.2 ... conventional two layer model 
- - two layer model with R ^ correction 

three layer model 

111 Kellner W.: Siemens Forsch.u.Entwickl.-Ber. 4 (1975) 137. 
Ill Ogawa M.: J.Appl.Phys. 51 (1980) 406. 
I~il Reeves O.K.: IEEE Electron Device Letters 3 (1982) 111. 
/4/ Henry H.G.: IEEE Trans.on Electron Dev. 36 (1989) 1390. 
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THE INFLUENCE OF THE LONG-TERM ANNEALING ON THE DEFECTS IN HEAVILY Si DOPED 
HB GaAs CRYSTALS 

E. DobroCka, R. Gleichmann+, K. Tomek++ 

Samples containing Si of the concentration > 10 m~ were annealed 
at 1050°C for 5 and 20 hours. Measurements of the free carrier concentration 
and Hall mobility as well as TEM observations were performed on the as-grown 
and annealed samples. The annealing resulted in a decrease of the mobility 
and carrier concentration and an increase of the compensation ratio. There 
was no significant difference between the samples annealed for 5 and 20 h. 
Considerable changes were observed in the microstructure. The triangular 
faulted dislocation loops lying in the {ill} planes were transformed to 
the perfect prismatic loops in {lio] planes (Fig.1).While the nature of 
the loops determined in /!/ was confirmed, unlike the results given in III 
evidence of the Si segregation at the loops was not obtained. 

^ 

t S 

0 

.0 
V 0.25,um 0.5 pm 

Fig.l TEM micrographs of as-grown (a) and of annealed (b) GaAs samples 

III Chen R.T., Spitzer W.G.: J.Electronic Mater. 10 (1981) 1085. 

+IFE AdW, Halle, GDR, ++TESLA Electronics Res.Inst., Prague 
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GEOMETRICAL PRINCIPLES OF THE MONOLITHIC X-RAY MAGNIFIER 

E. Dobrofika 

The principles of the monolithic X-ray magnifier based on two succesi-
ve asymmetric non-coplanar diffractions from the same crystal /!/ (see Fig. 
1) were analysed from the geometrical point of view. The pattern transforma
tion during the diffractions was described in terms of matrix formalism 
and the conditions leading to the distortion - free pattern magnification 
were formulated by means of this formalism. A general method enabling to de
termine the crystal surface planes that satisfy the conditions of distor
tion - free magnification was proposed . It was shown that the number of so
lutions is infinite for any given diffraction vectors and magnification 
and this fact can be utilized in optimization of the diffraction conditions 
from the practical or technological point of view. The results enable to 
prepare monolithic X-ray magnifiers of demagnifiers that can be used in 
various fields of X-ray optics, expecially in X-ray topography and X-ray 
lithography. 

Fig.l Schematic diagram of the monolithic X-ray magnifier, s, g and n are 
the beam directions, diffraction vectors and the crystal surface nor
mals, respectively. 

/!/ Korytár D.: Czech.J.Phys. (B), in press. 
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□C PERFORMANCE OF SHORT-CHANNEL ION-IMPLANTED GaAs MESFET's, THE ROLE OF 
GATE LENGTH SHORTENING 

J. Kuzmĺk, T. Lelinský, Ž. Mozolové, M. Forges 

Last results in technology of GaAs MESFET's permit the realization oi 
nanometer's gate length devices /1,2,3,4/. As the gate length is shortened, 
however, some specific problems might appear. These problems are caused by 
the twodimensional character of electrostatic potential in the channel of 
submicrometer FET's, in contrast with the one dimensional potential approach 
in longer gate FET's. Only by respecting scaling rules we may profit from 
the increase of transconductance and the decrease of input capacitance of 
FET's as direct results of the gate length shortening. 

In our work, the main DC parameters of 0.25,urn FET's were compared 
with parameters of longer gate FET's. A test structure with various gate 
lengths (L =l,um, 0.5,urn, 0.25,urn) was proposed so that the technology, ma
terial parameters and parasitics resistances remain identical. From the 
physical point of view of GaAs MESFET function, the gate length shortening 
at constant Vy leads to an increase of drain current I n s and transconduc
tance g as well. This fact is valid even if the possibility of nonstatio
nary electron dynamics (velocity overshoot) is omitted, the existence of 
which was not clearly verified by the experiment on GaAs MESFET's yet /4/. 
On the other hand the threshold voltage shift aVy results in degradation 
of the transconductance g . That means that the ultimate effect of the ga
te length shortening is questionable and depends on the proposed design and 
materials parameters of FET's. 

A simple method of determining the threshold voltage shift aVj was 
proposed. The averaged values of threshold voltage shift &\ij, transcon

ductance g (at VGS=0V) are shown as a function of gate length Lg in Fig.l. 
Similar dependences of output conductance gd and saturation current IpSS 

(at Vrs=0V) on gate length L are in Fig.2. In comparison with 1/um FET's 
the characteristics of 0.50,urn FET's show fair increase of average value 
of transconductance g (from 165 mS/mm to 202 mS/mm) without any signifi
cant change of threshold voltage shift aVj and output conductance g^. On 
the other hand, the expected increase of gm for 0.25/um FET does not occur 
which is correlated to the increase of threshold voltage shift AV^ (from 
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0.33V to 0.55V) and output 
conductance g . (from 3.3 
mS/mm to 8.3 mS/mm). This 
characteristics show, that 
from the scaling point of 
view the proposed design, 
parameters of technology 
(mainly parameters of im
plantation) and material's 
quality are suitable for 
submicrometer GaAs MESFETs 
providing that L i0.50,um. 
The experimental results 
showed that the DC perfor
mance of 0.25,um FET is 
influenced by the short-
channel effects. In these 
case the more shallow 
highly doped channel is 
needed to gain full pro
fit from the gate length 
shortening. 

Fig. 2 

III Tiberio R.C., Wolf E.D., Anderson S.F. et al.: J.Vac.Science Technology 
B 6 (1) (1989) 134. 

I l l Alle D.R., de la Houssaye P.R., Schlom D.G. et al.:J.Vac.Science Tech
nology B 6 (1) (1988) 328. 

f~il Isibashi A., Funato K., Mori Y.: Jap.J.Appl.Res. 27 (1988) L 2382. 
IM Gerstein G., Ferry O.K.: IEEE Trans.Electron Dev. 10 (1988) 887. 
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DE-EMBEDING PROBLEM OF THE MESFET MICROWAVE CHARACTERIZATION 

I. Kneppo, J. Fabian 

A large variety of error models and calibration procedures of the test 
fixture (TF) has been proposed to date, all differing in degree of comple
xity and effectiveness. A common feature of all proposed models is the at
tempt at representing the TF error network reflecting the real TF physical 
structure and the electromagnetic nature of the processes taking place in 
TF interconnecting leads. All error sources are frequently identified with 
the scattering coefficients of the error network /!/. However, such error 
model requires the use of many more standards and the acquisition of many 
more calibration data then the minimum strictly required. The mathematical 
operations frequently involve the solution of sets of simultaneous, nonli
near complex equations which require lengthy numerical iterative processes. 
The recently introduced calibration procedure based on the T-parameter 
matrix /2/ leads to the de-embedment equation 

S% = % - T^)-! (T, _ S^T,), (1) 

which reflects the fact, that the characteristics SM, actualy measured at 
some reference plane physically removed from the device under test (OUT), 
differ from true device characteristics 5%. De-embeding based on eqn. (1) 
requires an accurate characterization of the submatrices T,,T„,T,,T4. The 
only way to do it, is to calibrate the measuring system using standards 
Sp., 1=1,2,... N, of the measured quantity on the place of DUT, and to sol
ve a system of calibration equations having the form 

TlSgi + T, _ S ^ % - S^T, = 0 (2) 
This error model is very flexible and allows the relative short numerical 
processing by the means of standard software packs, e.g. MATLAB / ] / . Howe
ver, the drawback of the T-matrix representation lies in fact, that T-para-
meters of the real microwave TF's can reached large values and, as a conse-
qunce, computation error grows. Second, the model structure is nonlinear in 
the inknown coefficients T.,T„,T-,,T. and the least-squares criterion cannot 
be sued to optimize the calibration procedure. 

The proposed error model of TF is based on mathematical model buil
ding known as black-box in theory of system identification. The model 
structure is not derived from electrical function of the TF and the model 
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output is linear in the unknown parameters of the error network, i.e. 
î i^) e, ,(5^) Br /V (3) 

where are known functions of square matrix SM, and Q.Q^..Q 
square matrices of unknown parameters. Pairs of observations (SMi Sy),I= 
=1,2,...N, are obtained during calibration. The problem is to determine 9, 
EL,... e in such a way that the S... computed from the model (3) and the 
calibration data S_. agree as closely as possible with the standards parame
ters EL.. Assuming that all measurements have the same precision, the prin
ciple of leastsquares fit says that the parameters should be selected in 
such a way that the criterion function 

,T 
is minimal where 

J(Q) = (xX)' (xX) 

x = 0 e 

(A) 

3 = 
"f(s„i'l 

^ (SMN\ 
. e-

s(e^) ' 

SOy) 
, X -

S(S^) 

S(S^) 
, p[(p"[®I) (p2®1'•••(Cr*1)]• 

using Knooecker tensor product ABB of two matrices A and B, the stocking 
operator S(A) of a matrix A, and unit matrix I. 

The function of (4) is minimal for parameters matrix 9 as folows 
9m = ( 0T

0)"
1
0
T
x 

As a matter of fact 9 is given as column vector. In order to get square 
matrices 9, , 9„ ,... 9 of optimal parameters of the error model of the 

lm' zm rm 
TF the reshape operation ought to be used. 

Ill Hand B.P.: HewlettPackard J.21 (1970) 16. 
Ill Speciále,R.A.: IEEE Trans.Microwave Theory Techn., MTT25 (1977) 1100. 
ľil Moler C. et al.: PCMATLAB, The Math Works, Inc.Portola Valley (USA), 

1985. 
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PROPERTIES OF GaAs METAL  SEMICONDUCTOR  METAL PHOTOOETECTORS 

J. Šafránková, T. Lalinský, Ž. Mozolová, J. Kuzmĺk, M. Porges 

The planar interdigitated MetalSemiconductorMetal (MSM) photodetec
tor is an attractive device for monolithic integration with MESFETs in op
toelectronic receivers due to its intrinsic compatibility in fabrication 
and its good responsivity and high speed. In an effort to further improve 
the parameters, MSM detectors fabricated in modified semiinsulating GaAs 
have been investigated. 

Silicon ion implantation was used to form shallow nlayers in the ac
tive region of the MSM structures (100x100,urn ). To create Schottky inter
digitated fingers commertial technology process was choosen /!/. Cross sec
tional view of final photodetector structure is shown in Fig.l. Test struc

tures consisted 
of 2,urn length 

p—m~ 7̂x 

Sin N4 fingers. The spa
 TirtAll cing between fin

— P 7 I gers were 2,um, 
\_ (n)GaAs 4 um> and 8 umi 

respectively 111. 
Typical dark cur
rent 2 nA at 5 V 
bias was measured 
for all structu

res. Breakdown behavious was dependent on individual structures with cor
responding electric field about 3x10 V/cm. Responsivity of structures was 
0.3 A/W at 10 V in 850 nm wavelength region. The speed of response to 
GaAlAs laser pulse less than 100 ps was experimentally determined. 

11/ Lalinský T.: Research Report (1988). 
Ill Šafránková J., Lalinský T., Kuzmĺk J., Mozolová Ž., Porges M., Gregu

šová D.: Crystal Properties and Preparation 1920 (1989 315. 
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PREPARATION AND PROPERTIES OF PLASMA DEPOSITED SILICON NITRIDE LAYERS 

F. Szulényi, J. Huran 

Silicon nitride layers deposited at low temperature by PE CVD method 
are widely investigated for their application in VLSI circuits. They show 
excellent characteristics as diffusion masks and passivating coatings. 

Films were deposited in a high frequency (13.56 MHz) parallel-plate 
reactor. Silane and ammonia were used as reactants for this deposition pro
cess. The feed gas was introduced into the reaction volume through a shower 
on the upper electrode. The pressure during deposition was kept at 80 Pa. 
The lower electrode was grounded and heated by a resistance heater, the 
upper one was driven by a capacitively coupled RF power supply. 

Infrared analysis of deposited layers shows the presence of N-H, Si-H, 
Si-0, Si-N bounds Fig.l. The both Si-H and N-H peaks disappeared after 20 
minutes annealing in forming gas at 860 °C. Auger depth profiles analyses 
of all films show poor compositional uniformity during the first 20 nm of 
deposition - Fig.2. The bottom layer near the substrate interface is more 
silicon rich than the top layer. These two layer structures are probably 
a results of the changes in electron temperature and density of silane 
reactive species concentration during the proces, i.e. the initial tran
sient changes in RF power and gas impedances. All the deposited films have 
tensile mechanical stresses in the range from 0.5 to 4.10 Nm* . There was 
no obvious correlation between the deposition temperature and the resulting 
intrinsic stress. However, after high temperature annealing we observed 
increase in stress to 8.10 Pa. 
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INFLUENCE OF FREQUENCY OF LF DISCHARGE ON REACTIVE ION ETCHING OF TRENCH 
STRUCTURES 

5. HaScík, A. Horniakove, 3. Huran 

Today trench structures play the important role in semiconductor tech
nology. One application of those trenches in Si is the dielectric isolation 
of bipolar and CMOS circuits. The other main application in storage capaci
tors of modern ORAM'S. Experiments were made to investigate the role of 
frequency on the reactive ion etching of trench structures. The results 
show, that in the low frequency range (20100 kHz) the influence of the po
wer and working gas on silicon etch rate r ^ play more important role than 
frequency (Fig.1,2). Significant changes of the Si etch rate took place on
ly at high frequencies (1,6 MHz and 13,56 MHz). One of the good trench pro
file with etching characteristics (r,,. =460nm.m" , r S i Q =85 nm.min , 5=5.5) 
is shown in the Fig.3. 
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Fig.l Dependence of selectivity, silicon etch rate, oxid etch rate on 
frequency RF power in CBrF, (p=10 Pa, P=100 W) 
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Fig.2 Dependence of selectivity, silicon etch rate and oxid etch rate 
on frequency RF power in CCl^F. (p=10 Pa, P=100 W) 

Fig.3 Trench profile at p=30 Pa, 
P=150 W in CBrF3 
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THE PREPARATION AND THE PROPERTIES OF A SILICON CAPACITATIVE PRESSURE 
SENSOR 

L. Hrubčín 

This paper describes the construction, operating principle and reali
zation of a capacitivetype silicon pressure sensor designed for applica
tion in the engineering industry. The capacitive mechanical sensors have a 
much higher potential than their piezoresistive counterparts as far as sen
sitivity, temperature behaviour and longterm stability are concerned 111. 

The pressuresensitive element is a variablegap capacitor which con
sists of two parts anodicallybonded together: 
1) the silicon chip with the pressuresensitive diaphragm and 
2) the support chip from the borosilicate glass (SIMAX)  Fig. 1. 
The pressure on the diaphragm causes it to bend. As the distance between 
the electrodes decreases, the capacity increases. We used circular glass 

wafers, optically polished on one 
Simax glass 

Si element 

%k 

# 

a 

membrane 
thickness: 
112...118,urn 

cavity 
depth: 
5.. .7 ,um 

Ti/Ni 

Fig.l A schematic presenta
tion of the fabricated 
capacitive pressure 
sensor 

side, with a diameter of 20 mm and 
thickness of 3.5 mm as a support chip. 
Electron gun deposited layers of 
Ti/Ni (50/150 nm) on the glass wafer 
and standard photolithography and wet 
isotropic etch forming served as the 
bottom capacitor plate. 

The silicon chip had dimensions 
of 11x11 mm with a diaphragm of 
4.5x4.5 mm, a thickness from 112 to 
118 ,um and the reference cavity 
depth from 5 to 7 ,um. As starting ma
terial we used silicon ptype (100) 
wafers polished on one side with a 
thickness of 360,urn + 12,urn and a re
sistivity from 3 to 8 cm. A Si^N^ 
was deposited on both surfaces of si
licon as passivation layers (etch 
mask) by using LP CVD technology. 

8 6 



After a double-sided alignment, the pressure-sensing membranes were formed 
in the silicon wafer by an anisotropic etch from the backside. The etching 
rate of potassium hydroxide (KOH)-water-isotropyl alcohol solution 111 was 
about 0.7,um /min at a temperature of 70°C. The diaphragm thickness was 
controlled by the etch time. Then, the reference cavity that determines 
the capacitor plate separation was anisotropically etched at a temperature 
of 6u°C. After removing the Si-jN, films, the layer of Ti/Ni was deposited 
on the reference cavity. Then, the photolithographic technique and chemi
cal etching were used for the formation of a top capacitor plate. Finally, 
the silicon chip was anodically bonded /3/ to the glass wafer. 

Figure 2 presents measured pressure 
characteristics of the described 
sensor. Note the very high pressure 
sensitivity, which the capacitance 
change induced by full-scale pres
sure is about 100 % of the zero-
-pressure capacitance. 

Pressure (kPa) 
Fig.2 Measured capacitance vs 

pressure characteristics 

HI Blasquez G., Pons P., Boukabache A.: Sensors and Actuators 17 (1989) 
387. 

121 Tsang W. T., Wang S.: journal of Applied Physics 46 (1975) 2163. 
73/ Wallis G., Pomerantz D. I.: Journal of Applied Physics 40 (1969) 3946. 

87 



PREPARATION OF METALLIC SUPERLATTICES Cu/Ti 

I. Vávra, E. Majková*, J. Dérer 

Metallic superlattices are the starting material for preparation of 
amorphous thin films from crystalline components by solid state amorphisa-
tion reaction. With respect to the conditions for amorphisation reaction 
the system Cu/Ti was chosen /!/. 

The superlattices with periods 10-40 nm, with the ration of Cu and Ti 
thicknesses 1:1 to 1:0.2 were prepared by alternating deposition by magne
tron sputtering at pressure of 10 Pa in an apparatus with kryopump. The de
position rate of superlatice was ~0.05 nm/s, the substrate temperature was 
20°C. 

The superlattice period and other structural parameters were measured 
by low angle X-ray diffraction. The chamical composition in normal direc
tion was measured by AES and microstructures was observed by cross-sectio
nal TEM. 

Cu thin films in superlattice were always polycrystalline, while Ti 
films were amorphous (Fig.l). The flatness of interfaces at the substrate 
is better than at the surface. It is caused by crystallinity of Cu films. 
The solid state amorphisation was observed in situ in TEM. 

Fig.l TEM micrograph of a cross- Fig.2 TEM micrograph of a cross-sec-
section of an Cu(8 nm)/Ti tion of an Cu(7,3 nm)/Ti (3,2nm) 
(2 nm) superlattice. superlattice. 
Number of doublelayers:35 Number of doublelayers:6 

+Institut of Physics of the Slovak Academy of Sciences,Bratislava,Czecho-
• Slovakia 
III Samwer K.: Phys.Rep., 161 (1988) 3. 
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DEPARTMENT OF SPECIAL TECHNICS 

Sensors Department solves selected theoretical, experimen
tal and technological problems of semiconductor infrared sen
sors for wavelegth bands up to 7 yum. 

Research activity of the Department is orientated to: 
 InSb monocrystalline sensors based on a MIS structure and 

on an implanted pn junction; 
 InSb polycrystalline photoconductor sensors prepared by means 

of a rapid quenching technology; 
 Schottky barier infrared sensors on PtSipSi. 

PtSipSi infrared sensors we are dealing with are discu
ssed at a separate article included here, in the same booklet. 

3. Červenák 



PtSipSi SCHOTTKY BARIER INFRARED DETECTORS 

D. Valentovič, M. Kučera, V. Szocs, J. Darmo, 3. Cervenák, C. Višniarová, 
A. Rozsypali I. Holoubekt P. Čerraákt V. Valíček* 

As a part of our Infrared Program the development of a Focal Plane 
Infrared Staring Array working in a TV standard for 35 /urn wavelength is 
planned. We have fabricated a test structure "E1U1" for the technology tu
ningup. The test structure /!/ is in the fig. 1. It containes 52 Schottky 
diodes. Every of them differs from it's neighbour slightly, except a linear 
array of equal diodes. 

The differences involved are construction and geometrical details. 

Fig. 1 

The critical parameters of a focal plane array are the "on chip pixel 
reproducibility" and the optical resonator quality /2,3/. Most of them may 
be used as single detectors, the linear array of 32 diods is prepared for 
a simple scanner type infrared camera. 

The complete technological process involves 6 level masking and more 
than 50 technological steps /4/. 

TESLAVaV, Rožnov pod Radhoštem 
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The results obtained may 
be seen in the Figs. 2, 3. The 
VoltAmpere characteristic is 
in Fig. 2, the Fowler's curve 
fit obtained is in the Fig. 3. 

The most important result 
obtained from the first two 
technological batches done is 
our ability to fabricate PtSi
pSi diodes having PtSi thick
ness less than 20 nanometers. 
The Schottky barrier heigth 
7 bQ 0.24 eV obtained from 
optical and electrical measu
rements indicates the stoechio
metric PtSi /5/. 

The optical resonator tu
ning /3/ and the PtSi thick 
ness optimizing will be the 
our succeeding task before pro 
jecting a 128 x 128 pixel fo
cal plane array working in a 
TV standard. 

Fig. 3 

III Cervenák ]., Szb'cs V., Valentovič D., Darmo J., Kučera M., Pavela M: 
Výskumná správa, CEFV SAV Bratislava (1989). 

IV Mooney J.M., Dereniak E.L.: Optical Engineering 26 (1987) 223. 
ľil Wu J.Ch., Lue J.T.: SolidState Electronics 30 (1987) 97. 
IM Rozsypal A.: Private communication, Tesla Rožnov (1989). 
ňl Freeouf J.L.: Sol. St. Comm 33 (1980) 1509. 
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INTERNATIONAL RELATIONS 
The Institute of Electrical Engineering maintained scientific contacts 

and scientific collaboration with research institutions in Belgium, Bulgary, 
GDR, Greece, Finland, FRG, France, Hungary, Italy, USSR. 

Special measurements of thin YBaCuO films prepared in our Institute 
have been performed in Katholieke Universiteit, Leiden. , 

The collaboration with Inst, of Electronics, Bulgarian Academy of Sci
ences was oriented on comparative measurements of transistor test structures. 

In the Central Institute of Nuclear Research, Rossendorf, GDR, and 
Central Institute of Electron Physics, Berlin problems concerning prepara
tion of implanted GaAs layers have been solved. 

Photo-electric properties of III-V semiconductors is the theme of col
laboration with University of Athens. 

Increasing contacts with Finnish Institutes can be noted. Mutual ex
change of stays and visits has been realized with Technical University of 
Helsinki and Tampere University of Technology. 

Good scientific contacts with Institute for Semiconductor Technique, 
Aachen are maintained since many years. 

The cooperation with Hungarian Academy of Sciences is concentrated on 
technology and physical properties of A -B semiconductors, as well as on 
high temperature superconductors. 

Very good scientific and personal contacts with Italian institutions 
made possible to realize 1 s t Italo-Czecho-Slovak Symposium on Superconduc
tors in Lecco (I), organized by ITM and CISE, Milan. 

Very broad contacts have been maintained with Institutes of the Soviet 
Academy of Sciences. Problems of Micro- and Optoelectronics, Cryoelectronics 
and Superconductivity have been studied and solved on the basis of mutual 
interests, as well as on the contracts bsses. In the framework of contract 
between Kurchatov Atomic Energy Institute 8 T superconducting magnets for 
ECR heating in TOKAMAKs are under developments. Narrow band semiconductor 4 

heterostructures is the theme of collaboration with Ioffe Physico-Technical 
Institute in Leningrad. Close contacts are maintained with Institute of Ra
dio Technique and Electronics, Moscow, Leningrad, Institute of Nuclear Phy
sics, Gatchina, Institute of Electrodynamics, Kiev, Physico-Technical In
stitute, Kharkov, etc. 

5 t h Czecho-Slovak Symposium with 40 participants from abroad on weak 
superconductivity was held in Smolenice from May 29 to June 2, 1989. 

M. Polák 
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