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PREFACE

Dear Reader,

following the layout of the previous issue of our yearbook once again
we offer first a collection of selected papers, this time of wider scope. It

seemed to me appropriate to include results also from new fields of our
activity which were introduced in past two years. Semiconductor super-
lattices, special ceramics, new methods of material testing as well as de-
vice modelling were added to the program. Due to demands on control of
environment much work was devoted to development of new technological
methods, especially in the field of hydro-metallurgy.

The interesting topic of fractals was pursued further with ambition by
two of our staff-members who earned international recognition in this
particular field.

Then surveys of the work carried out in the respective divisions of
our institute are presented for general information.

Interest for our work may be characterised by the number of visitors
to our institute coming from abroad; a short list of them included. Our
participation in international scientific events is illustrated by names of
speakers and list of conferences visited.

A comprehensive bibliography of papers published by members of our
Institute during 1986-87, mostly in international journals, is given at the
end. Finally, you can find a list of patent applications and patents
issued to members of our institute.

If you need further information about details of our activity, please,
send a card. We will gladly answer!

1.C. Szép
Ph.D., D.Eng.Sc.
Deputy Director
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IDENTIFICATION OF THE CARBON ASSOCIATED
RADIATION DAMAGE LEVELS IN SILICON

G.Ferenczi, C.A.Londos™, T.Pavelka, M.Somogyi, A.Mertens™™

ABSTRACT

The dominant carbon related radiation damage centre in silicon was
studied in detail. In contrast to previous studies the presence of two
clearly distinguishable defects were established: one at E, +E. = 0.370 eV.
0= 8x10718cm2 and assigned as the Cg-Si|-Cg complex, and another one
at Ey+ET = 0.344 eV, 05 = 1.1x10716 cm2 zpg assigned as the COV;, com-
plex. It is suggested that the concentration of the Cg-Si|-Cg centre is in-
dicative to the overall carbon concentration, hence the peak separation
technique presented in this paper can be used to measure low - with IR
absorption non-detectable - carbon concentrations in silicon.

INTRODUCTION

The yield and properties of very large scale integration (VLSI) de-
vices which are mainly fabricated on Czochralski (CZ) silicon wafers are
significantly influenced by the behaviour of oxygen in the silicon substrates.
It is well established]’2 that the presence of carbon in the silicon lattice
significantly influences the precipitation properties of oxygen acting as a
nucleation site. It is argued1 that low carbon concentration is favourable.
The widely used IR absorption technique can not usually detect carbon

concentrations below 1x1016 cm—3 on samples with standard wafer thickness.
Alternative ways to detect low carbon concentrations would therefore be

welcomed.

XPermanent address: University of Athéns, Physics Depa‘thent, Solid State
Section, 104 Solonos Street, Athens, Greece

** Humboldt Universitat, Sektion Physik, Bereich 06, Berlin, GDR



Radiation damage levels are the best characterized defects in silicon,
only a selection of the published results are referenced here> %, It was
shown that the most common defects introduced by irradiation are com-
plexes involving carbon and oxygen beside the simple point defects. In
the present work we intend to concentrate on a carbon related level usually
reported with EV+ET = 0.36 eV, which forms around room temperature and
anneals out around 400°C. This defect was first described more than 20
years ago10 but its identity is still subject to controversy, the candidates
being: COV2 or Ci—Cs (recently corrected as CS—SiI-C5 by”). The inten-
tion of the present paper is to resolve this long standing controversy and
suggest a calibration procedure for determining the concentration of carbon

in silicon using the properties of this defect.

EXPERIMENTAL

10-15 ohmcm B doped p-type silicon materials were used. Three

groups of samples were selected :

Float Zone (FZ) Czochralski low C Czochralski high C
N, lem 3 <10%® sx10t’ s5x10%7
X ‘
Ne [em™) <10® <10'® sx1018
S

Table I.

Schottky contacts were prepared by Ag+ implantation (30 keV, 3x10'®

dose/cmz) as described inn.

Subsequently the samples were implanted with H* at 300 keV and at
room temperature, using varying dose levels between (llx109—6x10w)dose/anz.
DLTS measurements were performed with a high sensitivity lock-in spectro-
meter DLTS-82E, manufactured by SemiTrap, Hungary.

-

RESULTS, DISCUSSION

Six radiation damage levels were observed in the majority carrier

spectra, in the present work we concentrate only on the level, labelled



as Hu 13. It was noted that the introduction rate of this defect is twice
as high in Czhigh C samples than that of the other levels. Detailed Iso-
thermal Frequency-Scan ' measurements were performed to determine the

capture cross section of this level. Typical example is shown on Fig. 1.

b : 1 BRI el el
10 100 1000
FREQUENCY (Hz)
Fig.1/a. Series of capture cross section measurements

in frequency scan mode at T = 200 K

Hq is produced as a recoil cascade process by the Ag+ implant, the maxi-
mum is centered at 180 nm, and by H* implant centered at 2.7 jum. Cap-
ture cross section measurement on the proton induced defect was per-
formed selecting the amplitude of the reduced reverse bias pulse to reach
a defect free part of the junction in order to eliminate the influence of the
free carrier tail on the capture rate. Two clearly distinguishable capture
rates were measured. The values of the capture cross sections averaged
over 8 samples (the accuracy of the individual measurements are better

than 5%):
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T #1842
opsIow_ (8-2)x10 cm
The much lower value reported by ’ for the slow process is probably due

to the influence of the edge layer effect.
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Fig.1/b. The corresponding evaluation of the two
capture cross section

The H,4 level induced. by Ag+ implantation contains only the slow

component, the H, level induced by high dose H* implantation in the

CZIowC samples c:;ntains only the fast component within measurement
accuracy. The peak labelled as H3 on Fig.1/a was not reported previously.
This is mainly due to the superior energy resolution of the frequency scan
technique. (To achieve equivalent energy resolution with temperature scan

significant data points should be recorded at every 0.04 K). We believe



LN (E/T2)

that the large scatter - 0.33-0.38 eV - reported in the literature for the

u3-9 is partly due to the admixture of H,. The cap-
ture cross section of H3 is 0 pH3 = 2.7x10_16 cmz. It is important to de-

cide whether the different capture rates observed for Hu originate from the
same defect or we are dealing with two different species. Using the Differ-
ential DLTS15 variant of the Isothermal Frequency-Scan DLTS we succeeded

activation energy of H

to separate two levels. Two filling pulses, separated in time by half of the
period lenghts, with equal amplitude but different duration were used. The
first pulse was long enough to fill both states, the second pulse filled

only the faster state, hence the residual signal contained information only
about the slower state. Alternatively, using a single filling pulse, short
enough to fill only the faster state, the activation energy of the fast state
can be determined independently. The result is illustrated on Fig.2.

-7k - .

e LeaEh gt [ s Tl o« PR T IS N N

I
1
I
S

45
1000/T (1/K)

Fig.2. Arrhenius plots measured in frequency scan mode.
The slow process was determined by the double
pulse technique described in text
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The measured activation energies (averaged over 8 samples, the accuracy
of the measurement on a single sample is +1 meV):

(E (0.344+0.005)eV

T)fast

(EV+E = (0.370+0.002)eV

T)slow

For completness, the activation energy for H3

(EV+ET)H3 = 0.279 eV

The unusual accuracy of the measurement data (capture cross section
and activation energy) is due to the thermal equilibrium conditions achieved
during frequency scan. As a conclusion it can be stated that the peak
separation technique described previously allows the determination of the
individual concentration of the two components as well.

These types of measurements were performed on all proton induced
Hu peaks in the three different kind of materials as the function of proton
dose. The dose dependence of the slow component of Hu is illustrated on
Fig.3. It is clearly seen that the relative weight of the slow component

increases with increasing dose in the FZ and CZ C samples but de-

high
creases in the CZIo c samples. Based on these results we propose to
identify the fast component with the COV complex i and the slow com-

g complex. Both defects form around room

~ ponent with the Cg-Si-Cg
temperature via the mobile carbon interstitialsq. It is assumed that the
COV, complex forms when C, interacts with the already present VO com-
plexess. This reaction seems more favourable than the interaction with an-
other carbon atom. The concentration of VO is, however, between

13 14 =3
(10510 ")..cm

conetration is between (10

in the samples investigated here while the carbon con-
15_5%10"%) em 3, hence the formation of the
CS—Sil-Cs complex becomes more preferable at hlgher doses. The only
notable exception is the CZL e sample at 5x10 pr'oton/cm2 where
NOINCNH)2 as compared to other samples where N, /N N10 hence this

data also supports our identification.
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Fig.3. The fluence dependence of the relative
magnitude of the slow process:
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CONCLUSION

It was shown that the dominant carbon related radiation damage
level in silicon consists of two clearly separable components identified as
COV2 and CS—SiI—CS complexes.

The latter becomes the dominant defect at high doses and reaches a
saturation value which is related to the overall carbon concentration in the
sample. The experimental data support this model which on the other hand
offers a simple procedure to determine the overall carbon concentration by
measuring NH,slow at any given proton dose. To calibrate accurately the
proposed carbon concentration measurement procedure large number of
samples with different and known carbon and oxygen concentrations are
needed.

The proposed carbon concentration measurement procedure of this
Paper should be viewed as a next step on the way to use Hu for determin-
ing oxygen and carbon concentration in silicon as originally suggested by
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Troxellg. On the other hand it is clearly established that the slow compo-
nent of Hu is the CS—SiI—CS complex which forms via the interaction of
mobile carbon interstitials with substitutional carbon. It is suggested that
the measurement of the lateral distribution of the Cs—Sil—CS complexes by
Scanning DLTS would reveal the oxygen precipitations around carbon atoms
as nucleation sites.
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LATERAL VARIATION AND CONTROL OF THE REFRACTIVE INDEX
AND THE TWO-DIMENSIONAL BOUND STATES IN GaAs/GaAlAs
SUPERLATTICE STRUCTURES

E.Lendvay

Investigations on 111-V semiconductor crystal growth on nonplanar sur-
faces give important and very useful data for device technologies. In opto-
electronics, the widely used GaAs/GaAlAs system is one of the most impor-
tant and interesting heteroepitaxial system, where this problem has been
investigated in details. For GaAs it was found that the thickness of epi-
taxial layers depends significantly on the substrate orientation1_3. Similar
orientation dependence was found for GaAlAs, too. The layer thickness
variation over a nonplanar substrate surface makes possible to produce the
so called buried heteroepitaxial laser structures necessary eg. for high
power and long life-time LD devices, as well as the growth of different
structures used for 1ll-V sensors, detectors and pianar devices. Previous
studies of orientation dependent growth rate, however, were limited to re-
latively thick epitaxial layers, and only a few papers dealt with quantum-
well structures3'u. On the other hand, in superlattice (SL) structures the
physical properties in the semiconductor system very strongly depend on
the L periodicity. It was expected, eg. that the variation of the SL period
(layer thickness) with orientation gives rise to effects which are signifi-
cantly different from those resulting from thickness variations of thicker
(L> 50 nm) epitaxial layers. In particular, the change of L results in the
change of the refractive index according to the equation (1)

€ 4(w) VL2 e 142
! & € 1(us)2 +€2(w)2 } (1

1
nw) = { -
2 2

where €4 is the real, € 2 is the imaginary part of the dielectric constant.
€ , is strongly dependent on L periodicity and. owing to this fact, the
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refraction index is very sensitive to the superlattice parameters. The
variation of nSL/nGaAs is seen in Fig.1. In the range of thin (10a°—50a°,
eq. 5.6 nm - 28.0 nm) SL layers, where a local maximum in the
nSL/nGaAs-L function can be found, the change of the refractive index is
very strong, and at about 40 a (~20 nm) has a minimum value of
nSL/nGaAs ~ 0.95 meaning a A n«~5 % variation sufficient for optical guid-
ing.

Similar effects in the bound state energies can also be expected.
According to Fig.2. bound state formed in the quantum wells have energies
of

257
Exoso B @2y (o, Lpv ) (2)
L e

n X o
2m
El

where n = 1,2,3 ...; Vo is the depth of the quantum well and function J
takes account of finite depth value of Vo in the box.

To study the guiding and recombination properties, different non-
planar SL structures were grown by an improved LPE techniques_g. A
vertical rotating LPE system was applied to prepare patterned SL struc-
tures.

Growth temperatures ranging from 700°C to 960°C were used. The
(100) GaAs substrates were chemically-mechanically polished prior = to
growth. Masking patterns were formed by chemical etching using conven-
tional photolithography. Lines and spaces aligned in the < 110> direction
were investigated. The mesa and groove structures were etched using an
etchant of qusou:Hzozzﬂzo at room temperature. Superlattices consisting

~of 15-60 periods of alternate (20-50 nm thick) GaAs and GaAlAs layers
were grown onto the patterned substrates. The growth was performed
above the oxide desorption temperature (680°C). Figs. 3,4 and 5. show
cleaved and etched cross sections of SL wafers, where the SL region was
grown by LPE onto the patterned regions. In Fig.3 superlattice grown into
an etched groove is seen. Similar picture for mesa-substrates is illustrated
in Fig.4, where the mesa itself is a SL region. On surfaces defined by
oxide stripe quantum-wire structures can also be grown: a characteristic
sample is seen in Fig.5. As the figures show the superlattice period
changes significantly by changing the tilt angle of the growth plane and
increases with increasing angle. Generally, the transition between different
faces in the SL region is smooth and occurs within a few nm period,



























































































































































































































































































































































































































































































































































































































































































































