13TH EUROPEAN PHOTOVOLTAIC SOLAR ENERGY CONFERENCE

23-27 OCTOBER 1995 NICE, FRANCE

OPTIMIZATION OF LOW-TEMPERATURE Zn DIFFUSION FOR GaSb SOLAR
CELL STRUCTURES FABRICATION

A.W. Bett, N.N. Faleev’, A.M. Mintairov’, A. Namazov’, O.V. Sulima’, G. Stollwerck

Fraunhofer Institut fiir Solare Energiesysteme, Oltmannsstr. 5, D-79100 Freiburg, Germany
Phone: (+49) 761-4588257, Fax: (+49) 761-4588250
* A.F.Ioffe Physico-Technical Institute, Polytechnicheskaya 26, 194021 St. Petersburg, Russia
Phone: (+7) 812-2479394, Fax: (+7) 812-2471017

ABSTRACT: Zn diffusion into GaSb from the vapour and liquid phase was studied. Diffusion
profiles, providing high photocurrents in (thermo)photovoltaic cells were calculated. The
possibility of an AlGaAsSb wide gap window application for GaSb solar cells is discussed.

1. INTRODUCTION

GaSb solar (photovoltaic) cells are of large interest for both
photovoltaic and thermophotovoltaic applications.

In order to develop a simple and reproducible method of GaSb
cells fabrication, the Zn-diffusion into GaSb was studied in this
work.

Computer calculations of diffused emitters, providing high
photocurrents were carried out for concentrator GaSb solar cells
in GaAs-GaSb tandems. The results of these calculations show the
strong dependence of the solar cell photocurrent on Zn-profiles in
the GaSb cell structure. ’

Two methods of Zn-diffusion werg experimentally investi-
gated in this work: (a) diffusion from the vapour phase in a
pseudo-closed box system and (b) diffusion from the liquid phase
from a Ga-Zn based melt. Quite different Zn profiles were obtain-
ed in these two cases. However, the advantages of both approa-
ches can be used in a cell fabrication process. Moreover, first
experiments on the liquid phase epitaxy (LPE) growth of a
AlGaAsSb wide gap window, lattice matched to the GaSb sub-
strate, show the possibility of the epitaxy-diffusion combination
in a simple one-melt LPE boat.

2. SIMULATION WITH PC-1D

The structure of a diffused emitter in a GaSb wafer with a
base doping of 310" cm™ was modelled using PC-1D[1]. As
modelling parameters, the surface concentration of ionized
acceptors (N,) was varied in the range of 510" to 510?' cm” and
the emitter thicknesses in the range of 30 nm to 2 um. The
semiconductor parameters used for the simulation are listed
below.

Intrinsic parameters: n,(300K)= 1.510" cm?, N¢/Ny= 0.558,
calculated from [2];

Electron mobility: u,,= 1.810° cm*Vs, «= 0.68, N~ 4.510"
cm?[3];

Hole mobility: py.= 1.910° cm¥Vs, e= 0.33, N, .~ 5.810'¢ cm™
[4,5%

Surface recombination: S;,,= 10* cm/s, S;,.= 107 cmi/s;

Auger recombination: ;=410 cm®/s [6];

Radiative recombination: B,= 510" cm’s [6];

SRH lifetime: 1, = 2 nsec, 1, = 10 nsec [6].

Band gap narrowing was taken into account according to Ref. [7].

Fig.1 shows the calculated short-circuit currents (Igc) of a
GaSb cell under a GaAs filter (AM1.5D, 200 suns) in dependence
on the diffused emitter thickness and the surface concentration of

ionized acceptors. One can see that the highest values of Iy can be
obtained for low values of N, at the surface. In this case, the
emitter thickness can be relatively large, up to 2.0 um. For higher
N, values much thinner emitters are necessary. However, thin
emitters are not favourable for the cell technology.
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Figure 1: Calculated short-circuit current (Isc) of a GaSb cell
under a 300 pm thick GaAs filter in dependence on the diffused
emitter thickness and on the surface concentration of ionized
acceptors.

3. EXPERIMENTAL DETAILS

Zn-diffusion from the vapour phase was performed into n-
GaSb:Te substrates in a pseudo-closed box system similar to that
described in Ref. [8]. However, a modification of the graphite
diffusion boats, used in [8], was made. The new multi-wafer boat
allows (i) to place wafers vertically or horizontally in the same
boat, (ii) to vary the distance between the wafers with a minimum
distance of 0.5 mm, (iii) to use different vapour sources (pure Zn
or Zn and Sb, not mixed) and (iv) to increase the wafer area up to
4x4 cm®. A special design of the graphite boat for Zn diffusion en-
sured the uniformity of the Zn vapour pressure across the wafer
surface, and thus the uniformity of the p-GaSb layer depth. Zinc
and antimony were always used in more than sufficient quantities
to provide saturation vapour pressures. Relatively low temperatur-
es of diffusion (450-520°C) were used for diffusion from the
vapour phase. The diffusion time was 1 hour.

Zn-diffusion from the liquid phase was performed in a simple
one-melt slider-type LPE boat at T=530-555°C. Two types of such
diffusion processes were investigated: An etchback-diffusion pro-
cess and a growth-diffusion process. In the case of the etchback -
diffusion process, the Ga-Zn based melt, undersaturated with Sb,
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The coincidence of the SIMS and Raman spectroscopy
measurements for the Zn (hole) concentrations between 10'*-10%
cm” is quite good. That means that almost all Zn atoms are
electrically active in that part of the diffused layer.

4.2 Diffusion from the liquid phase

Fig.6 shows the SIMS Zn concentration profile in GaSb:Te
after the diffusion at 554°C (2h) from a Ga-0.3at%Zn based melt.
This profile exhibits much smaller surface concentration than in
the case of diffusion from the vapour phase, thus meeting the
demands of the PC-1D simulation for the "high-photocurrent”
emitter. In this case no epitaxial layer was grown. However, a high
temperature stability of the process should be provided in this
case: Small temperature fluctuations may cause an uncontrolled
dissolution of the diffused layer or an epitaxial growth.
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Figure 6: Zn and Te (substrate dopant) profiles afieg diffusion of
Zn from the liquid phase at 554°C from a Ga-0.3at%Zn based

melt.

Taking into account our experience in the field of Zn diffusion
in AlGaAs-GaAs system [10], we suppose that more reproducible
diffusion from the liquid phase could be performed through an Al-
containing A’B® epilayer with a wider bandgap than GaSb. In this
case, small fluctuations of temperature in the melt during diffusion
time may change the epitaxial but not the diffusion layer.
Moreover, such an epitaxial layer could act as a wide gap window
passivating the GaSb cell. Unfortunately, AlGaSb is not the best
candidate for such a window layer. The relatively large difference
in lattice parameters of AlGaSb and GaSb prevents the formation
of a uniform AlGaSb transient layer in the melt-substrate system
and causes an extremely nonuniform dissolution of the GaSb
substrates during the etchback-regrowth process (Fig.7). This
dissolution happens even with supersaturated (with respect to
antimony) melts. However, addition of a small amount of arsenic
into the melt changes the situation drastically and results in a
growth of high-quality lattice-matched AlGaAsSb layers (Fig.8).
This was proved by x-ray rocking curve measurements. One
should note that the epitaxial growth and diffusion can take place
simultaneously and therefore, be performed during one technolo-
gical run.
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Figure 7: Photograph of the anodically oxidized cross-section of
the AlGaSb-GaSb(substrate) structure. Rests of the melt are
visible at the bottom of the dissolution channels.
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Figure 8: Photograph of the anodjcally oxidized cross-section of
the lattice-matched AlGaAsSb-GaSb(substrate) structure.

GaSb CELLS AND PHOTOVOLTAIC MEASUREMENTS

0.4 % 0.4 cm® and 1x1ecm? solar cells were fabricated on the
structures with a diffused emitter. Up to now, only diffusion from
the vapour phase was used for fabrication of the cells. One should
note several peculiarities of the cell design. First (in the case of
0.4 x 0.4 cm? cells), the diffused layer was formed locally with the
help of a diffusion mask. Second, in order to decrease the metal-
semiconductor contact area and the effective surface recombina-
tion velocity, the contact busbar was deposited mainly on the SiN
mask. Both approaches resulted in a low reverse diode current of
the solar cell: 0.6 mA/cm? at 0.7 V for the cell with the 0.2 pm
thin emitter under the contacts. In order to reduce the influence of
the metal-semiconductor interface recombination on the open-
circuit voltage, one should increase the thickness of the diffused
layer only under the contact grid. We have determined
experimentally that it should be thicker than 0.5 pm. Fig.1 showed
that much thinner emitters are favourable for the high
photocurrent, if the high Zn concentrations typical for diffusion
from the vapour phase are taken into account. Therefore, at the
final stage of solar cell fabrication, the 0.5-1.0 pm thick emitter
was made thinner between the grid fingers. This thinning was
performed by anodic oxidation and corresponding selective
etching of the ahodic oxide. As a result, a two-step emitter
structure was fabricated. The anodic oxide was also used as an
antireflection coating (ARC). The schematical cross-section of'this
structure is shown in Fig. 9.
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Figure 9: Schematical cross-section of a GaSb cell with local
diffusion and local emitter thinning.

The typical spectral response and reflectivity curves for GaSb
solar cell with = 0.1 pm thin emitter (between grid fingers) and
0.14 pm anodic oxide ARC are shown in Fig. 10. The spectral
response was quite uniform across the wafer and should corres-
pond to a high photocurrent. However, some additional steps
should be undertaken in order to perform exact photocurrent
measurements. Nevertheless, even now the results of the solar cell
measurements are quite promising:

i. A high external efficiency (= 80%) was measured in the
wavelength region 800-1650 nm. Taking into account the reflect-
ance spectrum, this corresponds to more than 90% internal quant-
um efficiency of the fabricated solar cells in this region.
2. An open-circuit voltage of nearly 0.5 V was achieved for the
light intensity corresponding to approximately 100 suns.
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