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Abstract. Dark and light [-V characteristics as well as spectral curves of planar Ni—porous
silicon—p-Si—Ni heterostructures have been studied. It is shown that photogeneration in
heterostructure occurs both in the region of thin porous silicon layer and p-Si base. Ava-
lanche breakdown is observed in the heterostructure at applied voltage biases V> 8-10 V and
T =77 K. The coefficient of multiplying at /=11 V achieves 60 (dark) and 200 (light), which
is close to that of silicon n*-p-i-p™ avalanche photodiodes.
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1. Introduction

The interest to the study of photoeffects in porous silicon
(PS) appears first of all from prospects of optoelectronic
applications. So, over the past decade, the various PS
heterostructures have been elaborated and thoroughly
studied. Among them, the light emitted diodes based on
contact of semitransparent metal-PS [1-3] and ITO-PS
[4], photodiodes based on Schottky contact [5,6], p-n junc-
tion silicon solar cells with PS antireflection and light
scattering layers [7-9], MIS structures with inversion lay-
ers [10] should be noted. Besides, the photoelectrical phe-
nomenon is often regarded as a useful tool to investigate
mechanisms of current transport in heterostructures.

In contrast to study of light emission in PS, there is no
so much publications devoted to the barrier photocurrent
or photoconductivity of bulk PS in sandwich structures
like metal-PS-Si [3,6,11,12]. The significant internal
quantum effficiency of heterojunction photocurrent was
mentioned [6]. The spectral curves of external quantum
efficiency show that photogeneration can take place both
in Si base and PS film [3,11,12]. However, the photocon-
ductivity of planar structures has not yet studied widely.

In this work, we consider dark and photocurrents of
planar PS structures on Si substrate and discuss param-
eters of avalanche breakdown at the applied voltage bi-
ases.

2. Experimental

The PS layers were formed by electrochemical etching of
(100) p-Si wafers with resistivity of 0.4 Q-cm, doped by
boron up to 10'7 cm=3. Before etching, Si surface was
boiled in concentrated HNOj solution and etched in HF
solution to remove the native oxide. Electrochemi-
cal etching was performed in the solution of
HF(48%):C,HsOH:H,0 = 2:2:1 at the current of J, =
=10 mA/cm? up to form the 1.0 um PS layer. After etch-
ing, the patterns were rinsed in deionized water and oxi-
dized in NaNOj solution. For electrical measurements, two
contacts of Ni film were deposited on PS layer. The distance
between contacts varies within the range 0of 0.3-0.8 cm. The
measurements of dark and light I-V curves as well as an
external quantum efficiency were carried out at 77 K,
when the patterns were kept in liquid nitrogen. The dark
resisitivity of samples is of the order of (1...3)107 Q.
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3. Results and discussion

The dark I-V curves of the elaborated planar structures
exhibit: i) the full symmetry at the change of sign of ap-
plied voltage biases; ii) the slow current growth at small
voltage biases (U < 4 V) and iii) the exponential current
growth at the voltage biases U >4V that is obeyed to the
law I, ~ ¢ E0o/E where Ey = 1.4-10* V/em (Fig. 1).
For planar Me-PS-p-Si-PS-Me structure (Fig. 2), the
current is governed by the high resistive PS region at small
applied voltage biases. At the subsequent increase of ap-
plied voltage, the current increases by exponential law
due to the avalanche breakdown. Most of all, the ava-
lanche breakdown occurs in the region within Ni contact
and silicon base, here the PS thickness amounts to 10 cm.
Then the resistance drastically reduces between metal

Fig. 1. a — I-V curves of planar Ni-PS-p-Si-PS-Ni structure at (/)
and without illumination from tungsten lamp (2). b — the dark I-
V curves in the region of small applied voltage biases. ¢ — the
dependence of coefficients My and M, on applied voltage bi-
ases.
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contact and Si base and the voltage drop redistributes
between high resistive PS film and low resistive Si base.
The evidence of shunt properties of Si base was obtained
in the experiments with different gap between Ni con-
tacts: the reduction of this distance does not practically
change the sample resistivity.

The coefficient of multiplying at the given voltage V,
M(V) can be computed from I-V curves. For this purpose
the segment of saturation of dark current (or photocurrent)
should be extended towards the region of voltage at that
the multiplying of electrons occurs (curve 2, Fig. 1). The
coefficient of multiplying is calculated as the ratio of
dark (V) (or photocurrent 7,,(}7)) to the saturation cur-
rent. Note, the shape of the obtained curves M (V) and
M,,;,(V) (curve 3, Fig. 1), is the same as for n*-p-i-p™ ava-
lanche photodiodes [13].

To justify the energetic diagram of proposed struc-
ture, we defined the parameters of Ni-PS-Si potential
barriers. Fig. 3 shows the temperature change of forward
and reverse [-V characteristics of sandwich structure Ni-
PS(3 um)-p-Si-Ni. The height of potential barrier defined
from the dependence of the saturation current on the tem-
perature is amount to 0.38 eV, slowly depending on PS
thickness. Then the energetic diagram of PS avalanche
photodiodes includes two Schottky barriers switched to-
wards each other. At the voltage of breakdown the ava-
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Fig. 2. Design of Me-PS-Si-PS-Me structure. Arrow shows the
direction of current flow.

U,V

Fig. 3. Forward (/-5) and reverse (6-10) I-V curves for sandwich Ni-PS-p-Si-Ni structure at the following temperatures: / — 327,
2 - 347, 3 - 371, 4 - 400, 5 — 410, 6 — 345, 7 — 370, 8 — 389, 9 — 399, 10 — 413 K.
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lanche starts in the depletion region near one of Ni con-
tact switched in deep depletion mode. The subsequent in-
creasing of applied voltage results in the widening of the
region of electron multiplication on p-Si base (Fig. 4).
The spectral curve of photoconductivity is shown in
Fig. 5. The spectrum shape does not depend on applied
voltage. This spectrum shows the important contribution
into the photogenaration both from the PS film (the maxi-
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Fig. 4. The energetic scheme of Ni-PS-p-Si-PS-Ni heterostructure
at the avalanche breakdown.
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Fig. 5. The spectrum of photocurrent of Ni-PS-p-Si-PS-Ni struc-
ture.
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mum lies near 2.0 eV, which corresponds to the energy
gap in PS) and p-Si (the long wavelength maximum lies
near 1.5 eV). For the latter maximum, the photocurrent
can be written as I, ~ G(hv)[l — exp(-aW)/(1 + aL,)],
where G(/v) is the photon flux, = a(hv) is the coefficient
of optical adsorption in Si, W is the width of depletion
region in Si, L, is the diffusion length of electrons [13].
This expresion satisfactory fits the long wavelength maxi-
mum of photocurrent spectrum. The photocurrent de-
creases at iv> 1.4 eV, which is stipulated by the recom-
bination in the PS-Si interface. The surface recombina-
tion rate in PS-Si interface achieves 10° cm/s [9], which is
less than for clear Si surface [14].

Thus, the planar Me-PS-p-Si-Me structures manifest
the I-V characteristics close to those of typical avalanche
photodiodes based n*-p-i-p* structures. However, in or-
der to compare the output parameters of PS avalanche
photodiodes with another Si analogues, it is necessary to
make supplementary measurements of the noise charac-
teristics of PS heterostructures.
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