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Photovoltaic properties of a heterostructure
on the basis of porous silicon and polyaniline
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An electric junction between porous silicon (n-type conductivity) and conductive poly-
aniline (p-type conductivity) has been made by electrochemical polymerization of aniline on
the porous silicon surface. This heterostructure has been found to exhibit rectifying I-V
characteristics. Under illumination, a considerable increase of the current is observed with
a reverse bias. The structure photosensitivity is defined mainly by two barriers, namely,
by the polymer/porous silicon interphase and the porous silicon/crystalline silicon barrier.

DIEKRTPUUYECKUA KOHTAKT MEKIY I[OPHUCTHIM KPEMHHUEM C N-THIIA [IPOBOAUMOCTBIO U IIPO-
BOAANINM IIOJUAHUJINHOM C IIPOBOAMMOCTBIO P-THUIIA M3[OTOBJIEH IIYTEM DJIEKTPOXUMUYECKOIT
MoJINMePU3aUY AHUJANHA HA II0OBEPXHOCTH IMOPHCTOro KpemuHusa. HailigmeHo, uTo Taxas rere-
POCTPYKTYpa AeMOHCTpHUPyeT BhIIpaMisdiomniue -V xapaktepucrturu. Ilpm ocsemienuu Ha-
OIIOAIOCHh 3HAUHTEJIbHOE IIOBBIIIEHME TOKA IPU 00paTHOM cMmerleHnu. POTOUYBCTBHUTENb-
HOCTb CTPYKTYPHI HPEMMYIIECTBEHHO OIpegesseTcss IByMs OapbepaMu: mHTEPDA30H MMOJIHU-
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MEeP-HOPUCTHIA KPEeMHUHA U IIOPUCTHIM KPEMHUN-MOHOKPUCTANJINUECKUA KPEMHIA.

Since the visible luminescence of porous
silicon (PS) was discovered, the field of de-
velopment of light-emitting devices on the
basis of that material is under continuous
attention [1, 2]. Moreover, the porous sili-
con application in development of solar con-
verters and gas sensors has been exempli-
fied [3]. The devices on the basis of the
PS/conductive polymer structures show
some advantages over other heterostruc-
tures, the main drawback of the latter con-
sists in high voltage required for the effec-
tive device operation. An enhancement in
current characteristics of polyaniline/PS
heterostructures as compared to the
PS/gold ones (of the Schottky diode type) is
observed within a wide voltage range [3].
This is explained by a better electric contact
of the polymer with PS due to a high level
of pore filling. The devices containing a
conductive polymer exhibit some additional
advantages in view of the low operation
voltage preventing the device against early
degradation. Those advantages include the

Functional materials, 12, 4, 2005

polymer transparency in a certain spectral
range, resulting in that the polymer layer
does not influence the electroluminescence
radiation.

In earlier works [3, 4], the conductive
polymer is considered to be only an injector
of holes into the PS. At the same time, no
attention is given to specific properties of
porous polymers, such as the ability of free
carrier generation under illumination [5, 6]
that may be helpful in operation of light
emitting devices. The purpose of this work is
to study the charge transfer processes in the
Au/polyaniline (PAN)/porous silicon (PS)-Al
heterostructure excited by illumination.

To prepare porous silicon, were used the
(100) oriented silicon single-crystalline
plates with the n-type conductivity and spe-
cific resistance of 6.5 Q-cm. The plate back
side was coated with sputtered aluminum
layer and then the plate was annealed at
725 K to provide an ohmic contact. The
plates were anodized in 40 % HF solution in
ethanol. During the electrochemical anodi-
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Fig. 1. Current-voltage characteristics of the
polyaniline/porous silicon heterostructure in
darkness (1) and under illumination (2).

zation, the plate was illuminated with a
150 W tungsten incandescent lamp. The
sample was etched for 5 min at the current
density i = 20 mA/cm2. The porous silicon
layer thickness did not exceed 5 pum. The
polyaniline films on the porous silicon were
formed by electrolysis of 0.1M solution of
purified aniline monomer in 0.5 M H,SO,
at the current density 0.1 mA/cm? for
10 min. The film was washed with de-ion-
ized water and dried in dynamic vacuum at
343 K for 4 h. A semi-transparent gold
layer was deposited onto the polymer film
by magnetron sputtering.

The current-voltage characteristics (IV)
of the heterostructures were obtained using
an AUTOLAB unit. The measurements were
carried out at the voltage variation from 1
to —1 V. The forward bias was obtained at
negative potential on the Al electrode and
positive on the Au one, to provide the back
bias, the electrodes were connected in the
reverse manner. A DDC-30 deuterium lamp
was used as the light source to obtain the
light IVC. The heterostructure photoelectric
properties were studied by means of imped-
ance measurements under sinusoidal oscilla-
tions with -1 V amplitude at frequency
being varied from 105 to 1 Hz using the
AUTOLAB unit.

The  Au/PAN/PS/Al  heterostructure
under study has been found to demonstrate
the rectifying IV (Fig. 1). The light and
dark IV are essentially identical within the
—0.24 to +0.24 V range. At higher voltages
applied, a considerable increase of current
is observed at both positive and negative
biases and the light and dark IV become
different from each other.

The difference between the both IV is
especially clear at a back bias (Fig. 1). In
those conditions, the negative potential is
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Fig. 2. Photosensitivity spectrum of the poly-
aniline/porous silicon heterostructure.

applied to the polyaniline film, and the
polymer being in the conductive emeraldine
form may undergo reduction. From the for-
ward current values, the series resistance is
determined to be of the order of several
hundreds Ohm, thus being in a good corre-
lation with the impedance spectroscopy
data. Under illumination, the IVCs are typi-
cal as for a photodiode. At the back bias,
the photocurrent increases very slowly. A
hysteresis loop is observed in the IV corre-
sponding branch under illumination. This
fact confirms the presence of slow hole
traps in the band gap of PS [7].

Fig. 2 presents the photosensitivity spec-
trum of the Au/PAN/PS/Al heterostructure
at room temperature in the 1 to 3.5 eV
spectral range. The spectrum includes three
photosensitivity maxima related to the pho-
toabsorption of single-crystalline silicon
(the low-energy photosensitivity edge limited
by the band gap width [1, 2]), a higher en-
ergy peak inherent in the photosensitivity of
PS, as well as a low intensity peak near
2.5 eV that can be ascribed to polyaniline [8].

The photocurrent increase duration
under illumination is rather long (50 to
60 s), while as the illumination is switched
off, the current drop takes place after few
seconds. This behavior agrees with that of
the photocurrent observed for the emerald-
ine form of polyaniline [6]. But the time to
attain the stationary photocurrent is much
longer (about 60 s). This long-time charac-
ter of the photocurrent increase and drop in
the heterostructure can be explained by the
effect of adhesion levels in the polyaniline
layer on the photoconductance. Taking into
account that the photoconductance is be-
lieved to be associated mainly with porous
silicon [7], the light absorption in PS can be
supposed to result in generation of electron-
hole pairs, a large amount of the latter is
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Fig. 3. Impedance dependences in darkness (a)
and under illumination (b) at —1 V voltage.

trapped by the adhesion levels in the poly-
aniline layer.

The measurements using the impedance
spectroscopy (IS) method were carried out
under application of sinusoidal oscillation
of -1 V amplitude at frequency being var-
ied from 10° to 1 Hz, in darkness and at
the sample illumination. Under illumina-
tion, the Nyquist diagram exhibits two
semicircles while in darkness, the system
shows a higher impedance and the second
semicircle is absent (Fig. 3).

The data presented shon the existence of
two barriers, the first one is in the poly-
mer/PS interphase, the second is the
PS/single crystal Si one. Without illumina-
tion, the resistance of the polymer/PS bar-
rier is higher than that of the PS/single
crystal Si one. Under illumination, the re-
sistance of the potential barrier between
PAN and PS is reduced considerably (from
370 kQ to 14 kQ), that can be related to
increase of the PAN layer specific resis-
tance due to increased fraction of reduced
PAN fragments [6].
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®oTOBOIBTAIYHI BJACTHBOCTI IeTEePOCTPYKTYPH
Ha OCHOBI MOPYBATOro KpPeMHiI0 i moJriaHiJiHy

II.Cmaxipa, O.Axcimenmovesa, 3.Muxumiwok, B.Yepnaxk

EjnekTpuuyHuii KOHTAKT MisX HOpyBaTHM KpPeMHieM 3 n-THOY NOpoBixHicTio 1 esneKTpo-
OPOBIZHMM IIOJiMepOM — IIOJMiaHIJIIHOM 3 HPOBIAHICTIO p-THUNY CTBOPEHO IIJIAXOM €JIEKT-
poximiunol mosimepmsarii aminimy Ha moBepxHi mopysaToro Kpemuimo. 3HaliieHo, IO TakKa
reTepoCTPyKTYypa geMoHcTpye Buupamiasioui [-V xapaxrepucturu. IIpu ocsitienni croc-
Tepirasocs 3HauHe MiABUINEHHS CTPYMY IIPH 3BOPOTHOMY 3MimmeHHi. POTOUYTINBICTE CTPYK-
TYPU IePEeBaXHO BU3HAYAETLCA ABOMAa Oap’epamu: iHTepdasoio moaiMep-mopyBaTuil KpeMHini
Ta IIOPYBATUN KPEMHIiM-MOHOKPUCTANIUHMNA KpPeMHili.
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