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STUDY OF PHOTOELECTRIC PROPERTIES IN THE SYSTEM
INORGANIC SEMICONDUCTOR - LANGMUIR-BLODGETT FIIM

YU.SAVVIN, A.TOIMACHEV, I.KRAINOV
Institute for Single Crystals, Kharkov, Ukraine

V.KOMASHCHENKO, A.MARCHENKO
Institute of Semiconductors, Kiev, Ukraine

Abstract Effect of ir multilayers of amphiphilio
viologen, oyanine and triphenylmethane dyes, and stea-
rioc acid upon the Bpectral dependence of the Si photo-
pensitive diode with p—n Jjunotion is discussed.

Monomoleocular Langmuir-Blodgett films and their funo-
tional ensembles are of great interest for moleocular eleo-
tronios, nano- and biotechnologies, electronic devioes of
new generations.

One of the promising ways is to obtain IB films on
different semiconductor and metal substrates, inoluding SIS
and MIS struoctures. Many papers oonsider photoeleotric pro-
perties of the struoture "inorganic semiconduotor - Langmu-
ir-Blodgett film", e.g.,effect of monolayers on the Schot-
tky barrier height in CdTe and Gza.P‘"2 , on the surface po-
tential in GaPB, on the optioal sensitization of the photo-
effeot in AgBr4;

In this paper we studied effeots of IB films of a num-
ber of amphiphilic oompounds with different donor and ac-—
ceptor properties upon the photocurrent in the silicon pho-
tosensitive diode.

Photoeleotric measurements were carried out on a hete-
rostructure of single orystalline silicon with p-n junotion
and n-base. The faoce side of the photosensitive diode was a
p-type layer, 0.4 pum thick, with oarrier ooncentration
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2.10'9 om™>. The base layer is of n-type, 320 um thiok,
with oarrier oconcentration 1.2~‘IO16 om 3. Multilayers of
different amphiphilic oompounde were deposited onto the
surface of the diode: stearic acid (I), vioclogen (A) - an
acoeptor, oyanine dye (S) - a spectral sensitizer, triphe-
nylmethane dye (D) - a donor. AB a subphase we used Cd(.‘,l2
solution (2.5 1074 M) for surface monolayers stabilization
in the twice distilled water, pH=6.2. Solutions of the
above-mentioned sBubstances in hexane and ohloroform were
spread onto the subphase surface. Studies of T - A iso-
therms have shown that LB films of good quality oould be
formed at surface pressures 25 - 35 mN/m. Transfer effi-
cienoy both on dipping and pulling out of the subphase was
close to unity. After cleaning by organic solvents, 5 mono-
layers of the ocorresponding subetances were deposited onto
the Si surface, forming a Y-type multistruoture.

Spectral dependencies of the photodiode ourrent were
carried out using a MDR-12 monochromator. The total radia-
tion energy of the light source was 150 W/m®. Measurements
were oarried out in the short ocirouit ourrent regime. To
make data analysis more oonvenient, experimental dependen-
oies of the photoourrent on wavelength I(A) were converted
into the form (I'(A) - I(A))/I(A) = AI(A)/I(A), where I'(A)
and I(A) are photoourrents, respectively, with and without
IB~-film on the diode surface.

On Pig.1 AI(A)/I(A) dependenoies for the substanoces
studied are presented. For IB(I) AI/I is nearly zero in all
Bpeotral region, except short wavelength region. For LB(A)
AI/I ohanges its sign: in the region A<400 nm AI/I<O, while
at A>400 nm AI/I>0. Por IB(S) and ILB(D) the charaocter of
AI(A)/I(A) iB similar to that of LB(A), exoept for the cen-
tral part of the spectrum, where a "gap" iB obeerved. This
gap is evidently caused by light absorption in the dye mul-
tilayers.

Analysis of the experimental data within a framework
of the Garrett-Brattain theory5 for the initial model (pho-
tosensitive diode with p-n junotion, thicknese of the face
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PIGURE 1. The speotral dependencies AI(A)/I(A) of pho-
tosensitive diode with IB films of stearioc acid (v), wviolo-
%en (x), triphenylmethane dye (A), oyanine dye with ooncen-

ration (mol.%): 5 (®), 25 (+), 100 (@) in the stearic aocid
matrix.

layer W much lower than the diffusion length L of the ex-
trinsio ocarriers, the ocase of low injeotion level) leads to
an expression for AI(A) depending both on bulk and surfaoe
properties of the semiconduotor.

Let us assume that as a result of the adsorption of
the monolayer moleocules the surfaoce recombination rate Si
on the illuminated surface is changed. In thie ocase, acocor-
ding to 6 we obtain

for OW « 1



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:55 18 February 2013

136/[676] Y. SAVVIN ET AL.

N

A/ *—;‘—g-.'gﬁ, at W « D/S, (12)
5= at W » D/S, (1b)

for aW » 1

AT - :%E-bﬂ, at W « /S, (23)
-3, at W » D/S, (2b)

where 0 is the absorption coefficient, S is the surface re-
combina-tion rate, D is the diffusion ocoeffiocient of the
extrinsic carriers in Si.

It follows from expressions (1) and (2) that both in
the long- and short-wavelength parts of the spectrum AI/I >
0 af-ter the change in surface properties , if AS < 0, and
AI/I < 0, if AS > 0O, which is oontrary to experimental
data.

As shown in 7, the validity oconditions of the Garret-
Brattain theory can be violated for a number of semioconduo-
tors including Si, due, in particular, to the high surface
recombination rate. This implies +the necessity of
acoounting for the effeots of the space-charge region upon
non-equilibrium processes in the surface-adjacent region.
Skipping the exaoct caloculations, the qualitative picture of
the behavior of AI/I at low and high a values is the follo-
wing: for aW » 1 AI/I has the same form as (2), and for aW
« 1 (1a) and (1b) should be multiplied by (1-SLf(z)) ",
where f(z) is funoction dependent upon the surface bending
of the bands, the diffusion coeffioients and concentrations
of non-equilibrium charge oarriers, the distance from the
surface to the border of the space-charge region, and the
quasineutral vo-lume. If S < (If (zz.))"1 the AI/I dependence
is similar in oharacter to (1): however, if S > (Lf(z))'1,
AI/I changes sign in (1).

It follows that experimental data are in qualitative
agreement with the theory, if the surface recombination
rate in 8i exoceeds the oritical value (Lf (z))—1.
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It is lmown6 that at the Si - S:’.O2 phase boundary
(thermooxidated silioon) rapid surface states are loocali-
zed, which determine the surface recombination rate in Si.
At the S:i.—SiO2 / air phase boundary the Blow surface stat-
e8 are localized, being of adsorption nature and
responsible for the bending of bands .

Let the SJ’.—S:i.O2 surface potential be ochanged by
Ae@/kT« «1 due to adsorption of the monolayers. Then we ob-
tain from the Steven-Keyes formula for S 8

AS/S ~ AQ, (3)
with the sign 91’ AS/8 depending on the initial value of the
surface potential without the ILB-film. Assuming that after a
standard ohemiocal proocessing of the p-type Si Burfaoce the
bending of bands is negative (acocumulation), we find from
(3) and the experimental AI/I dependence that A¢ >0. Thus,
ag a result of monolayer adsorption for the ocompounds (4),
(8), (D) the exhaustion regime is realized.

It follows from Fig.1 that AI/I does not depend upon
whether multilayers on the siliocon surface are formed by do-
nor or acoeptor molecules, but depends upon magnitude of the
molecular dipole moment. For the solution of (8) in (I) it
was found in the LB films that on inoreasing the oconcentra-
tion of (S) AI/I reaches maximum at 25%, and then begings to
deorease. Prom these data it oan be assumed that in the mo-
nolayers with oriented adsorption of molecules with large
dipole moments the surface bending of bands is decisively
affeoted not by donor or acceptor nature of the molecules,
but by the magnitude and orientation of their dipole mo-
ments.
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