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STUDY OF PHOTOELECTRIC PROPERllIES IN !CHE SYSTBM 
INORGANIC SEMICONDUCTOR - LANGMUIR-BMDGE'J?!C FILM 

W.SAWIN, A.TOLMACHEV, I.KRAIN0V 
Inetitute for Single Crystals, Kharkov, Ukraine 

V.KOMASHCHENK0, A.MARCHENK0 
Inetitute of Semioonduotom, Kiev, Ukraine 

A b ~ t m o t  Effeot Of multilayem of amphiphilio 

rio aoid upon the speotral dependenoe of the Si photo- 
eeneitive diode with p-n junotion is dieoussed. 

viologen, oyanhe dyes, and stea- 

Monomoleoular Langmir-Blodgett films and their -0- 

tional ensembles are of great interest for moleoular eleo- 
tronios, nano- and bioteohnologies, eleotronio devioes of 
new generat ions. 

One of the promising ways is to obtain LB film6 on 
different semioonduotor and metal substrates, inoluding SIS 
and MIS struotures. M a n y  papere oomider photoeleotrio pro- 
perties of the struoture ttinorganio semioonduotor - LangpR1- 
ir-Blodgett filmtt, e.g.,effeot of monolayers on the Sohot- 
tb barrier height in CdTe and on the swfaoe po- 
tential in GaP3, on the optioal semitieation of the photo- 
effeot in w.4. 

In this paper we studied effeots of LB film6 of a nun- 
ber of amphiphilio oompounds with different donor and ao- 
oeptor properties upon the photoourrent in the silioon pho- 
toaeneitive diode. 

Photoeleotrio mea6urementa were olvlried out on a hete- 
roatruoture of single orgetallhe eilioon with p-n junotion 
and n-base. The faoe side of the photoseneitive diode was a 
p-type layer, 0.4 p n  thiok, with oarrier oonoentration 
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134/[674] Y. SAVVIN ET AL. 

2*1019 The base layer is of n-type, 320 p n  thiok, 
with oarrier oonoentration 1.2 10’ om-3. Multilayem of 
different amphiphilio oompound~ were deposited onto the 
8urfaoe of the diode: steario aoid (I), viologen (A) - an 
aooeptor, oyanine dye (S) - a apeotral semitizer, triphe- 
nylmethane dye (D) - a donor. As a 13Ubphase we w e d  CdC12 
solution (2.5 10-4 M) f o r  surfaoe monolayers stabilization 
in the twioe distilled water, pH=6.2. Solution6 of the 

above-mentioned subatanoes in hexane and ohloroform were 
spread onto the 6ubphase surfaoe. Studies of 7C - A iso- 
t h e m  have shown that LB film6 of good quality oould be 
formed at surfaoe pressure13 25 - 35 mN/m. !Cran5fer effi- 
oienoy both on dipping and pull- out of the subphase was 
olose to unity. After olean- by organio solvents, 5 mono- 
layers of the oorreeponding 8UbstanOes were deposited onto 
the Si m f a o e ,  forming a Y-type multistruoture. 

oarried out wing a MDR-12 monoohmmator. The total radia- 
tion energy of the light souroe was 150 W/m . Measurements 
were oarried out in the short oirouit ourrent regime. To 
make data analysis more oonvenient , experimental dependen- 
oies of the photoourrent on wavelength I(h) were oonverted 
into the form (I*@) - I(h))/I(h) = AI(A)/I(A), where I*(h) 
and I(h) are photoourrenta, respeotively, with and without 
LB-film on the diode surfaoe. 

On F Q . 1  AI(h)/I(h) dependenoies f o r  the gubstanoes 
studied are presented. For LB(1) AI/I is nearly zero in all 
speotral region, exoept short wavelength region. For LB(A) 
AI/I ohanges its sign: in the region h<400 nm AI/I<O, while 
at h>400 nm AI/I>O. For LB(S) and LB(D) the oharaoter of 
AI(h)/I(h) is similar to that of LB(A), exoept f o r  the oen- 
lira1 part of the speotrum, where a vvgapvv is observed. This 
gap is evidently oawed by light absorption in the dye mul- 
t ilayers . 

Analysis of the experimental data within a framework 
of the Garrett-Brattah t h e o d  f o r  the initial model (pho- 
tosensitive diode with p-n junotion, thiOkne8s of the faoe 

Speotral dependenoies of the photodiode ourrent were 
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FIGURE 1. !Phe speotral dependenoies AI(h)/I(h) of pho- 
tosensitive diode with LB film of steario aoid (V), violo- 
fen ( X I ,  triphenylmethane dye (A), oyanine dye with oonoen- 
ration (mo1.S): 5 ( O ) ,  25 (t), 100 ( 0 )  in the steaio aoid 
matrix. 

layer W muoh lower than the diffusion length L of the ex- 
t r h i o  oarriem, the oase of low injeotion level) leads to 
an expression for AI(h) depending both on bulk and surfaoe 
properties of the semioonduotor. 

Let IJE a~sume that as a result of the adsorption of 
the monolayer moleoulea the surfaoe reoombination rate Si 
on the illuminated surfaoe 56 ohanged. In this oase, aooor- 
ding to we obtain 

for uW * 1 
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136/[676] Y. SAVVIN ET AL. 

A S W  -.- s Ds’ AI/I 1~ 

for UW rn 1 
ASWS -.- 

AI/I a {4,D I 

at W a D/S, 

at W s D/S, 

at W a D/S, 

at W B D/S, 

where U is the absorption ooeffioient, S is 
oombh-tion rate, D is the diffusion ooeffioient of the 
extrineio oarriers in Si. 

It follows from expressions (1) and (2) that both in 
the long- and short-wavelength parts of the speotrum AI/I > 
0 af-ter the ohange 
AI/I < 0, if AS > 
data. 

Brattah theory oan 

7 As shorn in , 

in aurfaoe properties , if AS < 0, and 
0, whioh is oontrary to experimental 

the validity oonditione of the Garret- 
be violated for a number of eemioonduo- 

t o m  inoluding Si, due, in partioular, to the high aurfaoe 
reoombhtion rate. This implies the neoessity of 
aooounting for the effeots of the spaoe-oharge region upon 
non-equilibrium prooessea in the 6urfaoe-adjaoent region. 
Skipping the exaot oaloulatione, the qualitative pioture of 
the behavior of AI/I at low and high U values is the follo- 
wing: f o r  UW s 1 AI/I has the same form a6 (2), and for uW 
s 1 (la) and (Ib) ~hould be multiplied by (I-SLf(z))-’, 
where f(z) is funotion dependent upon the eurfaoe bending 
of the bands, the diffusion ooeffioienta and oonoentratione 
of non-equilibrium oharge oarriers, the dietanoe from the 
surfaoe to the border of the spaoe-oharge region, and the 
quadneutral vo-lume. If S < (Lf (z) )-I the AI/I dependenoe 
is similar in o m o t e r  to (1 ): however, if S > (Lf (z) )-I, 
AI/I ohanges sign in (1 ) . 

It follows that experimental data are in qualitative 
agreement with the theory, if the eurfaoe reoombhtion 
rate in Si exoeedt3 the oritioal value (Lf (a) )-I. 
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STUDY OF PHOTOELECTRIC PROPERTIES [677]/137 

It is known6 that at the Si - Si02 phase boundary 
( themooxidated silioon) rapid m f a o e  state6 are looali- 
zed, whioh determine the surfaoe reoombhation rate in Si. 
At the Si-Si02 / air phase boundary the slow Burfaoe stat- 
es are looalieed, being of adsorption nature and 
responerible fo r  the bending of band8 . 

Let the Si-Si02 surfaoe potential be ohgnged by 
AeCp/lQ!a a1 due to adsorption of the monolayere. Then we ob- 
tain from the Steven-Keyea ionmila for S 

with the sign of AS/S depending on the initial value of the 
surfaoe potential without the LB-film. AS6Uming that after a 
standard ohemioal prooessing of the p-type Si surfaoe the 
bendhg of bands ia negative (aooumulation), we find from 
(3) and the experimental AI/I dependenoe that Aq >O. Thu, 
as a regult of monolayer adeorption f o r  the oompounds (A), 
(S), (D) the exhaustion regime is realieed. 

It follows from Fig.1 that AI/I does not depend upon 
whether rmrltilayers on the eilioon Burfaoe are formed by do- 
nor or aooeptor moleoules, but depends upon magnitude of the 
moleoular dipole moment. For the eolution of (S) in (I) it 
was found in 'the LB film6 that on inoreasing the oonoentra- 
tion of (5) AI/I reaohes maximum at 2596, and then b e g h  to 
deorease. From these data it oan be a66umed that in the mo- 
nolayers with oriented adsorption of moleoules with large 
dipole momenta the m f a o e  bendhg of bands is deoisively 
affeoted not by donor or aooeptor nature of the moleoules, 
but by the magnitude and orientation of their dipole mo- 
ment B . 

8 

AS/S N A<p, (3  1 
6 
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