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Photoconduction in Polysilane Film
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Abstract In this paper, we explore the kinetics of
dphotogeneration of carriers in PMPS films by measuring the

with and without Gg has been studied in terms of the carrierphOtOcondUCtlon as a function of the temperature and

. e - xciting energy using a sample configuration with coplanar
generation kinetics. The photoconductivity spectrum 01ilectrodes. We also investigate the case of PMPS films

polysilane has an onset coincident with the optical absorptioalo ed with G
edge and this photoconduction is not due to the hole creation P o
from excitons at electrodes but due to photogeneration of holes
in the disorder system or photogeneration of charged polarons.
The analysis of the disorder model successfully explains the zero  Polysilane of PMPS was synthesized by polymeriza-
temperature photoconductivity. Doping ofg@vell sensitizes tion of methylphenyldichlorosilane with sodium metal in
the photoconductivity of polysilane in the spectral region wheréoluene at about 110 °C in the usual manner. The molecular
Cgo has optical absorption. This sensitization is suppressed aeight was determined to be 130,000 by gel permeation
lower temperature. In a low temperature region holes accumahromatography using polystyrene for calibration. The
late by the photoexcitation of polysilane and the dark angolysilane films with thickness of 4Am were formed on
photoconductivities increase. The accumulated holes recombir@orning 7059 glass plates by a casting technique. The
with electrons in gy at temperatures higher than 130 K. fullerene doped films were also prepared in the same manner
) using the @g/polysilane mixture solution with the weight
Introduction ratio of 4%. Go powder used was prepared by dc arc
It is well known that the polysilanes are Organicdlschargoe using graphite electrqdes anc_i had the purity of at
. . - . 5 4 least 90%. Furthermore, the oriented films of PMPS were
materials with mobility as high as ocm?/Vs even in . . )
: S . ._prepared by mechanically stretching the films peeled off
unoriented filmst It is generally accepted that the carrier is :
! . . from the substrate. The coplanar electrodes of Al with a gap
hole and transports by hopping between sites which ar

segments consisting of 15 ~ 30 Si units separated each otlf?—lzfrloo um were formed on the films, and for the oriented

by kinks and/or other conformation defeét§he oriented m thgy were prepared t(.) measure the photocurrent along
: . . . the orientation. A sandwich structure of ITO transparent
film shows one order of magnitude higher mobility along . :
. ) . . ~electrode/ polysilane film (250 nm)/ Al electrode was also
the orientation and one order of magnitude less mobilit "
. . . . repared for the measurement of electric field dependence of
perpendicular to the orientation as compared with th

unoriented oné.A possibility to realize a mobility of the phOtOF?E(r)rteé)r::ténductivit measurements were performed with
order of 1 cr/Vs has been pointed out for the oriented y P

film.#4 This anisotropy is caused by the difference in the Xenon lamp as a light source for samples kept in a

. . . ) . temperature controlled cryostat. The applied electric field was
hopping distance between the intrachain hopping an L
. . ) 0* Vicm except for the measurement of electric field
interchain hopping.

The polysilane of poly(methylphenylsilane) (PMPS)dependence. The data were taken in a pointwise manner to

shows the photoconduction and the doping gf i6 PMPS aizgqur(:liI:trilgndlstortlon due to residual internal space charge
sensitizes the photoconductierf Cgq incorporated in the '

) . Photothermal deflection spectroscopy (PP 8jas
polysilane effectively accepts a photogenerated electron to . . S .
. : erformed to measure the optical absorption coefficient in
leave a hole in the polymer chain. It has been reported thgt ) . .
e subgap spectral region of the films. The deflection

PMPS shows the photocurrent spectrum with coincidence of ~ . : . .
. medium used was 1,4 butanediol which does not dissolve

onsets for photocurrent and absorption elgEhe vsil

measurement has been done for a sandwich structure B7”Y>"2"¢"

sample with a transparent electrode through which the

PMPS film is exposed to light. This result has been

explained by a model where the transparent electrode acts as Figure 1 shows the spectra of the normalized

an acceptor to extract electrons from excitériéowever, photoconductivityop/eG=nut and the optical absorption

this explanation is not conclusive. coefficient at room temperature for PMPS films with and

The photoconduction of poly(methylphenylsilane) dope

Experiment
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e REEEE A e energies higher than 3.7 eV is the same as the variation in
——PMPS the PMPS sample.

Figure 2 shows the temperature dependenag,/&G
measured for PMPS films. In this measurement the
spectrum (hv < 3.8 eV ) of xenon lamp with a filter was
used. However, the light intensity v > 3.6 eV is so
weak that light with 3.4 ~ 3.6 eV mainly contributes to the
photocurrent. The photoconductivity is observed even at a
' —oLPMPIS TTTTTTTTTTT low temperature of = 15 K and rises s.tee':ply at> 200 K.
——PMPS+Cg, However, it dec;reases at> 240 K. This is becausg of j[he
photodegradation of the sample. The dotted line is an
expected curve.

In the figure the curve for the oriented film of PMPS is

o (cm-1)

leG (cm?/V)
[
o
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101 ; )
also plotted. This measurement was done using rather weak
< : light to avoid the photodegradation of the film and then the
o2l data are scattered. The valueogfeG begins to rise at 100 K
15 2 25 3 35 4 which is lower than that for the unoriented film.
Photon energy (eV) Figure 3 shows the temperature dependence of lgark

photocurrent/, andop/eG measured for the §g doped
Figure 1. Spectra of optical absorptiow and normalized PMPS film on 3.54 eV excitation. At 15 K tligvalue is ~
photoconductivityo,/eG of PMPS films with and withoutsg 1014 A which is comparable to the noise level and t,_he
value is ten times higher than tiigvalue. The values df
without Ggo. Here G is the excitation rate per ¢émFor the and/p, both increase with increasing the temperature up to
PMPS film, the PDS measurement revealed the sharp bai@0 K. However, this is not a real temperature dependence.
tail with the Urbach energy of 40 meV and quite low We have confirmed that the dark and photocurrent increase to
absorption coefficients in a low energy spectral region, i. ébe respective saturated values with time even when the
low density of states (DOS) in the midgap. The p-sample is kept at a constant temperature of 77 K. At 130 K
hotoconductivity spectrum has two onsets: the low energthe /4 value begins to decrease and becomes the noise level
onset is corresponding to the absorption edge at ~3.3 et T > 200 K. On the other hand, ttig value reaches forty
and the high energy onset is higher than the absorption edgees higher than the, value atT > 200 K. The
by ~0.4 eV. Even at low photon energies less than theemperature dependence of the photocurrent in this
absorption edge, the photocurrent is able to be observed atamperature region is not thermally activated.
the calculation gives higlo,/eG values because of low _ _
absorption coefficient less than 10&m Discussion
The dc_)pmg of Go modified the absorpt.|0n spectrum of For the photoconductivity spectra in Fig. 1 the free
polysilane in a range less than 3.3 eV. It is obvious that the_ . ) .
) ) . Carrier generation at low photon energies less than the
high values ofyy/eG in the subgap spectral region are well . . :
: . ; - absorption edge of PMPS for two samples is not caused via
corresponding to the high absorption coefficient caused b

Ceo. The steep increase of the photoconductivity at photonXCiton formation. Its origin is impurities and defects for the

10-8 T T T T TT1TT] T T

—— Unoriented

| —— Oriented 109

[Eny
e
=

10-11

o lg(x 0.17 A)

I
[Eny
<

i
o

0,/eG (cm?/V)

[any [y
e <
= =
(9] \S]

10—12

10 100 300
Temperature (K) Temperature (K)

100 300

[Eny
<
i

0,/eG (cm?V)

=
o

Figure 2. Temperature dependence of normalized photoconduc-Figure 3. Temperature dependence of normalized photoconduc-
tivity o,/eG for oriented and unoriented PMPS films. tivity o,/eG for Cgg doped PMPS films.
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PMPS film. This generation process is denoted by (1) imumber of charges are photoexcited to the states higher than
Fig. 4. For the @Gg doped PMPS film, as denoted by (2)the DOS peak. According to the disorder models those
and (3) in Fig. 4, gp is photoexcited and subsequently ancharges easily become free from the electron-hole pairs.
electron transfers from polysilane tgdglo leave a hole in The value ofop/eG for the PMPS films is ~ 162
the polysilane. In Fig. 4 HOMO and LUMO ofggare cm?/V at T = 15 K where carriers cannot hop up in energy
assumed to form bands because the optical absorptidrecause of the lack of thermal energy. This value is close to
spectrum shows broad bands. the zero temperature photoconductivity estimated for

The corresponding of the low energy onset of thehydrogenated amorphous Si by the disorder mbdel.
photoconductivity with the absorption edge for the PMPS We will briefly review the disorder model for
film indicates that the excess photon energy (beingamorphous semiconductors. Let us consider an electron-hole
consumed to break excitons) is not required for causing frepair generated at or just below the mobility edge of an
carriers. However, since our samples have no sandwicimorphous semiconductor at= 0. The pair is generated
structure, the carrier generation process is not the case thptite close together because of the exponential decay their
the electrode abstracts electrons from migrating excitongverlap integral with distance. In the analysis the fate of one
This model was proposed based on the result taken from tledectron-hole pair is described assuming that the hole is fixed
samples of a sandwich structdre. in space. The electron can take part in two competing

Possible processes are a disorder model for molecularocesses: it can hop down in energy becau3e=of K to
material€ and a charged-polaron excitation mo#elin the  a nearest localized state of the tail at distaneih the rate
former the energetic disorder of hopping sites in the polymer
matrix lowers the dissociation energy of excitons to make  Va(r) =V, &xp(-2r/a) @)
free carriers. In the later, the lowest optical transition in ar it can recombine with the hole at a rate
one dimensional polymer is from the ground state to the o
relaxed excited state which is the coupling of electrons with V. (R) =7, exp(-2R/a) @
.d'Stort'an n the polymer.ba.ckbo'ne by the electron.-phonon here R is the electron-hole separation amadis the
interaction. This photoexcitation yields charged (positive an<¥v o . .

) . X ocalization radius of the electron. The prefactgris the

negative) polarons which promptly contribute to the

1012 ol : ; .
photocurrent. Our results are not enough to distinguisﬁ)ho.no.n frgqugncyo_ lOé s™andTo is the typical dipole
radiation life timetg=107° s.

which models are appropriate for PMPS. We will discuss It is clear from Egs. (1) and (2) that due to strong

later the generation process of free carriers based on anmﬁﬁ(requalityno >> 1471 diffusion dominates for the first steps.

semiconductord? It is noted that the concept adopted in thegfter each hop the average concentrgﬂon of accessible states
decreases and the distandesand r increase. The real

disorder model for the molecular materials is the same as In » L .
this model. competition between recombination and hopping starts only

The high energy onset of the photoconductivity for theaF R =R, whereR. = (alz)lg(VOTO) corresponding t(.) the
. . difference ofr - R at vy =v,. Thus, the geminate
PMPS film appears at photon energy ~0.4 eV higher than - oo G
. ) ecombination probability is small wheR < R; because
the absorption edge and the same onset is observed for t . . L .
. . o Iffusion dominates recombination. It reaches a maximum
Cgo doped PMPS film. This onset energy is higher than the _ h ith i h
eak energy of the absorption, indicating that the Iarg(ra1ear R_. R and then .dec.reases .W't mcrgasiﬁgT €
P ' nongeminate recombination which contributes to the
photoconductivity appears whéhbecomes about half the
average carrier separatiog /32 (> R;) whereng is the
steady state electron (or hole) concentration under the
generation raté&s at T=0 K. Assuming that the band tails
have the DOS with exponential distribution with the width
of €g, we have the expression of the normalized p-

hotoconductivity given by

o, ea
— = —In(vOTO)L ©)
eG 12¢

0

Vacuum level

whereL =ng1/3a and is the solution of the equation

-1
L= In[Gr a’l’In(v 1 ] 4)
Ceo PMPS ° (v.)
A reasonable choice of the parameters for amorphous Si
Figure 4. Scheme of photogeneration of carriers and gives Gp/eG:4X1012 cm2/V which is close to the

thermalization of trapped charge.
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experimental result of ~1% cm?/Vs. is suppressed at lower temperature. In a low temperature
For the PMPS we obtain £& cm2/V from Eq. (3)  region holes accumulate by the photoexcitaion of PMPS and

usingL~17 for G = 101%cmr3s'1 and the reasonable material the dark and photoconductivity increase. The accumulated

parametersa = 0.53 nm for a hole (less than the typicalholes recombine with electrons inggat temperatures

electron value of 1 nmkg= 0.04 eV determined from Fig. higher than 130 K.

1 andvgtg = 10%. Furthermore, this theory predicts that the
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