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Photovoltage phenomena in p@yphenylenevinylene(PPV) are investigated under pulsed laser
illumination. The photovoltage transients are strongly retarded in time depending on sample
thickness, laser intensity, and bias illumination. It is shown that the photovoltage in PPV originates
from separation of excess electrons and holes due to their concentration gradient and different
diffusion coefficientqdiffusion photovoltage The diffusion coefficient of excess holes is found to

be on the order of X 10 ® cn?/s and it increases with increasing excitation intensity and intensity

of bias illumination. The diffusion coefficient of excess electrons is about 1-2 orders of magnitude
smaller than for excess holes. @001 American Institute of PhysicgDOI: 10.1063/1.1355721

I. INTRODUCTION II. EXPERIMENT

Layered PPV films were prepared on indium—tin—oxide
(ITO) coated glass substrates by thermal conversion of a
soluble precursor as described in Ref. 4. Samples of three
thicknesses were fabricated: 90 ithin), 290 nm(medium,
and 780 nm(thick). The PV measurements were carried out
in a plate capacitor scheme. It consists of the PPV layer on

Organic molecular semiconductors as fgply
phenylenevinylene (PPV) are intensively investigated for
optical applications due to their high Iluminescence
efficiency!~ The transport of charge carriers is important
for the performance of light-emitting devices. For PPV, the

drift mobility of excess holes which was determined from they, o glass substrate with ITO, a 1an thick mica spacer and
tml%'Of'ﬂ'%htm(zTOF) meas-uremepjts is on the order of 5 gemitransparent Cr electrode evaporated on a quartz ho-
107°~10 > cnr/V's. The drift mobility of excess electrons is yogenizer. lllumination was performed through the quartz
much smaller as shown in transient electroluminescencgiy the Cr electrodéfront side illumination or through the
measurementSThe TOF method requires an application of gjass substrate with the ITO back contélsack side illumi-

bias electrical field without significant carriers injection. This patiory. PV transients were investigated on the time scale
complicates the TOF investigation and its interpretation Unpetween 1 ns and 0.01 s. Charging of the capacitor via the
der injection conditions. In this work we show that the dif- high resistance limits the measurements to times less than

fusion coefficients of excess holeB () and electrons@,)  RC=0.01s (Rload resistance 1G, C-capacitance of the
in PPV can be investigated by photovoltage measurementigeasurement structyre

even under injection condition as constant bias illumination. A N, laser(wavelengthx = 337 nm, pulse duration 4 ns,
The spatial separation of excess charge carriers caus@gaximal intensityl ,=300uJ/cnf) was used for the excita-

photovoltage(PV) which depends on carrier transport. The tion of PV transients. The respective absorption length is

photovoltage technique is a powerful tool for the investiga-about 10°cm™* for PPV. Therefore, the excess carriers

tion of the carrier lifetimé, surface potential,or surface were generated homogeneously in the thin sample while a

state distributiorf; " states in the forbiddéhgap in crystal-  strong gradient of excess carriers appeared in the thick

line semiconductors. The Maxwell relaxation timey) in  sample. A 1000 W Xe lamp with a quartz-prism monochro-

crystalline semiconductors at room temperature lies usuallynator is used for constant bias illumination.

in nanosecond-range. The well known processes of PV for-

mation by band flattening and so-called Dember PV due tdll. RESULTS AND DISCUSSION

different drift mobilities of excess electrons and holes are

yvell desgrlbgd for _the times larger thap " The value OfT_'V' for front (b) and backa) side illumination. The transients are
IS huge In dlele_ctncs, such as PPV. This should modity thestrongly retarded in time in comparison to the duration of the
trans!ent behavior of P\,/' We observed strpngl_y retarded F)\(aser pulse. This retardation differs from PV transients in
transients for PPV. It will be shown, that diffusion of excess ., entional semiconductd 13 where PV amplitude
electrons and holes with different diffusion coefficients isreaches a maximum within 100 ns after laser pulse action.
responsible for the formation of PV in PPV. The positive(negativé sign of PV under backfront) side
illumination corresponds to the faster propagation of positive
dElectronic mail: vduzhko@physik.tu-muenchen.de charge carriers in PPV. This means tbgt>D,, . Variations

Figure 1 shows typical PV transients of the thick sample

0021-8979/2001/89(8)/4410/3/$18.00 4410 © 2001 American Institute of Physics
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FIG. 1. Photovoltage transients of the thick san(@®0 nm thicknessat a

front (b) and back(@) side illumination. fore, computer simulations of PV transients which consider

diffusion and drift are necessary for the determinatio®gf
andD,.

of the absolute value of amplitude and time position of mini- ~ We solved numerically the one dimensional Poisson and
mum (maximun) is due to different illumination intensities continuity equations for electrons and holes. Diffusion and
(absorption by the Cr electrofle drift were taken into account. The dielectric constant of PPV

Figure 2 shows PV transients of the thin sample for frontwas taken as 4. Integration of the electrical field over the
and back side illumination. These transients are also strongfpickness of the sample gives the value of PV. Figure 3
retarded in time but of the same sign. We suppose that thehows a typical example for the influence®f andD, on
concentration gradient is a driving force for the separation oflifferent calculated PV transients. The valuet gfy is deter-
excess electrons and holes also for the thin sample. The comined by the faster component of the diffusive carriers, i.e.,
centration gradient appears due to the injection of holes int®p. The “width” of the transient(log—log scalg depends
the ITO (ITO/PPV is the ohmic contact for holesThe sign ~ sensitively on the rati®,/D,. The shapes and amplitudes
of this process is independent of front or back side illumina-of the calculated PV transients agree with the measured PV
tion. The time of maximum of PV transients,,) is about  transients(Figs. 1 and 2
one order shorter for the thin sample than for the thick one.  Figure 4a& shows PV transients for the thick sample
For the sample with medium thickness.y is betweert,,  (front side illumination at different excitation levels. The
of the thin and thick samples. As remark, the PV transientgncrease of the illumination intensity causes an increase of
of the sample with medium thickness depend very sensithe PV amplitude and a decrease tgf,,. The numerical
tively on the illumination condition due to the superposition simulation of PV transients at different excitation levels are
of diffusion and injection processes. given in Fig. 4b). The simulated PV transients show the

However, the dependence tf,, does not allow us to same tendency as the measured PV transients and the calcu-
determine directly the diffusion coefficient of excess chargdated PV amplitudes and values tf,, are satisfactory. This
carriers, since the change eof, with the change of charge
carriers concentration should be taken into account. There-
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FIG. 2. Photovoltage transients of the thin sam(@@ nm thicknessat front
and back side illumination.

FIG. 4. Measureda) and calculatedb) photovoltage transients of the thick
sample for different illumination intensities.
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nation. But one should increase the valuedgfand/orD,,
to achieve a good agreement between experiment and simu-
lation. This has a very important impact for device simula-

o &2 780 nm thickness

S e  no bias ilumination tions. Of course, a more sophisticated model can give full
é ©  bias illumination data sets foD, andD, in PPV under different conditions.
o {,,.=100 pliem’
g IV. CONCLUSION
v 12
g Finally, we showed that the PV method is a powerful
% °f tool for the investigation of charge carriers diffusion in PPV.
&t R D The values oD, andD,, are on the order of 10’ cn/s and
o b o2 10% e o constant level 107 7-10° 8crr12/s respectively, and increase at bias light il-

P o0t et of n=p=10"* om"® lumination. The investigation of the diffusion PV can be also

121 10™ photon/em® eesesesssssseseasscssssscsesse applicable to other materials with |arg®| .

010 5.0):10" 1v0>:103 1 5;103 2.0;10'“
Time (s) ACKNOWLEDGMENTS

FIG. 5. Measureda) and calculatedb) photovoltage transients of the thick Two aUthorS(V' Yu. T') and (VD) are grateful to the
sample for laser excitation with and without bias illumination. Alexander von Humboldt Foundation and Deutsche Fors-

chungsgemeinschatt, respectively, for financial support.

allows us to estimate the values fbr, andD,, (D, about 13 H. Burroughes, D. D. C. Bradley, A. R. Brown, R. N. Marks, K.

10 % cn?/s,D,, about 10 8- 1(T7cmZ/S) Mackoy, R. H. Friend, P. L. Burns, and A. B. Holmes, Nat(rendon
Figure 5a) compares PV transients without and with cw 22”;%%35:]90[) b C. Bradiey. J. H. Burroughes. R. H. Friend, N. C

bias light (\ =500 nm,| = 10 mW/cn). These transients are ¢ "M " o0 ' Hig’lmes and A graﬂ Appl. Phya. Let,

shown in a linear time scale. The calculated PV transients are793(1992.

plotted in Fig. %b). The bias illumination was introduced 3C Zhang, D. Braun, and A. J. Heeger, J. Appl. Ph#&.5177(1993.

into the model as a constant intrinsic concentration of elec- E- Lebedev, Th. Dittrich, V. Petrova-Koch, S. Karg, and W. tBng,
irons and holes. Appl Phys. Lett.71, 2686(1997.

S. Karg, dissertation A, Bayreuth, 1995.
The measured and calculated PV transients exhibit the@E 0. Johnson, J. Appl. Phy28, 1349(1957.

same tendencies with changes dfand bias illumination. 7E O. Johnson, Phys. Re11, 153 (1961.
Y. W. Lam, J. Phys. D4, 1370(1972.
Some differences can be nicely seen on the linear time SCalp"'K Heilig, Surf. Sci.44, 421(1974; K. Heilig, H. Flietner, and J. Reineke,
The most striking difference is that the calculated PV tran- ; ppys 'p12 927 (1979.
sients increase slower than the measured PV transients. TH8. Clabes and M. Henzler, Phys. Rev2B 625 (1980.
reason for this is that due to the dispersive nature of thélL Kronik and Y. Shapira, Surf. Sci. ReB7, 1 (1999.

transport the diffusion coefficients decrease in time. This was Thggg't"mh and H. Flietner, Mater. Res. Soc. Symp. Pre6g 581
not considered in our model. A second point is that also 13y vy, Timoshenko, E. A. Konstantinova, and Th. Dittrich, Semiccg).

decreases for the calculated PV transients under bias illumi-549 (1998.



