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Control of charge trapping in a photorefractive polymer

G. G. Malliaras, V. V. Krasnikov, H. J. Bolink, and G. Hadziioannou
Polymer Chemistry Department, Materials Science Centre, University of Groningen, Nijenborgh 4,
9747 AG Groningen, the Netherlands

(Received 30 September 1994; accepted for publication 13 December 1994

Modification of the trap density of the photorefractive polymer composite(pelymyl carbazole
(PVK), 2,4,7-trinitro-9-fluorenon€TNF) and N,N-diethylpara-nitroaniline (EPNA) was achieved

with the addition of 4tdiethylamingbenzaldehyde diphenylhydrazoti2EH). Measurements of the
response time, the phase shift and the amplitude of the photorefractive grating are
presented. ©1995 American Institute of Physics.

The observation of the photorefractive effect in an or-been described in Ref. 10. DEH was prepared by condensa-
ganic crystadl and later in a polymef,created an alternative tion of 4-diethylaminobenzaldehyde with 1,1-diphenyl-
class of photorefractive materials. Apart from their processhydrazine. A master solution was prepared by dissolving 1.6
ability, organic materials offer a promising photorefractiveg PVK together with 0.624 g EPNA39% wt relative to
index change figure-of-merit®r/e, owing to the small dc  PVK) and 0.0016 g TNF0.1% wt relative to PVKin 20 ml
dielectric constant and reasonable linear electrooptic coef- chlorobenzene. All samples were prepared by adding differ-
ficient r and refractive indexn. Photorefractivity requires ent amounts of DEH to a portion of the same master solu-
charge generation, separation and trapping, together with tioon, in order to ensure that the relative concentration of
linear electrooptic respondePhotoconductivity in polymer EPNA and TNF in PVK as well as the amount of impurities
materials is quite well explored due to their application inwas exactly the same in all the samples. Five samples where
xerography. The electro-optic effect in polymers has alsgrepared, with DEH concentrations equal to 0, 0.18, 1.78,
been a subject of intense research interest, due to the poteB-89 and 19.74% wt relative to PVK. The DEH/carbazole
tial commercial exploitation of these materials in light modu-molar ratios were 0, 1/1000, 1/100, 1/20 and 1/9, respec-
lators and switches. tively. The average thickness of the samples wasBum.

In contrast with photoconductivity and electrooptic re- The necessary electric field was applied on the polymer
sponse, the process of charge trapping in polymers is leddms during the experiments with a tungsten needle placed
well studied. By definition, trapping takes place at hoppingl.5 cm away from the samplécorona discharge For the
sites that require an energy substantially higher than the avneasurements of the amplitudeand the phase shifp of
erage energy to release the charge carriers. Thus, in a hdke photorefractive gratings, the two beam coupliggC)
transport polymer, the addition of a molecule with lower ion-method! was used. Gratings were written using two
ization potential than the hopping sites is expected to gived-polarized, mutually coherent HeNe beams with an inten-
rise to trapping. This has been observed in a solid solution o$ity of 600 mW/cni each, incident on the sample from the
N-isopropylcarbazol¢NIPC) in polycarbonate when adding ITO side with an external angle of 30 degrees. The sample
low  concentrations of  N,Ndiphenyl-N,N-bis(3-  was tilted 45 degrees to permit a component of the grating
methylpheny}-[1,1'-biphenyl-4,4 - diamine(TPD).* vector parallel to the external electric field. For the measure-

Holes, which is the mobile species in all photorefractivements of response time, one of the writing beams was
polymers that have been reported until today, are expected fgocked and the diffracted beam was monitored with a pho-
become trapped at impurities accidentally present in théodiode. Experimental details can be found in Ref. 9.
polymer? defects of the polymer backborieuch as chain Charge transport in PVK has been extensively studied in
ends,®” sensitize} and chromopho?emolecules, etc. Apart the pastfor a recent review see Chapter 8 of Ref).Ilrans-
from its fundamental interest, control of charge trapping hagort of holes, which is the mobile charge, takes place via
great technological importance: optimization of charge traphopping between localized energy levels, provided in the
ping might be the route towards long storage time and highpolymer by the carbazole unistep 1 of Fig. 1 Addition of
diffraction efficiency required for optical data storage appli-very small amounts of another hole transport molecule with a
cations.

In an effort to explore charge trapping in photorefractive
polymers, we have used the composite g&kyinyl carba-

zole) (PVK), 2,4,7-trinitro-9- fluorenongTNF) and N,N- DEH PVK
diethylpara-nitroaniline (EPNA), for which we have re- 4

cently reported photorefractivify.In this Letter we will 1 2 ﬁ—\s = = V
concentrate on the changes in the response time A S

and the phase shift of the photorefractive grating as a

func_tion O_f doping with . various amounts of FIG. 1. Hopping transport(1) via the high ionization potentiall {) com-
4-(diethylamingbenzaldehyde diphenylhydrazo(i@EH). pound; (2) trapping at sites of low,; (3) detrapping;(4) hopping via the
The preparation of the PVK:TNF:EPNA samples haslow I, compound.

1038 Appl. Phys. Lett. 66 (9), 27 February 1995 0003-6951/95/66(9)/1038/3/$6.00 © 1995 American Institute of Physics
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FIG. 2. Inverse erase time constant of the photorefractive grating as a fund1G. 3. Phase shift of the photorefractive grating as a function of the DEH
tion of the DEH concentration. The voltage on the needle was 10 kV and theoncentration. The voltage on the needle was 10 kV. The line is a guide to
intensity of the erasing beam, incident at 60° with the sample normalthe eye.

amounted to 600 mW/ctThe line is a guide to the eye.

ecules, for which the photorefractive gratings will exhibit the

lower ionization potential is expected to give rise to holeg|gwest erasure.
trapping(step 2 in Fig. 1. The holes will reside at the site of In order to get more insight into the influence of DEH on
these molecules, until an electron from a neighboring carbage charge trapping process, the phase shift of the photore-
zole unit gains statistically enough thermal energy to movEractive grating was measured as a function of DEH concen-
“uphill” to the site of the trap(step 3 in Fig. 1 tration. As can be seen in Fig. 3, it shows similar behavior

Further increase of the concentration of the moleculgyith +—1 The phase shift for the PVK: TNF:EPNA compos-
with lower ionization potential will create a new transport jte was measured to be 32 degrees. We have found that
pathway for holes, as hopping between two neighboring molyis value depends on the sample preparation procedure,
ecules will become possiblestep 4 of Fig. 1 The depen- prgpably due to impurities that can act as traps. As can be
dence of the macroscopic drift mobility on the concentrationseen in Fig. 3, it is very sensitive to additives: addition of as
of the additive is thus expected to show a sharp initial dejjttie as 1 DEH molecule every 1000 carbazole units causes a
crease due to trapping, reach a minimum and then to increag@eep decrease of the phase shift.
as a result of transport through the low ionization potential  The dependence of the phase shift on the DEH concen-
molecules. This behavior has been observed in the case ghtion can be understood according to the standard theory of
PVK doped with TPD In this study we have used DEH photorefractivity'® In the steady state regime, the phase shift

and it is therefore expected to show a more pronounced etie|q is ignored, is given by

fect.

In Fig. 2 the inverse erase time constant: under uni- p=arctanE,/E,), (1)
form illumination (600 mW/cn?) is plotted versus the DEH
concentration. A sharp decrease ©f! is observed as one whereE, is the projection of the external field along the
DEH molecule is introduced every 1000 carbazole units ingrating wave vector ané&, the saturation field, which is
the photorefractive composite. After reaching a minimumproportional to the density of traps. In the case of the PVK:
value of 0.21-0.02 sec?, ! increases, reaching a value of TNF:EPNA samples, the value of the phase shift implies that
8.0+0.6 sec for the sample with the highest DEH concen- the saturation field is already comparable to the external
tration. It should be mentioned that the decay of the gratindield, indicating the presence of an already substantial
shows biexponential behavior in the samples containingmount of traps. With the addition of DEH, the trap density
DEH. However, the fast component, from whieh* was  changes and this change can be directly probed with mea-
calculated, is responsible for more than 90 percent of theurement of the phase shift. As can be estimated from Fig. 3,
diffracted intensity and it decays at least an order of magnithe trap density increases initially, as DEH is added at small
tude faster than the slow component. amounts. When the concentration of DEH exceeds 1 per 100

This dependence of ! on DEH concentration is in carbazole units, the trap density decreases, as the DEH mol-
agreement with the above-mentioned arguments about tragcules begin to act as hole transport species instead of trap-
ping. Small amounts of DEH act as traps, decreasing thping centers. Furthermore, due to the lower ionization poten-
mobility of holes in PVK. Asr™ ! is proportional to the mo- tial of DEH compared to PVK, hopping through DEH is
bility, it follows the same trend. As the concentration of DEH expected to be less affected by trapping at impurities than
exceeds 1 per 100 carbazole units, DEH begins to contributkopping through PVK.
to charge transport and ! increases. From Fig. 2 it is clear According to the same theory, the amplitulg, of the
that there is an optimum concentration of the trapping molspace charge field depends also on the fatjoE;:
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shift. As can be seen in Fig. 4, the increase in diffraction
' " ' ' T ' T " ' efficiency with addition of DEH is not spectacular, due to the
] existence of an already substantial amount of traps in the

i i PVK:TNF:EPNA polymer.
| ] In conclusion, a change in trap density was demonstrated
i } d in the PVK: TNF:EPNA photorefractive polymer with the ad-

6 _ff _ dition of DEH. This change affected the response time, the
I ] phase shift and the amplitude of the photorefractive grating.
L It seems very interesting to continue the investigation to-

I ] wards the improvement of the performance of photorefrac-
2l i tive polymers by optimization of trap density.
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