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Abstract

The photodegradation of pyrromethene ®lms, neat and polymer-dispersed, is investigated by measuring the relative photocarrier yield as

a function of accumulated 532 mm laser pulses. The rate of reduction in photocarrier production is compared for samples irradiated in the

absence and presence of an electric ®eld by utilizing a delayed-photocurrent collection method. Higher bias resulted in higher photocarrier

reduction rates: ®eld-enhanced photodegradation. We report the result for polymer-dispersed pyrromethene mixed with dimethylbenzo-

quinone (electron acceptor) or triphenylamine (electron donor) and vacuum deposited samples. The photocarrier reduction is correlated

with the appearance of dark spots, as con®rmed by optical microscopy. For these samples, the photocarrier reduction is attributed to

intrinsic degrading reaction of dye ions resulting from the optical excitation in the presence of strong electric ®elds. # 1999 Elsevier

Science S.A. All rights reserved.
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1. Introduction

There is a resurgence of interest in organic photoconduc-

tors for their potential application in light emitting diodes

(LEDs),photodetectors,solarcells,andopticalswitches[1±7].

Organic semiconductors are attractive as noted by high solu-

bility, chemical and physical stability, and polymerizability.

These qualities make such materials appealing from a

processing standpoint for utilization in device fabrication.

Organic and polymer materials with sensitive optical and elec-

tronic response present a very promising alternative to the

conventional optoelectronic materials. The concept of `plastic

optoelectronics' is very novel and has great future potential.

Limited photostability, however, still poses a problem for

many organic photoconductors [8±13]. Recently, the photo-

oxidative stability of poly-[2-methoxy,5-(20-ethylhexy-

loxy)-p-phenylenevinylene] (MEH-PPV), an organic photo-

conductor sensitive to visible light, was explored as a

function of buckminsterfullerene (C60) doping [8]. In those

studies, the absorbance at 540 nm was measured as a func-

tion of Ar� laser (514.5 nm) irradiation time. The addition of

C60 to MEH-PPV decreased the photo decay rate, stabilizing

the MEH-PPV against photo-oxidation. Similar MEH-PPV

photostability studies measuring a reduction of photolumi-

nescence with irradiation time have been carried out by

Radousky et al. [9]. Such a study showed the photolumines-

cence reduction rate for samples prepared and irradiated in

an oxygen environment exceeded that of samples prepared

and measured in an oxygen-free environment. Thus, once

again the decrease in the decay rate of an observable

(photoluminescence in this case) was attributed to photo-

oxidative stability.

In a previous investigation, we determined that pyrro-

methene dyes, commonly used laser dyes, have potential as

visible light photoconductors [2]. The photoconductivity of

polymer ®lms doped with these pyrromethene dyes

increased upon doping with triphenylamine, a good electron

donor. The photoconductivity of pyrromethene/polymer

®lms decreased with laser irradiation time (the number of

laser pulses). It was noted that the photocarrier reduction

rate for triphenylamine doped samples was less than that for

undoped samples. However, the study was somewhat com-

plicated in that the laser irradiation occurred during the
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presence of an applied electric ®eld, making it dif®cult to

determine the effect of the electric ®eld on the photocarrier

reduction.

In this paper, we report the photocarrier reduction of

pyrromethene dyes in the presence and absence of an

electric ®eld during laser irradiation by varying the delay

time between the laser pulse and the collection ®eld. The

higher photocarrier reduction rate for samples irradiated

during the applied ®eld is explained by an intrinsic photo-

degradation process. The photocarrier reduction was also

investigated for various compositions by examining ®lms

composed of pyrromethene doped polymers and donor/

acceptor dopants, as well as vacuum deposited pure pyrro-

methene ®lms in an ambient atmosphere. Polymer-dispersed

pyrromethene/triphenylamine ®lms were also investigated

under vacuum in order to determine the photodegradation

mechanism for this previously determined promising mix-

ture [2]. The rest of the paper is organized as following:

Section 2 discusses the experimental details while Section 3

includes results and discussion. Finally, in Section 4, the

main results are summarized.

2. Experimental

2.1. Sample preparation

Preparation of 1,3,5,7,8-pentamethyl-2,6-diethylpyrro-

methene-di¯uoroborate complex (PM-567) polymer ®lms

is discussed in a prior report [2]. Pyrromethene dye/polymer

solutions were spin coated onto silicon oxide/indium±tin-

oxide coated substrates. The prepared ®lms contained dif-

ferent solid-state concentrations of additive and PM-567.

The aim was not to quantitatively compare PM-567/DMBQ/

PMMA ®lms with PM-567/TPA/PMMA ®lms, but to obtain

a qualitative evidence of photocarrier dynamics or behavior.

Neat PM-567 ®lms were also prepared by vacuum deposi-

tion onto the SiOx/ITO coated substrate at a pressure of

�10ÿ6 Torr. In various samples, thickness varied from

0.4 mm for vacuum deposited ®lms to 1.2 mm for spin coated

polymer ®lms. Finally, aluminium thin layers were vacuum

deposited at 10ÿ6 Torr to serve as current collection and

biasing electrodes.

2.2. Photocurrent measurements

The samples were excited by the second harmonic of a

Nd-YAG laser (532 nm, 5 ns, 3 Hz, 2.5 mJ/pulse). Collec-

tion ®elds were formed by applying a positive bias to the

ITO electrode (anode) such that hole currents were collected

at the aluminium cathode. For the experiments conducted

with zero bias, a collection ®eld exceeding saturation was

applied after delay time �t � 100±200 ns, relative to the

laser pulse (Fig. 1 (a)). For nonzero bias measurements

(�t < 0), the collection ®eld was applied prior to laser

excitation with adequate duration such that the laser pulse

occurs in the middle of the electric ®eld pulse duration

(Fig. 1 (b)). In these measurements, the applied voltage acts

as both bias and collection ®eld. The magnitude of the

collection ®eld is obtained from the asymptotic region of

the photocurrent versus ®eld plots (saturation), ensuring the

collection of all free carriers. Collection ®elds varied from

0.7±1.2 MV cmÿ1 for the polymer dispersed samples and

1.90 MV cmÿ1 for the vacuum deposited samples. These

extremely high bias collection ®elds are consistent with

those utilized in xerography studies and result in signi®cant

decay within a reasonable number of laser pulses.

The laser ¯uence was varied from 12 to 31 mJ cmÿ2,

respectively, for the above samples. The resulting photo-

current traverses a 50 
 resistor yielding a transient voltage,

captured by a digital oscilloscope (LeCroy 9250) and stored

in a personal computer. The experiment is repeated with the

laster beam blocked to obtain a background signal. A net

transient signal is obtained from the difference of the two

signals. A time-integrated signal provides a net charge,

which is the photoresponse. The photocarrier reduction rate

is simply a derivative of the photoresponse with respect to

the number of laser pulses.

Fig. 1. Timing scheme for (a) delayed, and (b) non-delayed photocarrier

measurements.
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2.3. Microscopic analysis

For the PM-567/TPA/PMMA samples, investigation were

carried out to probe optical damage for both delayed and

non-delayed experiments using microscopy. A stronger laser

¯uence (36 kJ cmÿ2) was employed to accelerate the photo-

degradation, allowing it to be visually conspicuous after

3600 laser pulses. Micrographs were taken with an Olympus

BH-2 microscope at 200� magni®cation.

3. Results and discussion

3.1. Photocarrier reduction

3.1.1. Delayed versus non-delayed collection fields

Fig. 2 (a±c) shows photocurrent plots as a function of

accumulated laser pulses for PM-567/TPA/PMMA, PM-

567/DMBQ/PMMA and vacuum deposited PM-567 sam-

ples, respectively, in an ambient air atmosphere. The TPA

doped sample in Fig. 2 (a) shows a �30% photocurrent

decrease for the biased sample and a �5% decrease for the

unbiased sample after 4500 pulses. The photoresponse was

normalized to unity and shifted arbitrarily, so as to offset it

from the other samples for presentation clarity. The DMBQ

sample in Fig. 2 (b) shows a larger disparity between the

biased and unbiased samples after only 3000 pulses: �55%

and �5% decrease, respectively. In order to determine

whether the observed photodegradation required a polymer

matrix, vacuum deposited samples were also irradiated and

exhibited similar behavior (Fig. 2 (c)), i.e. faster photocar-

rier reduction in the biased samples. Thus, the pool of

possible species responsible for this ®eld-enhanced photo-

degradation may be restricted to the dye, the metal electrode,

and possible ambient oxygen. In all samples, the delayed-

®eld (zero bias) photocarrier reduction is noticeably lower

than the non-delayed (biased) photocarrier reduction. All

three samples differed in dye and/or additive concentration,

electric ®eld strength, and laser ¯uence. Thus, a quantitative

cross comparison is not possible. These experiments were

conducted primarily to determine if a detectable difference

in photocarrier reduction rates exists between the samples

irradiated in the presence (non-delay) and absence (delay) of

an electric ®eld.

Why does the presence of an electric ®eld during irradia-

tion increase the photocarrier reduction rate? One possibility

is that biased irradiation leads to an increase in free dye-ions

that destructively react with dye molecules (D). Of the dye-

ions produced, a certain fraction will undergo recombination

and energy relaxation to regenerate the ground state species,

while another fraction will undergo dye destruction reac-

tions. Thus in all ®lms including neat PM-567 ®lms, the

following mechanism may be operative:

1D� hv! 1D� (1)

1D� ! 3D� (2)

3D� � D! �D�� � D
�ÿ� (3)

�D�� � D
�ÿ� ! D

�� � D
�ÿ (4)

D
�� � D! products (5)

D
�ÿ � D! products (6)

In the above reaction scheme, the presence of the ®eld

leads to dye polarization, increasing in rate constant of

reaction (3) via lowering the activation barrier for ion

encounter complex [D
���D

�ÿ] formation. In the non-

delayed collection ®eld, reaction (3) proceeds much faster

than the recombination reaction 3D� D! 2D resulting in a

high yield for the ion encounter complex. In the delayed

collection ®eld, the recombination reaction may more effec-

tively compete with reaction (3) during the �t time delay

since no ®eld is applied during this time. This would serve to

reduce the ion encounter complex yield relative to that of the

non-delayed case. This consequently leads to a greater

number of destructive ion-molecule reactions Eqs. (5) and

(6) for non-delayed collection ®elds. Note that reactions

between a molecule and its corresponding ion (A � A�/ÿ

! products) may yield new products in contrast to simple

charge transport, i.e. H2
� � H2! H3

� � H and CH3F�

CH3F! CH3FH� � CH2F [14]. Reaction (5) has been

postulated for the fading of rhodamine dyes [15]. The

increase of electrons and holes in the non-delayed compared

to the delayed case may lead to more effective crystal-

lization. This, is turn, may adversely affect the photocarrier

generation ef®ciency. Such is the case for amorphous sele-

nium, in which the photocrystallization has been attributed

to hole-electron production, resulting in a change in photo-

conductivity [16]. Thus, perhaps it is the increase in the

initial ion encounter complex yield and the subsequent

Fig. 2. Photocarrier reduction rate comparison with delayed (circle) and non-

delayed (triangle) field collection under high laser fluence. (a) PM-567/TPA/

PMMA (E � 0.91 MV cmÿ1, fluence � 15 mJ cmÿ2, l � 1.07 mm), sample

(b) PM-567/DMBQ/PMMA sample (E � 0.70 MV cmÿ1, fluence �
13 mJ cmÿ2, l �1.15 mm), (c) PM-567 vacuum deposited sample

(E � 1.9 MV cmÿ1, fluence � 31 mJ cmÿ2, l � 0.41 mm).
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increase in dye-ions that undergo destructive reaction and/or

crystallization that give rise to an increase in the dye

photodegradation rate upon irradiation under an applied

bias.

Unfortunately, the signal-to-noise (S/N) ratio of the

delayed ®eld collection experiments for the polymer sam-

ples is much lower than the non-delayed case. There is some

ambiguity concerning whether the delayed photocurrent is

stable or falling at a very slow rate. However, there is an

improvement in the S/N ratio for the vacuum deposited

samples for both the non-delayed and delayed ®eld experi-

ments. In these samples, a nonzero decay in the photocurrent

is observed in the delayed measurements with increasing

number of laser pulses. Thus, even in the absence of an

applied ®eld, photodegradation occurs at all levels of laser

¯uence employed.

3.1.2. Comparison to solid state dye laser

photodegradation studies

The photocarrier generation decay observed in this inves-

tigation may be compared to photostability studies of PM-

567 solid state dye lasers [17±19]. In those studies, a

cylindrical rod of `polymer dispersed PM-567' was side-

pumped by the second harmonic of a Nd-YAG laser

(532 nm). The ef®ciency of the lasing output was measured

as a function of accumulated laser pulses. The ef®ciency

decreased with accumulated laser pulses, with higher decay

rates corresponding to higher pump laser input ¯uence.

Some steps have been taken to increase the stability of

solid state dye laser. For example, Rahn and coworkers [19]

enhanced the photostability of PM-567 solutions and solid

®lms by removing singlet oxygen. This was accomplished

by evacuating the cell or by the addition of sodium azide, a

known quencher the singlet oxygen. Such photostabilization

would be effective if the primary mechanism for the

observed photodegradation is oxidation via a singlet oxygen.

Costela et al. [20] have improved the photostability of

rhodamine 6G (Rh6G) by the addition of n-propyl-1,8-

naphthalimide (NI). N-Propyl-1,8-naphtalimide is a good

triplet acceptor relative to Rh6G dye. Adding NI to Rh6G in

solution or chemically modifying Rh6G such that it is

covalently bonded to NI, led to increased photostability.

This was attributed to energy relaxation of 3Rh6G� by 1NI,

precluding the reaction of 3Rh6G�.
Dyumaev et al. [21] stabilized xanthene dyes (i.e. Rh6G)

dispersed in PMMA by adding low-molecular additives

(LMAs) such as ethanol and ether. The LMAs are believed

to hamper formation of polymer macroradicals undergoing

vibrational resonant energy transfer with the polymer

macromolecule. For our non-delayed measurements

(bias > 0), addition of an ef®cient energy transfer agent

may not be as effective because the presence of a large

electric ®eld may ensure that electron transfer is the domi-

nant process. Perhaps for the delayed collection ®eld studies,

addition of an energy transfer agent may lead to increased

photostability, however, the question remains as to how this

would affect CT state formation and subsequent dissocia-

tion.

In this study, PM-567 aggregates are directly observed via

microscopy and the photodegradation rates in zero ®eld

(delayed-collection ®eld data in Fig. 2) are higher than

photodegradation rates of molecularly dispersed (solvated)

pyrromethene dyes present in solid state dye lasers [14]. The

presence of aggregates may lead to an increase or decrease

of photostability based upon dye photofading studies [21]. A

decrease in the photodegradation rate may be observed if the

diffusion of external oxidants/reductants into the interior of

the aggregates, i.e. O2 and H2O from the ambient atmo-

sphere, is retarded by the size of the aggregates. On the other

hand, an increase in the photodegradation rate may be

observed if the aggregates bring about an increase in the

intersystem crossing (ISC) rate, as in the case of Rh6G dye

aggregates [21]. In this case, excitation of the aggregate

would yield more reactive triplet states, setting the stage for

photodegradation. It should also be noted that due to limited

molecular motion in solid ®lms, reactions (5) and (6) would

occur only if dye molecules are in close proximity, which is

the case for aggregates, but not for molecularly dispersed

dye molecules. This would suggest that the primary mechan-

ism of photodegradation in this study is not diffusion of

oxidants/reductants, but aggregate-induced ISC.

Assuming a photobleaching number of 1 � 106 photons

per molecule [22] and a concentration of 1 � 10ÿ3 M, we

obtain an estimate of 43 days for the photobleaching utiliz-

ing our value for the maximum ¯uence of 36 mJ cmÿ2. The

observed photodecay occurs in several minutes, so a solid-

solution photobleaching mechanism is not suf®cient to

explain the decay irrespective of the ®eld strength. Dye

aggregation and an applied ®eld each effectively lower the

photobleaching number. In making this comparison one

must be careful to note the possibility that the two obser-

vables, absorption ef®ciency and photocarrier generation,

may possess different sensitivities and dependencies with

respect to the true photodegradation, i.e. the actual number

of dye molecules destroyed.

3.1.3. Sparse sampling

The signal-to-noise ratio in the non-delayed collection of

carriers is much higher than the delayed carriers detection.

Low S/N in the latter arises due to the dif®culty of integrat-

ing the small zero-®eld transient photocurrent. Also, carrier

lifetime limits the photocarrier yield, i.e. the carriers pro-

duced during the irradiation relax and recombine. In an

attempt to obtain a zero-®eld result with a stronger S/N ratio,

a variation of the non-delay experiment was carried out via a

sparse sampling technique. This sampling technique is

similar to the non-delay measurements except that the

electric ®eld is applied only during sampling (collection)

of photocurrent data; otherwise laser irradiation occurs the

absence of a ®eld. The data sampling occurs at discrete

intervals of ten pulses. For example, the samples are subject

to a ®eld for a duration of ten pulses; the average integrated
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photocurrent of these ten pulses yields the photoresponse.

Next, the electric ®eld is terminated while the laser delivers

�1800 more pulses. After 1800 pulses, the ®eld is applied

again for the duration of ten laser pulses for the second

datum. This is repeated for two more 1800 pulse cycles

yielding a sequence of data points at 0, 1800, 3600 and 5400

laser pulses. These results are plotted in Fig. 3, yielding

results similar to the results of Fig. 2 (a). Since the sampling

electric ®eld and the delayed collection ®eld results are

about the same, this shows that cycling the ®eld off and on

several thousand times does not fatigue the sample in a

manner that leads to lower photocurrent. The S/N of the

sampling electric ®eld is much higher than that of the

delayed ®eld samples, however, the number of data points

collected limits the sampling ®eld method. If one collects

too many data points, a decrease in the photocurrent is

expected since the ®eld is on during laser irradiation for

sampling (probing) the photocurrent.

3.1.4. Extrinsic factors

The photocarrier reduction experiments described above

have been carried out under an ambient atmosphere. This

does not yield information as to whether the photodegrada-

tion is intrinsic or extrinsic. In order to determine the relative

importance of intrinsic and extrinsic factors responsible for

the observed reduction of photocarrier generation, a series of

non-delayed collection ®eld experiments were carried out

for PM567/TPA/PMMA ®lms with aluminum and gold

counter electrodes under ambient atmosphere and vacuum

conditions. The results are shown in Fig. 4. Each time decay

pro®le used to generate the Al/vacuum data in Fig. 4 was ®t

to a single exponential function. The results are shown in

Fig. 5 and Table 1. The reduction in photocurrent is pri-

marily due to a decrease in the pre-exponential factor, with

very little change in the decay lifetimes. The fact the life-

times are invariant with respect to the number of excitation

pulses suggests that any new traps created via accumulated

laser pulses are depleted of charge carriers by the strong

collection ®elds employed. On a practical note, this mean

that the decay maxima may be used instead of the integrated

decays in determining the photoresponse. There is little

difference in the decay rate of the three samples for the

®rst�1000 pulses, after which time the Al/air electrode rate

decreases. Comparing the Al/air to the Au/air electrodes, the

observed difference in photodegradation rates may be attrib-

uted to a difference in rates of direct chemical reaction of the

metal or to a hole injection rate discrepancy. Laser induced

oxidation of metals, known to occur for Al [11,12,23], may

be tested by comparing the photocarrier reduction rate of

samples containing Al electrodes to those with Au electro-

des which are more dif®cult to oxidize. For the PM-567/

TPA/PMMA samples, a negligible difference in the initial

Fig. 3. Photocarrier reduction rate comparison for PM-567/TPA/PMMA.

Sampling field (circle) and conventional non-delayed (triangle).

(E � 0.91 MV cmÿ1, fluence � 15 mJ cmÿ2, l � 1.07 mm).

Fig. 4. Photocarrier reduction rate comparison for PM-567/TPA/PMMA/

Al (air and vacuum) and PM-567/TPA/PMMA/Au (air). Non-delayed

collection field utilized (E � 1.18 MV cmÿ1, fluence � 16 mJ cmÿ2,

l � 0.68 mm).

Fig. 5. 3D Photocarrier reduction for PM-567/TPA/PMMA/Al (vacuum)

in conditions as given in Fig. 4.
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photocurrent reduction rates of Al/air and Au/air electrodes

suggests that metal oxidation is not the primary mechanism.

In previous organic electroluminescence experiments, sev-

eral investigators had concluded that physical and chemical

change for the metal electrode led to changes at the organic/

metal interface resulting in a decreased electroluminescence

[10±13]. Although the above argument does not present a

strong case for metal oxidation, it is still possible that other

mechanisms affecting the organic/metal interface such as

the formation of hot spots leading to local rearrangement of

ablation, may be operative. The negligible difference in

photocarrier reduction rates for Al electrodes in air and

vacuum environments and the faster subsequent photode-

gradation for the vacuum samples for laser pulses exceeding

1000 pulses, suggests that extrinsic photo-oxidation does not

play a major role in the photodegradation under an electric

®eld.

These results contrast those for the photoconductivity

decrease of poly(2-methoxy-5-[20-ethylexyloxy]1-,4-phe-

nylvinylene), MEH-PPV [24]. In that study, the photocon-

ductivity of dilute MEH-PPV benzene solutions decreased

with the number of 308 nm laser pulses faster for air-

saturated than deaerated solutions. This suggests extrinsic

photo-oxidation. In that experiment, two possible outcomes

were postulated for photo-oxidation prior to conducting the

experiment:

1. An increase of photoconductivity due to photo-oxidation

induced defects enhancing exciton dissociation in solids

[25]. Thus a photoconductivity increase is attributed to

an oxygen induced photocarrier generation.

2. A decrease of photoconductivity due to photo-oxidation

and its photo-oxidative defects having little influence on

exciton dissociation.

In our experiments with PM-567/TPA/PMMA, photocar-

rier generation decreased with increased exposure of laser

pulses for the aerated samples, but not as fast as the

deaerated samples. This is consistent with the second

mechanism. However, we see that the dominant mechanism

does not involve extrinsic oxidation, since the photocarrier

reduction rate is higher for the vacuum samples as shown in

Fig. 4. As stated earlier, Rahn's observation of PM-567/

polymer ®lms are contrary to ours in that he observed an

increased photostability upon oxygen removal [19]. Thus,

PM-567 photodegradation was primarily attributed to oxy-

gen. The apparent con¯ict of our results with those reported

by Rahn suggests that photo-oxidation via oxygen is not the

primary path for photodegradation for biased PM-567/TPA/

PMMA samples observed in our system. However, the

difference in concentration, ®eld strength, dopant addition,

and observables (photocurrent versus ¯uorescence) may

have contributed to this disparity.

The peak power damage threshold for transparent PMMA

has been determined [26] to be about 1,000 GW cmÿ2,

which far exceeds the largest peak power utilized in this

experiment 36 mJ cmÿ2, corresponding to a peak intensity

of 7.2 MW cmÿ2. This argument coupled with the visible

transparency of PMMA makes it unlikely that direct irradia-

tion of the polymer explains the observed photodegradation.

Furthermore, as demonstrated in Fig. 2 (c), the photodegra-

dation of both biased and unbiased ®lms is observed in the

absence of a polymer matrix. The strengthens the claim that

intrinsic factors, i.e. namely the dye molecules, are primarily

responsible for the observed photodegradation.

3.2. Optical damage

Fig. 6 shows micrographs (200� magni®cation) after

3600 laser pulses in the absence and presence of the external

bias for PM-567/TPA/PMMA samples. In Fig. 6, the appar-

ent photodarkening occurs to a greater extent in the biased

samples. One possibility is that the observed darkening is

due to dye photobleaching by oxidation with ambient oxy-

gen. This results in a shortening of conjugation leading to

lower visible absorption by the dye which manifests as an

increase in the visibility of the aluminum electrode, con-

sistent with solid-state xanthene laser experiments by Gro-

mov [27], in which the transmitted ¯uence increased as the

number of laser pulses accumulated. Another possibility is

that the observed photodarkening is due to corrosion of the

Al electrode caused by adsorbed dust particles interacting

with water and/or oxygen from the atmosphere as in elec-

troluminescence experiments [13]. Once again this would

strengthen the argument for similar photodegradation

mechanisms for organic electroluminescence and transient

photocurrent experiments. Previous organic electrolumines-

cence experiments have shown photodegradation accompa-

nied by dark spots indicative of aluminum corrosion with no

change in the Fourier transform infrared spectrum indicative

of little or no vinyl oxidation. Fig. 6 is similar to micro-

graphs for organic electroluminescence [10±12]. Further-

more, ®eld irradiated samples show a greater extent of

optical degradation, which suggests that the enhanced degra-

dation of the biased samples may be attributed to the same

mechanisms as the operational decay of electrolumines-

Table 1

Single exponential curve fitting for Al/vacuum samples photoconductivity

decay curve

Number of laser pulses a b

0 0.8186 3.3562

180 0.7723 3.4177

560 0.7100 3.4494

900 0.6470 3.5129

1260 0.5810 3.5459

1620 0.5296 3.5995

1980 0.4804 3.7730

2340 0.4632 3.8738

3060 0.3440 3.6549

3420 0.3273 3.7734

3780 0.2546 3.5958

4120 0.2359 3.5991

f(t) � a exp(ÿbt).
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cence for organic light emitting devices, in which radiation

occurs under a bias. This degradation requires the presence

of a ®eld, unlike photobleaching which may occur in the

absence of a ®eld.

4. Conclusions

A delayed collection-®eld technique was employed to

compare the decrease in photocurrent with laser irradiation

for biased and unbiased organic/dye polymer ®lms. The

biased samples exhibited a signi®cantly larger photocarrier

reduction compared to the unbiased samples. The ®eld

enhanced reduction of photocurrent is attributed to two

possible mechanisms: (i) an increase in holes and electrons

leading to dye crystallization and/or bulk organic degrada-

tive dye ion reactions and (ii) interface effects, in which the

metal electrode is altered affecting the hole injection rates.

The present results show an increased photodegradation rate

upon oxygen removal for biased PM-567 samples contain-

ing triphenylamine contrary to previous visible photodegra-

dation work on unbiased PM-567 [19]. Microscopy has

revealed that the ®eld-enhanced photodegradation of photo-

current may be correlated to optically induced changes. The

similarity of conditions as well as the similar observations of

the appearance of dark spots for the present transient

photocurrent experiments and previous organic electrolu-

minescence experiments suggests similar photodegradation

mechanisms for the two type of experiments. This raises the

possibility of employing transient photocurrent measure-

ments to test the electroluminescence photostability of

organic samples.

The present experiment is limited in that only photocarrier

generation is measured. One problem is the lack of informa-

tion about the photocarrier generation of the photodegrada-

tion products. We are presently designing future

Fig. 6. Micrographs of PM-567/TPA/PMMA sample in ambient air environment after 3600 shots (a) unbiased (b) biased sample (E � 0.88 MV cmÿ1,

fluence � 36 mJ cmÿ2, l � 0.68 mm).
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experiments to measure both photocarrier generation and

¯uorescence. Such ¯uorescence experiments will involve

exciting the dye at it's absorption maximum, following

irradiation at 532 nm for a speci®ed number of shots. This

will give a quantitative measure of dye degradation and

de®ne the relationship between the decrease in ¯uorescence

and the decrease in photocarrier generation. Scanning the

¯uorescence excitation wavelength will allow for a deter-

mination of the absorption pro®le of the photodegradation

products to determine if the ¯uorescence of such products

interfere with that of the dye.
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