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Mechanism of carrier generation in poly(phenylene vinyleng: Transient photoconductivity
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The carrier generation mechanism in gdplyenylene vinyleng is addressed by studying the transient pho-
toconductivity and the photoluminescence as a function of the external electriEfinldamples oriented by
tensile drawing. The transient photocurrent is proportiondt tat low fields, but increases nonlinearly for
E>10° Vicm. The field at which the photoconductivity becomes nonlingae onset fieldE)Y) depends on
the degree of alignment: the higher the draw ratio, the Id&§r The dependence of the photocurrenttis
similar to the dependence of the dark currentEgrboth imply a field-dependent mobilirather than field-
dependent carrier generatjoThe onset field for the nonlinear photoconductivity is, however, different from
the onset field for quenching the IuminescenE@')(. Thus, contrary to expectations for strongly bound neutral
excitons as the elementary excitations, the high-field increase in photocurrent and the corresponding decrease
in photoluminescence are not proportional, indicating that field-induced carrier generation is not significant.
[S0163-182696)08231-9

[. INTRODUCTION of carrier generationy, is independent off and E; (iii)
implies that the carrier generation is independent of the level
The fundamental question concerning carrier photogeof excitation. Thus, carriers are generated by a first-order
neration in polyphenylene vinylene PVV, can be suc- process that cannot be attributed to interactions between ex-
cinctly stated: Are photocarriers created directly via inter-citations.
band photoexcitation or as a result of exciton dissociation? The photoconductivity data are consistent with photoex-
We address this issue by measuring the transient photocugitation of chargedpositive and negatiyepolarons. Illumi-
rentl , (temporal resolution of 50 pgnd photoluminescence Nation by light with photon energy greater than the absorp-
in the high-quality PPV samples oriented by tensile drawinglion €dge generates carriers that promptly contribute to the
as a function of field E<8x 10° V/cm) and temperature. photoconduct_lwty, con5|ste_nt W'tm') through ('.V) listed
Although considerable effort has been devoted to attemptgbove’ and with fche sharp rise time of the transient photocur-
to unravel the three generic aspects of transient photocor?rgmq' Cvsegll(la carriers ther_mahze to the ba_nd edges, they may
o : . . y bound excitongpolaron pairs bound by the
ductivity in conducting polymergcarrier photogeneration,

. bil d ' binatinhth lusi Coulomb interaction This scenario is similar to that ac-
carrier mobility, and carrier recombinatl € conclusions cepted for conventional semiconductors; in fa&t,through

remain controv_er5|al. It has been_ widely assumed that in IO\'Yiv) are generally characteristic of photoconductivity in semi-
mobility materials (e.g., conducting polymers, amorphous ¢qnqyctors where the electronic wave functions are delocal-
semiconductors, and molecular crysfalthere is a high jzeq and the electronic structure is described by band theory.
probability that the geminate electron-hole pair will remain  ajthough disorder leads to localization of the wave func-
bound(an exciton during the entire thermalization process. tions in semiconducting polymers, experiments have shown
Therefore, models of carrier photogeneration for this class ofhat in highly oriented and structurally ordered materials in
materials;~®in particular, the Onsager modehave empha-  which the macromolecules are chain extended and chain
sized the importance of the Coulomb interaction in bindingaligned, the excited state wave functions are delocalized over
the pair and the role of the external field in processes thaa minimum of fifty repeat unit§400 A).1° It is precisely
dissociate the pair into “free” mobile carriefs® because the excited state wave functions are delocalized over
Extensive studies of fast transient photoconductivity ofmany structural repeat units that the semiconductor model is
conducting polymers, in the subnanosecond time regimehe proper starting point for a description of the excited
have indicated, however, that different phenomena underligtates. For less well-ordered material, the mean localization
the carrier generatioh’=° The experimental facts of particu- length will be correspondingly smaller. One consequence of
lar importance are the followindi) The fast transient pho- the disorder in conducting polymers is that the prompt mo-
tocurrent is independent of temperatufg ((ii) the fast tran-  bility is temperature independent, rather than increasing with
sient photocurrent is linearly proportional to the externaldecreasing temperature, as is the case in crystalline semicon-
field (E); (iii) the fast transient photocurrent is linearly pro- ductors.
portional to the light intensity; an@v) the displacement cur- The agreement between the energy for onset of photocon-
rent contribution is far too small to account for the ductivity and the energy for onset of optical absorption im-
photocurrent. (i) and (i) imply that the quantum efficiency plies that the exciton binding energy, is rather small
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(Ep<<0.1 e\).”~® This method of determining, has been 1/l,=1, 2, 3, and 1§ with thickness between 5 and 15
clearly established, for example, from experimental studiegscm. The films were placed on the alumina substrate so that
of the polydiacetyleneS: Moreover, Eckhardet al? found  the orientation axigthe draw axisis parallel to the electric
that the electrochemically derived band gaps for PPV, polyfield within the gap between the two microstrips. A dye laser
(thienylene vinylengand their alkoxy-substituted derivatives system(PRA LN105A) pumped with a PRA LN1000 M
agree well with the band gaps obtained from optical absorplaser was used to produce 25-ps pulses at a photon energy of
tion, indicating that in all casds,, is within the measurement 7Zw=2.92 eV with a repetition rate of 5 Hz. The overall
error (E,<0.1 e\). More recently, studies of the onset of temporal resolution of the measuring system=i§0 ps. In
emission, charge injection, and absorption in light-emittingsome experiments, the laser light was polarized perpendicu-
electrochemical cells have shown that the binding energy ifar to the orientation direction of the polymer filtand per-
less than 0.1 eV pendicular to the direction of current flovand in others the
Nevertheless, the nature of electronic photoexcitations iight was unpolarized.
PPV and its derivatives has remained controveréidfKer- Dark current measuremerteersusT andE) were carried
sting et al® reported field-induced quenching of the tran- out using a Keithley 487 picoammeter/voltage source.
sient photoluminescence in pébhenyl-phenylene vi- In experiments involving high electric field, one must
nyleng, PPPV. They found that the magnitude of thecarefully consider the possibility of transient Joule heating
spectrally integrated luminescence decreases by about 30@te to the relatively large transient photocurrent that is gen-
in a field of 2x 1P V/cm. They interpreted the field-induced erated. Our experiments were carried out under constant cur-
quenching in terms of dissociation of excitons with a rela-rent conditionsat approximately 10* A); i.e., as the elec-
tively large binding energy and concluded that the photocartric field was increased, the light intensity was decreased so
riers are formed indirectly by exciton dissociatitn. as to keep the photocurrent constant. By working at constant
With the goal of resolving this controversy, we have mea-photocurrent, the maximum energy per pulse was limited to
sured the transient photocurrdgt(temporal resolution of 50 Q<4x 10103, At a maximum oflQ<4x10 1°J, we esti-
ps and photoluminescence in high-quality samples of PPVmate that Joule heating is not significant.
as a function of field E<8x10° V/cm) and temperature; The field-induced luminescence quenching was measured
high-field measurements of the dark currépiare included on a sample for which the transient photoconductivity was
as well. We find a nonlinear dependence of the peak photaneasured as well, using a modulated argon laser as the light
currentl , on E that appears d >5X 10* V/cm for oriented  source and a lock-in amplifier to detect the emission; the
samples with a draw ratio of 10:1; higher fields are requirecohotoluminescence signal was detected with a photomulti-
for smaller draw ratios. Since the onset of nonlinearity de-plier as photodetector. In order to minimize the effect of drift
pends on the degree of alignment, the nonlinearity implies am the laser power and light detection system in the measure-
increase in carrier transport rather than an increase in carrienent of the luminescence quenching, the luminescence at
generation. High-field quenching of the photoluminescenceero field was measured after each measurement of the lumi-
is also observed. In order to investigate the correlation benescence at high field.
tween the nonlinear photocurrent and the luminescence
guenching, we have carefully measured the field dependence Il. RESULTS AND DISCUSSION
of the transient photocurrent and the field dependence of the
luminescence in the same sample. Contrary to the predictions A- Field dependence of the transient photoconductivity
for strongly bound neutral excitons as the elementary excita- and dark current
tions, the high-field increase in photocurrent and the corre- Figure 1 shows a typical transient photocurrent wave
sponding decrease in photoluminescence are not propoform, measured at room temperature in PPV with a draw
tional; in particular, the onset field for the nonlinear ratio of 10 (/1,=10) in response to a light pulse with inten-
photoconductivity is significantly different from that for the sijty of about 0.1uJd/cn?, at E=2.4x10° V/cm. The rise
luminescence quenching. These observations, in conjunctiafine indicates the temporal resolution of the measuring sys-
with the dependence of the dark currentBnimply that the  tem.
high-field nonlinear increase in photoconductivity results Figure 2 shows the dependence of the peak transient pho-
from a field dependence of the mobility &) consistent with  tgcurrent (,) and that of the dark current ) on external
recent hole mobility measurements in PPV . field; both sets of data were obtained from the same sample
at various temperatures. As noted in Sec. Il, the light inten-
sity was decreased as the field was increased so that the peak
photocurrent remained roughly constant, at approximately
The transient photoconductivity was measured using thd0 * A. Since the photocurrent is known to be linear in light
Auston microstrip-switch techniqu& Gold microstrips were intensity at all applied fields used in our experiments, the
deposited on top of the PPV film leaving a gap of 10—20data presented in Fig. 2 are normalized to a constant light
um between 60Q:m-wide microstrips; a gold ground plane intensity. The nonlinear dependencel gfon E was checked
was deposited onto the back surface of an alumina substrater a limited field range at high fields using a constant
to form a transmission line with 50- impedance. One mi- low-level light intensity to pump, (this cannot be extended
crostrip is biased with a dc voltage, and the other connectetd low fields because the signal becomes too weak to detect
to the EG&G PAR 4400 boxcar system fitted with a Tek- The peak transient photocurrent is six orders of magnitude
tronix S-4 sampling head. The PPV samples were freegreater than the dark current. Moreover, whilgtop curve
standing films oriented by tensile drawin@raw ratio is independent of temperature, (lower curves rapidly de-

II. EXPERIMENTAL METHODS
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FIG. 1. Time-resolved transient photocurrent of oriented PPV;
hw=292 eV (=0.1 wlicm® per 25-ps pulse T=300 K,
E=2.4x10 Vicm.

FIG. 3. The data from Fig. 2 in the high-electric-field regime on
a semilogarithmic plot; the top curve(O() represents the
temperature-independent, whereas the lower curves represent
l4: 300 K (@), 250 K (M), 200 K (4 ), 150 K (A).
creases as the temperature is lowered. The rate of decay of
the photocurrent is independent of external field. The decagiraw ratios, the onset of photocurrent nonlinearity appears at
is weakly dependent on temperature; at low temperatures tHfg@mewhat higher fields; the field defining the onset of non-
long-lived tail slightly decreases whilg, remains constant.  linearity is Ef™~ 10° V/cm in samples drawn tb/l,=3 and

As shown in Fig. 2, the photocurrent and the dark currenE§™~ 1.7X 10° V/cm in polymer drawn td/l,=2. For non-
are linearly dependent on the field B Ef°=5x 10 V/cm  oriented samples, the transient photocurrent remains linear at
(1/1,=10). The data are presented on a semilogarithmic ploleast toE°=5x 10° V/cm (the range of fields used for tran-
in Fig. 3; for E>EN*=5x10* Vicm, bothl, andl4 increase ~ sient measurements on nonoriented PPV was limited to
as exp@E). Comparing the slopes of the curves in Fig. 3,E<5X 10° V/cm because of the larger dark current observed
one finds thatr,< ey, and thatay increases slightly at low in this thicker, undrawn sample
temperatures. The dependence of the nonlinearity on sample orientation

Although a similar dependence of the transient peak phoand structural order implies that the nonlinearity must arise
tocurrent and dark current oB are observed for different from nonlinear carrier transport rather than nonlinear carrier
generation. The current densityj, is given by
jp=n(t)evg=n(t)exE, wheren(t) is the number of carri-

SETTT T ers with charge, v 4 is the drift velocity, and is the carrier
0 r mobility. The linear increase df, with E in oriented PPV at
4 fields below 5<10* V/cm is consistent with direct photo-
10° K wM generation of charge carriers that then move with a constant
r odﬁ’” (field independentmobility; in this linear regime, the carrier
g 0 @ mobility is constant, and the quantum efficiency of carrier
= r generation is independent & One might assume that the
g8 10°f drift velocity is independent oE and, therefore, that the
S r quantum efficiency of carrier generation is proportional to
10° E; however, the monotonic increase of the dark current with
3 field is not consistent with such an assumption. Similar gen-
10712 r /-f eral behavior in a Iadder-_typal-é:onjugated polymer has
. e been reported by Antoniadit al.
o E Field-dependent(increasing mobilities have been ob-

served at fields greater than®19/cm in organic field-effect
k transistor$’ Moreover, independent measurements of the
Electric Field (V/cm) mobility obtained from carrier transit time measurements in
light-emitting diodes made afnonorientedl PPV indicate a
FIG. 2. The dependence of the peak transient photocurrerfield-induced increase of the mobility foE>6.7x10"
(1,) and dark currentl(;) on external field at various temperatures Vicm.* Thus, a corresponding increase of the carrier mobil-
in tensile drawn, oriented PPVl ,=10. The top curve@) shows ity is a plausible explanation of the nonlinear photoconduc-
that |, is temperature independent. The lower curves represerfivity in oriented PPV. Based upon this assumption, the data
l4: 300 K (@), 250 K (M), 200 K (4), 150 K (A), 100 K in Fig. 3 indicate an exponential increase in mobility at high
(0). fields2! Thus, the dependence of the photocurrent over the

10! 100 10°
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entire field regime is dominated by the behavior of the mo- 1072
bility; any increase in the carrier density in the high-field 3
regime is relatively minor compared to the increase in the _ 10-3; l
. < E

mobility. ~ 3

The dependence of the onset field for the photocurrent & 10-4_; -
nonlinearity on the degree of tensile drawing indicates that -
the field-induced increase in the mobility is more readily 10° 42 |
achieved in high-quality polymers. We note in this context 1
that the magnitude of the peak transient photoconductivity 10°4
depends on the degree of polymer orientatignis smaller g
in nonoriented PPV than in oriented PPV/1g=10) by 107104
about a factor of 4, consistent with higher mobility in ori- |
ented samples. o2d .

Other sources of photoconductivity that are nonlinear in T T T ; T T T
E must also be considered, such as field-induced carrier de- 0.0 05 10 15 20 25 3.0

trapping, and carrier release from traps via “impact ioniza-
tion.” The onset of field-induced detrapping would occur
when the carrier gains sufficient energy from the external

field to overcome the trap binding energy. Since the stron o
temperature dependence of the dark current arises from Sh%)_(temal field is compared to that of the dark current at the same
P P emperature on a semilogarithmic graph. The arrows show the onset

low trapping with trap energies of ord&gT (=10 2 eV), ) .
field-induced detrapping of carriers from shallow traps couIdOf the nonlinearity.
occur as well. On the other hand, field-induced detrapping of ) ) ) .
carriers in the picosecond regime is unlikely because of th&iz& of approximately 18um. Since the excited-state life-
temperature independence of the transient photocurrent. THENe in PPV is a few hundred picoseconds, and the transient

initial photocurrent measured in the picosecond regime i®hotoconductivity spans a few hundred picosecd. 1),
representative of pretrapping transport. we have measured the transient photoconductivity with 2-ns

boxcar time gate. This procedure samples the early time pho-
toresponsdi.e., at times particularly sensitive to the photo-
generation procegs Moreover, integrating over the 2-ns

If the elementary excitations are strongly bound excitonshoxcar gate provides an accurate measurement of the re-
one expects free carriers only when they originate from exsponse of the subnanosecond photocurrent with high signal-
citon dissociation. As noted above, photoconductivity linearno-noise ratio.
in E is observed at fields that are orders of magnitude below Figure 4 compares the field dependence of the transient
the onset of photoluminescence quenching. Fast dissociatigghotocurrent and the corresponding dark current for the
of excitons by defects could in principle yield the carrierssample withl/l,=2. The data are plotted on a semilogarith-
responsible for the low-field photoconductivity. If this were mic graph in order to determine the onset field of the expo-
the case, however, one would expect the luminescence to Bential component i, andl 4. As the data indicate, within
guenched, analogous to the sensitization of the photoconduc-
tivity by the addition of G.%>%

10°E (V/cm)

FIG. 4. The dependence of the transient photocurrent at 77 K on

B. Field dependence of the photoluminescence

In order to further explore the possibility of carrier gen- 6J o B
eration via field-induced exciton dissociation, we look for a ° - 0.5
correlation between the nonlinear contribution to the photo- 5 - -— o
current and the quenching of the photoluminescence. Assum- o - 0.4
ing that each bound exciton dissociated by the field leads to & 4+ o ° >
‘23,24 B
free carriers? = o o 03 o
)—t& 34 ~
g - S
Ac(E)ap=—AAI (E)IT, 1) < . ° - 0.2
o
whereagC is the low-field photoconductivityA o(E) is the . 00 DDD L 0.1
field-dependent change in photoconductivltﬁ/,is the low- ooo° DDDD
field luminescence intensity, antll (E) is the change in o-luuuuluuﬂaguuualun : S— N
photoluminescence intensity at high fields. Note that 00 05 1.0 1.5 2.0 2.5 3.0
Ad(E)op=[1pd E) = Ipl/lpc=Al e/ 15, ) 10°E (V/cm)

Wherelgc is the linear photocurrent extrapolated from the g 5. The dependence of the normalized change in the tran-
field regime below & 10" v/cm. sient photocurrentl /17 and the photoluminescence lumines-
We have measured the transient photoconductivity, darkence quenching-Al (E)/I° on external field in oriented PPV
current, and steady-state field-induced luminescence quencflf|,=2) at 77 K. The arrows denote the onset of the nonlinearity
ing atT=77 K) on the same samplé/(;=2). The Auston in the photoconductivitfopen circles and the onset of the photo-

switch configuration was used, with a sample len@hp luminescence quenchiri@pen squares
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To our knowledge, this is the first time an experiment has
been carried out to test Eql) using the subnanosecond
transient photoconductivity; in experiments on other materi-
als, the steady-state photoconductivity has been used to test
Eq. (1). Since the steady-state photoconductivity is often
dominated by processes that occur at times long after the
photoluminescence decay time, using the transient photocon-
ductivity is a more rigorous test of the correlation between
carrier generation and luminescence quenching predicted for
strongly bound excitons.

C. Discussion on the mechanism of carrier generation
and luminescence quenching

04, : : ' The linear dependence of the transient photocurrent on
0.0 0.1 0.2 0.3 E in the low-field regime, at fields orders of magnitude be-
-A IL/IOL low the onset of nonlinear transpdgee Fig. 2, indicates a

carrier generation mechanism independent of external field.
FIG. 6. The normalized change in the transient photocurrentTh'S_' n (_:onjl_mct|on W'th(')_ through(iv) listed |_n the I_ntro- ]
(Alpcllga is plotted vs the photoluminescence luminescenceduction, implies the following process for excitation in PPV:

quenchingl — A, (E)/I°]. The solid curve is a fit to a power-law !lumination by light with photon energies greater than the
functional form of y=A+Bx?, where y=Al /I, and absorption edge generates mobile carriers via interband ex-
x=— Al (E)/1°; the best fit to the power law yielgg=0.78. citation. While thermalizing toward the band edges to form
self-localized charged polarons, these carriers promptly con-
. . i . . . tribute to the transport, consistent wih through(iv), and
experimental uncertainty, the onset fields are identical, imyith the sharp rise time of the transient photocurrent. This
plying that the nonlinearity in the photocurrent and in theyrocess is similar to that determined for conventional inor-
dark current have a common origin, i.e., the onset of thgyanic semiconductors; in fact, the above properties are stan-
nonlinearity in the mobility, consistent with the sensitivity of qarq features of photoconductivity in band semiconductors.
the onset field to draw ratio and consistent with the field-As the carriers thermalize into states near the band edges,
induced mobility reported by Kargt al. they form charged polarons that interact via the electron-
The photoconductivity £1,./1p) and the photolumines- phonon interaction and the Coulomb interaction to form
cence[—AIL(E)/IE] data obtained at 77 K are plotted ver- weakly bound polaron excitons.
sus the bias field in Fig. 5. The data indicate clearly that Field-induced photoluminescence quenching is a general
onset field for the nonlinear photocurref@y®=0.77x 10° phenomenon, with different detailed mechanisms in different
Vicm, is lower by about 50% than the onset field of theregimes®®?* The absence of correlation between
luminescence quenching§=1.7x10° Vicm. Below E)°  Ao(E)/op, and — Al (E)/I{ implies that field-induced dis-
the photocurrent is linearly dependent Bnand belowE]  sociation of strongly bound excitons is not the mechanism
the luminescence is field independent. At the highest electritesponsible for the luminescence quenching.
fields employed in the transient photoconductivity experi- The relatively low field required for the onset of lumines-
ment E=2.8x10° V/cm), _A|L(E)/|E%o_30, whereas the cence quenching implies a weak exciton binding energy.
photocurrent increases beyond the linear extrapolation by Within the exciton model, luminescence quenching will oc-
factor of ~6.3. cur when the charged carriers gain sufficient energy from the
In Fig. 6, A'pc“gc is plotted versus—AIL(E)IE. If car- _external field to overcome the exciton binding energy;
rier generation originates from exciton dissociation, a linear-€-:
correlation should exist bet\NeenAa(E)/crgC and
—AIL(E)IE. The solid curove in Fig. 6 corresoponds to E,~2a,E?, (3)
y=A+Bx? wherey=Al,/l;. andx=—Al_(E)/I]. The
interceptA arises from the different values for the onset field
discussed above. The best fit to the power law yieldsvhere 2, is the characteristic spatial size of the exciton
B=0.78. Figures 5 and 6 demonstrate the absence of a linearave function. UsingES'= 1.7x 10° V/cm and assuming that
correlation[Eq. (1)] bet\NeenAIpC/Igc and — Al (E)/I?. the exciton wave function in PPV extends over a few repeat
The onset fields are differefithe nonlinearity in the photo- units (for polydiacetylene, 2~30 A , see Ref. 25 and ref-
conductivity turns on at a lower fieldand even above the erences therejnone obtainsE,~5%x 1072 eV, i.e., signifi-
onset,AIpC/IgC is sublinear with respect te-Al (E)/I?. cantly smaller than that estimated previousk,0.4-1
This sublinear dependence is even more striking in the coreV).!®2%27Using Ef°=0.5x 10° V/cm as obtained from the
text of the field-induced increase in mobility discussedmost oriented samples, E@h) yieldsE,~2x 10 2 eV. Both
above. Given the increase in mobility, any residual change ivalues are of ordekgT at room temperature.
the number of carriers An/n) as a function of In the limit of weak exciton binding energy, the “free
~AIL(E)/|E is small. carrier” excitations generated in semiconducting polymers



54 MECHANISM OF CARRIER GENERATIONN . .. 4753

are self-localized positive and negative polarons. Photolumidepends on the draw ratio of the oriented samples. Such a
nescence quenching would be expected when the polaromependence is difficult to understand within the model ex-
are separated by the applied field over a distance greater thanessed by Eq3), but follows naturally if nonlinear trans-
the size of the polaron wave function; i.e., when port is the primary cause of the luminescence quenching.

HET>L pojarons 4

where u is the transport mobilitys is the time required for
the onset of quenching, ahg,,onis the spatial extent of the In summary, the transient photocurrent in PPV is linear in
polaron wave function. Takingpoaro~20 A , 7~50 psl®  E for E<EB° where ER° depends on the draw ratio and the
andE~2x10° V/icm, Eq.(4) yields u>2x10"2 cm?V's.  degree of orientation. For oriented samples with,= 10,
This value for the mobility would be considered high for Ef°=5x 10* V/icm. At fields greater thai°, the transient
Steady'state Conditions, but not unreasonable for timB6 and Steady_state photoconductivity both increase exponen-
ps after photogeneration, when pretrapping transport igally with E. The better the polymer chain alignment, the
dominant. Thus, field-induced quenching of the lumines4ower the threshold field for the onset of nonlinear transport.
cence from mobile polaron pairs appears to be consistenthe dependence of the nonlinearity on sample orientation
with the experimental results. and order, and the appearance of a similar exponential com-
Alternatively, many other processes are known to quenchyonent in the dark current imply that the nonlinearity must
the luminescence. It is well known, for example, that in-arise from nonlinear carrier transport rather than nonlinear
jected carriers act as nonradiative recombination ceAtefS.  carrier generation; the nonlinear increase in transient photo-
The luminescence is quenched by dopifi@yreklevet al®  cyrrent with field results from a field-induced increase in the
showed that carriers injected into a polymer field-effect trantransport mobility. Such a field-induced increase in mobility,
sistor act as nonradiative recombination centers. Quenchinghserved in independent measurements, is expected to be
of the luminescence has been observed in PPV upon steadyensitive to the quality of the materiéle., chain alignment
state light illumination as wef? implying enhanced nonra- and density of defectsn agreement with our observations.
diative decay due to photogenerated charge carriers. Trapped The transient photocurrent was measured over times
carriers would also be effective luminescence quenching100-500 ps comparable to the photoluminescence decay
centers; a relatively large density of trapped carriers is cretime. The linear dependence of the photocurrent on external
ated especially when the sample temperature is comparabjgid at fields below 5 10* V/cm in PPV indicates the domi-
to the typical trap depth. Indeed, evidence for multiple trapnant importance of mobile charge carriers which are directly
ping transport at long times in conducting polymers has beephotogenerated rather than resulting from exciton dissocia-
established by photoconductivity measurements. tion. We find distinct and different fields for the onset of
Deussen, Scheidler, and Basfecarried out measure- nonlinear photocurrent and luminescence quenching. More-
ments of the luminescence quenching in rectifying diodesyer, even at high fields where the photocurrent is nonlinear
(semiconducting polymer sandwiched between asymmetrigng juminescence quenching is observed, the two are not
electrodes They observed that the luminescence quenching;nea”y correlated.
in forward bias is significantly larger than in reverse bias at The observation of photocurrent response at low fields,
the same field. This is particularly interesting since thethe onset of photoconductivity at a photon energy that coin-
higher luminescence quenching in forward bias is correlatediges with the absorption edge, and the absence of correla-

with the higher photocurrent. Deussen, Scheidler, angion petweem o(E)/a, and — Al (E)/1° are all consistent

1 ; ; pc
Basslet! also found that the magnitude of luminescenceith a model in which charged polarofsr polaron excitons

quenching is reduced in polymer blends as the concentratiog;i, binding energy no greater than a few tinigd at room
of the active materialPPV) is decreased below about 10%, temperaturg photogenerated through the interbaner*

eventually vanishing at 1%. Although this concentration de+,ansition are the primary photoexcitations in PPV.
pendence would not be expected for field-induced lumines-

cence quenching, it is consistent with carrier-induced
guenching, which would go to zero at concentrations below
the percolation threshold. ACKNOWLEDGMENTS
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