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ELEOTROLURTNESCEROE IR POLY (R, 3 PHTHALIOYLIDHSE-4,4°~
BIPHERYLYLENE)S FILMS

VYACHESLAV ARTIPIR, ALRYEY LACHINOY and VIKTOR KORNILOY
Department of Physics, Bashkir Research Centre, Academy
of Sciences of Russia, Ufa 458825, Russia.

1

Absicact The paper presents the investigation of the poly(3,37-
phthalidylidenc-4,4 -biphenylylene) (PPB} film elecirolumines-
cence {EL}. EL was found to be of threshold origim, the threshold
being 28 V. The voltage varied within a range of 8 V to 188 V.

e quantuom efficiency was 18%. The resulis obtained led to a
conclusion that 2L is due to the recombination processes develop-
ing in ibe poulymer proper, for iight-emitiing accompanying the
sample failure belomgs to a quite different spectrum area. Bb
arises when the polymer is in a dielectric state. There is no EbL
when the polymer is im a conductlng state.

At present we are aware of a broad range of polymers displaying
giectric coaductivity, in particuiar, nom conjugated polymers of the
poly (phihalldylidenaryliene)s (PFA) class. These polymers are interest-
ing im that Liherve s a compiex of electromic instabilities observed in
their thin layers wilh a thickness of 16888 nm or less, which results in
ihe appoarance of areas {domains) with an abnormally high conductiv-

P

by’ ®. The conductivity of these domains was estimated to be up to
18 {Dha cm)”t al room ieeperature™, the Lemperature dependence of
couductivity being typicailry metallic until ibhe helium temperature®.
Resides, some of bhese polymers possess a very efficient photolumines—
cence™ wisible with a naked eye inm nabural light.

Rer~conjugated polymers of the PPA class - PPB were used for the
imvestigations. The hole injeciing elecirode was made of In0z and the
electron injecting electrode was made either of Cu or Cr. The polymer
was deposited from the CHClz sclution on the transparent electrode sur-
facae. The polymer layer thickness was B88-1988 am. The second electrode
was deposited by means of thermodiffusion in vacuum. Before the deposi-
tion of the second electrode, the polymer film was once again cleaned
of the remaining sclvent and other impurities by heating it at about

‘s

18820 in vacuuwm for 1 hour.
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The polymer sample EL is characterized by the voltage threshold
Ut whercupon emiiting starts. This threshold vaiue is differemt at dif-
ferent polarity. The radiation intensity function of the current value
ic approximaiely Iex ~ Ie*°®, where le: - EL intensity and I - current
passing through the sample. As for possible applications, the guantum
efficiency of EL is an important parameter. For the described experi-
mental structure it was 187=%.

The EL speciral bands coincide with ihe respective photoclumines—
cence bands (Fig. 1). The situation is gquite similar during the EL of

poly {p-phenylenevinilene}™.
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FIGURE I Gpecirai characterisiics of P28 film luminescence.

i

-

Basicaily, the process oi charge iransfer of both signs within the
sample volume resuiting in ihe recombimation emitiing can be regarded
as iptrachannc.’ . Charges move 1o meei each other and recombine in a
certain area of Lhe volume. buch a mechanism is in fact implied by the
coaventional notion of ZL im organic materials.

The channel conductivity of thin PPB filws was found earlier®.
Bowever, diffcrest properties of couamducting chanmels was investigated
when the polymer was im a highly conducting state. This is why, we knew

nothing aodout the roles and properiies of channel areas within the poly-
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mer film before switching-on or after switching-off. Therefore, the re-
lationshiip beitween BL and elecirom swiitchimg of conductivity is very
imporbant.

Figure 2 illustrates this relalionship. &s the fieid threshold of
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IGBRE 2 Imfluencve of switching imto the "OR" - state om light-

itting properties of thin polymer film. Arrows indicate the
aiternation of wollage. Dashed lines are I-V characteristics,
soild lines are EbL intensity-voltage characteristics, dotted lines
shows the switching sites.

8 V iz reached, EL is dispiayed with its intensity growing with the
voltage and the curreat fiowing through the sample also increasing.
However, with the sample gifference of potentials being about 12.5 ¥,
the polymer film swiiches over imto a highly conductive state (HCS}),
which i5 indicated in the figure with a dotted lime. EL disappears the
moment the Ziim is in BCS. The curreni-voliage dependencies are of the
ohnmic character, but because of the electron imstability of this state,
reverse switching over” 1o ibe low comductivity state occurs upon the
current reaches & critical value of about 44 mA. The current abruptly
drops apd the I~V dependence becomes monm- linear again. The moment the
reverse switching over of conductivity takes place, EL "lights up”
agaln and iis intessity grows with the voliage. Bence, there is no EL

in the highly conducting state.
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The results obtained imdicate that the charge transfer in PPB thin
film is limited by the injection of charges from electrodes, at small
field values this injection being monopolar. This is proved by a
threshold existing in EL and usually associated” with the bedinping of
the process of bipolar injection indispensable for EL. The existence
of monopolar injecition confirms that electrodes used in the described
experiments are not ohmic. The absence of EL in the highly conducting
state of polymer cam mean that EL originales from those fiim domains
where metal-like chanmels appear during switching over. On the otber
hand, the absence of REL in the BCS can be accounted for by shunting the
applied eleciric field by conducting domaisms thus making it ipsuffi-
cient to induce EL.

Bowever, as shown in Figure 2, near the Lhreshoid of the reverse
switching over to the low conductivity state, the field surpasses the
B, generation threshold. Nevertheless, EL is displayed only after the
conductivity has been switched off. This may mean that in the case of
ACS, conditions of the electron-hole recombination are not fulfilied,
which is probably right if EL originates from domains containing so
called conducting channels which in HCS are characterized by the metai-
like conductivity.

Hence, ancother conclusion is thal those domains are formed not in
the moment of the phase tramsition to BCS, but appear in the film long
before the tramsition. This is why in these domains the trassformation
of electron states eventually results im the trapsition to HCS. This
conclusion seems to be rather important, for more often these channels
are considered to be formed in the moment of switching over. Of course,
it is too early toc make a fimal conclusion concerning the mechanisa of
EL in the poly(3,3 - phthalidylidene-4,4 -biphenylylene} thin films.

Bowever, it is clear that the discovered EL will not only shed
light on the mechanism of the abnormally high conductivity in thin
films of some polymers, but alsc bring us closer Lo the usnderstanding

the whole complex of charge instabilities in such films.
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