Color variable bipolar/ac light-emitting devices based on conjugated
polymers
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There is increased interest in developing color variable light emitting devices. We report here the
fabrication of color variable bipolar/ac light-emitting devices based on conjugated polymers. The
devices consist of blends of pyridine-phenylene and thiophene-phenylene based copolymers
sandwiched between the emeraldine base form and the sulfonated form of polyaniline. ITO and Al
are used as electrodes. The devices operate under either polarity of driving voltage with different
colors of light being emitted, red under forward bias, and green under reverse bias. The relative fast
time response allows the rapid switching of colors and ac operationl9€y American Institute of
Physics[S0003-695097)q2624-7

In the past decade, there has been great interest in olight at room temperatures. The devices consist of a layer of
ganic electroluminescent devices, particularly conjugatedctive electroluminescent polymers sandwiched between two
polymer based light-emitting devicésEDs).1~* To date, a different redox polymer layers. The redox polymer layers
variety of conjugated polymers and/or copolymers have beemodify the charge injection and transport properties such
found to exhibit electroluminesceffL) properties such that that the device can be operated under both forward and re-
all the necessary colors needed for display applications areerse bias. Also, at least one of the redox polymers is ca-
obtainable’* However, for most devices the color of the pable of modifying the emission properties of the emitting
emitted light is fixed once the device is fabricated. Recentlyoolymers at the interface so that the interface emits different
there has been great interest in developing color variablgolors of light than the bulk does. In this approach, the colors
light-emitting devices, i.e., individual devices that can gen-of light are controlled by selecting the desired emission lo-
erate two or more colors of light. In color variable devicescations which in turn are controlled by the polarity of driving
based on blends of polythiophene derivatives, different comvoltage and the charge injection and transport properties of
ponents in the blend emit different colors of light simulta- the emitting polymers. Since motion of ionic species is not
neously with the intensity of each component varying withrequired for device operation a relatively fast time response
the applied voltagé Though such devices can emit multiple IS €xpected, allowing the colors to be switched rapidly.
colors of light, they have very limited control of the bright- For devices presented here, a copolymer of (mysidy|
ness at a desired color. Color variable LEOshich emit ~ Vinylen® and  polyphenylene vinylene derivative,
two independent colors of light, also have been developed?PYVPV', and a copolymer of polythiophene and polyphe-
The two color LECs offer an improved control of the color Nylene derivative, PTR were USSGd as the emitting materials;
and brightness: the color is controlled by the polarity and theUlfonated polyaniling(SPAN® and the emeraldine base
brightness is controlled by the magnitude of the driving volt-(EB) form of polyaniline were used as the redox materials;
age. However, due to the involvement of ionic species in thd! © @nd Al were used as electrodes. Figures 1 and 2 show
device operation, the response of the devices is intrinsicallf’¢ chemical structures of the polymers used and the sche-

slow and not suitable for applications that requires rapiomat'c device structure, respectively. The EB layer was first

o : . L. spin - coated at ~3000 rpm from  N-methyl
switching of colors. More recently, multilayer light emitting - ) .
devices which generate two independent colors Wergyrrolldlnone(NMP) solution (concentration of-5 mg/mb

achieved at liquid nitrogen temperature by inserting a bIock—Onto precleaned patterned ITO substratesh a sheet resis-

ing layer in between two different emitting polymer layérs. tance of 150/L)). The emitting layer was then spin coated

The two colors also can be controlled by the polarity of theove_r the E_B_Iayer from a bl_end of PPyVP\and PTP (3:2
weight ratig in xylenes or trichloroethylengotal concentra-

driving voltage. Such an approach improves the device r€ion ~10 mg/m). The SPAN layer was subsequently spin

Zponse Em?' H(()jwe\_/er, |tfrar11|seshthe d%\lnci_opelratmg V%Itaggoated over the emitting layer from an aqueous solution. All
ue to the mtr(') uction of the charge blocking layer and rey,q spin coating procedures were carried out inside a class
tains the stability concerns of conventional polymer LE_Ds. 100 cleanroom. The top metal electrode was deposited by
‘Here we report a new approach to color variable light-ac\,ym evaporation at a pressure below&Uorr. To pre-
emitting devices which generates two independent colors Qfgp¢ damage to the polymers, the substrate was mounted on
a cold-water-cooled surface during evaporation. Photolumi-
3E|ectronic mail: epstein.2@osu.edu nescencePL) and EL were measured using a PTI fluoro-
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FIG. 3. PL and EL spectra of PPyVP\and PTP films cast from xylenes
solutions.

0.6 F

0.4

Luminescent Intensity (a.u.)

02}

FIG. 1. Repeat units of polymers used in this stu@.PPyVPV* [poly-
(pyridyl vinylene phenylene vinylenederivative; (b) PTP* [poly(thi-
enylene phenylenederivativel; (c) EB (emeraldine bageand (d) SPAN  peared red and green to the eye under forward and reverse
(sulfonated polyaniling bias, respectively, and was clearly visible under normal in-
door lighting. Internal device efficiencies of up to 0.1%
meter(Model QM-1). The current—voltagél—V) character- photons/electron has been achieved for the initial devices.
istics were measured simultaneously with EL using two Kei-The EL spectra under forward and reverse bias are shown in
thley model 195A multimeters while the dc voltage was ap-the inset of Fig. 4. The CIE chromaticity;y coordinates of
plied by an HP Model 6218A dc power supply. Quantumthe two spectra are calculated to 1§8.654,0.34% and
efficiency and brightness were measured using a calibrate@.471,0.519 respectively, showing both colors to be rela-
photodiode(UDT UV100). tively pure. The colors of the devices have been switched
Figure 3 shows the PL spectra of PPyVP¥nd PTP rapidly, up to~20 kHz, depending upon device impedance
films cast from xylenes solution. The PL of PPyVPYeaks and geometry.
at 610 nm with a shoulder at 560 nm. In contrast, the PL of = The EL spectra under forward bias is substantially dif-
PTP* peaks at 545 nm with a shoulder at 580 nm. Althoughferent from that of the single layer devices of either
the two polymers show different PL properties, the EL specPPyVPV* or PTF, suggesting that the light is generated
tra of their single layer devices with ITO and Al as elec- from the interface between the emitter blend and either EB
trodes are very similar, each of which peaks~&50 nm  or SPAN under forward bias. To further clarify this, we fab-
with a shoulder at-580-600 nm. The different properties of ricated the following devices: ITO/PPyVPYAI,
PL and EL of PPyVPY (Ref. 9 and similar material§ has ITO/SPAN/PPYVPV /A ITO/PPYyVPV*/SPAN/AI
been attributed to aggregate formation in these polymelTO/SPAN/PPyVPV /SPAN/AI, and similar devices replac-
films. The similarity between the PL and EL spectra for theing SPAN with EB. All these devices were fabricated and
PTP* film suggests that no or very few aggregates wereested under similar conditions in forward bias. While no
formed in the PTP film, consistent with the higher density significant shift of EL spectra from ITO/PPyVPYAI were
of phenyl bridging groups. found for ITO/SPAN/PPyVPY/AlI and all EB devices,
Figure 4 shows the typical I-V and luminance—voltagelTO/PPyVPV*/SPAN/AI and ITO/SPAN/PPYVPY/
characteristics of the devices configured as in Fig. 2. Th&SPAN/Al show dramatically redshifted EL spectra. This
devices have typical turn-on voltages-o#—8 V depending clearly demonstrates that the red light is generated from the
upon film thickness and work equally well under both polari- PPyVPV*/SPAN interface on the cathode side under forward
ties of driving voltage, as reported earlier for similar sym-bias. The mechanism for the SPAN layer changing the emis-
metrically configured ac light-emittingSCALE) devices:®  sion properties of the PPyVPVpolymer is under further
with different colors of light being emitted. The light ap- study. Initial studies suggest the formation of complex spe-
cies due to the quarternization of the pyridyl units by
SPAN!? Similar studies using PTPas the emitting layer
show that the emission properties of PT&e not affected
significantly by the presence of the SPAN layer.
® The EL spectra of the color variable device under re-
verse bias are similar to those of the single layer PPy¥YPV
- 7 gnd PTP devices imp_lyﬁng that the light is genera_ted either
N LHZTIIJBUIMna in the bulk of the emitting pglymgr or at thg E_B interface.
We are not able to exactly identify the emission zone be-
Glass cause the EB layer does not modify the emission properties
of the emitting polymer. The EB layer serves as a charge
FIG. 2. Schematic diagram of the color variable light-emitting device. ~ injection enhancement layer, playing a similar role as it does
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light generated at the redox polymer/emitting polymer inter-

3

4 i =) Y ARAARRARRASAAEE N 10 face is different from that generated in the bulk of emitting

ab g 1op ReRE /F‘m”\af 1 polymer. The emission zone, and hence the color of emitted
— g 06 \\ . light is controlled by the polarities of the driving voltage and
E 2r % g o4 // ~ ] 10 — the charge transport properties of the emitting polymers. The
= % e o E latter is controlled by blending two emitting polymers with
E ' B w 500 600 700 800 8 different charge transport properties in an appropriate ratio.
Z ol 8 Wayelength {nm) ) {100 & The new approach to the color variable light-emitting
§ ’% % ] g devices reported here has a number of important advantages:
g1t _f ¢ § f (1) The two redox polymers modify the charge injection
g SF 3 100 w properties of the polymer/metal interfaces allowing
o T 2 o ] the use of high work function metals as electrodes.

ab 3 ] This potentially reduces the aging problems associ-

f a0 ° : ated with reactive low work function metals.
A4 b a : Sy [ U (2) The introduction of the two redox polymers allows
15 10 -5 0 5 10 15

the devices to operate in both forward and reverse
bias. Since no ionic species are directly involved in
the device operation, the colors can be switched very
rapidly, in sharp contrast to intrinsically slow re-
sponse LECs.

(3) The emitting polymers are protected by the redox
polymers against direct exposure to air, potentially
improve the device stability.

(4) ac or periodically reversed operation may retard fail-
ure due to migration of metals from the electrodes
into the polymer. Such operation may also dissipate

Voltage (V)

FIG. 4. Current—voltage and light—voltage characteristics of color variable
light-emitting devices under forward and reverse bias conditions. The device
emits red light under forward bias and green light under reverse bias. Inset
shows the electroluminescent spectra of such a device under forward and
reverse bias conditions.

in SCALE devices reported earliét Under reverse bias, the
SPAN layer on the cathode side plays a similar role.

It is noted that when the blend in the color variable de-
vices is replaced by pure PPyVP\polymers, the devices the buildup of space charges.
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