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ABSTRACT: A light-mediated methodology to grow pat-
terned, emissive polymer brushes with micron feature
resolution is reported and applied to organic light emitting
diode (OLED) displays. Light is used for both initiator
functionalization of indium tin oxide and subsequent atom
transfer radical polymerization of methacrylate-based fluores-
cent and phosphorescent iridium monomers. The iridium
centers play key roles in photocatalyzing and mediating
polymer growth while also emitting light in the final OLED
structure. The scope of the presented procedure enables the
synthesis of a library of polymers with emissive colors
spanning the visible spectrum where the dopant incorporation,
position of brush growth, and brush thickness are readily controlled. The chain-ends of the polymer brushes remain intact,
affording subsequent chain extension and formation of well-defined diblock architectures. This high level of structure and
function control allows for the facile preparation of random ternary copolymers and red−green−blue arrays to yield white
emission.

■ INTRODUCTION

Organic light emitting diode (OLED) displays are among the
most energy-efficient two-dimensional display technologies and
can be found in everyday appliances, including smartphones,
laptops, and televisions.1,2 However, the efficiency of OLED
displays is offset by the cost of production, in part, due to the use
of evaporative deposition processes.3,4 While solution-based
methods are attractive alternatives that grant access to low-cost,
large area, and high throughput fabrication (e.g., spin-coating,
roll-to-roll, etc.), these approaches inherently suffer from limited
patterning capabilities. A major challenge is the development of a
simple method to generate phosphorescent OLED arrays using
solution-based processes.
Display technology often relies on the use of white light to

render colored images. Traditionally, white light is obtained by
blending red, green, and blue (RGB) emission, which, through
clever engineering, can be achieved using a variety of device
architectures and pixel layouts.5−10 Although a number of
methods to achieve emissive patterned OLED arrays from
solution have been developed, practical limitations such as
fabrication complexity, singlet-only emission, scalability issues,
low feature resolution, and the use of undesirable reagents have
prevented commercialization.11−15 For example, printing and

lithographic techniques require either complex equipment or
numerous iterative processing steps,11−14 while photo-cross-
linking is more rapid, but utilizes intense ultraviolet (UV)
radiation and photoinitiators15−19 that contaminate the emissive
layer (EML) in an OLED device.
State-of-the-art solution-based patterning procedures achieve

spatial resolution either by physically separating the emissive
materials during deposition (printing/lithography) or by UV-
cross-linking. For the latter approach, the irradiated area is
rendered insoluble, which, after washing away un-cross-linked
material, allows for subsequent deposition. In contrast to these
multistep procedures, surface-initiated growth of polymer
brushes has been used for nonpatterned semiconducting20−23

and patterned insulating polymers24−29 with a variety of external
stimuli being used to provide spatial control.30,31 In particular,
surface initiated atom transfer radical polymerization (SI-ATRP)
catalyzed by photoactive Ir(III) phosphors can be used to pattern
polymer brushes using visible light,32 and the “living” nature of
this process permits hierarchical patterning of block copolymer
brush architectures with submicron feature resolution.26
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Significantly, Ir(III) complexes are also widely used as dopants
in semiconducting host matrices for OLED devices based on
high photoluminescence quantum yield (PLQY), stability, short
triplet (T1) state lifetimes, and spectral tunability from blue to
near-infrared.33−35 In addition, covalent attachment of the Ir(III)
complexes to the host mitigates phase separation to further
improve device longevity.36−38

Here we introduce novel Ir(III) photocatalysts to grow
patterned, electronically active, polymer brushes from indium tin
oxide (ITO) substrates (Scheme 1). Notably, the Ir(III) species
initially acts as a photocatalyst to initiate/mediate polymerization
of the brush architectures and then as a covalently bound
phosphorescent dopant for patterned OLED devices with a
carbazole-based host.39 Spatiotemporal control, color mixing
through copolymerization, chain extension to diblock polymer
brushes, and white emission from a red, green, blue pixel array are
demonstrated using this novel methodology. As a final
demonstration, functional multicolored OLEDs are fabricated
to highlight the utility of these materials in next generation
display technologies.

■ RESULTS AND DISCUSSION

The host repeat unit, termed M6MA, was selected to be a
carbazole-phenyl-pyrimidine moiety covalently attached to a
polymerizable methacrylate group.M6MA, shown in Scheme 2a,
was conveniently prepared in four steps from commercial
starting materials.39 To fully address the potential of white light
generation, a library of dopant comonomers with emission
spanning the visible spectrum, in particular RGB, were prepared,
as shown in Scheme 2b. The heteroleptic and functional Ir(III)
complexes were synthesized following initial Nonoyama
chemistry40 to prepare the μ-dichloro bridged dimer (1),
reaction with silver triflate (AgOTf), and coupling with 4-
(pyridine-2-yl)benzaldehyde to yield a range of aldehyde
derivatives, 2. Reduction of 2 provides the corresponding
hydroxymethyl derivatives (3), followed by acylation with
methacryloyl chloride to provide the desired iridium monomers,
IrXMA, where the C^N ligand, X, dictates the triplet (T1) energy
and thus emission color. Specifically, X represents difluorophe-
nylpyridine (dfppy), phenylpyridine (ppy), phenylquinoline
(pq), or benzothiophenylpyridine (btp) (Scheme 2). Copoly-
merizations of M6MA and IrXMA under standard radical
conditions confirmed monomer compatibility and allowed for

basic photophysical characterization of the resultant soluble
polymers. The copolymers were found to have unique emission
profiles dictated by the IrXMA comonomer, granting access to
turquoise (dfppy), green (ppy), orange (pq), and red (btp)
phosphorescence, while homopolymers ofM6MA provide deep

Scheme 1. General Route to Graft Emissive Polymer Brushes from ITOa

aStep 1: functionalization of ITO with 5-hexenol using UV light followed by acylation with α-bromoisobutyryl bromide (BIBB). Step 2: growth of
electronically active polymer brushes with visible light.

Scheme 2. Chemical Structures for (a) M6MA and (b) IrXMA
Monomersa

aSynthesis of IrXMA, reagents and conditions: (i) AgOTf, 4-(2-
pyridyl)benzaldehyde, DMA, 130 °C, 30%. (ii) NaBH4, DCM/EtOH,
rt, > 90%. (iii) Methacryloyl chloride, DCM, 0 °C → rt, > 90%.
Ligands, their acronyms, and experimental triplet energies provided
(bottom).
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blue fluorescence. It should be noted that the high photo-
luminescence quantum yield (PLQY ≈ 30−70%) values for the
copolymers suggests random monomer incorporation, which
mitigates radiative quenching pathways (Table S2).
After establishing monomer compatibility under radical

polymerization conditions and examination of the photophysics
of the resultant soluble copolymers, an analogous “grafting-from”
procedure for polymer brush formation was investigated.
Because of its established utility as a transparent electrode in
optoelectronic applications, ITO was chosen as the substrate for
SI-ATRP. While ITO can be functionalized with silanes and
phosphonic acids, these reactions are nonselective.41 As a result, a
photochemical strategy involving the radical coupling with
alkenes was chosen, which also provides spatial control.42,43

Irradiation of ITO with 254 nm UV light in the presence of 5-
hexenol followed by acylation of the alcohol functionalized ITO
with α-bromoisobutyryl bromide (BIBB) provides initiation sites
covalently attached to the surface (Scheme 1, step 1).44 Surface
functionalization was confirmed through X-ray photoelectron
spectroscopy (XPS), revealing both bromine and carbonyl
functionalities (Figure S11).
Initially,M6MA homopolymer brushes were grafted from the

initiator-functionalized ITO, using small amounts of Ir(ppy)3
(0.005 mol %) photocatalyst and visible light. The resulting
brushes emitted a bright blue fluorescence under UV excitation,
characteristic of poly(M6MA) thin films measured in our
previous study.39 Since larger quantities of Ir(III) are typically
incorporated into the emissive layer of efficient OLEDs,
substituting the Ir(ppy)3 photocatalyst with a higher mol % of
the IrXMA comonomer (1−12 mol %) was considered to be a
facile replacement. Indeed, the use of visible light to grow the
copolymers provides a library of ITO-tethered brushes having
turquoise, green, orange, and red phosphorescence directly
matching the analogous soluble polymer samples (Figures 1 and
S7). The use of unfunctionalized ITO under the same reaction
conditions confirmed that nonspecific polymer adsorption does
not occur. The utility of larger quantites of photocatalyst, as is the
case for copolymerizations with IrXMA, had the added benefit of
reducing the amount of light required to elicit brush growth by
1−2 orders of magnitude compared with analogous homopol-
ymer brush growth (Figure S12).45 Photoluminescence profiles
of copolymer brushes (3 mol % IrXMA) reveal peak emission
wavelengths ranging from 490 to 600 nm with little-to-no
residual blue fluorescence from the host, indicative of efficient
energy transfer to the Ir(III) dopants. This efficient energy
transfer is attributed to the high triplet energy (T1) of theM6MA
host (T1 ≈ 2.8 eV),39 relative to the IrXMA dopants (T1 ≲ 2.7
eV) (Tables S1 and S2). XPS was then used to confirm the
chemical composition for the five different brushes, with distinct
peaks for all brushes. For example, F 1s signals were only
observed for poly(M6MA-co-IrdfppyMA) brushes as expected
(Figure S13). In addition, indium and tin signals were below
detection limits, suggesting uniform coverage with thicknesses
exceeding ∼10 nm.
Control of Ir(III) incorporation (i.e., host:dopant ratio) in the

emissive layer is critical to overall OLED device performance. To
test whether dopant incorporation could be controlled, five
different copolymer brushes were grown uniformly on ITO using
variable amounts of IrppyMA (0, 1, 3, 6, and 12mol %). XPS was
used to determine the chemical composition of the resulting
brushes, showing a clear increase in the Ir 4f7/2 and Ir 4f5/2 signals
at binding energies of 60 and 63 eV, respectively, as the IrppyMA
loading was increased (Figure 2). Notably, the atomic percent of

Ir, relative to carbon, oxygen, and nitrogen, was in good
agreement with the expected values (Figure S15). Additionally,
photoluminescence measurements on the four copolymer
samples reveal a bathochromic shift and broadening of emission
for higher IrppyMA loadings, which can be observed in the
photoluminescence images provided as an inset in Figure 2, and
more clearly in the emission profiles given in Figure S16. The
noted red-shift and broadening upon increasing dopant content
is consistent with the analogous spun-cast soluble polymer
samples,39 indicating that this methodology allows for polymer

Figure 1. Polymer brushes grafted from ITO using Ir(ppy)3 (0.005 mol
%) as the photocatalyst for poly(M6MA) and 3 mol % IrXMA for
copolymers. (a) Schematic representation of grafting from procedure;
initiator functionalized ITO to polymer brushes. (b) Chemical
structures for C^N ligands (X) of IrXMA and corresponding
photoluminescence profiles. Rectangles are images of the polymer
brushes on ITO under 365 nm excitation (Figure S14 for full images).

Figure 2.XPS overlay of poly(M6MA-co-IrppyMA) brushes with varied
Ir dopant content showing high resolution Ir 4f7/2 and Ir 4f5/2 signals at
60 and 63 eV, respectively. Photoluminescence images of the
corresponding brushes under 365 nm excitation are provided as an inset.
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brushes with specific dopant content and tunable optical
performance to be easily fabricated.
An interesting feature of this copolymer brush strategy is that

precise control over dopant concentration makes the generation
of white light possible by carefully tuning the composition of red,
green, and blue emitting components during random copoly-
merization (Figure 3a). To demonstrate this ability, we sought to
directly obtain white emission by copolymerizing IrbtpMA and
IrppyMA with M6MA. In this manner, red and green dopants
are copolymerized at low concentration with M6MA, allowing
for the blue fluorescence fromM6MA to also be present. Indeed,
by carefully tuning the feed ratio of the two IrXMA comonomers
relative to M6MA, white emission was achieved, shown as
sample III in Figure 3b (Figure S17 for optimization of ternary
copolymerizations) with color (x, y) coordinates of (0.31, 0.33)
being measured using photoluminescence spectroscopy and
matching the white point following 1931 Commission
Internationale de L’Éclairage (CIE) guidelines (Figure 3c). It is
particularly noteworthy that removing either the red (I) or green
(II) components highlights the respective contribution from
each emitter, providing insight into the mechanism of energy
transfer within the three component copolymer (III) (Figure
S18). The difference in peak height for the red emission in II and
III is anticipated, given overlap between the IrppyMA emission
and IrbtpMA absorption, which lends to radiative energy transfer
(Figure S18). Visually, there is a dramatic difference between the
observable emission colors between I, II, and III, given minute
changes in dopant concentrations, as shown in the digital images
given as an inset in Figure 3c. This behavior further illustrates the
facile emission tunability that is provided with this platform,
along with the ability to generate white light for low energy solid-
state lighting applications.
For multicolored pixel arrays, the ability to regulate grafting

position (e.g., spatial control) is critical and has not been
accomplished with electronically active brushes. To investigate
this feature, surface patterning using photomasks was examined
for either the UV initiator functionalization step (Scheme 1, step
1) or during the visible light-induced polymerization step
(Scheme 1, step 2). A chrome coated quartz photomask with
transparent rectangular windows (Figure S3, mask 1) was utilized
for spatially resolving both light-driven surface chemistries
(Figure 4a,b). Significantly, the resulting brushes were spatially
resolved in both cases with a notable difference in color for the

two reflectance images shown in Figure 4, likely arising from
differences in brush height. To further compare both methods, a
cross-sectional average of the emission intensity was measured
and revealed improved uniformity when employing the photo-
mask during the polymerization process (step 2). Given the
superior spatial control achieved during polymer brush growth,
this approach was used for all subsequent studies. Moreover, this
methodology can be used to provide polymer brush patterns with
resolution down to the micron level (Figures 4c and S19),
outcompeting state-of-the-art pixels achieved via evaporative
deposition (∼5 × 5 μm2).2,46 These small feature sizes are of
particular interest for microdisplay applications, where decreas-
ing pixel dimensions are required to enhance image reso-
lution.18,47−49

Since the thickness of each layer in an OLED stack is critical to
performance, brush thickness versus time was investigated by
patterning poly(M6MA) brushes that were grown for different
lengths of time followed by analysis with atomic force
microscopy (AFM) (details given in the Supporting Informa-
tion). In Figure 5a the boxed regions are reflectance images, with
their center denoted by a cross that corresponds to the specific
thickness on the axis, while a 2-point color gradient in between
each boxed region was generated from the respective L*,a*,b*
color space values as a representation of the theoretical color for
any given thickness (Table S4). The distinct color variations for
small changes in brush thickness allows for rapid determination
of brush height by simply observing the color of reflected white
light. In addition, from these results emerged clear evidence for
temporal control and direct correlation between polymerization
time and brush thickness (Figure S23). To test whether
phosphorescent brushes could be grown with temporal control,
6 mol % IrppyMA was copolymerized with M6MA. The color
from reflectance imaging suggests that brush thickness increases
with irradiation time, which was further confirmed using AFM of
scratched films (Figure 5b). Moreover, the increase in observable
emission intensity over time correlates with an increase in brush
thickness (Figure 5 inset, bottom). This ability to control
copolymer brush formation using only an Ir-functionalized
comonomer is significant and illustrates that the generation of
phosphorescent pixels of any color on the order of microns in the
x, y dimensions and nanometers in the z dimension is possible
using this approach.

Figure 3.White emission from copolymer brushes on ITO. (a) Chemical structures and composition for I, poly(M6MA-co-IrppyMA), II, poly(M6MA-
co-IrbtpMA), and III poly(M6MA-co-IrppyMA-co-IrbtpMA). (b) Photoluminescence profiles showing contributions from red, green, and blue
emission for the different copolymer brushes. (c) CIE 1931 coordinates for I (x, y) = (0.22, 0.31), II (x, y) = (0.27, 0.13), and III (x, y) = (0.31, 0.33).
Inset is a digital image of the polymer brushes under 365 nm excitation.
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The most efficient OLEDs to date are multilayers, including a
hole transport layer (HTL), electron blocking layer (EBL),
emissive layer (EML), hole blocking layer (HBL), and electron
transport layer (ETL), making it a necessity to extrapolate
beyond the copolymer brushes generated herein to act as an
EML. Advantageously, the surface-bound brushes are robust,
allowing for subsequent layer deposition to achieve multilayered
architectures. Alternatively, the “living” nature of the controlled
photoATRP process allows for multiblock brush formation,
given the presence of active bromide chain-ends. To this point,
diblock copolymer architectures with two electronically active
blocks were fabricated, both with thicknesses controlled through
irradiation time. As a proof of principle, poly(M6MA) was grown
uniformly on ITO as the first block, followed by growth of
patterned copolymers containingM6MA and IrbtpMA (10 mol

%), to yield poly(M6MA-b-(M6MA-co-IrbtpMA)) brushes
(Figure 6a). The chain extension is evident from photo-
luminescence spectroscopy, with the appearance of a red
emission peak at ∼600 nm (Figure 6b). Additionally, reflectance
microscopy shows two distinct colors for the first block,

Figure 4. Spatial control for poly(M6MA-co-IrppyMA) brushes
containing ∼6 mol % IrppyMA, after irradiation through a chrome
coated quartz photomask at either (a) step 1 (UV) or (b) step 2 (vis).
Schematic representation of the functionalization (top) and corre-
sponding reflectance and photoluminescence images. The inset
represents normalized emission intensity as a cross-sectional average,
showing improved uniformity and spatial control when employing the
photomask at step 2. (c) Micron feature resolution obtained by
photopatterned polymer grafting (step 2), showing microscopy images
(grayscale reflectance and photoluminescence inset, λex = 365 nm).

Figure 5. Temporal control over polymer brush growth on ITO. (a)
Reflectance color-brush thickness correlation for poly(M6MA)
determined using AFM and (b) growth of poly(M6MA-co-IrppyMA)
over time, using 6 mol % IrppyMA. Inset shows reflectance (top) and
photoluminescence (bottom, λex = 365 nm) images, with normalized
emission intensity as a cross-sectional average, demonstrating increased
brightness with brush height.

Figure 6. Diblock polymer brushes. (a) Schematic representation for
diblock brush growth, and chemical structures for poly(M6MA), block
1, and poly(M6MA-b-(M6MA-co-IrbtpMA)), diblock. (b) Overlaid
photoluminescence spectra before (blue solid line) and after (red
dashed line) diblock brush growth. (c) Reflectance, emission, and SIMS
images (from left to right) of the 20 × 200 μm2 diblock copolymers. 32S
signal detected with SIMS, with increasing counts in going from blue to
red.

ACS Central Science Research Article

DOI: 10.1021/acscentsci.7b00165
ACS Cent. Sci. 2017, 3, 654−661

658

http://dx.doi.org/10.1021/acscentsci.7b00165


poly(M6MA), and the diblock copolymer, correlating to a total
thickness of ∼45 and 85 nm, respectively (Figure 6c).
Photoluminescence microscopy indicates that the dopant resides
solely in the 20 × 200 μm2 rectangles (distinct red emission;
Figure 6c), which was further confirmed with secondary ion mass
spectrometry (SIMS), detecting the sulfur atoms (32S) present in
the btp ligand (Figure 6c). To demonstrate versatility, this
procedure was also used to generate other diblock copolymer
brushes (M6MA-b-(M6MA-co-IrppyMA)) (Figure S25).
The high degree of spatial control was further illustrated by the

preparation of multicolored pixel arrays that are utilized in direct-
lit display applications. The PenTile RGBG array of pixels used in
active matrix OLEDs and plasma displays was chosen to
showcase this methodology (Figure 7). Three chrome-coated
glass photomasks were fabricated to contain different sized
transparent rectangles for red, green, and blue pixels (masks 9−
11, Figure S3), while a substrate holder composed of black Delrin
and stainless still pins (Figure S2) was fabricated and used to
align the masks. Sequentially, poly(M6MA-co-IrbtpMA), poly-
(M6MA-co-IrppyMA), and poly(M6MA) brushes were grown
from ITO, providing red, green, and blue emissive rectangles,
respectively (Figure 7a). Figure 7b shows a photoluminescence
microscope image of the sample under 365 nm excitation,
demonstrating well-defined features for the RGBG arrangement.
The total photoluminescence output from the array was
measured in an integrating sphere by exciting with UV light to
determine the emission profile (Figure 7c) and chromaticity
(Figure 7d).
Comparing the photoluminescence profiles for each individual

pixel reveals good overlap with the sum “white” emission,
demonstrating that it is simply a combination of the three
different pixels, as would be the case in a direct-lit display. The
chromaticity from the emission profile was generated following

CIE guidelines, providing (x, y) coordinates of (0.35, 0.32),
which is near the white point, as defined by illuminant DL65, (x,
y) = (0.31, 0.33). Figure 7d also shows the individual CIE 1931
coordinates for red, green, and blue, which exhibits the
underlying color mixing process that results in the “white”
emission. The multicolored patterning clearly demonstrates that
this new methodology is an effective way to fabricate pixel arrays
from solution for OLED display applications.
As a final demonstration, monochromatic (Figure S27) and

multicolored OLED devices were fabricated using the “grafting-
from” procedure. Figure 8a provides a schematic representation
of the multicolored device, with an architecture (from bottom
up) of ITO/EML/HBL/ETL/EIL/Al, where ITO is the anode,
polymer brushes comprise the EML, 5-(4-([1,1′-biphenyl]-3-yl)-
6-phenyl-1,3,5-triazin-2-yl)-7,7-diphenyl-5,7-dihydroindeno-
[2,1-b]carbazole acts as the HBL, 2,4-bis(9,9-dimethyl-9H-
fluoren-2-yl)-6-(naphthalen-2-yl)-1,3,5-triazine comprises the

Figure 7.Generation of a red, green, and blue pixel array (PenTile RGBG format) on ITO through stepwise photopolymerizations using three different
aligned photomasks. (a) Photoluminescence images (λex = 365 nm) of the three step RGBG array fabrication, going from red (poly(M6MA-co-
IrbtpMA); 500 × 500 μm2), to green (poly(M6MA-co-IrppyMA); 125 × 750 μm2), to blue (poly(M6MA); 500 × 750 μm2) pixels. Schematic
representations provided as insets. (b) Reflectance microscopy image and enlarged photoluminescence microscopy image (λex = 365 nm) of the array.
(c) Photoluminescence profile of the pixel array overlaid with individual RGB emission profiles. (d) CIE 1931 coordinates for the sum emission profile,
(x, y) = (0.35, 0.32), shown as the white trace in “c” along with the individual red, (x, y) = (0.61, 0.34), green, (x, y) = (0.32, 0.61), and blue, (x, y) = (0.16,
0.07), coordinates.

Figure 8. Multicolored OLED composed of poly(M6MA-co-IrpqMA)
and poly(M6MA-co-IrppyMA) as the orange and green emitting
regions, respectively. (a) Device architecture fabricated from the bottom
up: ITO/EML/HBL/ETL/LiQ/Al. (b) Photograph showing electro-
luminescence of device under forward bias.
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ETL, 8-hydroxy quinolinato lithium (LiQ), the electron injection
layer (EIL), and aluminum (Al), the cathode. Two polymer
brushes, poly(M6MA-co-IrpqMA), orange emitter, and poly-
(M6MA-co-IrppyMA), green emitter, were grafted from six ITO
pixels on one glass substrate using low intensity visible irradiation
through two chrome-coated glass photomasks (masks 16 and 17,
Figure S3). Applying forward bias on a fully fabricated device
prototype led to observable electroluminescence for all six pixels
and two distinct colors (orange and green) as shown in Figure 8b.
Current−voltage−light (JVL) device characterization was not
performed owing to poor device lifetime/stability at voltages
with observable light emission. Typically, the onset of light
emission was observed between 8 and 9 V with images of pixel
emission taken between 10 and 13 V. Short circuit formation was
the primary failure mechanism between 8 and 13 V of potential.
The high driving voltage is attributed to the lack of a hole
injection layer, as well as a need for further material/device
optimization. Significantly, turn-on of all six pixels suggests
excellent brush coverage/uniformity with the potential of this
platform for OLED display applications being clearly demon-
strated by the ability to fabricate multicolored emissive devices.

■ CONCLUDING REMARKS

Electronically active and multicolored phosphorescent pixel
arrays with remarkable control over size, shape, and architecture
were demonstrated using a solution based approach. More
specifically, low energy visible light could be used to graft
patterned emissive polymer brushes from initiator functionalized
ITO. Novel iridium monomers bearing a pendent methacrylate
were synthesized and utilized for the dual purpose of catalyzing/
mediating controlled radical polymerization and harnessing
triplet energy through phosphorescence. The grafting of
semiconducting methacrylate-based brushes using photoATRP
provided emission spanning the visible spectrum, from blue to
red, dictated by the C^N ligand (X) on the iridium complex.
Moreover, the Ir(III) dopant content within the brushes was
controlled by the monomer feed ratio, which allowed for white
emission from RGB copolymer brushes. The facile fabrication of
RGB pixel arrays for white emission and a working multicolored
OLED prototype showcased the utility of this methodology for
display applications. This novel platform opens up numerous
multidisciplinary research opportunities, including the synthetic
development of monomers for improved hole transport, the
fabrication of functional nonlinear surfaces for improved light
out-coupling, and pixel feature reduction for high resolution
microdisplay applications.
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