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Direct nanoimprint of submicron organic light-emitting structures
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We have demonstrated a method to directly pattern organic light-emitting structures with a
submicron resolution without any degradation in optical properties. Both small molecules and
polymer-based light-emitting structures were patterned by nanoimprint at 150 °C in a vacuum. The
comparison of luminescence efficiency before and after patterning shows that nanoimprint did not
cause degradation in the optical property of the materials. Nanoimprint offers a low-cost,
high-throughput, high-resolution patterning technique that opens a way for realizing novel photonic
devices based on organic light-emitting materials. 1@99 American Institute of Physics.
[S0003-695(199)04144-3

Organic light-emitting materials and devices, such as orand some polymer hosted light-emitting media. The com-
ganic light-emitting diodegOLED), organic flat panel dis- parison of luminescence efficiency before and after pattern-
plays, and organic lasers have been under intensive invesiihg shows that nanoimprint did not cause degradation in the
gation for a decad&? However, direct patterning of organic optical property of the organics.
light-emitting media with high resolution, while essential to Two kinds of light-emitting materials were used in this
the further development of the organic light-emitting de-work. The first material was hosted by Alq (8-
vices, is an area Virtua”y Unexplored. Because OrganiC "ghthydroxyquinonne a|uminum a W|de|y used electron con-
emitting materials experience deterioration in their opticalducting small-molecule, light-emitting material for highly ef-
properties when exposed to water, oxygen, high-energy paficient OLEDS and optically pumped lasets!” The Alg, is
ticles (e.g., photons and electrgnsand are also soluble i goped with 2 wt% DCMII dye molecules to achieve high
the solvents used in conventional patterning methods, curreftminescence efficiency based ofr§ter energy transféi17
technology is. unsuitable for patterning, and alt.ernative patThe organic films were prepared either by thermal evapora-
terning techniques need to be developed. Previously, severt%n or by spin coating. The thickness of the film was about

. . . . . ’6
shadow masR, laser photoablatiofi,and inkjet printing used PMMA as the matrix, which was blended with various

have been widely used. Also, sealing the OLED Orgamcssemiconducting small molecules like Algand DCMII. This

before using conventional patterning environments has been . ; .
3 L type of blend material was also used in OLEDs and organic
developed.:® However, all of them suffer from limited reso-

lution (>10xm). Considering that submicron patterning is lasers previoust§.The polymer films were prepared by spin

required in many applications, such as ultrahigh resolutiory 29 anq the th|ckpe_ss was about 20.0 nm. -
OLEDs? distributed feedback organic laséfs2® and or- A detailed description of the nanoimprint lithography

. . 5 .
ganic photonic crystals; new high-resolution techniques for progess can be found in qur p-l’eVIOUS otk The S'Q,
patterning organic light-emitting media are desired. No ex9rating maskgmolds used in this work were made by in-
isting method can be used to pattern light-emitting organicderference lithography with a period of 200 or 300 nm and a

with a submicron resolution that does not cause degradatioR€ight of 180 nm. The nanoimprint process in this work was
of the light emission efficiency. performed in a vacuum of-1 Torr, at a pressure of about
Previously, nanoimprint lithography was demonstrated800 psi, and a temperature of 150 °C. The total process time
to be a high-throughput lithography technique with a sub-1dncluding vacuum, heating up, imprint and cooling down was
nm resolution capability**® Direct patterning of polgmeth- ~ @pproximately 15 min.
ylmethacrylat® (PMMA) resist and thermoplastigolycar- Figure 1 shows atomic force microscof=M) images
bonate, PVC, ety'® substrates has been demonstratedof the Alg/DCMII gratings with a period of 200 and 300
Therefore, it is very attractive to use this technique for direct'm, respectively. This is the first time that the high-efficient,
patterning of active organic light-emitting media. However,small-molecule, light-emitting materials were directly pat-
would the temperature and pressure environment in nanoinferned into submicron structures. These structures have a
print degrade the optical property of the organic materialsumber of applications including distributed feedb&bkB)
This letter reports the investigation of nanoimprint tech-lasers and photonic crystdf$:'3In contrast, all previous op-
nigues for high-resolution patterning of both small moleculetically pumped DFB lasers and photonic crystal structures
were fabricated by depositing the organic light-emitting mol-

dAuthor to whom correspondence should be addressed; electronic maif?CUIes Orz)tolaa prepatterned diglec_t(ﬁ:g., silicon dioxide
chou@ee.princeton.edu substraté®!2 Since the refractive index of the transparent
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FIG. 1. AFM images of the AlgyDCMII gratings with a period of 200 nm
(left) and 300 nm(right), respectively, patterned directly by nanoimprint.

dielectric substrate is very close to that of the organic light- o I oeotitaon D WD b T 1 Im
emitting material, the dielectric contrast of the gratings is 22020 S S0 D Ot L0 s
small. With nanoimprint, a large dielectric grating contrast
(due to the polymer and air interfa)oenn be obtained, which FIG_. 3. SEM image of the_pattt_erned grating of PMMA/AIGCMII with a
is critical for DFB lasers, and especially, photonic crystals, Pe"1od ©f 200 nm by nanoimprint.

As described earlier, an important issue in patterning
organic light-emitting materials is how to avoid degradationciency, i.e., about one order smaller than that imprinted in
of light emitting efficiency caused by the patterning processvacuum.
Since oxygen, water, and high-energy particjgisotons are The polymer(PMMA) based light-emitting media was
the killers of the light-emitting efficiency of the organics, the also fabricated using nanoimprint and investigated in the
nanoimprint patterning process needs to be performed in §8ame manner described earlier. Figure 3 shows the scanning
low vacuum or nitrogen environment. To study the influenceelectron microscop€SEM) images of the patterned gratings
of the imprint environmenti.e., high pressure and tempera- of PMMA/Alq3/DCMII by the nanoimprint process. We
ture) on the 0ptica| property of the organic |ight_emitting should indicate that, the resolution obtained so far is limited
material, we measured the luminescence efficiency of th@y the smallest feature size on our mold. In principle, the
sample before and after imprint patterning. Figure 2 show§anoimprint process can give a much higher resolution down
the measured luminescence spectral intensity of the sampt@ 10 nm!*** The experimental results of the luminescence
before and after patterning, respectively, excited by an argoffficiency measurement gave the same conclusion as that of
ion laser(488 nm with a power density of-10 mWi/cnf. the small molecule organics, i.e., no degradation caused by
The photoluminescence was measured by a 3/4 monochr§anoimprint.
mator with a photomultiplier. From Fig. 2, it is concluded N summary, nanoimprint is used to pattern both small-
that virtually no degradation is caused by the nanoimprininolecule and polymer-based light-emitting media with an
patterning process. To study possible influences of thelltrahigh resolution(down to sub-200 nm The lumines-
sample substrate, both silicon and glass substrates were usé@nce efficiency comparison shows that the nanoimprint pro-
in this work. The same conclusion was drawn for both types$ess did not degrade the optical property of the organics. The
of substrates. In contrast, the sample patterned by nanoinfoWw-cost, high-throughput, high-resolution patterning tech-

printing in air had much lower photoluminescence effi- ique opens a way for realizing novel photonic devices based
on organic light-emitting materials.
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