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Direct nanoimprint of submicron organic light-emitting structures
Jian Wang, Xiaoyun Sun, Lei Chen, and Stephen Y. Choua)

NanoStructure Laboratory, Department of Electrical Engineering, Princeton University, Princeton,
New Jersey 08544

~Received 25 May 1999; accepted for publication 8 September 1999!

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. ©1999 American Institute of Physics.
@S0003-6951~99!04144-3#
o

es
c
to
e
h

ca
pa

re
a
e

h

ic
e
-
is
io

r
ex
ic
ti

te
-1

ed
ec
er
im
ls
h

ule

m-
rn-
the

is

-
f-

h

ra-
ut

erial
us

nic
in

y

-
a

as
t
ime
as

0
nt,
t-
e a

res
ol-

nt
ma
Organic light-emitting materials and devices, such as
ganic light-emitting diodes~OLED!, organic flat panel dis-
plays, and organic lasers have been under intensive inv
gation for a decade.1,2 However, direct patterning of organi
light-emitting media with high resolution, while essential
the further development of the organic light-emitting d
vices, is an area virtually unexplored. Because organic lig
emitting materials experience deterioration in their opti
properties when exposed to water, oxygen, high-energy
ticles ~e.g., photons and electrons!, and are also soluble in
the solvents used in conventional patterning methods, cur
technology is unsuitable for patterning, and alternative p
terning techniques need to be developed. Previously, sev
direct patterning methods like vacuum deposition throug
shadow mask,3 laser photoablation,4 and inkjet printing5,6

have been widely used. Also, sealing the OLED organ
before using conventional patterning environments has b
developed.7,8 However, all of them suffer from limited reso
lution (.10mm). Considering that submicron patterning
required in many applications, such as ultrahigh resolut
OLEDs,9 distributed feedback organic lasers,10–13 and or-
ganic photonic crystals,11 new high-resolution techniques fo
patterning organic light-emitting media are desired. No
isting method can be used to pattern light-emitting organ
with a submicron resolution that does not cause degrada
of the light emission efficiency.

Previously, nanoimprint lithography was demonstra
to be a high-throughput lithography technique with a sub
nm resolution capability.14,15Direct patterning of poly~meth-
ylmethacrylate! ~PMMA! resist and thermoplastic~polycar-
bonate, PVC, etc.!16 substrates has been demonstrat
Therefore, it is very attractive to use this technique for dir
patterning of active organic light-emitting media. Howev
would the temperature and pressure environment in nano
print degrade the optical property of the organic materia
This letter reports the investigation of nanoimprint tec
niques for high-resolution patterning of both small molec
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2760003-6951/99/75(18)/2767/3/$15.00
Downloaded 14 May 2003 to 128.112.49.61. Redistribution subject to A
r-

ti-

-
t-
l
r-

nt
t-
ral
a

s
en

n

-
s
on

d
0

.
t
,

-
?
-

and some polymer hosted light-emitting media. The co
parison of luminescence efficiency before and after patte
ing shows that nanoimprint did not cause degradation in
optical property of the organics.

Two kinds of light-emitting materials were used in th
work. The first material was hosted by Alq3 ~8-
hydroxyquinoline aluminum!, a widely used electron con
ducting small-molecule, light-emitting material for highly e
ficient OLEDs1 and optically pumped lasers.11,17The Alq3 is
doped with 2 wt % DCMII dye molecules to achieve hig
luminescence efficiency based on Fo¨rster energy transfer.11,17

The organic films were prepared either by thermal evapo
tion or by spin coating. The thickness of the film was abo
200 nm measured by an ellipsometer. The second mat
used PMMA as the matrix, which was blended with vario
semiconducting small molecules like Alq3, and DCMII. This
type of blend material was also used in OLEDs and orga
lasers previously.9 The polymer films were prepared by sp
coating and the thickness was about 200 nm.

A detailed description of the nanoimprint lithograph
process can be found in our previous work.14,15 The SiO2

grating masks~molds! used in this work were made by in
terference lithography with a period of 200 or 300 nm and
height of 180 nm. The nanoimprint process in this work w
performed in a vacuum of;1 Torr, at a pressure of abou
800 psi, and a temperature of 150 °C. The total process t
including vacuum, heating up, imprint and cooling down w
approximately 15 min.

Figure 1 shows atomic force microscope~AFM! images
of the Alq3 /DCMII gratings with a period of 200 and 30
nm, respectively. This is the first time that the high-efficie
small-molecule, light-emitting materials were directly pa
terned into submicron structures. These structures hav
number of applications including distributed feedback~DFB!
lasers and photonic crystals.10–13In contrast, all previous op-
tically pumped DFB lasers and photonic crystal structu
were fabricated by depositing the organic light-emitting m
ecules onto a prepatterned dielectric~e.g., silicon dioxide!
substrate.10–13 Since the refractive index of the transpare
il:
7 © 1999 American Institute of Physics
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dielectric substrate is very close to that of the organic lig
emitting material, the dielectric contrast of the gratings
small. With nanoimprint, a large dielectric grating contra
~due to the polymer and air interface! can be obtained, which
is critical for DFB lasers, and especially, photonic crysta

As described earlier, an important issue in pattern
organic light-emitting materials is how to avoid degradati
of light emitting efficiency caused by the patterning proce
Since oxygen, water, and high-energy particles~photons! are
the killers of the light-emitting efficiency of the organics, th
nanoimprint patterning process needs to be performed
low vacuum or nitrogen environment. To study the influen
of the imprint environment~i.e., high pressure and temper
ture! on the optical property of the organic light-emittin
material, we measured the luminescence efficiency of
sample before and after imprint patterning. Figure 2 sho
the measured luminescence spectral intensity of the sam
before and after patterning, respectively, excited by an ar
ion laser~488 nm! with a power density of;10 mW/cm2.
The photoluminescence was measured by a 3/4 monoc
mator with a photomultiplier. From Fig. 2, it is conclude
that virtually no degradation is caused by the nanoimp
patterning process. To study possible influences of
sample substrate, both silicon and glass substrates were
in this work. The same conclusion was drawn for both typ
of substrates. In contrast, the sample patterned by nan
printing in air had much lower photoluminescence e

FIG. 1. AFM images of the Alq3 /DCMII gratings with a period of 200 nm
~left! and 300 nm~right!, respectively, patterned directly by nanoimprint.

FIG. 2. The measured luminescence spectral intensity before~solid! and
after ~dashed! nanoimprint, respectively. An argon ion laser~488 nm! was
used for excitation. It shows that the nanoimprint process did not deg
the optical property of the organics.
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ciency, i.e., about one order smaller than that imprinted
vacuum.

The polymer~PMMA! based light-emitting media wa
also fabricated using nanoimprint and investigated in
same manner described earlier. Figure 3 shows the scan
electron microscope~SEM! images of the patterned grating
of PMMA/Alq3 /DCMII by the nanoimprint process. We
should indicate that, the resolution obtained so far is limi
by the smallest feature size on our mold. In principle, t
nanoimprint process can give a much higher resolution do
to 10 nm.14,15 The experimental results of the luminescen
efficiency measurement gave the same conclusion as th
the small molecule organics, i.e., no degradation caused
nanoimprint.

In summary, nanoimprint is used to pattern both sma
molecule and polymer-based light-emitting media with
ultrahigh resolution~down to sub-200 nm!. The lumines-
cence efficiency comparison shows that the nanoimprint p
cess did not degrade the optical property of the organics.
low-cost, high-throughput, high-resolution patterning tec
nique opens a way for realizing novel photonic devices ba
on organic light-emitting materials.
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