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METHOD FOR FABRICATING ORGANIC
ELECTROLUMINESCENT DISPLAY

OBIJECT OF THE INVENTION

[Field of the Invention and Description of the Related Art]

The present invention relates to a method for fabricating
an organic electroluminescent display, and more
particularly, to a method for fabricating an organic electrolu-
minescent display having improved surface flatness and
thickness uniformity as well as an improved image quality
at edge regions of a pattern.

An electroluminescent display includes an electrolumi-
nescent material disposed between electrodes, and is
designed to realize an image by applying a voltage to the
electrodes so as to form an electric field therebetween such
that the electroluminescent material may become lumines-
cent. Such an electroluminescent display is classified into an
inorganic electroluminescent display and an organic elec-
troluminescent display depending on the electroluminescent
material. The inorganic electroluminescent display has been
put into practical use and is widely used for a backlight of
a watch, and the organic electroluminescent display is under
strong investigation since it shows merits of high luminance
and efficiency, drivability by a low voltage, and high
responsiveness, in comparison with the inorganic one.

Generally, such an organic electroluminescent display
includes a transparent substrate, on which an anode
electrode, an organic luminescent layer, and a cathode
electrode are consecutively disposed.

The organic luminescent layer may have a variety of
structures depending on an electroluminescent material. For
example, the organic luminescent layer may be formed of a
hole transport layer, an luminescent layer, and an electron
transport layer, or of a hole transport layer and an electron
transport/luminescent layer, or of a hole transport/
luminescent layer.

In the above described organic electroluminescent
display, the organic luminescent layer is designed to realize
red (R), green (G), and blue (B) colors so that it can be
applied to a color display.

Such an organic luminescent layer is generally formed
through a vacuum evaporative deposition process using a
shadow mask or through a conventional optical etching
process. However, the vacuum evaporative deposition pro-
cess has a limitation in reducing the physical gap between
the patterns and it is difficult to form a minute pattern to tens
of um level which is required against the possible deforma-
tion of the mask. When the optical etching process is
applied, although it is possible to form the minute pattern,
practical application becomes difficult since the property of
the luminescent material forming the organic luminescent
layer may be deteriorated by the developing solution or the
etching solution.

Therefore, a thermal transferring method that is a kind of
dry etching processes has been recently proposed to form the
organic luminescent layer.

The thermal transferring method converts light emitted
from a light source into thermal energy by which an image
formation material is transferred to a substrate to form a
color pattern. Therefore, to perform the thermal transferring
method, a light source, a donor film and a substrate are
required.

That is, as for a brief description of formation of a color
image according to thermal transferring method, a light
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emitted from a light source such as a laser is scanned on a
donor film to be absorbed by absorbent of the donor film
such that the light becomes converted to thermal energy, and
color material of the donor film is transferred to a surface
thereof by the thermal energy.

Actually, according to the thermal transferring method, a
color image is formed by scanning a laser beam of a
desirably adjusted focus to the donor film disposed on the
substrate according to a desired pattern.

For an example of such a prior art, U.S. Pat. No. 5,521,
035 discloses a method for fabricating a color filter for a
liquid crystal display through a laser thermal transferring
process.

In this patent, the color filter is fabricated by a laser
induction thermal transferring process for transferring a
color material from a donor film to a substrate such as a glass
or a polymeric film. As a laser unit, an Nd:YAG laser system
is used for transferring the color material to the surface of
the substrate.

The Nd:YAG laser forms a Gaussian beam having a
distribution of a Gaussian function shape. When a diameter
of the Gaussian beam is set large (approximately, above 60
um), the inclination of the energy distribution is slowly
reduced as it goes away from the center point.

Therefore, as shown in FIG. 2, when the Gaussian beam
110 having a predetermined diameter is scanned in an
X-direction as shown in FIG. 2, since the beam intensity is
low at the both edges of a color pattern 112, the quality of
the color pattern 112 at the both edges is deteriorated when
compared with the central portion.

[Object to be achieved by the present invention]

When the energy of the laser beam is intensified to
improve the image quality at the edges in order to solve the
above problem, although the image quality at the edges may
be enhanced, the surface of the image pattern becomes
irregular since the energy is excessively increased at the
central potion.

At this point, the present invention has been made to solve
the problem, and an objective of the present invention it to
provide a method for fabricating an organic electrolumines-
cent display having an improved surface flatness and thick-
ness uniformity as well as an improved image quality at edge
regions of a pattern

[Constitution and Operation of the Invention]

In order to achieve the objective, the present invention
provides a method for fabricating an organic electrolumi-
nescent display wherein a laser beam is dithered in a
direction perpendicular to a scanning direction of the laser
beam while forming an organic luminescent layer on the
assistant layer by scanning a donor film using a laser beam,
the donor film being disposed on the substrate having
luminescent materials for R, G, and B.

In addition, the present invention provides a method for
fabricating an organic electroluminescent display wherein a
single laser beam formed by a composition of a laser beam
having gentle inclination in energy distribution and a laser
beam having steep inclination in energy distribution such
that inclination in energy distribution is increased at a
threshold energy is utilized while forming an organic lumi-
nescent layer on the assistant layer by scanning a donor film
using a laser beam, the donor film being disposed on the
substrate having luminescent materials for R, G, and B.

Thereby, thermal transferring at a pattern edge of an
organic luminescent layer is ensured.

Preferred embodiments of the present invention will be
described in detail with reference to the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph for illustrating an energy distribution of
a laser beam used for a conventional thermal transferring
method.

FIG. 2 is a schematic view for illustrating a method for
forming a pattern using a conventional thermal transferring
method.

FIG. 3 is a block diagram for illustrating a method for
fabricating an organic electroluminescent display.

FIG. 4 is a schematic view of an organic electrolumines-
cent display fabricated according to a method shown in FIG.

FIG. 5 is a schematic view for illustrating a method for
fabricating an organic electroluminescent display according
1o a first embodiment of the present invention.

FIGS. 6 to 8 are schematic views for illustrating dithering
examples of a laser beam used for the present invention.

FIG. 9 is a graph for illustrating a sectional energy
distribution of a laser beam used for the present invention.

FIG. 10 is a schematic view for illustrating a method for
fabricating an organic electroluminescent display according
to a second embodiment of the present invention.

FIG. 11 is a schematic view for illustrating a method for
fabricating an organic electroluminescent display according
to a third embodiment of the present invention.

FIG. 12 is a schematic view for illustrating a method for
fabricating an organic electroluminescent display according
to a fourth embodiment of the present invention.

FIG. 13 is a schematic view for illustrating a transferring
apparatus used for the present invention.

FIG. 14 is a block diagram for illustrating a method for
fabricating an organic electroluminescent display according
to another embodiment of the present invention.

FIG. 15 is a graph for illustrating a sectional energy
distribution of a laser beam applied to another embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 3 is a block diagram for illustrating a method for
fabricating an organic electroluminescent display, and FIG.
4 is a schematic view of an organic electroluminescent
display fabricated according to a method shown in FIG. 3.

As shown in the drawings, first electrode layers 12 having
a thickness of about 100-500 nm is formed on a transparent
substrate 10 by sputtering indium tin oxide (ITO).

An assistant layer (hole transport layer) 14 having a
thickness of about 10-100 nm is formed on the first elec-
trode layer 12 by, for example, a spin coating process, a dip
coating process, a vacuum evaporative deposition process,
or a thermal transferring process. An R-G-B organic lumi-
nescent laver 16 is formed on the assistant layer 14 by a
thermal transferring process. A second electrode layer 18
intersecting the first electrode layer is formed on the organic
luminescent layer 16.

Here, An insulating layer formed of an organic material
such as polymer photoresist or an inorganic material such as
Si0,, and SiN, may be deposited between the line patterns
of the first electrode. The second electrode layer 18 may be
formed by depositing aluminum through a vacuum evapo-
rative deposition process at a thickness of about 50-1500
nm.

In addition, for an increase of an efficiency, a material
such as LiF may be disposed between the organic lumines-
cent layer and the second electrode layer.
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In order for forming an organic luminescent layer by a
thermal transferring method, a donor film formed of a base
film, a light absorption layer, and a transfer layer is required,
and a desired pattern of the emission layer is obtained by
scanning a laser beam after disposing the donor film on an
upper side of a substrate provided with the first electrode
layer and the assistant layer

In order for fabricate a full colored organic electrolumi-
nescent display, three donor films for the three colors of R,
G, and B is required, and emission patterns of R, G, and B
may be obtained by three times of scanning process on
respective donor films.

Emission pattern of an organic electroluminescent display
should show flatness on the surface, high image quality at
the edges, and uniform thickness distribution. Therefore, in
order for forming an organic emission layer by a thermal
transferring method, it is preferable that energy distribution
of a laser beam scanned on the donor film is uniform and
shows rapid inclination near the edges such that width may
not fluctuate due to non-uniform sensitivity of the donor
film.

Therefore, it necessitates an alteration of laser beam from
energy distribution of Gaussian shape such that energy is
decreased in its central portion while energy distribution
rapidly change near the edges. For such an alteration of an
energy distribution, according to the present invention, the
laser beam may be dithered in a perpendicular direction with
respect to a scanning direction of the beam, or a single beam
composed of a plurality of laser beams having different
energy distribution. The scheme of dithering a laser beam is
first described.

FIG. 5 is a schematic view for illustrating a method for
fabricating an organic electroluminescent display according
to a first embodiment of the present. In the drawing, the
reference numeral 20 indicates a pattern of a organic lumi-
nescent layer to be formed on an assistant layer.

And, the reference numeral 22 indicates a laser beam as
a light source for scanning the pattern 20.

The laser beam 22 moves in an X-direction shown in the
drawing (i.., from the left to the right in the drawing) along
the pattern 20 to perform the scanning process. At this point,
differently from the prior art, while moving in the
X-direction, the laser beam 22 dithers in a Y-direction.

By the dithering movement of the laser beam 22, the
thermal 10 transferring process is effectively realized even at
both edges 20a and 205 of the pattern 20. The dithering
movement is realized by alternating the advancing direction
of the laser beam under the control of an acousto-optic
modulator (AOM).

In addition, the dithering speed is preferably higher than
the scanning speed. In more detail, considering the scanning
speed and the energy distribution, it is preferable to set the
dithering speed at about 100-10,000 KHz.

Although the section of the laser beam 22 may be formed
in various shapes such as a circular or an oval shape, an oval
shape is more preferable. Particularly, in the case that the
pattern 20 of the organic luminescent layer is formed length-
ily in a lengthwise direction as shown in the drawing, it is
preferable that the section of the oval-shaped laser beam 22
is designed to have its major axis aligned in the scanning
direction of the beam, since energy distribution applied to
the pattern 20 may become uniform over entire portion
thereof due to an increase of overlapping ratio of the beam
during scanning.

When the lateral width W of the pattern 20 is 60-150 ym,
it is preferable that the section of the laser beam is oval-
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shaped having its major axis of 200-500 gm and its minor
axis of 15-50 um.

As shown in FIGS. 6 to 8, the laser beam performs its
scanning operation along a waveform of a sine wave (see
FIG. 6), a saw-tooth wave (see FIG. 7), or a trapezoidal
wave (see FIG. 8). At this point, the sectional energy
distributions of the laser beam 22 for the waveforms are as
shown in FIG. 9.

As shown in FIG. 9, when the laser beam performs its
scanning operating without the dithering movement, the
laser beam (i.c., Gaussian beam B1) has an energy distri-
bution having an inclination gently reduced as it goes from
the central portion to the edges of the pattern.

However, the laser beam 22 of the present invention has
an energy distribution having an inclination steeply
increased as it goes from the central portion to the edges of
the pattern (See graphs B2 and B3 in FIG. 9 which respec-
tively represent the laser beams performing their dithering
movements in the shape of the sine wave and the trapezoidal
wave).

Based on such energy distributions, it is found that the
intensity of the laser beam 22 of the present invention is not
reduced even at the edges 20z and 200 of the pattern 20
thereby effectively realizing the thermal transferring process
there.

In addition, the laser beam 22 according to the present
invention has similar intensity at its central portion and its
edge portion, and accordingly, surface roughness of the
pattern 20 may be prevented.

That is, when the beam intensity is increased to compen-
sate for the intensity of the beam edge as in the conventional
laser beam B1, the surface of the pattern becomes uneven.
However, the laser beam of the present invention has the
beam intensity throughout its entire area, there is no need to
increase the beam intensity to compensate for the beam
edge. As a result, the flatness of the pattern can be improved.

In the above-described first embodiment, a single laser
beam is radiated from a single laser unit. However, the
present invention is not limited to this.

That is, the laser beam 22 may be formed in various
manners to form organic luminescent layer by a thermal
transferring method, and another embodiment for the vari-
ous manners is as follows.

FIG. 10 is a drawing for illustrating a method for fabri-
cating an organic electroluminescent display according to a
second embodiment of the present invention. According to
the present embodiment, That is, as shown in FIG. 10, plural
split laser beams 22 and 22' may be radiated from a single
laser unit (not shown) so that plural organic luminescent
layer patterns 20 and 20" are simultaneously scanned while
dithering the laser beams 22 and 22'.

Preferably, the plural split laser beams 22 and 22' are
synchronized.

When the plural laser beams 22 and 22" are dithered and
scanned synchronously, a plurality of organic luminescent
layer patters are simultaneously formed by one operation.

In addition, differently from the second embodiment, a
plurality of laser beams may be used for forming an organic
luminescent layer.

FIGS. 11 and 12 are drawings for illustrating such a
scheme. Firstly in FIG. 11, plural laser beams radiated from
plural laser units (not shown) are overlapped one another to
form a single overlapped laser beam 32 (in this case, cach
laser beam has the same energy distribution), and they are
dithered and scanned.
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That is, according to a third embodiment of the present
invention, for example, lasers from two laser units are
overlapped to be unified and they are dithered while scan-
ning. According to such a scheme, beam intensities are
doubled relative to laser beam from a single laser unit, and
accordingly, scanning speed may be increased.

Alternatively, as shown in FIG. 12, plural laser beams 42
and 44 may be radiated from plural laser units (not shown)
s0 as to perform the scanning operation with different phases
without overlapping.

At this time, the plural laser beams have equal energy
distribution.

In addition, the plural laser beams may be applied to
adjacent organic luminescent layer patterns as shown in FIG.
10 so as to fabricate organic luminescent display by dither-
ing and scanning. The plural laser beams are preferably
synchronized.

FIG. 13 shows a thermal transferring apparatus used for
the present invention.

Referring to the drawing, a high energy laser beam is
radiated from a light source, i.¢., a laser unit 50. A high
energy solid laser such as a Nd/YAG laser or a gas laser such
as a CO, laser are used as the light source.

As described above, the radiated laser beam may be either
of a single laser beam radiated from one or more lasers or
split laser beams formed by a splitting of such a single laser
beam with equal intensity by a splitter.

The single laser beam or the split laser beams is adjusted
in its intensity by a modulator 52 and then reach a scanning
mirror 56 via a first lens array 54.

The scanning mirror 56 guides the laser beam to a target
position on the substrate in the X-direction.

The laser beam that has reached the scanning mirror 56 is
emitted, through a second lens array 38, to the donor film 60
on which a luminescent material is deposited. Then, the
luminescent material deposited on the donor film 60 is
transferred to the substrate 62, only at a portion scanned by
the laser beam.

The donor film 60 and the substrate 62 are supported on
a stage 64 whose movement is controlled by a computer 66.
The computer 66 also controls the scanning mirror 56
through a scanning mirror controller 68.

The dithering movement of the laser beam is controlled
by the modulator 52 which is controlled by the computer 66.

In the above description, embodiments are described in
connection with various types of dithering the laser beam.
However, according to the present invention, an organic
luminescent layer may be formed using a single laser beam
composed of a plurality of laser beams of different energy
distributions, as shown in FIGS. 14 and 15.

The single laser beam B4 is formed by a composition of
a laser beam BS having a large size (i.c., having gentle
inclination in energy distribution) and laser beams B6 and
B6' having a small size (i.c., having steep inclination in
energy distribution).

The single laser beam B4 formed as such may have a
steep inclination in energy distribution at a threshold energy,
i.e., a minimally required energy for a transferring, and a
resultant pattern may have enhanced flatness and edge
characteristics.

forming an organic luminescent layer using a single laser
beam mixed plural laser beams having a different inclination
in energy distribution
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In an embodiment of the present invention, it is preferable
that a poly phenylene vinylene (PPV)-based material or a
polyfluorene (PF)-based material is used for the organic
luminescent layer.

While this invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiments, the present invention is not
limited thereto. Various variations may be realized within
the appended claims, detailed description of the present
invention, and the drawings, and consequently, such varia-
tions should be understood to be within the scope of the
present invention.

[Effect of the Invention]

As can be seen from the above description of the consti-
tution and operation of the present invention, according to a
method for fabricating an organic electroluminescent dis-
play according to the present invention, a Gaussian beam is
dithered during scanning or a single beam formed by com-
position of a plurality of beams having different energy
distributions. Therefore, image formation may be enhanced
at the edges of the organic electroluminescent display, and
quality of a organic electroluminescent layer due to
enhanced flatness of the pattern surface.
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What is claimed is:
1. A method for fabricating an organic electroluminescent
display, comprising:

forming a first electrode layer on a transparent substrate;

forming an organic luminescent layer on the first elec-
trode layer by scanning a donor film disposed on the
substrate using a laser beam;

removing the donor film; and

forming a second electrode layer on the organic lumines-
cent layer,

wherein the laser beam is a complex laser formed by
mixing a plurality of lasers having different energy
distributions.

2. The method of claim 1, wherein the organic lumines-
cent layer is formed of a poly phenylene vinylene (PPV)-
based material or poly fluorine (PF)-based material.

3. The method of claim 1, wherein the complex laser
beam has a section formed in an oval-shape having a
longitudinal diameter greater than a lateral diameter, the
longitudinal diameter is formed in a scan direction.

[ T R T
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CT OF THED: RE

in & mothod for fabricating an organlo alectrolumineacent display, a first

elecaods layer Is formed on a transparant substrate, and a hole trensport layer

Is formed on tho first elactrode layer. After an organic iuminescent layer Is

5 formed on tha hole transport layer by soanning a donor fiim dispased on tha

substrate using a laser beam, the donor film Is remaved and then a second

clactrode s formed on the orgenic uminascent layer, The laser beam dithers

whilo performing the scanning oporation to make the energy distribution
unifamm.

10
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BETHOD FOR FABRICATING ORGANIC BLECTROLUMINESCENT

DISPLAY
CROBSREFERENGE TO RELATED APPLICH
5 This appiication Is based on application No,

umamnmﬂnmwa,mmmmmmmhmm
herein by reforence.

mapmmmmmmammmrmmmmmh
alectroiuminascent display that can Improve the dolinion of an image at the
edges of a patiem,
2. Dagcription of the Related Art
16 An dlsttroluminescent displey (3 designed to relize an Image by
exciing an elecroluminescent matorlal disposed botwaen clastrodos by
epplying & voitage 1o the olootradas.  Such an electroluminascent dispiay is
dasslfied into an Inomanic elettroluminescant display and en organic
electroluminescent display according o the electroluminescent matsridd, The
20 fomor is widely used for  backight of & watch, whils ts laiter s deveioped us
8 display &s it advantages In that I can be driven wity  fow volinge and has s
high responsivanass and pelychrome,
Ceneraly, such an arganic slectraluminascent display comprises a
transparent substrate, an anode elecirods formed on the substrats, an organin
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luminescent layer covering the anoda elecirods, and a cathode sisctrods
formed on the organic luminasocant layar.

The omanie kmkwscert layer may have » vadoly of shuctures
acconiing to an slectmiuminescont material For example, e omganic
mmmmmnmmmmammmm.mmmma
and an sisctron tranaport layer,

in the above deacribod organic sleckroluminascent displsy, the organis
luminescont layor s designed to realize red (), grasn {8), and be {8} colors
Sathat B can be applied to a color diaplay,

Such an owanie kminoscont layer la genomlly formed through a
wall-known vacuum evagorative depostion process or optical siching process.
Hmm,ﬁwmmampmmwnmpmhmammﬂnm
reducing the physical gap belween the patbemns and # (o difficut 1 form &
minwte pattem to tens of sm loval which 2 required agahet the possible
deformation of the mask. When tha optical elching process b appiled,
although & Is possibie fo form the minute patiom, the proporty of the
uminescert material forming the arganie luminescent faysr may be detoriorated
by tha davaloping sofution or the atching solution,

Therefore, In recent years, a thenmal transtoming mathod thet is a kingd
of dry siching processss has been proposed to form the arganic kminescent
layer.

The thermal wensfening method convers Hight emitted frem a Hght
Sourcs Into thermat ensrgy by which an Inags formation matera! Is transferred
o & substrata to form the arganie luminescant layer. ‘Thomtars, to parform the
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thermal transferring method, & light source, a donor film and & substrate are
required,

Describing the thermal transferting method more In detall, when light Is
emitted from a fight source such as a laser unlt to & donor film, the light is
converted Into therma! energy by a light absorption material of the donor film,
The thermal energy aliows the fuminescent material of the donor film o be
transfeired to the surface of the substrats to form the organio luminescent layer.

Thet i, the organic luminescent layer is formed by scan kaser beam to
the door fiim disposed on the substrate. The focus of the lasar beam is
adjusted to a predetermined value, on the donor film disposed the substrats.

U.S. Patent No. 5,521,035 disoloses a mathod for fabricating a color
fiter for a liquid crystal display through a laser thermal transferring process.

In the patent, the color filter Is fabricated by a lassr induction thermal
transferting process for transferring a color matetial from & donor fim to &
substrato such a8 a glasa or a polymericfilm, As a laser unit, an Nd:YAG lasor
systemmay be used. This will be described with refarance to FIG. 1.

As shown In FIG. 1, the Nd:YAQ laser Is designed to form a Gausslan
beam B1 shaped In a Gaussian functional distribution.  When & dlamester of the
Qausslan beam B1 Is sat above 60, the inclination of the energy distriution i
teduced as it gaas away from the center point 0.

Accordingly, as shown In FIG, 2, when the organic luminescent layer I3
formed by the scanning cperation of the Gaussian beam B1 having a
predetermined diameter In an X-dirsction, since the beam intensity s low at the
both edges 20 of the organic luminescent layer, tho Image quallty at the both
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edges 20 Is deteriorated when compared with the central portion,

When the energy of tha lasar beam is intensified to improve the image
quality at the edges 20, since the ensigy Is excoessively increased at the oentral
potion, the surface of the image pattern becomes kregular.

When the (aser thonmal transferring method is used to form the calor
fiter, & transfar matsrial (color materlal) ls formexl of & binder polymer and
pigment Inducing calor change and dispersed [n the binder palymer (acrylic ackd
resin ar epoxy resin) at a ratio of 20-40%. “The binder polymer simply functions
for ransmitting light. Therefore, to form a desire color pattem,-a kind of binder
polymer, a Tg (Glass Transmission Temperature) value or a molecular weight of
tha binder polymer shoukd be properly modified.

Conventionally, the color material has a Tg value of about 60-120°C and
& molecular welght of about 1,600-5,000. The color tayer formed by the color
material has a thickness of about 1-2/m,

When the laser thermal transfening method Is used 1o form the organic
slsctroluminescant display, the property (purity, Tg value, molecutar weight and
the like} of the transfer materlal (urninescent materal) highly affects on the
quallty of the device. Therefore, when an inappropriats material is acdded, the
quality of the device may suffer deathblow. Therefore, it is proferable to adjust
the pattem quality by adjusting the (aser transferring condition rather than
modifying the property of the luminescent materlal. |

Since the luminescent material used for the organc electroluminescont
display has a molecular welght above 10,000 and a Tg velue above 100°C, itis

relatively difficult to perform the process for forming the organic luminescent
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fayes when compared with the process for forming the color ayer. The
thicimess of the organt fuminescent layer which should be reailzed through the
lagor tharmal ransferring method shoukd be G0-100nm which [s loes than that of
the color layer of the color filter.

Therefore, to form such a thin organic luminescent layer, scrupulous
carm In setting a laser beam transfoning condition and an energy distribution is
further required.

SUMMARY OF THE INVENTION
it Is an objeciivo of the present lvention to provide a methad for

fabricating an organic electroluminescent display having en Improved pattem
quality.

To achleve the above obleclive, the present Invention provides a
inethod for fabricating an organic electroluminescont display, comprising the
stops of fonming a first elecirode layer on a transparent substrate; forming an
assistant [ayar on the first elattrede layer; forming ah organic luminescent layer
cn the ass!stant layer by scanning & donor fiim dispesed on the substrato, using
a laser beam; removing the donor film; and forming a second electrode on the
organic luminescent layer.

The step of forming an organic luminescent [ayer furthar comprises tha
step of allowing the laser beam to dither with respect to an advancing direction.
of the laser beam.

The laser beam Is radiated from & single lasar unit and spiitted Into more
than two splitted laser beams, the spiitted laser beams being synchronized to
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simultanonualy scan adjacant corrasponding peltems,

Altemnatively, the laser beam is formed of at feast two laser beams which
ars mdiatad from et least two laser units and overapped one enother, the lager
beams radiated from the laser units having an kientioal snergy distribution,

Altemnatively, the laser beam Is fomed of at loast two lassr beems
radigted from at (sast twe laser units and performing the scanning opemtion sta
diftarent phaso. ‘The kaser heams are aynchronized to skmultanecusly scan
adjacant coresponding patiems,

A dithering speed of the luser beam ls higher than an sdvanding speed
of the laser boam.,

Proferably, the dithwing apood of the (asar heam i about 100-4000KH2.

Freforably, the laser bsam pedoms the dithering opomtion whilo
making ons of & frequency wave salected from the group oonsicting of &
sing-witve, & sawlonth-wave, a bapozold-wave, or a modifiod sins-wave.

?hahwbwmhasa%nhmedhmwmngvma
tonghudinal diameter greater then a lateral diamster, the longtudinal diameter i
farmed in & scan diraction.

Froforably, the longRudingl diameter is about 200500 and the leteral
dlamstar'ls about 15-50/m.

Freferably, wherein the organie luminescent layer Is formed of a poly
phonylen vinylano (PPV)-based material or poly fuorine (PF)-besed materil,

According to ancther aspect, the laser beam Is a complex Inser beam
formed by mbdng a first laser beam having a smogth inclination ata Pe*{peak of
snergy of the first laser boam)/2 and second lser beams having & sloap
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inclination at & Pe”(peak of energy of the second laser beams)/2.

Preferably, the complax laser beam has an Inclination above 2%/ at a
Pe(peak of energy of the complex laser baam)/2.

Preforably, a section of the complex laser beam I formed In oval-
ghape,

Preforably, the complex iaser beam hes power of about BW(Wat)) and
an advancing speed of about 5~11m/sec.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompenying drawings, which are kicorporated in and constiute a
part of the specification, ilustrate an embodimant of the kwantlon, and, together
with the description, serve to explain the principles of the kavertion;

FIG. 1 s a graph for [ikistrating an energy distbition of a laser beam
used for a conventional thormal trahsfering method;

FIG. 21 a schematio view for ilustrating & method for forming a pattem
using a conventional thermal transferring method:

F1G. 3 [s & schematic viaw for llustrating an organis siectroluminescent
display fabricated under the present invention;

FIG. 4 I3 & block diagram for liustrating & method for fabricating an
organic electroluminescant dlaplay eccording to a first embodiment of the
present Invention;

FIG. 5 Is a schematic view for llusirating a laser themmal transfaring
method described with reference to FIG, 4;

F1@8. 8 to 8 are schematic views for Mustrating dithering examples of a
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laser beam depleted in F1Q., &;

F1Q. 8 Is a graph for llustrating a sevtional energy distribution of a aser
beam usad for & themal transferring method that can be employed to the first
embodiment of the present invention;

F1@. 10 [s a schemalic view for Nlustrating & first modified example of 2
Iaser thermal transfening method that can be amployed to the first embodiment
of the pressent invention;

FiQ. 11 Is & schematic view for lllustrating a second modifiad example.of
a thermal transferring mathod that can be employed to the first embodiment of
the prasent invention;

FIG. 12 i3 a schematic view for llustrating a third modified exampia of &
laser themmal transferring method that can be employed to the first embodiment
ofthe pmseutlnvantion;

FIQ. 13 is a schematic view for ugtrating a transfarring apparatus for
raalizing the first embodiment of the present invention;

FlQ. 14 Is a block diagram for {llustrating a mothod for fabricating an
organie electroluminescent display according to a second embodiment of the
presant imvention; and

FIG. 15 is & graph for illustrating a sattional energy distrbution of a
inser heam applled to the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the prasent Invention will be described In
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detall with reference to the accompanying drawings,
FI@. 3 shows an orgenic electroluminescent display fabricated under the

present invention, and FIQ. 4 shows & method for fabricating an organic

electrotuminascent dispiay according to a first embodiment of the present
Invention,

As shown In the drawings, a first electrode layer 12 having a thickness
of ebout 100-500nm Is formad on a transparent substrate 10 by sputtering ITO
(indlum Tin Oxide).

An pssistant loyer (hole transport tayer) 14 having 2 thickness of about
10-100nm Is formed on the first eleciroda layer 12 by, for examplo, a spin
ocating process, a dip osating process, a vacuum eveporative deposition
process, or & thermal transfening process. An R. G. B organic luminescent
layer 16 Is fomned on tho assistant layer (hole transport layer) 14 by a thermal
transfomring process according to & feature of the prasant invention. A second
electrode layer 18 intersecting the first electrode layer at right angles is formed
on the organic luminescent layer 18.

Preferably, the second electrode layer 18 Is formed by depositing
aluminum through a vacuum evaporative deposition process at a thickness of
about 60-1500nm. An Insulating layer formed of an organic material such as
polymer photoresist ér an inorganic materlal such as 8102 and SIN2 may be
deposited batwesn ths line pattamns of tha first elsctrode.

In addition, a material such as LIF, Ca, or Ba may be dispesed between
the organic luminescent iayer and the second electrade layer.

Prefarably, the organic luminescent layer 16 is fonmed of & poly
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phenylene vinylens (PPV)-basad material or poly fluorine (PF)-based material.

FIG., § shows a schematic view for lustrating a [agser themmal
transterring mothod deseribed with reference to FIQ. 4.

in the drawing, the reference numeral 22 Indicates a laser beam for
scanning a paitem 20.

The laser beam 22 moves from left to right in the drawing e, in an
%-direction) along the pattem 20 to perferm the scanning procass. At this point,
while meving in the X-direction, the laser beam 22 dithers in a Y-direction,

By the dithering movemenmt of the laser beam 22, thé thermal
trensforring procass ls effectively realized even at both edges 20a and 20b of
the pattom 20. The dithering movement Is realized by alternating the
advancing direction of the laser beam under the centrol of an acousto-optic
modulator (AOM).

In addition, the dithering speod (8., 8 moving speed in the Y-direction)
fa preforably higher than the advancing speed (Le., an advancing speed In the.
X-direction). That I, considering the advancing speed and the enargy
distribution, It s preferable to set the dithering apead at about 100-10,000 KHz,

Atthough the section of the laser bsam may be formed In a
circular-shape, but it ts more preferable to be faormed in an oval-shepe.
Particularly, as shown in the drawing, the section of he oMamd laser beam
22 is dosigned such that a dlamater in a difection of an X-axis (in the advancing
direction) is greater that a diameter In a direction of @ Y-@ds (In the dithering
direction). Tharefore, when the seanning is performed, the overlap ratio of the
lasor beams I8 Increased, whereby the energy distribution Is uniformiy applied
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ta the entire portion of the pattem 20,

When the lataral width W of the paitam 20 Is 60-150s, Rt I3 proferable
that the section of the |aser beam s oval-shaped having the X-axis diamater of
200-500 and the Y-axis diameter of 15-50e.

As shown in FIAS. 8 to 8, the laser bsam performs s scanning
operation whils making a sins-wave (ses FIQ, 6), a sawtoath-wave (see FI, 7),
a trapezokd-wave {500 FIG. 8), ar a modified sine-wave (nat shown). A this
polnt, the sectional enargy distribution of the laser beam 22 Is as shown In FIG.

2.
As shown In FIG. 8, when the laser bsam perfomms lis scanning

operating without the dithering movement, the laser beam (l.e., Gaussian boam
B1) has an energy distribution having an incination reduced as i goss from the
central portion to the edges of the pattem.

Howsver, the laser beam 22 of the present Inventicn has an energy
distribution having an inciination stesply Increased as it goes from the central
portion o the edges of the pattern (See graphs B2 and B3 in FIG. 8 which
respectively represent the [aser beams performing thelr dithering moverents In
the shape of the gine-wave and the trapszoid-wave).

As describad above, the intensity of the taser beam 22 of the present
Invention is not reduced even at the edges 20a and 20b of the pattern 20,
thereby effactively realizing the tharmal transferring process, That Is; as in the
conventional faser beam B1, when the beam Intensity s Increased to
cempansate for the intensity of the beam edge, the surface of the pattern

becomes uneven. Howaver, the laser beam of the pragent Invention has the
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beam intenaity throughout its entire area, theve is no need to increase the beam
Intonsily to compensate for the beam edge. As a result, the flatness of the
pattam can be improved. |

In the abova-described firat embodiment, a singile laser beam I8 radiated
from a single laser unft, However, the present invention is not Imited to this.

That is, as shown in FIG, 10, ptural split laser beams 22 and 22° may be
radiated from a single iaser unit (not shown) 8o that plural arganie lumineacent
fayer pattems 20 and 20" are simultaneously scanned. Preferably, the piural
spilt faser beams ara synchronized.  This allowa the process time to be saved,

Altemnatively, as shown In FIG. 11, plural laser bbamsa radiated from
plural faser units are overiapped one another to form a single overlapped laser
bsam 82. As mora than two laser bgams are overlapped, the beam intensity Is

~ increased, reducing the scanning time.

Aematively, a8 shown In FIG. 12, plural laser beama 42 and 44 are
radiated from plural laser units (not shown) and porform the scanning operation
with different phases.

FiA, 18 shows a thermal transfering apparatus for realizing the
above-dascribed thermal Yransfening methods,

A light source 80 radiates a solki lasar beam such as ND/YAG or a gas
laser bagm such as CO; laser,

Asa described above, the radiated laser bsam may be the single laser
beam or the split laser beams or the single overlapped laser beam. The spiit
laser beams may he advanced (n an overlapped state or In different phasaes.

Tha laser beam (Le,, the single laser baam or the spiit laser beams or
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the singla overlapped laser beam) mdiated from the Ight source 50 is adjustad
In Its intensity by & modulator 52 and than reach a geanning mirror 56 via a first
lens amay 54,

Ths scanning mirror 68 guldes the lasar heam path o the target on the
substrate. 7

The laser beam reached the scanning mimor 56 Is emitted to the donor
fiim 60, on which 8 kiminescent material [s depasited, via & second lena array

~ 53, ‘Then, only a portion of the donor fiim 80, which is scanned by the laser

beam, Is transferred to the substrats 62,

The donor film 60 and the substrate 62 are supported on a stage 64
whase movsment Is controlisd by a computer 86. The computer €6 also
corttrols the seanning minor §6 through a scanning miror controllar 68,

The dithering movement of the laser beam s controled by the
modulator 62 which I3 controiled by the computer 68,

in the above modified examples, the laser beams are dithered various
type. However, the present lnvention is not fimited to this, As shown In FIGS.
14 and 15, plural laser beams having a different snergy distribution from each
othar may ba mixed. That I3, a complex laser baam B4 may be formed by
mixing a fasor beam BS having & smoath Inciination at the Pe’(peak of enargy
of the laser beam BS)/2 and laser beams B6 and B&’ having a steep inclination
at the Pe”(peak of energy of the lasar beams B8 AND B6)/2,

As the laser beam B3, lazer beam having an Inclination of about
1.0-6.0%/i at the Pe’/2 and a lateral diemster of about 40-200)2 is preferably

uced, and as the laser beams BG and B§', laser having an {nclination of ebout
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8-8%/im @t the Pe™2 and a latoral diameter of about 30-75/m is preferbly

used,

Accordingly, the complax laser boam B4 has an inolination of the enaigy
distribution ahove 2.0%/a ot the Po/2. . This shows that the intlnation of tha
tommpiex laser beam 18 greatsr than that of the Gaussian beam (B1 In F1Q, 1).

The Gaussian boam has an inalination of about 1.4%/a at the poak of
ansgy/e.

The complex faser beam B4 has a section formed In an pvekshape
having a iongitudingl dlameter grealar than 8 ixteral diametar, the ongitudinel
dismeter fs formed In a scan direction, and power of about SW{(Walf) and an
advancing speed of about 5~11mfsec,

As describe sbove, the laser beam (Lo, Caussian beam BY) has en
energy dishibution having & snwooth inclination as # goes from the central
portion to the edges of the pattom, while the complax lgoor beam B4 of the
presant invention has an enorgy dishibution having a steep inclination as it goss
from the central portion to the edyes of the pattern,  That Is, the intenslty of the
complex laser beam B4 {5 not reduced svon at the odges 208 arxd 20b of the
pattam 20, thereby effectively realizing the themmal transtering process, That
ia, a2 In the conventional iaser beam B1, when the beam Inlenslly is increased
to compensate for tha intensity of the beam edgs, the surface of the pattem
becomeos unaven, However, the complax laser beam B4 of the presant
invertion hes the beam Intensity through out #tg entire area, there ls no need 1o
increase the heam infensiy o compansate for the heam edge.  As & resulf, the
flatness of the paltsm can be Improved,
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While thie Invention has besn described In connection with what is
pmaenﬂyconsidmdtobememustpmﬁmlmmmmm,nh
t be understood that the invention fs not imited to the diaciosed embodiments,
Mmmeemm.umandadmmrvaﬂouamodﬂeaﬁommdoqmm

8. mangmmmdudodwﬂhhhuplﬂtmdwofmaappendeddalma.
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