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1. Title of Invention

Method for Transferring of Organic Material Ffrom Donor te
Form Layer in OLED Device

2. (Claims

1. A method for transferring organic material from a flexible
donor element onto a subsirate to form a layer of organic material in making one
or more OLED devices, comprising the steps of:

{a)  providing the flexible donor element and the substrate in a
spaced relationship within a chamber under atmospheric pressure defined by a
transfer station so that the flexible donor element partitions the chamber into first
and second cavities;

(b) varying the pressure differential between the first and
second cavities to cause the flexible donor element to move into a contact
relationship with the substrate;

() providing a transparent window which defines the top
surface of the first cavity; and

(d) providing radiation energy through the transparent window
onto the flexible donor element in contact with the substrate to cause the flexible
donor element to absorb heat and transfer organic material onto the substrate.

2. The method of claim 1 further including changing the
relative pressure between the first and second cavities to remove the flexible
donor element from contact with the substrate and removing the substrate and the
flexible donor element from the chamber.

3. A method for transferring organic maiterial from a flexible
donor element onto a substrate te form a layer of organic material in making one
or more OLED devices, comprising the steps of:

(a) providing the flexible donor element and the substrate ina
spaced relationship within a chamber under atmospheric pressure defined by a
transfer siation so that the flexible doner element partitions the chamber inte first
and sccond cavities;

(b) reducing the pressure in the first and secend cavities while
maintaining a small pressure diflerential between the said cavitics 1o reduce

distortion of the flexible donor element;

1
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{c) increasing the pressure in the second cavily to canse the
flexible donor element to move into a contact relationship with the substrate;

(d) providing a transparent window which defines the top
surface of the second cavity; and

(e) providing radiation energy through the transparent window
onto the flexible donor element in contact with the substrate 1o cause the flexible
donor element to absorb heat and transfer organic material onto the substrate.

4, A method for transferring organic material from a flexible
donor element onto a substrate 1o form a layer of organic material in making one
ormore OLED devices, comprising the steps of:

(a) providing first and second fixtures and moving the first and
szcond fixtures into engagement to define a transfer station having a chamber;

(b) providing the flexible donor element and the subsirate ina
spaced relationship within the chamber under atmospheric pressure so thal the
flexible donor element partitions the chamber into first and second cavities;

(c)  reducing the pressure in the first and second cavities while
preventing distortion of the flexible donor element;

(d) increasing the pressure in the second cavity to cause the
flexible donor element ta move into a contact relationship with the substrate;

(&) providing a transparent window in the second fixture which defines the top
surface of the second cavity; and

6] providing radiation energy through the transparent window
cnto the flexible donor element in conlact with the substrate to cause the flexible
donor element to absorb heat and transfer organic material onto the substrate.

3, A method for transferring organic material {rom a fiexible
donor element onto a substrate (o form a layer of organic material in making one
or more OLED devices, comprising the steps of!

(a) providing first and second fixtures and moving the first and
second fixtures into engagement (o define a transfer station having a chamber, the
second fixture inciuding a door element which delines a portion of the chamber

and is movable from a closed 1o an open radiation receiving position;
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0y providing the flexible donor element and the substrate ina
spaced relationship within the chamber under atmospheric pressure so that the
flexible donor element paititions the chamber into first and second cavities;

(c) reducing the pressure in the first and second cavities while
preventing distortion of the flexible donor element;

(d) increasing the pressure in the second cavity to cause the
flexible donor element to move into a contact relationship with the substrate and
moving the door element to the open radiation receiving pasition;

(e) providing radiation energy through the open radiation
receiving position in the second fixture onto the flexible danor element in contact
with the subsirate to cause the flexible donor element to absorb heat and transfer
organic matertal onto the substrate.

6. The method of claim 1 wherein the radiation energy is
provided by laser light and such light is scanned in a pattern which will cause the
appropriate transfer of the organic material to the substrate,

7. The method of claim 1 wherein the organic material
includes a hole-injecting malerial,' hole-transpert material, electron-transport
material, emissive material, or combination thereof,

8. The method of claim 1 wherein the organic material
includes at least two components, one of which is a host material,

9. The method of claim 1 wherein the radiation-absorbing
material is in the form of a patterned layer selected to cause a pattermed transfer of
organic material.

10.  Apparatus for transferring organic material from a fexible
donor elenient onto a substrate to form a layer of erganic material in making one
or more OLED devices, comyprising:

{a) a transfer station having a chamber under atmospheric
pressure

{by  means to provide the flexible donor clement and the
substrale in a spaced relationship within the chamber so that the flexible donor

element partitions the chamber inte first and second cavities
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(c) means to create a pressure differential between the two
cavities o cause the flexible donor element to move into a contact relationship
with the substrate;

(d) a transparent window which defines the top surface of the
second cavity; and

(e) means to provide radiation energy through the transparent
window onto the flexible donor element in contaet with 1he substrate to cause the
flexible donor element to absorb heat and transfer organic material onto the
substrate.

11.  Apparatus for transferring organic material from a flexible
donor element onto a substrate to form a layer of organic material in making one
or more OLED devices, comprising:

{a) a transfer station having a chamber under atmospheric
pressure

(b) means o provide the flexible donor element and the
siibstrate in a spaced relationship so that the flexible donor element partitions the
chamber into first and second cavities;

(c) means to reduce the pressure in the first and second cavities
while maintaining a smal} pressure differential between the said cavities to
minimize distortion of the flexible donor element;

(c) means to increase the pressure in the sceond cavity to cause
the flexible donor element to move into a contact relationship with the substrate;

(d)  atransparent window which defines the top surface of the
second cavity; and

(e) means to provide radiation energy through the transparent
window onto the flexible donor element in contact with the substrate to cause the
flexible donor element to absorb heal and transfer organic material onto the
substrate.

12, Apparatus for translerring organic material from a flexible
donor clement onto a substrate fo fonm a layer of arganic material in making vne

or more OLED devices, comptising:
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(a) first and second fixtures and means to move the first and
second fixtures into engagement to define a transfer station having a chamber
under atmosphetic pressure;

(b} means to provide the flexible donor element and the
substrate in a spaced relationslip within the chamber so that the flexible donor
clement partitions the chamber into first and second cavities;

(c) means 1o reduce the pressure in the first and second cavities
while nunimmizing distortion of the flexilile donor element;

(d) means to increase the pressure in the second cavity to cause
the flexible donor element to move into a contact relationship with the substrate;

(e) a transparent window in the second fixture which defines
the top surface of the second cavity, and

H means 10 provide radiation energy through the transparent
window onto the flexible donor element in contact with the substrate to cause the
flexible donor element to absorb heat and transfer organic material onto the
substrate.

13.  Apparatus for transferring organic material from a flexible
donor element onto a substrate (o form a layer of organic material in making one
or more QOLED devices, comprising;

{a) first and second fixtures and means to move the first and
second fixtures into engagement to define a transfer station having a chamber, the
second fixture including a daor element which defines a portion of the chamber
and is movable from a closed 1o an open radiation receiving position,

{b) means to provide the flexible donor element and the
substrate in a spaced relationship within the chamber under atmospheric pressure
so that the flexible donor element partitions the chamber into first and second
cavilies;

(c) means to reduce the pressure in the first and second cavities

while minimizing distortion of the {lexible donor element;
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(d) means to increase the pressure in the second cavity to cause
the flexible donor element to move into a contact relationship with the substrate
and to move the door element 1o the open radiation receiving position;

{(e) means to provide radiation energy through the open
radiation receiving position in the second fixture onto the flexible donor element
in contact with the substrate to cause the flexible donor element to absorb heat and

transfer organic material onto the substrate.
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Detailed Description of Invention

FIELD OF THE INVENTION

The present invention relates to organic electroluminescent (EL)
devices, also known as organic light-emitting devices (OLED), and particularly to
methods and apparatus, which facilitate forming organic layers in such devices,

BACKGROUND OF THE INVENTION

In color or full-color organic electroluminescent (EL) displays
having an array of colored pixels such as red, green, and blue color pixels
{conunonly referred to as RGB pixels), precision patterning of the color-
producing organic EL media 1s required to produce the RGB pixels. The basic EL
device has in common an anode, a cathode, and an organic EL medium
sandwiched between the anode and the cathode. The organic EL medium may
consist of one or more layers of organic thin films, where one of the layers is
primarily responsible for light generation or electroluminescence. This particular
layer is generally referred to as the emissive layer of the organic EL mediwm.
Other organic layers present in the organic EL medium may provide electromie
transport functions primarily and are referred to as either the hole transport layer
(for hole transport) or electron transport layer (for electron transport). In forming
the RGB pixels in a full-color organic EL display panel, it is necessary to devise a
method to precisely pattern the emissive layer of the organic EL medium or the
entire organic EL medium.

Typically, electroluminescent pixels are formed on the display by
shadow masking techniques, such as shown in 1J.S. Palent No. 5,742,129,
Although this has been effective, it has several drawbacks. It has been difficult 1o
achieve high resolution of pixel sizes using shadow masking. Moreover, there are
problems of aligmment between the substrate and the shadow mask, and care must
e teken that pixels are formed in the appropriate locations. When 1t is desirable
1o increase the substrate size, it is difficult to manipulate the shadow mask 1o form

appropriately positioned pixels. A further disadvantage of the shadow-mask
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method ig that the mask holes can become plugged with time. Plugged holes on
the mask lead to the undesirable result of non-functioning pixels on the EL
display.

There are further problems with the shadow mask method, which
become especially apparent when making EL devices with dimensions of more
than a few inches on a side. i is extremety difficult to manufacture larger shadow
masks with the required precision (hole position of 5 micrometers) for accurately
forming EL devices.

A methed for patterming high-resolution organic EL displays has
been disclosed in U.S. Patent No. 5,851,709 by Grande et al. This method is
comprised of the following sequences of steps: 1) providing a substrate having
opposing first and second surfaces; 2) formiing a light-transmissive, heat-
insulating layer over the first surface of the subsirate; 3) forning a light-absorbing
layer over the heat-insulating layer; 4) providing the substrate with an array of
openings extending from the second surface ta the heat-insulating layer; 5)
providing a transferable, color-forming, organic donor layer formed on ihe light-
ahsorbing layer; 6) precision aligning the donor substrate with the display
substrate in an oriented relationship between the openings in the substrate and the
corresponding color pixels on the device; and 7) employing a source of radiation
for producing sufficient heat at the light-absorbing tayer over the openings to
cause the transfer of the organic layer on the donor substrate to the display
substrate.

Alternatively, a method for fransferring organic material from a
donor sheet to a substrate using an unpattemed donor sheet and a precision light
source, such as a laser, has been disclosed. A series of patents by Wolk et al.
(U.S. Patent Nos. 6,114,088; 6,140,009, 6,214,520; and 6,221,553) teaches a
method that can transfer the luminescent layer of an EL device from a donor sheet
1o a substrate by heating selected portions of the donor wath laser light.

In commonly assigned U.S. Paient No. 5,937,272, Tang has taught
a mcthod of patterning multicolor pixels {e.g. red, green, and blue subpixels) onlo

a thin-film-transistor (TFT) array substrate by vapor depesition of an EL material.
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Such EL material is deposited on a substrate in a selected pattern viathe use of a
donor coating on a support and an aperture mask. The aperture mask may be a
separate entity between the donor layer and substrale (as in FIG. 1 in the
aforementioned U.S, Fatent No. 5,937,272), or may be incorporated into the doner
layer (as in F1G. 4, 5, and 6 in the aforementioned U.S, Patent No., 5,937,272).

The EL matertal transfer is preferably done in a reduced pressure
envirenment between the donor and the substrate to ensure an uniform transfer of
the materials from the donor and to minimize contamination of transferred
materials. In addition, for maximizing the resolution in defining the area and the
location of the materials transferred, the donor layer and substrate (and aperture, if
separate) must be kept in close proximity. As an example, Tang shows an
aperture or donor layer held close to or on a substrate surface,

A difficulty arises when both the low-pressure transfer
environment requirement and the high-resolution transfer requirements are to be
met.

In the case of Tang’s teaching, the reduced pressure is achieved by
placing both the donor and the substrate in a same vacuum chamber. While this
method makes it easy to achieve the reduced pressure i the space between the
donor and the substrate, it becomes difficult to maintain the intimate contact the
method requires. Because a methed of holding the donor to the subsirate by
introducing a vacuum between them cannot be used in a vacuum chamber, other
methods need to be considered.

Isberg, et al., in commonly assigned European Patent Application
1 028 001 Al, have disclosed the additional use of an adhesion-promoting layer
between the donor layer and substrate. While this would help promote the close
contact required by Tang, it would be disadvantageous because the adliesion-
promoting layer can introduce impurities in the form of the adhesive.

Mechanical pressure, such as that applied by a manual plate, can be
used but js difficult to mainiain evenly over the entire surfuce for the micromeler-

arder tolerances needed. Pressure from air or other fluids would wark betler, but
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the use of such pressure is made difficult in that the conditions in the vacuum
chamber need to remain undisturbed.
Comnionly assigned U.S. Patent Application No. 10/021,410, filed

December 12, 2001 by Phillips et al. provides an apparatus and a method 1o

address the issue. This application teaches apparatus and methods to provide

uniform and close contact between donor and substrate when both are pre-ioaded

in a vacuum chamber,
[Patent Document 1]

United States Patent Ne. 5,578,416
[Patent Document 2]

United States Patent No. 5,742,129
{Patent Document 3]

United States Patent No. 5,851,709
[Patent Document 4}

United States Patent No. 5,937,272
[Patent Document 5]

United States Patent No. 6,114,088
[Patent Document 6]

United States Patent No. 6,140,000
[Patent Document 7]

United States Patent No. 6,214,520
[Patent Document 8]

European Patent Application Publication No. 1 028 001

For ease of manufacturing, however, it is often preferable to handle

the donor and the subsirate under aimospheric pressure and provide the needed
reduced-pressure condition only during the actual transfer process. In this case, a
vacuum hold-down method is frequently used wherein the donor and the substrate
are used to form parts of a vacuum chamber. When this vacuum chamber is
evacuated, the atmospheric pressure outside the chamber pushes the donor and the
substrate together. A difficulty avises in this situation in achieving truly low
transfer pressure transfer environment, however. As soon as the pressure is
beginning to be reduced, the donor and the substrate are pressed closely together
and form a seal against further pumping of the spacing between them. The
pressure in the spacing remains high and unpredictable, and may be inappropriate

for high guality EL material transfer.

10
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SUMMARY OF THE INVENTION

It is iherefore an object of the present invention to provide an
improved method to transfer organic material from a donor to a substrate. This
object is accomplished by providing a method for transferring organic material
from a flexible donor element onto a subsirate to form a layer of organic material
in making one or more OLED devices, comprising the steps of:

(a) providing the flexible donor element and the substrate in a
spaced relationship within a chamber under atimospheric pressure defined by a
transfer station so that the flexible donor element parlitions the chamber into first

and second cavities;

(b} varying the pressure differential between the first and
second cavities to cause the flexible donor element 1o move into a contact
relationship with the substrate;

{c) providing a transparent window which defines the top
surface of the first cavity; and

(d) providing radiation energy through the transparent window
onto the flexible donor element in contact with the substrate to cause the flexible
donor element to absorb heat and transfer organtc material onto the substrate.

It is a further object of the present invention to provide an
apparatus to facilitate the application of the method in the present tnvention.

An advantage to this method is that it allows the donor and the
substrate 10 be handled mosily under atmospheric pressure conditions. It provides
a reduced pressure during the actual transfer process, and a smail spacing between
the donor and the substrate to improve the resolution of the transferred patterns,
and it accomplishes the transfer process at high throughput. A further advantage
is that this method provides unimpeded optical path between the radiation source

and the donor.

11
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Tuming now te FIG. 1, there is shown a cross-sectional
representation of flexible donor element 100 used for the organic materials
transfer in accordance with the current invention. It includes support 12 that can
be a flexible polymeric sheet. On one surface of the support 12 it is coated with
radiation-absorbing material 14, then with organic materiai 16. This coated
surface forms transfer surface 18, and the other surface of support 12 forms non-
transfer surface 20. Radiation-absorbing material 14 is capable cf absorbing
radiation in a predetermined portion of the spectrum and producing heat.
Radiation-absorbing material 14 can be a dye such as the dyes specified in U.S.
Patent No. 5,578,416, a pigment such as carbon, or a metat such as nickel,
chromiurm, titanium, efc., or it can include a combination of materials in a single-
layer or multiple-layer structure. Organic material 16 can be a hole-injecting
material, a hole-transpart material, an electron-transport material, an emissive
material, a host material, or a combination of any of these materials.

FIG. 2 is a schematic cross-sectional view of a transfer station
apparatus 200 that can be used for the present invention. First fixture 22 is made
of rigid materials, It provides mechanical support to {lexible donor element 100
and substrate 10. First fixture 22 is provided with gasket 24, which fits into a slot
that has been machined for it, that can provide a vacuum-tight seal with flexible
doner elentent 100 when pressed against i, and pump port 26 which is connected
1o vaguum pump 46, Second fixture 28, also made of a rigid material, is provided
with gasket 32 and gasket 38, each fits info a slot that has been machined for
them, and pump port 36 that 1s connected to vacuum pump 44, Fixtures 22 and 28
define chamber 48. Vacuum pumps 44 and 46 can also be one single pump
connected to pump porl 26 and pump port 36 through individually controlled
valves (not shown). Transparent window 34 is a rigid plaie that is lransparent to
the radiation energy used for transferring organic material from Mexible donor
element 100 to substrate 10. Transparent window 34 is provided with means (not
shown) to be held against second fixture 28 and pressed against gasket 32 to form

a vacuum-tight seal with second Hxture 28.

12
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Flexible donor element 100 is placed between first fixture 22 and
second fixture 28 and is held together with means (not shawn) to form vacuum-
tight seals between flexible donor element 100 and furst fixture 22, and between
flexible donor element 100 and second fixture 28. Flexible donor element 100
and first fixture 22 forms first cavity 30; flexible donor element 100, second
fixture 28, and transparent window 34 forms second cavity 40. Substrate 10 is
mounted against first fixture 22 in first cavity 30 with means not shown in the
figure, and is facing transfer surface 18 of flexible donor clement 100 in a
relationship that allows the transfer of organic materials from flexible donor
element 100 to substrate 10. The gap between {lexible donor element 100 and
substrate 10 is kept large te facilitate pumping 1o ensure that the reduced pressure
needed for appropniate transfer of organic material can be quickly achieved.

FIG. 2 depicts the pump-down configuration of transfer station
apparatus 200, where fixtures 22 or 28 have been moved to position, wherein
flexible donor element 100 and substrate 10 have been properly loaded, cavities
30 and 40 have been formed, and evacuation of both cavities have begun. First
cavity 30 is evacualed to achieve the desired transfer pressure. Second cavity 40
is evacuated to keep a small pressure differential between the two chambers to
minimize the distortien of flexible donor element 100 in order tc ensure that the
gap between flexible donor element 100 and substrate 10 remains large. I
fiexible donor element 100 is pressed against substrate 10 prior to achieving the
proper transfer pressure, the spacing between them wiil be reduced and the time to
achieve proper transfer pressure will be increased. This is highly undesirable.

FIG. 3 depicts the transfer configuration of transfer station
apparatus 200. After the desired transfer pressure has been achieved, the pressure
in second cavity 40 is increased. The increased pressure presses flexible donor
element 100 into contact relationship with subsirate 10. The term “contact
relationship” means that the flexible donor element 100 Nlexible element engages
the substrate 10 or spacer elemenis on the substrate 10. Altematively, spacer
¢lernents such as beads can be formed on the flexible donor element 100, The

aciual gap spacing for transfer can be determined by the height of the standoffs on

13
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the substrate 10 or the flexible donor element 100. The small gap spacing is
needed to achieve high-resolution transfer process. The radiation energy 50 is
applied through transparent window 34, which is absorbed by the radiation-
absorbing layer 14 to cause transfer of the organic materials from flexible donor
efement 100 to substrate 10,

The pressure increase in second cavity 40 can be accomplished by
venting the chamber to atmosphere, or it can be accomplished by admitting a gas
from a pressurized container. When the transfer process is completed, both first
cavity 30 and second cavity 40 can be vented, the balance in pressure between
first cavity 30 and second cavity 40 is again achieved, and the flexible donor
element 100 springs back to essentialty the original flatness. First fixture 22 and
second fixture 28 can then be separated to remove the used flexible donor element
100 and substrate 10. New donor and substrate pieces can then be loaded to
repeat the process.

It is noteworthy that the radiation energy 50 is applied through
transparent window 34. Since cavity 40 has to be evacuated, transparent window
34 needs to withstand the atmospheric pressure from outside the cavity.
Transparent windew 34 needs 1o be strong and its thickness needs to be
substantial. The larger the area of the substrate to be transferred, the thicker
transparent window 34 needs to be. A thick element 34 increases the working
distance between radiation source 52 and flexible donor element 100, which can
be difficult 1o achieve with certain radiation sources. 1l a focused scanning beam
source js used, the thick transparent window 34 will also makes focusing and
scanning difficult due to possible aberration of the radiation energy beam.
Furthermore, it is also difficualt to make large, thick wansparent elements 34 with
acceplable optical perfection.

FIG. 4 shows {ransfer station apparatus 300 depicting another
ambodiment designed according t¢ the present invention. It is particutarty
suitable when large substrates are used, The transfer station apparatus 300 is
shoven in pump-down configuralion. The operation of this transfer station

apparatus 300 is essentially identical fo that described above except transparent

14
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window 34 is replace by movable door 42. FIG. 5 shows this transfer station
apparatus 300 in transfer configuration. Afier the transfer pressure has been
achieved in first cavity 30 and after second cavity 40 has been vented to
atmosphere, door 42 is opened exposing flexible donor element 100 to radiation
energy source 52. This allows ummpeded access of flexible donor element 100 by
the radiation energy beam 30. The working distance between the radiation energy
source 52 and flexible donor element 100 can be reduced, and there is no longer
aberration concerns. Afier the transfer process has been completed, first cavity 30
can be vented to allow separation of first fixture 22 and second fixture 28 and
removazl of the used flexible donor element 100 and substrate 10. Door 42 can
then be re-closed o second fixture 28 Lo allow repeating of the procedure
described above. In this emboediment, door 42 needs not be transparent to the

radiation energy, which can simplify the construction of the apparatus.
Brief Description of The Drawings

FIG. 1is a cross-sectional representation of a donor that can be
used with this invention;

FIG. 2 is a cross-sectional representation of ane embodiment of an
apparatus designed in accordance with this invention in the pump-down
configuratiot;

FIG. 3 is a cross-sectional representation of the aforementioned
apparatus in transfer configuration;

FIG. 4 is a cross-sectional representation of another embodiment of
an apparatus designed in accordance with this invention in the pump-down

configuration; and

FIG. 5 is a cross-sectional representation of the aforementionad

apparatus in transfer configuration,

15
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Abstract

A method for transferring organic material from a flexible doner
element onto a substrate to form a layer of organic material in making one or more
OLED devices, includes providing the flexible donor element and the substrate in
a spaced retationship within a chamber under atmospheric pressure defined by a
transfer station so that the flexible donor element partitions the chamber into first
and second cavilies; varying the pressure differential between the first and second
cavities to caunse the flexible donor element to move into a contact relationship
with the substrate; providing a transparent window which defines the top surface
of the second cavity; and providing radiation energy through the transparent
window onto the flexible donor element in contact with the substrate to cause the
Aexible donor element to absorb heat and transfer organic material onlo the

substrate.

Representative Drawing

Fig. 2
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