20047061994 A2 | IV YO0 O 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

22 July 2004 (22.07.2004)

AT Y0 O

(10) International Publication Number

WO 2004/061994 A2

(51) International Patent Classification’: HO1L 51/40
(21) International Application Number:
PCT/US2003/038276

(22) International Filing Date: 2 December 2003 (02.12.2003)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/435,350
10/387,925

20 December 2002 (20.12.2002)
13 March 2003 (13.03.2003)

Uus
Us

(71) Applicant: THE TRUSTEES OF PRINCETON UNI-
VERSITY [US/US]; PO. Box 36, Princeton, NJ 08544-
0036 (US).

(72) Inventors: KIM, Changsoon; Princeton University,
Graduate College, Princeton, NJ 08544 (US). FORREST,
Stephen, R.; 148 Hunt Drive, Princeton, NJ 08540 (US).

(74) Agents: MEAGHER, Thomas, F. et al.; Kenyon &
Kenyon, One Broadway, New York, NY 10004 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BW, BY, BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR,
KZ,1L.C,LK,LR,LS,LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC,SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US,UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHODS OF FABRICATING DEVICES BY LOW PRESSURE COLD WELDING

(57) Abstract: Methods of transferring a metal and/or organic layer from a patterned stamp, preferably a soft, elastomeric stamp, to
a substrate are provided. The patterned metal or organic layer may be used for example, in a wide range of electronic devices. The
present methods are particularly suitable for nanoscale patterning of organic electronic components.



WO 2004/061994 PCT/US2003/038276

METHODS OF FABRICATING DEVICES BY LOW PRESSURE COLD WELDING

[0001] This application claims the benefit of U.S. Provisional Application
No.60/435,350, filed December 20, 2002, which is incorporated herein by reference in its
entirety. The subject matter of this application is related to U.S. Patent No. 6,468,819, U.S.
Patent No. 6,407,408, concurrently pending Patent Application Serial Nos. 09/802,977,

09/833,695, and 09/899,850, all of which are incorporated herein by reference in their

entireties.
Field of the Invention
[0002] The present invention relates to a method of fabricating a device, and more

particularly to the transfer of a metal or organic layer from a patterned stamp to a substrate.

Background of the Invention

[0003] Nearly all electronic and optical devices require patterning. Patterned metals
are used in forming a variety of such devices. For example, patterned metals may be used in
forming transistors, as electrodes in various devices, and as shadow masks in the patterning of
various materials. One possible use for patterned metals ié as electrodes in organic light
emitting devices (OLEDs), which make use of thin films that emit light when excited by
electric current. Popular OLED configurations include double heterostructure, single

heterostructure, and single layer, and may be stacked, as described in U.S. Patent No.

5,707,745, which is incorporated herein by reference in its entirety.
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[0004] Patterning of sub-micrometer structures is preferable for the realization of new
and improved types of devices such as flat panel displays.

[0005] For OLEDs from which the light emission is only out of the bottom of the
device, that is, only through the substrate side of the device, a transparent anode material such
as indium tin oxide (ITO) may be used as the bottom electrode. Since the top electrode of
such a device does not need to be transparent, such a top electrode, which is typically a
cathode, may be comprised of a thick and reflective metal layer having a high electrical
conductivity. In contrast, for transparent or top-emitting OLEDs, a transparent cathode such
as disclosed in U.S. Patent Nos. 5,703,436 and 5,707,745 may be used. As distinct from a
transparent or bottom-emitting OLED, a top-emitting OLED is one which may have an
opaque and/or reflective substrate, such that light is produced only out of the top of the device
and not through the substrate, or can be a fully transparent OLED that may emit from both the
top and the bottom.

[0006] As used herein, the term “organic material” includes polymers as well as small
molecule materials that may be used to fabricate OLEDs. The organic materials of an OLED
are very sensitive, and may be damaged by conventional semiconductor processing. For
example, any exposure to high temperature or chemical processing may damage the organic

layers and adversely affect device reliability.

Summaryv of the Invention

[0007] An embodiment of the invention is directed to a method of fabricating a device

by depositing a metal layer over a patterned stamp, and then transferring the metal layer from
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the patterned stamp onto a substrate. Preferably, the patterned stamp is a soft, elastomeric
stamp.

[0008] An-embodiment of the invention is also directed to a method of fabricating a
device by depositing one or more organic layers over a patterned stamp, and then transferring
the organic layer(s) from the patterned stamp onto a substrate. Preferably, the patterned
stamp is a soft, elastomeric stamp. A combination of metal and organic layers may also be
transferred from a patterned stamp onto a substrate.

[0009] An embodiment of the invention i.ncludes transferring a deposited metal layer
from a patterned stamp onto a substrate by cold-welding. According to this embodiment, a
strike layer is optionally deposited over a substrate and a patterned stamp is oBtained having a
metal layer deposited over the stamp. The stamp is then pressed onto the substrate, such that
the metal layer over the patterned stamp contacts portions of the strike layer or other
underlying layer, and sufficient pressure is applied to cold-weld the metal layer to the strike
layer or other underlying layer. The patterned stamp is removed and the portions of the metal
layer that are cold-welded to the strike layer or the substrate break away from the stamp and
remain cold-welded to the strike layer or the substrate, in substantially the same pattern as the
patterned stamp.

[0010] Another embodiment of the invention includes transferring a deposited organic
layer from a patterned stamp onto a substrate by “cold-welding”. According to this
embodiment, a strike layer is optionally deposited over a substrate and a patterned stamp is
obtained having an organic layer deposited over the stamp. The stamp is then pressed onto
the substrate, such that the organic layer over the patterned stamp contacts portions of the

strike layer or the substrate, and sufficient pressure is applied to “cold-weld” the organic layer
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to the strike layer or the substrate. The patterned stamp is removed and the portions of the
organic layer that are “cold-welded” to the strike layer or the substrate break away from the
stamp and remain adhered to the strike layer or the substrate, in substantially the same pattern

as the patterned stamp.

Brief Description of the Drawings

[0011] Figure 1 is a schematic illustration of the patterned metal transfer process
according to an embodiment of the present invention.

[0012] Figure 2 shows the cathode patterning of organic electronic devices by low
pressure cold welding.

[0013] Figure 3 shows scanning electron microscope (SEM) images of a stamp before
(a, b) and after (c) the metal pattern is transferred.

[0014] Figure 4 depicts an example of a roll-to-roll process for the fabrication of
organic electronic integrated circuits, into which process the present methods may be
incorporated.

[0015] Figure 5 depicts the formation of a PDMS stamp and a method according to an
embodiment of the present invention of using that stamp to transfer metal to a substrate.
[0016] Figure 6(a) shows a top view of a master, and Figures 6(b) and 6(c) show SEM
images of the PDMS stamp fabricated from the master shown in Figure 6(a).

[0017] Figure 7 shows a cross-section of a patterned stamp adapted for use with an
embodiment of the present invention and a substrate, wherein a patterned metal layer will be
transferred from the stamp to the substrate by cold-welding metal over the stamp to portions

of a thin metal film over the substrate.
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[0018] Figure 8 shows a cross-section of the stamp and the substrate of Figure 7 after
portions of the metal from the stamp have been transferred to the substrate in accordance with
an embodiment of the method of the present invention.

[0019] Figure 9 shows a cross-section of the substrate of Figure § having the
patterned metal thereover, before (Fig. 9(a)) and after (Fig. 9(b)) portions of the thin metal
film are removed in accordance with one embodiment of the present invention.

[0020] Figure 10 shows a cross-section of the substrate of Figure 9(b) having the
patterned metal thereover, before (Fig. 10(a)) and after (Fig. 10(b)) portions of the substrate
are etched to form a patterned substrate having essentially the same pattern as the stamp in
accordance with another embodiment of the present invention.

[0021] Figure 11 shows a cross-section of the substrate of Figure 10(b) having the
patterned metal thereover, before (Fig. 11(a)) and after (Fig. 11(b)) the remaining thin metal
film and patterned metal layer are removed from the patterned substrate.

[0022] Figure 12 shows a cross-section of a patterned stamp adapted for use with an
embodiment of the present invention having an adhesion-diminishing layer between the
stamp and the metal layer thereover, and a substrate over which a metal material is to be
patterned by cold-welding the metal over the stamp to the thin metal film over the substrate,
in which an organic layer is positioned between the substrate and the thin metal film.

[0023] Figure 13 shows optical microscope images of cathodes fabricated in
accordance with embodiments of the invention.

[0024] Figure 14 shows the current density (J) vs. voltage (V) characteristics of a
200-pum-diameter organic light-emitting device (OLED) patterned by cold welding (solid

circles).
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[0025] Figure 15 shows a preferred shape for the stamp of an embodiment of the
present invention to avoid side wall deposition of metal on the stamp.
[0026] Figure 16 shows an embodiment of a hybrid stamp adapted for use with an

embodiment of the present invention.

Detailed Description

[0027] The present invention will be described with reference to the illustrative
embodiments in the following processes and drawing figures.

[0028] Methods are provided for forming a patterned metal and/or organic layer over
a substrate using a stamp. Such a patterned metal or organic layer may be used for example,
in forming an electronic device, either as part of the device itself or as a mask in patterning
other layers of the device or the substrate.

[0029] In one embodiment of the invention, a method is provided for forming a
patterned metal layer over a substrate using a stamp. This embodiment may be used to
produce features of submicron scale based on the transfer of a metal layer from a stamp to a
substrate assisted by the atomic scale process of metallic cold welding. The patterned metal
layer can be used for example, as an etch mask to replicate the pattern on the substrate, or the
layer itself can serve as contact electrodes for a wide range of electronic devices. Given the
very high pattern resolution and its compatibility with organic electronics, this technique
holds promise for application to the formation of contacts to devi;:es at the single molecule
scale.

[0030] Cold welding is the formation of a metallic bond at about room temperature

between two metal surfaces by application of pressure. Preferably, the two metal surfaces are
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of like composition. Cold welding is used to bond separate metal parts of macroscopic size.
The surfaces bond to each o;cher when the interfacial separation is decreased below a critical
value, resulting in a single solid. In order to achieve good patterns by this technique, the
applied pressure should be high enough to decrease the interfacial separation below the
critical value. That is, the applied pressure should be high enough to decrease the interfacial
separation of the thin metal film and metal layers below the critical value. The present
methods preferably use cold welding for transferring any desired metal layer from a patterned,
soft elastomeric stamp to a substrate; although other bonding methods known to those in the
art are contemplated and within the scope of the invention.

[0031] In another embodiment of the invention, a method is provided for forming a
patterned organic layer over a substrate using a stamp. Although not wishing to be bound by
any particular theory, it is believed that in this embodiment of the invention, organic-to-
organic van der Waals forces are the mechanism for bonding one organic layer to another
organic layer. That is, in this embodiment, instead of a metal layer in contact with a metal
layer, an organic layer is in contact with an organic layer with sufficient pressure such that the
two organic layers are bound together. For example, van der Waals forces may be
responsible for such bonding. The term “cold-welding” is used herein to also refer to this
organic-to-organic bonding, even though the term “welding” is typically used only in
connection with metal-to-metal bonding.

[0032] As the transferred organic layer may comprise an active component of a
device, this embodiment of the method of the invention can be used to fabricate, for example,
organic integrated circuits such as organic active matrix displays. When incorporated into

roll-to-roll processes, these methods are very suitable for high-throughput and cost-effective
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fabrication of organic electronic devices. Although many of the embodiments described
herein include the transferring of a metal layer, it should be understood that the metal layers
therein could be replaced by organic layers, and thus the metal-layer-transferring
embodiments of the invention should also be viewed as illustrative of possible organic-layer-
transferring embodiments of the invention.

[0033] The methods of the present invention are particularly suitable for nanoscale
patterning of organic electronic components, where the wet processes used in conventional
photolithography might damage underlying organic materials.

[0034] Patterning techniques based on stamps or molds provide practical advantages,
and they are in principle free from the limitations of optical diffraction. The present cold
welding technique has the advantages of both simplicity and high resolution common to other
methods based on stamping or molding. In contrast to other techniques, however, it is well
suited for direct patterning of organic electronic, or at the highest pattern resolutions,
molecular electronic devices. For example, previously described techniques use polymer
films heated to temperatures higher than their glass transition temperatures, while others
involve wet chemicals, both features being incompatible with many fragile molecular solids.
[0035] U.S. Patent No. 6,468,819, which is incorporated herein by reference,
describes direct patterning of organic electronic devices using cold welding followed by lift-
off of cathode metals on selected regions of an organic semiconductor thin film. Thus, a
patterned metal film deposited onto the surface of the organic layers was obtained by a
subtractive process, whereby metal on unwanted areas was removed when the stamp was

separated from the substrate.
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[0036] Furthermore, the present additive methods allow for the fabrication of such
organic electronic devices as organic thin film transistors (OTFTs) where damage inflicted by
application of excessive pressure to the active device regions should be avoided. Indeed, the
range of applications of the additive process is not cqnﬁned to organic electronics: this
method may also find uses wherever ultrahigh resolution metal patterns are required, such as
in adding low resistance metal bus lines to passive matrix displays and memories. As a
result, the methods of the invention are well suited for roll-to-roll processing of organic
integrated circuits where contacts for various components such as OTFTs, organic light-
emitting diodes (OLEDs), solar cells, and photodetectors must be simultaneously patterned.
[0037] In an embodiment of the invention, prior to transferring the metal layer, a
metal layer is deposited over a patterned stamp having at least one raised portion such that the
metal layer is deposited at least over the raised portions of the stamp. The stamp is patterned
in that it has raised and depressed portions that form a desired pattern. The stamp may be
patterned by any method known in the art, such as by lithography and reactive ion etching.
The stamp preferably has sharp edges to avoid side wall deposition of metal on the stamp.
Additionally, the shape of the stamp may help avoid side wall deposition ofa metal on the
stamp. A preferred shape for the stamp is depicted in Figure 15.

[0038] Preferably, the stamp is made of a substance that is readily patterned or easily
fabricated from a mold. Examples of suitable materials that may be used to form stamps in
accordance with embodiments of the present invention include soft substances such as
poly(dimethylsiloxane) (“PDMS”), hard substances such as silicon, glass, quartz, steel and
hard metals, as well as other materials known to those skilled in the art, and combinations

thereof.
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[0039] In a particularly preferred embodiment of the present invention, the stamp is
compliant and is made of a soft, elastomeric material. A non-limiting example of a suitable
soft, elastomeric material for the stamp is PDMS. In addition, other soft, elastomeric
materials known to those of skill in the art may be used to form stamps in accordance with the
present invention. Examples of such suitable materials include polyurethane and optical
adhesives, such as those available from Norland Products Inc., of Cranbury, NJ. A
representative example of a Norland Optical Adhesive (NOA) is NOA 73. As used herein,
the term “soft,” when describing a stamp or its material, is a relative term which denotes a
stamp or material that can more easily deform around substrate features (including particles)
than can a rigid stamp. Thus, the softness of a stamp is dependent upon substrate features.
For example, for most PDMS, a suitable material for a soft stamp, the value of E (Young’s
modulus) is within the range of about 0.1 to about 10 MPa, and the value of G(shear
modulus) is less than or equal to about 1 MPa. On the other hand, for silicon, a suitable
material for a rigid stamp, the value of E (Young’s modulus) is equal to about 130 GPa, and
the value of G(shear modulus) is equal to about 30 GPa. These values for E and G for a soft
and rigid stamp are only representative values, and they do not establish nor limit suitable
ranges for values of E and G for a soft and rigid stamp.

[0040] When a soft, elastomeric stamp is used in embodiments of the method of the
present invention, the force to be applied across the stamp can be more easily applied
uniformly such that a lower applied force is needed to form a cold-welded bond, as compared
to those methods employing a rigid stamp. Furthermore, a soft, elastomeric stamp can more
easily deform around substrate features (including particles) than can a rigid stamp. Thus,

patterned metal or organic transfer can be achieved at much lower pressures when using a

10
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soft, elastomeric stamp, allowing for the application of pressure directly over a device active
region with far less likelihood of introducing damage thereto. In addition, the applied force
needed to form a cold-welded bond depends on the roughness of the surfaces to be bonded,
with rougher surfaces generally requiring a higher applied force.
[0041] Additionally, the stamp may be a hybrid stamp, as is shown in Figure 16. In

|
the embodiment of a hybrid stamp as shown in Fig. 16, the pattern shape is formed in an outer
layer 161 of a stiffer material, while a softer inner layer 162 provides conformability.
[0042] Patterning may be achieved by methods known in the art based on the
composition of the stamp. For example, PDMS stamps can be fabricated using a method
used in ‘soft lithography,” as described in Y. Xia et al., Unconventional methods for
fabricating and patterning nanostructures, Chem. Rev. 99, 1823-1848 (1999). Fig. 5 depicts
the formation of a PDMS stamp using a silicon master, as described by Xia et al. After the
stamp is formed, the metal to be transferred is then deposited over the molded stamp. One
example of a suitable patterning technique when the stamp is made of silicon is lithography
using a phase mask and reactive ion etching.
[0043] In a further embodiment of the method of the present invention, prior to
transferring the metal layer onto the substrate, a strike layer is deposited onto the substrate,
such that the metal layer from the stamp is transferred onto the strike layer. The strike layer
can be deposited using deposition techniques which are known in the art. The strike layer
serves to facilitate the transfer of the metal layer from the stamp to the substrate, and helps to
provide a good electrical contact for the transferred metal layer. Preferably, the strike layer is
deposited as a blanket layer such that patterning is provided by the transferred metal layer.

Examples of suitable materials which may be used as the strike layer include, but are not

11
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limited to, metals and organic materials. For example, when using an embodiment of the
method of the present invention to fabricate an OLED, the strike layer can include a layer of
Al and LiF, adjacent to a layer of Au.

[0044] The metal layer over the stamp preferably includes a metal that is capable of
cold-welding to a strike layer, such as a thin metal film, over the substrate upon compression
of the metal layer to the thin metal film.

[0045] Substrates in accordance with embodiments of the present invention may be
made of any suitable material, including for example, glass, polymers, silicon and plexiglass.
The substrate may be rigid, non-rigid, flexible, opaque or transparent. Of the materials that
are presently commercially available, preferred flexible substrates include polyethylene
terephthalate (PET), poly-ethersulphone (PES), polycarbonate (PC), polyethylenenaphthalate
(PEN) and polyimide (PI). Each of these materials has advantages and disadvantages that are
more fully described in Weaver et al., “Flexible Organic LED Displays,” 2001 Soc. Vac.
Coaters 505/856-7188, 44th Annual Technical Conf. Proc. (2001) ISSN 0737-5921 (“Weaver
et al.”), which is incorporated by reference in its entirety. It is expected that chemical
companies will develop new materials that are better suited for use as a flexible substrate for
the fabrication of OLED displays. It is also expected that various embodiments of the present
invention may be practiced with such substrates when they become available.

[0046] Suitable metals for use as the metal layer and the strike layer preferably
include those known to those skilled in the art as being capable of cold-welding to one
another. Preferably, the metal layer and the strike layer are made of non-reactive metals, such
as silver and gold that do not form an oxide layer, or the method of the invention is carried

out in vacuum to prevent the formation of an oxide layer. The metal layer and the strike layer

12
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may be made of the same metal or different metals and preferably form a strong cold-welded
bond with one another when pressure is applied. For exarhple, if the metal layer is made of
gold, the strike layer may be made of gold or silver; and if the metal layer is made of silver,
the strike layer may be made of gold or silver. Other combinations may also be used.

[0047] According to an embodiment of the present invention, in Fig. 1(a), a patterned
stamp 1 coated with a metal layer 2 is pressed onto a substrate 4 pre-coated with a very thin
(~10 nm) metal strike layer 3. Cold welding between the two contacting metal layers then
occurs when enough pressure is applied to overcome the potential barrier existing at the
surfaces due to oxidation or surface contamination. Upon separation of the stamp 1 from the
substrate 4, the metal layer 2 of the contacted area on the stamp is transferred to the substrate
4 (Fig 1(b)). Next, the metal strike layer 3 on the substrate is anisotropically etched to
remove the residual strike layer, thereby exposing the substrate materials in regions 7 between
the stamped pattern (Fig. 1(c)). Using the metal layer left behind as an etch mask, the pattern
can be further transferred to the substrate 4 (Fig. 1(d)) by various etching methods, for
example reactive ion etching (RIE). In addition, the patterned metal layer 2 in Fig. 1(c) can
be used as electrodes if the substrate contains pre-deposited semiconductor layers necessary
to form the desired electronic devices or as bus lines.

[0048] According to another embodiment of the invention, more than one metal layer
may be coated on the patterned stamp and then transferred to the substrate via cold-welding.
For example, more than one metal layer may be transferred to the substrate to form a
compound cathode, such as a Mg:Ag/ITO compound cathode.

[0049] The embodiment of the invention depicted in Figure 2 shows cathode

patterning of organic electronic devices by low pressure cold welding. In Figure 2(a), the
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elastomeric stamp 101 made of poly(dimethylsiloxane) (PDMS) precoated with a thick metal
(Au) layer 102 is pressed onto the substrate 104 coated with the organic heterostructure of
organic layers 111 and the cathode 103, which also acts as a thin metal strike layer 103. In
Figure 2(b), upon separation of the stamp 101 from the substrate 104, the metal film 102 on
the stamp 101 cold-welded with that on the substrate 104 remains on the substrate 104. In
Figure 2(c), the strike layer 103 is removed by Ar sputter etching to electrically isolate the
contacts.

[0050] Figure 3 shows scanning electron microscope (SEM) images of a stamp both
before (Figs. 3(a) and (b)) and after (Fig. 3(c)) the metal pattern is transferred in accordance

* with an embodiment of the method of the invention. The stamp has a pattern of an array of
200-pum-diameter posts, as seen in Figure 3(a). The grooves 31 on the sidewall and rounded
edge (Fig. 3(b)) are due to the photoresist mold. During the metal transfer, the Au film is
irregularly transferred from the rounded stamp edge (Fig. 3(c)), limiting the edge resolution
(as seen in Figure 13).

[0051] Figure 4 depicts an example of a roll-to-roll process for the fabrication of
organic electronic integrated circuits, into which process the present methods may be
incorporated. A sheet of plastic substrate 41 is rolled out, and translated by cylindrical drums
42, 43. The upper drum 42 has a desired electrode pattern on its surface and is coated with an
adhesion-reduction layer. First, organic layers are deposited, for example, by organic vapor
phase deposition (OVPD) onto the substrate 41, followed by deposition of the thin metal
strike layer 45. As the substrate 41 is pressed between the drums 42, 43, the metal film on the

drum is transferred to the substrate 41 by cold welding. Next, the electrode pattern on the
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substrate is obtained by a brief metal etch 46 to remove the strike layer 45. Metal deposition
on one side of the drum allows for a continuous process.

[0052] Electrodes deposited by embodiments of the methods of the invention may
include any material known to those skilled in the art. Preferably, the electrodes are
substantially transparent, that is, they are made of the appropriate materials for achieving
transparency, and are fabricated to the appropriate thickness for achieving transparency.
Electrodes of embodiments of the present invention are preferably fabricated from a
conductive metal oxide. Preferred materials of electrodes according to the present invention,
such as transparent electrodes, include for example indium tin oxide (ITO), MgAg, and
aluminum. Preferred non-transparent electrode materials include LiF:Al. Conductive
polymers such as polyaniline and poly (3, 4 - ethylenedioxythiophene) / poly
(styrenesulphonate) (PEDOT / PSS) may also be used in accordance with the invention.
[0053] In addition, bus lines may also be deposited by embodiments of methods of the
invention. These bus lines may be made of any suitable metal or other electrically conductive
material, such as gold, silver, aluminum or copper, or any suitable alloy.

[0054] To avoid incomplete pattern transfer, adhesion between the stamp and the
metal layer on it should be weaker than between any other interfaces present in the substrate,
and compared to the fracture strength of the materials employed. Therefore, in a preferred
embodiment of the invention, an adhesion-reduction layer 5 is inserted between the stamp 1
and the metal layer 2, as shown in Fig. 1(a). Likewise, when transferring an organic layer, it
is preferable to insert an adhesion-reduction layer between the stamp and the organic layer in

order to avoid incomplete pattern transfer. In cases where the transferred metal serves as a
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mask for further etching and pattern replication at the substrate, the metal on the stamp is
preferably thicker than that on the substrate for good thickness contrast as shown in Fig. 1(b).
[0055] The metal additive process of an embodiment of the present invention differs
from the prior subtractive technique in that it relies primarily on the cold welding process,
while the subtractive method further requires fracture of the metal films. This difference
gives the new additive technique several advantages described below, which make it practical
for use in a roll-to-roll process for continuous patterning of organic electronic circuits, as
depicted in Fig. 4.

[0056] A first advantage is that the present methods use lower pressures than prior
methods. Cold welding may be achieved for example, between Au films at a remarkably
lower pressure (about 180 kPa) using a soft, elastomeric stamp (see example 1 herein). That
is, when a PDMS stamp is used for example, the pressure required for the additive patterning
process is approximately 1000 times lower than what has been previously reported using a
rigid stamp (see C. Kim et al., Science (2000), 288, 831; C. Kim et al., Appl. Phys. Lett.
(2002), 80, 4051). Thus, this low pressure cold welding method may be particularly suitable
for applications in which the applied pressure needs to be minimized. Embodiments of the
invention in which soft, elastomeric stamps are used may optionally be applied to curved
substrates and/or stamps.

[0057] However, for the subtractive process, a soft, elastomeric stamp is not desirable
since the higher pressure may be needed to plastically deform the metal film at the pattern
edges prior to its selective removal. With a soft, elastomeric stamp, this technique can also
be applied to the fabrication of such vertical geometry devices as OLEDs and solar cells,

where the active device areas are placed under direct pressure.
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[0058] As shown in Figure 5, when the PDMS stamp 51 is contacted with the

~ substrate 54, the metal 52 is cold-welded to the substrate 54 or a material over the substrate
(such as an optional metal strike layer 53), thereby transferring the patterned metal 52 from
the stamp 51 to the substrate 54.]

[0059] Figures 6(a), (b) and (c) show a master for a PDMS stamp, and the PDMS
stamp which was fabricated from the master. Specifically, Figure 6(a) shows a top view of a
master. From the master shown in Figure 6(a), a PDMS stamp is fabricated using a molding
process. Figures 6(b) and 6(c) show SEM images of the PDMS stamp fabricated from the
master shown in Figure 6(2).

[0060] A second advantage of embodiments of the present invention results from the
fact that the optimum pressure for the subtractive process increases with metal thickness,
ultimately determining the maximum thickness of the patterned metal film practically
achievable. However, for the present metal additive process, the optimum pressure is
believed to be relatively thickness-independent.

[0061] A third advantage is that stamps of embodiments of the present invention are
more readily reusable than stamps used in a subtractive process. For the subtractive process,
the metal film lifted off from the substrate remains on the stamp, often resulting in the
cleaning or removal of the metal film from the stamp after each pressing. On the other hand,
in the case of the additive process, the metal layer can be re-deposited on the stamp without
pre-cleaning, provided that the adhesion-reduction layer remains on the stamp, and that the
thickness of accumulated metal layers in regions between the contact areas are smaller than
the height of the pattern ridge. To this end, the pattern ridge is preferably of a sufficient

height in relation to the thickness of the accumulated metal layers in regions between the
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contact areas. For example, with a pattern ridge height of about 100pm and a deposited metal
thickness on the stamp of about 0.1um, after about 1000 (100pum/0.1um) metal depositions
and stamp pressings, the regions between the contact areas on the stamp will be
approximately filled up with the accumulated metal layers.

[0062] According to a further embodiment of the invention, no strike layer is needed
in the method for the metal layer to transfer from the stamp to the substrate, and the metal
layer may be transferred from the stamp to the substrate by bonding methods known to those
skilled in the art other than cold welding. For example, the metal layer may be transferred
directly to the substrate, or the metal layer may be transferred to an organic layer, or other
material, which is coated on the substrate.

[0063] An embodiment of the present invention is further directed to metal and/or
organic layers patterned over a substrate by the methods described herein, and to devices
formed utilizing the methods described herein including, for example, OLEDs and arrays of
OLED:s.

[0064] Organic materials, including small molecule organic materials, are optionally
deposited over the substrate depending on the device being formed and the desired use of the
patterned metal. For instance, if the patterned metal is to be used as an anode or a cathode in
an organic light emitting device, organic materials will likely be deposited over the substrate
at some point, either before or after a metal and/or organic layer is patterned over a substrate
by the methods described herein.

[0065] The metal layer over the stamp may include two or more metal layers, so long
as the layer furthest from the stamp is capable of adhering to the substrate or material

thereover, preferably cold-welding to a strike layer, such as a thin metal film. Any additional
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metal layers over the stamp that do not come into contact with the substrate or material
thereover need not be materials that are capable of cold-welding or otherwise adhering to the
underlying material. Accordingly, metals such as chromium and aluminum may be used as
one of two or more metal layers that make up the metal layer over a stamp, even though such
metals may not be ideal candidates for cold welding.

[0066] Embodiments including at least two layers of metal over the stamp may be
preferred for example, when the patterned metal layer over the stamp is being used as an
etching mask, depending on the selectivity of an etching process. The additional metal layers
may be advantageous when the patterned metal layer(s) is transferred to a substrate by the
methods described herein, and layers under the patterned metal layer(s) are being etched, to
prevent all of the patterned metal layer from being etched away prior to the completion of
desired etching of any layers under the patterned metal layer(s). The etch rate depends on the
material being etched and the process by which it is being etched. Therefore, it may be
desirable to have as a second metal layer over a stamp (which is transferred to the substrate by
embodiments of the method of the invention), a metal that has a slower etch rate than the first
metal layer and/or the material that will be etched using the metal(s) as a mask.

[0067] In a further embodiment of the invention, after depositing a first metal layer
over the stamp, additional organic and/or metal layers may be deposited onto the stamp over
the first metal layer, depending on the particular device being fabricated, and all of these
layers, or only some of these layers, may subsequently be transferred to the substrate. For
example, one or more organic layers may be deposited over the first metal layer, and a second
metal layer may'be deposited over the one or more organic layers, and then the second metal

layer, the one or more organic layers, and the first metal layer may then all be transferred
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from the stamp onto the substrate, or onto the optional strike layer or whatever material is
over the substrate. In addition, one or more organic layers may be deposited over the first
metal layer, and then the one or more organic layers and the first metal layer may then be
transferred from the stamp onto the substrate, or onto the optional strike layer or whatever
material is over the substrate. Furthermore, one or more organic layers may be deposited over
the first metal layer, and then only the one or more organic layers (and not the first metal
layer) may then be transferred from the stamp onto the substrate, or onto the optional strike
layer or whatever material is over the substrate. Such embodiments of the invention could be
used to fabricate, for example, an OLED.

[0068] The strike layer, such as for example, a thin metal layer, is deposited over the
substrate by methods known in the art depending upon the material employed as the strike
layer. For example, thermal evaporation is a form of deposition that may be suitable for
depositing a thin layer of gold over the substrate. The preferred thickness of the strike layer
varies depending upon, inter alia, the applications of the fabricated device, and the
morphology of the layers of the device. For example, when a transferred metal is to be used
as an electrode in an OLED, the strike layer preferably forms a continuous film, although a
strike layer that only forms islands on the substrate (or whatever material is over the
substrate) can also be employed. As a continuous film, the strike layer allows for a more
uniform and consistent foundation upon which to cold-weld the transferred metal that is to be
used as an electrode in an OLED. As a further example, when a transferred metal is to be
used as an etch mask, a very thin strike layer, and even one that only forms islands on the
substrate, is sufficient. Thus, exemplary strike layer thicknesses include, but are not limited

to, those in the range of from about 5 nm to about 30 nm.
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[0069] The metal layer deposited over the stamp is deposited by methods known in
the art. For example, e-beam evaporation is an example of a form of deposition that may be
suitable for depositing gold over the stamp. The preferred thickness of the metal layer
deposited over the stamp varies depending upon, inter alia, the applications of the fabricated
device, and the composition of the metal layer. Exemplary thicknesses of the metal layer
deposited over the stamp include, but are not limited to, those in the range of from about 30
nm to about 100 nm. In embodiments of the method of the present invention, the stamp and
the substrate are pressed (or “stamped”) against one another such that the portions of the
metal layer over the raised portions of the patterned stamp contact portions of the substrate, or
the strike layer over the substrate. Sufficient pressure is applied to the stamp and/or the
substrate, such that the portions of the metal layer that contact the substrate, or the strike layer
over the substrate, cold-weld thereto.

[0070] When the stamp is applied to the substrate, or the strike layer over the
substrate, the substrate may bend such that the device bows into depressed portions of the
stamp. Contact between the device and the depressed portion of the stamp is undesirable, and
could lead to contact between the substrate, or the strike layer over the substrate, and portions
of the metal layer that are not on the raised portions of the stamp, and which are supposed to
remain on the stamp and not be transferred to the substrate, or the strike layer over the
substrate. To avoid such contact, various parameters may be controlled. For example, stiffer
substrates and lower forces applied to the stamp are two factors that may be used to eliminate
such contact. In addition, if a flexible substrate is used, the substrate may be mounted on a
stiff support structure, if desired. Still other means may be used to keep the flexible substrate

sufficiently rigid to maintain the desired tolerances. Another important factor is the geometry
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of the stamp. In particular, by increasing the depth of the depressed portions, or by
decreasing the separation between the raised portions, such contact may be avoided. It is
believed that a depth of about 10 microns per 1 millimeter of separation is preferred to avoid
such contact, although this ratio may change depending upon the particular substrate, stamp
material and forces.

[0071] The patterned stamp is then removed and the portions of the metal layer that
are cold-welded to the substrate, or the strike layer over the substrate (or otherwise adhered to
the substrate or whatever material is over the substrate) break away from the stamp and
remain cold-welded (or adhered) to the substrate, or the strike layer (or other material) over
the substrate, in substantially the same pattern as the patterned stamp. To ensure that the
cold-welded metal remains over the substrate rather than breaking away from the substrate
when the stamp is removed, the relative adhesion between the stamp and the metal layer
thereover should preferably be smaller than the adhesion between the strike layer (or
whatever material is over the substrate) and the substrate.

[0072] In one embodiment of the present invention, an adhesion-reduction layer (or
adhesion-diminishing layer) is positioned between the patterned stamp and the metal layer, to
lower the adhesion between the metal layer and the stamp. The adhesion-reduction layer may
include for example an organic layer, a TEFLON™ layer or any other material that may
reduce the adhesion between the stamp and the metal layer thereover, by being positioned
between the stamp and the metal layer. Preferably, the adhesion-reduction layer should
reduce the adhesion between the stamp and the metal layer thereover a sufficient amount such
that the relative adhesion between the stamp and the metal layer thereover is smaller than the

adhesion between the strike layer (or whatever material is over the substrate) and the
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substrate. Thus, when the stamp is pulled away from the substrate after the metal layer and
the strike layer (or whatever material is over the substrate) are cold-welded to one another, the
cold-welded metals should remain over the substrate rather than being pulled off with the
stamp.

[0073] The composition and/or thickness of the adhesion-reduction layer is preferably
selected to achieve the desired results. Examples of suitable adhesion-reduction layers
include thin organic layers and TEFLON™. Exemplary thicknesses of the thin organic layer
include, but are not limited to, those in the range of from about 25 to about 100 A. The thin

organic layer may optionally be made of Alqs, which has the following formula:

[0074] The adhesion-reduction layer is deposited over the stamp by methods known
in the art. An example of one suitable method of depositing Alq3 for example, is by thermal
evaporation.

[0075] In another embodiment of the present invention, at least one layer is deposited
between the substrate and the strike layer. The at least one layer may be for example, at least
one organic layer, which may be used for example in forming organic light emitting devices.

In addition, the at least one layer between the substrate and the strike layer may include a
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material suitable in the formation of thin film transistors (TFTs), such as CuPc, perylene,
pentacene, and other materials known in the art.

[0076] According to one embodiment, the at least one layer between the substrate and
the strike layer includes an adhesion-enhancement layer, which increases adhesion between
the substrate and the strike layer. Suitable materials that would perform an adhesion-
enhancement function by increasing the adhesion between the substrate and the strike layer
depend on the materials of the substrate and the materials of the strike layer, and would be
apparent to those skilled in the art. Preferably, the adhesion-enhancement layer should
increase the adhesion between the substrate and the strike layer thereover a sufficient amount
such that the relative adhesion between the substrate and the strike layer thereover is greater
than the adhesion between the stamp and the metal layer, or whatever material is over the
stamp. Thus, when the stamp is pulled away from the substrate after the metal layer and the
strike layer (or whatever material is over the substrate) are cold-welded to one another, the
cold-welded metals should remain over the substrate rather than being pulled off with the
stamp.

[0077] The at least one layer between the substrate and the strike layer may or may
not be an organic layer. The at least one layer that is optionally deposited over the substrate
between the substrate and the strike layer, may be deposited by any suitable method known in
the art. For example, when the at least one layer is a polymer layer, the polymer layer may be
deposited for example, using spin coating.

[0078] The thickness of the at least one layer between the substrate and the strike
layer depends on the purpose for which the layer is to be used and the composition of the

layer. Suitable thicknesses would be known to those skilled in the art.
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[0079] In another embodiment of the present invention, a first organic layer(s) may be
deposited over the metal layer previously deposited over the patterned stamp. Additionally, a
second organic layer(s) may be deposited over the substrate, such that the first organic
layer(s) and the metal layer may be transferred from the patterned stamp onto the second
organic layer(s) over the substrate. This embodiment of the invention transferring an organic
layer from the patterned stamp to another organic layer could be used, for example, to
fabricate an OLED.

[0080] Due to the applied pressure in embodiments of the present invention to
achieve cold-welding of metals, at least when using a rigid stamp in the methods of the
present invention, potential plastic deformation of the organic layers or any other layers
between the substrate and the strike layer should be taken into consideration in deciding what
materials to use, the thicknesses of the materials and the amount of pressure applied.

[0081] Patterned metal layers over a substrate formed according to embodiments of
the method of the present invention may be used for example, as an electrode or bus line in
electrical devices. For example, the patterned metal layer may be used as a cathode layer or
an anode layer in organic light emitting devices (OLEDs) or stacked organic light emitting
devices (SOLEDs) as described for example in U.S. Patent No. 5,707,745.

[0082] After the patterned metal is transferred over a substrate, other layers over the
substrate may be selectively removed based on the purpose of the patterned metal layer. For
example, the portions of the strike layer that are not covered by the patterned metal layer, may
be removed by sputtering or other methods known in the art. In addition, in another
embodiment of the invention, the portions of the strike layer that are not covered by the

patterned metal layer are not removed. For example, this may be desirable if the fabricated
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device is to have a substrate with a metal film thickness variation such that in some areas of
the metal film one thickness is needed, and in other areas of the metal film another thickness
is needed. Such a variation of the metal film thickness could be achieved by not removing
the portions of the strike layer that are not covered by the patterned metal layer.

[0083] In embodiments where an organic layer is positioned between the substrate
and the strike layer, if desired, after the portions of the strike layer that are not covered by the
patterned metal are removed, the portions of the organic layer that are not covered by the
patterned metal may also be removed by methods known in the art. Portions of the organic
layer may be removed for example, by etching. A non-limiting example of a suitable form of
etching is plasma etching or reactive ion etching (such as anisotropic etching), for example
with O, or a combination of CF, and O, to remove the exposed organic layers, i.e., the parts
of the organic layers not covered by the patterned metal layer.

[0084] Similarly, in embodiments where an adhesion-enhancement layer is positioned
between the substrate and the strike layer, if desired, after portions of the strike layer that are
not covered by the patterned metal layer are removed, the portions of the adhesion-
enhancement layer that are not covered by the patterned metal layer may be removed by
methods known in the art depending on the composition of the adhesion-enhancement layer.
[0085] In embodiments where any other layers are positioned between the substrate
and the strike layer, if desired, after the portions of the strike layer that are not covered are
removed, the portions of the layers that are not covered by the patterned metal layer may also
be removed by methods known in the art.

[0086] Additionally, if desired, according to one embodiment of the invention,

portions of all layers over the substrate that are not covered by the patterned metal layer are
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selectively removed and subsequently the portions of the substrate that are not covered by the
metal layers are etched to form a patterned substrate. The form of etching may depend on the
composition of the substrate. Suitable forms of etching may include anisotropic etching and
other forms of etching known in the art.

[0087] According to this embodiment, after the substrate is patterned any portions of
layers remaining over the substrate, including the patterned metal layer, may optionally then
be removed from the substrate to yield an uncovered patterned substrate. The removal of the
remaining portions of layers may be accomplished by any method known in the art, such as
for example, via application of a suitable wet chemical for removing whatever material is
being removed. Preferably, this removal does not damage the other portions of layers which
are to remain over the substrate, such as remaining organic layers.

[0088] Embodiments of the method of the present invention in which a patterned
metal layer remains over the substrate, may result in a patterned metal layer having a grating
line pattern of, for example, about 80 nm wide. In addition, the patterned metal layer can
have a resolution of, for example, at least about 100 nm. Regarding the edge sharpness, the
patterned metal layer can have a line width of, for example, about 30 nm.

[0089] One embodiment of the present invention includes a method of patterning a
substrate, which includes depositing an adhesion-enhancement layer, such as, for example, an
organic layer, over a substrate; depositing a strike layer comprising a thin metal film over the
organic layer; pressing a patterned, soft elastomeric stamp having at least one raised portion
and having a metal layer deposited thereover onto the thin metal film, such that the metal
layer over the raised portion of the patterned, soft elastomeric stamp contacts portions of the

thin metal film over said substrate, and applying sufficient pressure such that the metal layer
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and the thin metal film cold weld to one another. According to this embodiment, the
patterned, soft elastomeric stamp is then removed, and the metal layer is cold-welded to
portions of the thin metal film with which it has contact, i.e., it detaches from the patterned
stamp and remains cold-welded to the thin metal film over the substrate. The metal
transferred to the thin metal film forms a patterned metal layer over the substrate in
substantially the same pattern as the at least one raised portion of the soft elastomeric stamp.
Next, according to the method of this embodiment, portions of the thin metal film that are not
covered by the patterned metal layer are removed, for example by sputtering. Then, portions
of the organic layer that are not covered by the patterned metal layer are removed, for
example by etching. The portions of the substrate that are not covered by the patterned metal
layer are etched to form a patterned substrate.’ Lastly, according to this embodiment, the
patterned metal layer and the remaining portions of the thin metal film and the organic layer
from said patterned substrate are removed to arrive at an uncovered patterned substrate.
[0090] An embodiment of the present invention further relates to devices formed
using the methods of the present invention. Spch devices include devices containing metal
layers patterned by the described methods and devices in which patterned metal layers using
the described methods were used in the fabrication thereof, for example as a mask layer.
[0091] Figure 7 shows a cross-section of a stamp 1 adapted for use with an
embodiment of the present invention and a substrate 4 over which a metal layer is to be
patterned. Stamp 1 is preferably formed of a soft elastomeric substance such as PDMS.
Stamp 1 has raised portions 5, which may be formed using techniques known in the art,
depending on the composition of the stamp, such as silicon patterning and etching processes.

The stamp 1 has a metal layer 2 deposited over at least the raised portions 5 of the stamp
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using techniques known to the art. In addition to using stamp 1 from Figure 7, stamp 1a as
depicted in Figure 15 may be used having raised portions 5a.. The shape of stamp 1a helps
avoid side wall deposition of a metal when the metal layer 2 is deposited over the stamp 1a.
Each time “stamp 1 and “raised portions 5” are referred to in the description of the figures, it
should be understood that stamp 1a and raised portions 5a may be substituted therefor. It is
also to be understood that the stamp may be other shapes not specifically depicted so long as
it is patterned so as to be capable of transferring a patterned metal layer to a substrate.

[0092] In the embodiment depicted in Figure 7, substrate 4 has a thin metal film 3
(which comprises a strike layer) deposited thereover using techniques known in the art.
Substrate 4 may be made of any suitable material, including glass, polymers, and plexiglass.
Substrate 4 may be rigid, flexible, opaque or transparent. Preferably, substrate 4 is made of a
substantially transparent material such as glass or plastic. The metal layer 2 includes a metal
that is capable of cold-welding to the thin metal film 3 on compression of the metal layer 2
against the thin metal film 3. Preferably, the metal layer 2 and the thin metal film 3 are non-
reactive metals, such as silver and gold.

[0093] Stamp 1 is pressed onto the thin metal film 3, and the portions of the metal
layer 2 over the raised portions 5 of stamp 1 contact portions of the thin metal film 3.
Sufficient pressure is applied such that the portions of the metal layer 2 that contact portions
of the thin metal film 3 cold-weld thereto.

[0094] The stamp 1 is then removed and the portions of the metal layer 2 that are cold
welded to the thin metal layer 3, remain cold welded to the thin metal layer 3 and break away

from the stamp, leaving a patterned metal layer 6 (as seen in Figure 8) over the substrate.
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4,

[0095] Figure 8 shows a cross-section of the stamp 1 and the substrate 4 of Figure 7
after portions of the metal from the stamp have been transferred to the substrate to form a
patterned metal layer 6 over the thin metal film 3, in accordance with embodiments of the
methods of the present invention.

[0096] Figure 9(a) shows a cross-section of the substrate 4 of Figure 8 having the
patterned metal 6 thereover. Depending on the specific type of device being made, it may be
desirable to remove the portions 7 of the thin metal film 3 that are not covered by the
patterned metal. For example, in order for the substrate to be patterned, the uncovered
portions 7 of thin metal film 3 must be removed before one can get to the substrate to etch it,
for example. The uncovered portions 7 of the thin metal film 3 may be removed for example,
by sputtering to yield a substrate having the patterned metal layer 6 and corresponding
portions of a thin metal film thereover, as depicted in Figure 9(b).

[0097] Figure 10(a) shows a cross-section of the substrate of Figure 9(b) having the
patterned metal and corresponding patterned thin metal film thereover. According to one
embodiment of the present invention, if desired, the substrate may then be patterned, for
example, by anisotropic etching the portions of the substrate 8 that are uncovered by the
patterned metal, to yield the patterned substrate depicted in Fig. 10(b). The pattern of the
patterned substrate of Fig. 10(b) essentially corresponds to the pattern of the stamp 1 that was
used to transfer the metal over the substrate.

[0098] According to a further embodiment of the present invention, if desired, the
patterned layers over the patterned substrate as depicted in Fig. 11(a) may then be removed

from the substrate to yield an uncovered patterned substrate 9 as depicted in Fig. 11(b). Such
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layers may be removed for example by use of a suitable wet chemical depending on the
composition of the layers that are being removed.

[0099] Figure 12 shows a cross-section of a patterned stamp 1 adapted for use with an
embodiment of the present invention having an adhesion-reduction layer 10, made of for
example, a thin organic layer or TEFLON™, between the stamp 1 and the metal layer 2
thereover. Stamp 1 is preferably made of a soft, elastomeric material, and has raised portions
5, which may be formed using techniques known in the art, depending on the composition of
the stamp. Figure 12 also shows a cross-section of a substrate 4 having a thin metal layer 3
(which comprises a strike layer) over the substrate and a layer 11 positioned between the
substrate and the thin metal layer 3. Layer 11 may include an organic or inorganic material
and may be a single layer or a plurality of layers. For example, layer 11 may include the
multiple orge\mic layers of a single or double heterostructure OLED, as described in U.S.
Patent No. 5,707,745, which is incorporated by reference herein in its entirety. The layer 11
and the thin metal layer 3 are deposited over the substrate 4 using techniques known in the
art. The substrate 4 and stamp 1 may be made of similar materials as those set forth with
regard to Figure 7. Likewise, the thin metal layer 3 and the metal layer 2 may include the
metals described with regard to Figure 7. Stamp 1 is pressed onto the thin metal layer 3, and
the portions of the metal layer 2 over the raised portions 5 of stamp 1 contact portions of the
thin metal layer 3. Sufficient pressure is applied such that the portions of the metal layer 2
that contact portions of the thin metal layer 3 cold-weld thereto.

[0100] The stamp 1 is then removed and the portions of the metal layer 2 that are cold

welded to the thin metal layer 3, remain cold-welded to the thin metal layer 3 and break away
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from the stamp, leaving a patterned metal layer 6 over the substrate (as can be seen in Figure
13).

[0101] Figure 13 shows a cross-section of the stamp 1 and the substrate 4 of Figure 12
after portions of the metal from the stamp have been transferred to the substrate 4 in
accordance with an embodiment of the method of the present invention to form a patterned
metal layer 6 over the substrate 4, in accordance with an embodiment of the present
invention.

[0102] The substrate 4 of Figure 13 having the patterned metal layer 6 thereover can
be subsequently patterned employing the same processes discussed above and shown in
Figures 9-11. That is, sputtering, anisotropic etching and wet chemicals, for example, can be
employed to remove certain layers and pattern the embodiment as desired.

[0103] Figure 13(a) shows optical microscope images of an array of 200-pm-diameter
cathodes for organic light-emitting devices which were fabricated according to an
embodiment of the method of the present invention. The image shown in figure 13(a) was
taken after metal transfer from the stamp and the removal of the strike layer. The uniform
pattern was obtained over the whole substrate area. Figure 13(b) shows a scanning electron
microscope image showing the edge of a cathode, where the pattern resolution is about 1 pm,
primarily due to the non-ideal stamp shape as shown in Fig. 3.

[0104] Figure 14 shows the current density (J) vs. voltage (V) characteristics of a
200-pm-diameter organic light-emitting device (OLED) 141 patterned by cold welding (solid
circles) according to an embodiment of the method of the present invention. Thp completed
cathode consists of 0.5 nm LiF/0.4 nm Al/15 nm Au. Also shown are J-V characteristics for

400-pum-diameter OLEDs 142, 143 patterned by conventional shadow mask methods (open
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circles (143): a device with a bilayer cathode consisting of 0.5 nm LiF/100 nm Al; solid
squares (142): an OLED with the cathode identical to that of the stamped device). The inset
to Figure 14 shows a plot of external quantum efficiency vs. current density for the devices in
Figure 14.

[0105] In an embodiment of the present invention, the stamp should be properly
positioned during the stamping process. In particular, the stamp should be positioned
accurately with respect to features already over the substrate 4 during the stamping illustrated,
for example, in Figures 7, 8 and 12. This alignrﬂent may be achieved using techniques known
in the art, such as optical alignment using IR light projected through the bottom of the
substrate 4, fiducial alignment using light scattering, and any other suitable technique.

[0106] Although various embodiments of the invention are illustrated with simplified
organic layers and metal layers, additional layers and sublayers may be present, including
both organic layers and metal layers. For example, layers between the substrate and the strike
layer (e.g., the layer 11 depicted in Fig. 12) may include multiple sublayers, and additional
layers may also be present between the substrate and the strike layer. For example, in an
embodiment of the invention, an organic layer comprising a hole transporting layer, an
electron blocking layer, an emissive layer, a hole blocking layer, and an electron transporting
layer can be deposited over the substrate, and a strike layer can be deposited over the organic
layer, such that the metal layer from the stamp is transferred onto the strike layer. For another
example, a patterned bottom electrode may be fabricated over the substrate 4 prior to
depositing an organic layer, such as for example, the organic layer described in the preceding
sentence. Additional organic layers, such as a hole injecting layer, may also be present, such

as described in United States Patent No. 5,998,803 to Forrest et al., which is incorporated
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herein by reference in its entirety. Additional layers as known in the art may also be present,
such as those described on pages 6-11 of U.S. Patént Application 10/288,785 (filed
November 6, 2002), which is incorporated herein by reference in its entirety.

[0107] An embodiment of the present invention includes fabricating transparent or
top-emitting OLEDs that exploit the high optical transmission of compound cathodes, such as
Mg:Ag/ITO, in a passive matrix display, but without having such devices limited by the lower
electrical conductivity of such compound cathodes by the use of bus lines deposited by the
present methods. Furthermore, an embodiment of the present invention provides vapor
deposited, electrically conductive materials without encountering the shorting problems that
may be experienced whenever such electrically conductive materials undergo substantial
scattering during the deposition process.

[0108] Some OLED applications may involve side-emitting OLEDs, in which case
both electrodes may be non-transparent. Although the electrodes, organic layer and barrier
layer are described and illustrated as single layers, they may each include various sublayers as
known in the art. For example, the organic layer may include the sublayers of a single or
double heterostructure OLED, as described in U.S. Patent No. 5,707,745, which is
incorporated herein by reference in its entirety. In addition, embodiments of devices of the
present invention may include additional layers known in the art that are not illustrated, such
as for example, a hole injection enhancement layer or a protective top layer.

[0109] Devices fabricated in accordance with an embodiment of the present invention
may be incorporated into a wide variety of products. For example, a large, multi-color array
of organic light emitting devices (OLEDs), fabricated using embodiments of the method of

the present invention to deposit electrical contacts and/or organic layers of the OLED, may
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form a display, including flat panel displays, both active-matrix and passive-matrix displays.
Such a display may be incorporated into other products, such as a vehicle, a television, a
computer, a printer, a screen, a sign, a telecommunications device or a telephone, in a manner
known to one of skill in the art.

[0110] OLEDs fabricated in accordance with an embodiment of the present invention
may also be used for applications other than displays. For example, a line of such OLEDs
could be incorporated into a printer, and used to generate images, in a manner known to one
of skill in the art.

[0111] An embodiment of the present invention may also be used to fabricate a wide
variety of devices in addition to OLEDs. For example, the present methods may be used to
fabricate thin film transistors, photodetectors and other devices in which a high resolution is
desired. Embodiments of the present invention may be used to fabricate opto-electronic
devices as well, such as arrays of photovoltaic cells or photodiodes.

[0112] The present invention will now be described in detail with respect to showing
how certain specific representative embodiments thereof can be made, the materials,
apparatus and process steps being understood as examples that are intended to be illustrative
only. In particular, the inve;ntion is not intended to be limited to the methods, materials,

conditions, process parameters, apparatus and the like specifically recited herein.

Examples

Example 1

[0113] A method according to an embodiment of the present invention for the direct

patterning of metal over a substrate by stamping was performed. Specifically, a method for
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high resolution patterning of metal cathode contacts for organic electronic devices using low
pressure cold welding was performed. In this example, the contacts are formed by
transferring a metal layer from a patterned, soft elastomeric stamp onto unpatterned organic
and metal layers predeposited onto a substrate. According to the method of the invention
embodied in this example, an array of efficient electrophosphorescent organic light emitting
devices (OLEDs) was fabricated.

[0114] In this example, a method as shown in Figure 2 was used. Figure 2 describes
the cold welding process used to pattern an array of electrophosphorescent OLEDs. The
substrate 104 was comprised of a (12 mm)? glass slide. The substrate 104 was pre-coated
with a transparent and conductive layer of indiuﬁ tin oxide (ITO), which served as the anode
of the OLED structur'e. Organic layers 111 were deposited over the ITO layer as follows (as
described in M.A. Baldo et al., Appl. Phys. Lett. (1999), 75, 4): about 60-nm-thick hole
transporting layer of 4,4’-bis[N-(1-napthyl)-N-phenyl- amino] biphenyl (a-NPD); about
20-nm-thick light-emitting layer of 4,4’-N,N’- dicarbazole-biphenyl (CBP) doped at 7% by
weight with the guest phosphor, fac tris(2-phenylpyridine) iridium (Ir(ppy),); about
10-nm-thick exciton and hole blocking layer of 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (BCP); and an about 40-nm-thick electron transporting layer of
Alqg,. A strike layer 103 comprising an about 0.5-nm-thick layer of LiF, an about
0.4-nm-thick layer of Al, and capped by an about 15-nm-thick layer of Au, was then
deposited over the Oorganic layers 111. Prior to the depositions, the substrate 104 was
cleaned by the procedure previously described in P.E. Burrows et al., J. Appl. Phys. (1996),

79, 7991, and the organic layers 111 and strike layer 103 for the OLEDs were deposited by
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high vacuum (~10° Torr) thermal evaporation. All of the organic materials used for OLEDs
were purified by thermal gradient sublimation before use.

[0115] A patterned, soft, elastomeric stamp 101 comprised an about 100-pm-thick
layer of PDMS patterned with raised portions 105, and was supported on a glass slide. A
25-um-thick photoresist layer (SU-8 50, MicroChem Corporation, Newton, MA 02464) on a
Si wafer was patterned into a square lattice of 200-um diameter cylindrical recesses by
conventional photolithography to form the master for the PDMS stamp (see Fig. 6(a)).

PDMS prepolymer (Sylgard 184, Dow Corning Corporation, Midland, MI 48686) was poured
into the master, and then cured on a hot plate at about 70° C for about 24 hours while being
pressed with a 13-mm-thick glass slide. The thickness of the PDMS layer was about 100 pm.
Pressing was done using a conventional semiconductor flip-chip bonder (M-8HP, Research
Devices, Inc., Piscataway, NJ 08854) (see Figs. 6(b) and 6(c)).

[0116] A layer 110 comprising an about 100-nm-thick layer of 2,9-

dimethyl—4,7 -diphenyl-phenanthroline (“bathocuproine” or “BCP”) was deposited over the
stamp 101, and a metal layer 102 was deposited over the layer 110. In this embodiment of the
invention, the addition of the BCP layer 110 serves to smooth out the metal layer 102 in its
adhesion thereto, as compared to if the metal layer 102 was directly adhered to PDMS stamp
101. The metal layer 102 was comprised of an about 100-nm-thick layer of Au.

[0117] The stamp 101 was pressed onto the strike layer 103 such that the portions of
the metal layer 102 over the raised portions 105 of the stamp 101 contacted portions of the
strike layer 103 (see Fig. 2(a)). Sufficient pressure was applied to the stamp 101 such that the
portions of the metal layer 102 over the stamp 101 that contacted portions of the strike layer

103 cold-welded to the strike layer 103. In this example, the average applied pressure was
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approximately 180 kPa (corresponding to 500 g over the contact area of 0.28 cm®), which is
about 1000 times lower than that previously reported with a rigid stamp (see C. Kim et al.,
Science (2000), 288, 831; C. Kim et al., Appl. Phys. Lett. (2002), 80, 4051).

[0118] As shown in Figure 2(b), the patterned, soft, elastomeric stamp 101 was then
removed and the portions of the metal layer 102 from over the stamp 101 that cold-welded to
ythe strike layer 103 remained cold-welded and broke away from the stamp 101, leaving a
patterned gold layer over the substrate 104.

[0119] Next, as shown in Figures 2(b) and 2(c), the uncovered portions 107 of the
strike layer 103 between the transferred pattern were removed by Ar sputter etching in a
conventional reactive ion etch system. Ar sputter etching was carried out in a parallel-plate
(diameter of about 24 cm) reactive ion etch system (PlasmaTherm 970 series) for 9 minutes at
20 mTorr and 50W. The device characteristics were measured under ambient conditions. In
the devices of this example, it was not necessary to remove the organic material between the
transferred pattern, as the devices were well isolated due to the high lateral resistivity of the
organics. However, a different gas composition can be used to remove the organic material
as well, if so required.

[0120] Both before and after the patterned gold layer was transferred onto a substrate
as set forth above, in accordance with an embodiment of the present invention, scanning
electron microscope (SEM) images were taken of the patterned, soft, elastomeric stamp 101.
These SEM images are shown in Figure 3. A detailed view (Fig. 3(b)) of the PDMS post
reveals that the stamp edge is rounded, resulting in a continuous Au coating along its top
corner. When the stamp was separated from the substrate, the Au film was irregularly

fractured along this boundary (Fig. 3(c)). The Au pattern was uniformly transferred to the
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substrate over the whole substrate area with a transfer yield exceeding 97 %, and the pattern
edge resolution was approximately 1 um. The resolution was primarily limited by the
rounded edges of the stamp posts, leading to irregular edge transfer, as shown in Figure 13.
[0121] Figure 14 shows the results of a comparison between the electrical and optical
performance of an electrophosphorescent OLED 141 formed by cathode stamping (i.e., in
accordance with embodiments of the method of the present invention) and that of a control
device patterned by conventional shadow mask methods. Two types of control devices were
prepared: one 142 with an identical cathode layer structure to the stamped devices of
Example 1 (~ 0.5 nm LiF/~ 0.4 nm Al/~ 15 nm Au), and the other 143 with a bilayer cathode
consisting of a 0.5-nm-thick layer of LiF followed by a 100-nm-thick layer of Al. The
diameter of the control devices was 400 um, or twice that of the stamped OLEDs of Example
1.

[0122] The measurements in Figure 14 show that the stamping and strike layer
removal processes do not affect the device performance even though pressure is applied
directly to the active area of the organic heterostructure during stamping. For example, the
voltage corresponding to a current density of J = 10 mA/cm?* was (9.2 + 0.3) V for both
stamped and control devices, and the external quantum efficiencies (1)) at J = 1 mA/cm? of the
stamped and control devices with the same cathode structure were (6.0 & 0.3)%. Note that
this is about 70% of that for the control device with the bilayer cathode. The shapes of n-J
curves are nearly identical, indicating that our process does not introduce additional routes
leading to nonradiative loss of excitons. The difference in m for devices with the trilayer and
bilayer cathode structures may be due to the difference in reflectivity of Au and Al. We

calculated that m for the device with the Au cap layer is about 83 % of that for the device with
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the Al cap. In the calculation, the ultrathin LiF/Al layer was ignored, and light emitted from
an isotropic source was summed with light reflected from the cathode. In this case, we
employed the complex refractive indices of contact materials, as would be understood by one
of skill in the art. From these simple considerations, therefore, we conclude that the
difference in the efficiencies between the bilayer and stamped trilayer cathodes apparent in
Fig. 14 are primarily the result of the difference in reflectivity of Au and Al.

[0123] In Example 1, the pattern size was 200 pm, with an edge resolution of about 1
um. H.Schmid et al., Macromolecules (2000), 33, 3042, previously reported that PDMS is
too soft for patterning features smaller than 500 nm. This problem has been overcome by
employing “hybrid stamps” or “composite stamps,” where the pattern shape is formed in an
outer layer of a stiffer polymeric composite such as ‘2-PDMS’, while a softer inner layer
(such as PDMS) provides conformability (see H. Schmid et al., Macromolecules (2000), 33,
3042; T.W. Odom et al., Langmuir (2002), 18, 5314). With this approach, this embodiment
of the method of the present invention will be capable of low pressure patterning of metal
films with sub-micron features. An additional aspect of low pressure patterning is its
compatibility with conventional semiconductor flip-chip bonders such as that used in the
current example. This allows for precise (~1 pm) stamp positioning accuracy, making high
resolution multi-level stamping of full color displays, for example, achievable by this simple
method.

[0124] Embodiments of the method of the present invention have several advantages
over previously reported patterning techniques. For example, the present method is very cost-
effective, because the stamps are reusable. Preferably, any metal remaining on the stamp is

left on the stamp and additional new metal may be added to the stamp as desired or needed.
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In addition, if removal of any metal remaining on the stamp is desired, such metal may be
removed by methods known to those skilled in the art. The metal may be removed for
example, by wet etching.

[0125] Embodiments of the method of the present invention are also advantageous
over previously reported patterning techniques because the present invention offers high
throughput. Large areas, such as display panels, can be patterned in one step.

[0126] Furthermore, unlike other patterning processes based on material transfer, the
embodiments of the method of the present invention are capable of metal patterning without
the use of wet chemical or high temperature processes. In addition, since the metal-organic
interface is formed by thermal evaporation similar to that used in conventional shadow
masking, efficient charge injection into organic materials is not affected by the process, as
shown in Fig. 14 herein. This property, combined with the low pressure patterning capability,
make this method suitable for roll-to-roll fabrication processes of a wide range of organic
electronic devices including OLEDs, organic thin-film transistors, and photovoltaic cells. By
using roller stamps, large area patterning can be performed more easily for flexible substrates,
since optimum pressure can be applied with smaller forces due to decreased contact areas.
Embodiments of the method of the present invention allow simple, cost-effective and high
throughput fabrication of OLEDs and other electronic devices and can be applied to the
fabrication of flat panel displays, for example.

[0127] While the present invention is described with respect to particular examples
and preferred embodiments, it is understood that the present invention is not limited to these
examples and embodiments. In particular, the present invention is not limited to OLEDs, or

thin film transistors and may be applied to a wide variety of electronic devices. In particular,
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embodiments of the method of the present invention may be used in forming any device in
which a patterned metal or organic layer is used in the device itself or in the formation of the
device, for example as an etching mask in patterning other layers or the substrate. The
present invention is not limited to the particular examples and embodiments described. The
present invention as claimed therefore includes variations from the particular examples and

preferred embodiments described herein, as will be apparent to one of skill in the art.

42



WO 2004/061994 PCT/US2003/038276

What is claimed is:

1. A method of fabricating a device, comprising:
depositing a metal layer over a patterned, soft elastomeric stamp; and
transferring the metal layer from the patterned, soft elastomeric stamp onto a

substrate.

2. The method of claim 1, further comprising:
prior to depositing the metal layer, depositing an adhesion-reduction layer over
the patterned, soft elastomeric stamp, such that the metal layer is deposited over the

adhesion-reduction layer.

3. The method of claim 1, further comprising:
prior to transferring the metal layer onto the substrate, depositing a first
organic layer over the metal layer over the patterned, soft elastomeric stamp;
prior to transferring the metal layer onto the substrate, depositing a second
organic layer over the substrate; and
during the transfer of the metal layer to the substrate, transferring the first
organic layer and the metal layer from the patterned, soft elastomeric stamp onto the

second organic layer over the substrate.
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The method of claim 1, further comprising:

prior to transferring the metal layer onto the substrate, depositing an organic
layer over the substrate and a strike layer over the organic layer, such that the metal
layer from the patterned, soft elastomeric stamp is transferred onto the strike layer
such that the metal layer from the patterned, soft elastomeric stamp is in direct contact

with the strike layer during the transfer.

The method of claim 4, further comprising:

prior to depositing the metal layer, depositing an adhesion-reduction layer over

the patterned, soft elastomeric stamp, such that the metal layer is deposited over the

adhesion-reduction layer.

The method of claim 4, wherein the strike layer comprises a metal.

The method of claim 4, wherein the strike layer comprises an organic material.

The method of claim 4, wherein the strike layer and the organic layer are in good

electrical contact.

The method of claim 6, wherein depositing the strike layer further comprises

depositing a layer of Al and LiF, followed by depositing a layer of Au.
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10.

11.

12.

13.

14.

15.

16.

17.

The method of claim 9, wherein the layer of Al and LiF is less than about 1 nm thick,

and the layer of Au is less than about 15 nm thick.

The method of claim 6, wherein the strike layer is about 5 to about 16 nm thick.

The method of claim 4, wherein the metal layer comprises Au.

The method of claim 6, wherein the method is performed in a vacuum.

The method of claim 6, wherein the metal layer from the patterned, soft elastomeric

stamp is transferred onto the strike layer without the formation of an oxide layer.
The method of claim 6, wherein the metal layer is about 30 to about 100 nm thick.
The method of claim 4, further comprising:

removing portions of the strike layer that are not covered by the transferred

metal layer.

The method of claim 16, wherein the portions of the strike layer are removed by

sputtering.
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24.
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The method of claim 4, wherein the metal layer is transferred from the patterned, soft
elastomeric stamp onto the strike layer by applying a pressure of about 180 kPa or

less.

The method of claim 4, wherein the metal layer from the patterned, soft elastomeric

stamp is transferred onto the strike layer with a resolution of greater than or equal to

about 100 nm.

The method of claim 4, wherein the stamp comprises poly(dimethylsiloxane).

The method of claim 4, wherein the stamp comprises an outer layer of a stiff material

attached to a soft inner layer.

The method of claim 21, wherein the outer layer comprises h-PDMS and the inner

layer comprises PDMS.

The method of claim 4, wherein the organic layer comprises a small molecule organic

material.

The method of claim 4, wherein the organic layer further comprises a hole

transporting layer, an electron blocking layer, an emissive layer, a hole blocking layer,

and an electron transporting layer, deposited in that order over the substrate.
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The method of claim 4, wherein the organic layer is patterned into regions capable of

emitting different spectra of light.

The method of claim 4, further comprising:
fabricating a patterned bottom electrode over the substrate prior to depositing

the organic layer.

A method of fabricating a device, comprising:
depositing a first metal layer over a patterned, soft elastomeric stamp;
depositing a first organic layer over the first metal layer;
depositing a second metal layer over the first organic layer; and
transferring the second metal layer, the first organic layer and the first metal

layer from the patterned, soft elastomeric stamp onto a substrate.

The method of claim 27, further comprising:
prior to depositing the first metal layer, depositing an adhesion-reduction layer
over the patterned, soft elastomeric stamp, such that the first metal layer is deposited

over the adhesion-reduction layer.

A method of fabricating an organic device, comprising:
depositing a first organic layer onto a patterned, soft elastomeric stamp; and
transferring the first organic layer from the patterned, soft elastomeric stamp

onto a substrate.
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The method of claim 29, wherein the first organic layer comprises an active

component of the device.

The method of claim 29, further comprising:
prior to depositing the first organic layer, depositing an adhesion-reduction
layer over the patterned, soft elastomeric stamp, such that the first organic layer is

deposited over the adhesion-reduction layer.

The method of claim 29, further comprising:
prior to depositing the first organic layer, depositing a metal layer over the
patterned, soft elastomeric stamp, such that the first organic layer is deposited over the

metal layer.

The method of claim 29, further comprising:

prior to transferring the first organic layer onto the substrate, depositing a
second organic layer over the substrate, such that the first organic layer from the
patterned, soft elastomeric stamp is transferred onto the second organic layer such that
the first organic layer is in direct contact with the second organic layer during the

transfer.

The method of claim 33, wherein the first organic layer is transferred from the
patterned, soft elastomeric stamp onto the second organic layer by applying a pressure

of about 180 kPa or less.
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35.  The method of claim 4, wherein the strike layer comprises a continuous film.

49



WO 2004/061994 PCT/US2003/038276
1/16

fguré |:

A

Adhesion-reduction
layer (5)

Strike layer

Metal

-

b
Cold welding

G ?\

Strike layer removal

(4)

Pattern replication in
a substrate




WO 2004/061994 PCT/US2003/038276
2/16

""i 100 nm BCP (i19)

. 100 nm Au transfer metal (702)

LiF/Al/15 nm Au
cathode and strike layer (03

organic layers (/1)
ITO

Fig'2



PCT/US2003/038276

WO 2004/061994

3/16

o
o
i




PCT/US2003/038276

WO 2004/061994

ugsmnv




PCT/US2003/038276

WO 2004/061994

5/16

‘Aydesboyyjoioyd Aq petedaud :ieisew

Buidwess Aq e
Jejsuel) |eyawl m o

4/ ,mm\ie

IS~

(ebed 1xau ‘o) W9 "B 9s)
IS~

2ind pue SNAd nod
IS

(ebed xau ‘B9 ‘Bl 09s)
anbiuyos} Jeyjo Jo Buipjow-oJoiw

drue)s SN JO UOLEOLIqe] *¢ S



PCT/US2003/038276

WO 2004/061994

6/16

dwejs SNAd

e s 47

1@9 b4

56 Xu6 'S AY0GL
| M ubel jods A0y

dwess SNad

opog ¢l

&9 "Bi4

X0 0 A106L
cmn,z. _oaw A0V -




WO 2004/061994

Figure 7

7/16

L

PCT/US2003/038276



WO 2004/061994 PCT/US2003/038276

8/16

Figure 8




WO 2004/061994 PCT/US2003/038276
9/16

Fig. 9.(a)
Fig. 9(b

Figufe: 9

7\'

b——03 O = O



WO 2004/061994 PCT/US2003/038276

10/16

G =
<o <O
- -
ir TR
o

Figure 10
™

6 —>»



WO 2004/061994 PCT/US2003/038276
11/16

Fig.11(a)
Fig.11 ()

6 ——»



WO 2004/061994 PCT/US2003/038276
12/16

Figure 12

ail}




PCT/US2003/038276

WO 2004/061994

13/16




PCT/US2003/038276

WO 2004/061994

14/16

(/) ebeyoA

ol ! 10
— e e — 60}
" | @R (iv/41) disew mopeys —o— 1
| |@(nw/Iv/dr) dsew mopeys —a— | 1o
@é Buipjem pjod —e— o
e . _” - m«.O L.
.. - <01
. L.
&
.. ] W, - 0L
3
- m -
=8
’ Q.
- TR B B
"ERxwN ] <&
5 555540} M/o -
.. f o . - mOv
1 ,— —, - i (| L} [} 1 ) ” it .t 1 1 1

(;woyyw)



WO 2004/061994 PCT/US2003/038276
15/16

5

Figure

AVAVAVAS




WO 2004/061994

Figure (6

16/16

163,
lel

PCT/US2003/038276



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

