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WORKPIECE INCLUDING ELECTRONIC
COMPONENTS AND CONDUCTIVE MEMBERS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority under
35 US.C. §119(e) from provisional U.S. Application Ser.
No. 60/687,350, filed Jun. 6, 2005, which is incorporated
herein by reference in its entirety.

BACKGROUND INFORMATION

[0002] 1. Field of the Disclosure

[0003] The present disclosure relates to workpieces and
more particularly to workpieces including conductive mem-
bers and electronic components.

[0004] 2. Description of the Related Art

[0005] Electronic devices, including organic electronic
devices, continue to be more extensively used in everyday
life. Examples of organic electronic devices include Organic
Light-Emitting Diodes (“OLEDs”). Conventional OLED
displays are typically formed from a single substrate.
Whether passive matrix or active matrix, electronic circuits
used to drive the OLEDs are formed before the OLEDs,
themselves. Electronic circuits that are otherwise good may
become effectively worthless during the fabrication of the
OLEDs. For example, a fabrication defect or error when
forming the OLEDs can result in operable driver circuits that
are electrically connected to non-functional or poorly func-
tioning OLEDs. In another example, fabrication of the
OLEDs may render the driver circuits to be non-functional
or poorly functioning due to processing conditions. Such
non-functional or poorly functioning driver circuits may
result from temperature cycling, plasma damage, or the like.
Still further, the additional processing for the OLEDs
increases the likelihood that a substrate will be dropped,
fractured, misplaced, or combined with the wrong lot of
substrates.

[0006] In an attempt to solve the problem, one substrate
includes electronic circuits, and another substrate includes
the OLEDs. To assemble the OLED panel and the driving
panel together, many approaches have been proposed. An
anisotropic conductor, for example, anisotropic electric con-
ductive paste (e.g., a paste with a low density of conductors)
or anisotropic electric conductive layer (e.g., an elastomeric
layer with z-axis conductors) can be used. A patterned metal
bump is another approach to make electrical connection
between two panels. In all of these attempts, the electrical
connection is achieved through physical pressure in which
OLED pixels are liable to be damaged. Therefore, these
processes can actually reduce the yield and increase the
fabrication cost. To reduce the effects of such disadvantages,
a passivation layer can be introduced to protect the OLED
pixels or the OLED pixels can be made on the other side of
the OLED substrate. In these two approaches, an additional
process of making micro vias through the passivation layer
or substrate is required. Making micro vias for millions of
pixels is a difficult process.

SUMMARY

[0007] Ina first aspect, a workpiece can include electronic
components that each include a first electrode and an organic

Dec. 7, 2006

layer that emits radiation, responds to radiation, or a com-
bination thereof. The workpiece can also include conductive
members that are attached to the first electrodes, wherein the
conductive members include a material that melts at a
temperature no greater than 240° C.

[0008] In asecond aspect, a workpiece can include control
circuits designed to control electronic components that each
include an organic layer that emits radiation, responds to
radiation, or a combination thereof. The workpiece can also
include conductors that are part of or electrically connected
to the control circuits, and conductive members that are
attached to the conductors, wherein the conductive members
melt at a temperature no greater than 240° C.

[0009] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory only
and are not restrictive of the invention, as defined in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is illustrated by way of example and
not limitation in the accompanying figures.

[0011] FIG. 1 includes an illustration of a circuit diagram
of a portion of an AMOLED display that can be made using
the processes described herein.

[0012] FIG. 2 includes an illustration of a cross-sectional
view of a portion of a workpiece after forming a common
electrode.

[0013] FIG. 3 includes an illustration of a cross-sectional
view of the workpiece of FIG. 2 after forming conductive
members over the common electrode.

[0014] FIG. 4 includes an illustration of a cross-sectional
view of the workpiece of FIG. 3 after forming well struc-
tures.

[0015] FIG. 5 includes an illustration of a cross-sectional
view of the workpiece of FIG. 4 after forming an organic
layer between openings within the well structures.

[0016] FIG. 6 includes an illustration of a cross-sectional
view of the workpiece of FIG. 5 after forming other
electrodes.

[0017] FIG. 7 includes an illustration of a cross-sectional
view of a portion of another workpiece that includes control
circuits and exposed conductors.

[0018] FIG. 8 includes an illustration of a top view of the
workpieces of FIGS. 6 and 7 including a sealing material
and alignment marks.

[0019] FIG. 9 includes an illustration of a cross-sectional
view of the workpieces of FIGS. 6 and 7 before performing
a reflow operation.

[0020] FIG. 10 includes an illustration of a cross-sectional
view of the workpieces of FIG. 9 after performing a reflow
operation.

[0021] FIG. 11 includes an illustration of a cross-sectional
view of the workpieces of FIGS. 6 and 7 after performing
a reflow operation and forming an encapsulating layer.

[0022] FIG. 12 includes an illustration of a cross-sectional
view of the workpiece of FIG. 5 after formation of a
protective layer.
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[0023] FIG. 13 includes an illustration of a cross-sectional
view of the workpiece of FIG. 12 after performing an etch
operation.

[0024] FIG. 14 includes an illustration of a cross-sectional
view of the workpiece of FIG. 13 after forming electrodes
and other conductive members.

[0025] FIG. 15 includes an illustration of a cross-sectional
view of the workpiece of FIG. 14 after forming additional
conductive members. FIG. 16 includes an illustration of a
cross-sectional view of the workpiece of FIG. 15 after
forming an etch-back layer. FIG. 17 includes an illustration
of a cross-sectional view of the workpiece of FIG. 16 after
exposing conductive members that overlie the substrate
structures.

[0026] FIG. 18 includes an illustration of a cross-sectional
view of the workpiece of FIG. 17 after removing exposed
conductive members.

[0027] FIG. 19 includes an illustration of a cross-sectional
view of the workpiece of FIG. 18 after removing the
remaining portions of the etch-back layer.

[0028] FIG. 20 includes an illustration of a cross-sectional
view of exemplary workpieces, before performing a reflow
operation.

[0029] FIG. 21 includes an illustration of a cross-sectional
view of the exemplary workpieces of FIG. 20, after per-
forming a reflow operation.

[0030] FIG. 22 includes an illustration of a top view of a
portion of the workpiece of FIG. 21 after cutting through a
reflowed electrical connection.

[0031] FIG. 23 includes an illustration of a top view of an
electronic device including bonded substrates.

[0032] FIG. 24 includes an illustration of top view of one
of the workpieces after removing the other substrate.

[0033] FIG. 25 includes an illustration of a top view of a
layout of an AMOLED display illustrating positional rela-
tionships between different parts of a pixel array.

[0034] Skilled artisans appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements in the figures may be exag-
gerated relative to other elements to help to improve under-
standing of embodiments of the invention.

DETAILED DESCRIPTION

[0035] Ina first aspect, a workpiece can include electronic
components that each include a first electrode and an organic
layer that emits radiation, responds to radiation, or a com-
bination thereof. The workpiece can also include conductive
members that are attached to the first electrodes, wherein the
conductive members include a material that melts at a
temperature no greater than 240° C.

[0036] In one embodiment of the first aspect, each first
electrode has at least one conductive member attached to the
first electrode. In another embodiment, no conductive mem-
ber is attached to more than one first electrode. In a further
embodiment, the workpiece further includes a substrate
structure lying adjacent to at least some of the electronic
components. In yet another embodiment, the electronic

Dec. 7, 2006

components include at least 4,000 electronic components,
and the conductive members include at least 4,000 conduc-
tive members that are attached to the at least 4,000 electronic
components.

[0037] In still another embodiment of the first aspect, the
electronic components include radiation-emitting compo-
nents, radiation-responsive components, or a combination
thereof. In a particular embodiment, the electronic device
further includes a substrate structure. The electronic com-
ponents include red light-emitting components that include
first electrodes and a red light-emitting organic layer, green
light-emitting components that include first electrodes and a
green light-emitting organic layer, and blue light-emitting
components that include first electrodes and a blue light-
emitting organic layer. The substrate structure lies between
the red light-emitting components, the green light-emitting
components, and the blue light-emitting components. The
conductive members are attached to the first electrodes of
the red light-emitting components, the green light-emitting
components, and the blue light-emitting components. In a
more particular embodiment, the red light-emitting compo-
nents, the green light-emitting components, and the blue
light-emitting components share a common electrode, and
the workpiece is designed, such that radiation is to be
transmitted through the common electrode of the red light-
emitting components, the green light-emitting components,
and the blue light-emitting components.

[0038] In another embodiment of the first aspect, the
electronic components are at least part of a static image
display, a passive matrix display, a sensor array, or a
photovoltaic cell.

[0039] In asecond aspect, a workpiece can include control
circuits designed to control electronic components that each
include an organic layer that emits radiation, responds to
radiation, or a combination thereof. The workpiece can also
include conductors that are part of or electrically connected
to the control circuits, and conductive members that are
attached to the conductors, wherein the conductive members
melt at a temperature no greater than 240° C.

[0040] In one embodiment of the second aspect, the con-
ductive members comprise an indium-containing material.
In another embodiment, each conductor has at least one
conductive member attached to the conductor. In another
embodiment, no conductive member is attached to more
than one conductor. In a further embodiment, the conductors
include at least 4,000 conductors, and the conductive mem-
bers include at least 4,000 conductive members that are
attached to the at least 4,000 conductors.

[0041] In a particular embodiment of the second aspect,
the workpiece further includes a plurality of second con-
ductive members and a plurality of third conductive mem-
bers. A first set of the control circuits are designed to control
red light-emitting components that include a red light-
emitting organic layer, a second set of the control circuits are
designed to control green light-emitting components that
include a green light-emitting organic layer, and a third set
of the control circuits are designed to control blue light-
emitting components that include a blue light-emitting
organic layer. The conductive members are attached to
conductors of the first, second, and third sets of control
circuits. In another particular embodiment, the conductive
members are at a density of at least 15.5 conductive mem-
bers per cm2 in an array portion of the workpiece.
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[0042] In still another embodiment of the second aspect, a
surface energy of the conductors is lower than a surface
energy of the conductive members. In yet another embodi-
ment, a surface of the conductors contacting the conductive
members includes an indium-tin oxide. In a further embodi-
ment, the workpiece further includes a substrate, wherein
radiation, which can be emitted from electronic components
that can be controlled by the control circuits, can be trans-
mitted through the substrate. In still a further embodiment,
the workpiece further comprising a substrate wherein radia-
tion, which can be used to reflow the conductive members,
can be transmitted through the substrate.

[0043] Many aspects and embodiments have been
described above and are merely exemplary and not limiting.
After reading this specification, skilled artisans appreciate
that other aspects and embodiments are possible without
departing from the scope of the invention.

[0044] Other features and advantages of the invention will
be apparent from the following detailed description, and
from the claims. The detailed description first addresses
Definitions and Clarification of Terms followed by the
Exemplary Circuit Design, First Workpiece (Organic Panel)
Fabrication, Second Workpiece (Back Panel) Fabrication,
Aligning the First and Second Workpieces and Reflow,
Electronic Device and Its Operation, Alternative Embodi-
ments, Advantages, and finally Examples.

1. DEFINITIONS AND CLARIFICATION OF
TERMS

[0045] Before addressing details of embodiments
described below, some terms are defined or clarified.

[0046] The terms <“array,”*peripheral circuitry,” and
“remote circuitry” are intended to mean different areas or
components of an electronic device. For example, an array
may include pixels, cells, or other structures within an
orderly arrangement (usually designated by columns and
rows). The pixels, cells, or other structures within the array
may be controlled by peripheral circuitry, which may lie on
the same substrate as the array but outside the array itself.
Remote circuitry typically lies away from the peripheral
circuitry and can send signals to or receive signals from the
array (typically via the peripheral circuitry). The remote
circuitry may also perform functions unrelated to the array.
The remote circuitry may or may not reside on the substrate
having the array.

[0047] The term “attach” and it variants are intended to
mean physically connecting two or more members, two or
more structures, or one or more members and one or more
structures to each other with or without an adhesive material.

[0048] The term “averaged,” when referring to a value, is
intended to mean an intermediate value between a high
value and a low value. For example, an averaged value can
be an average, a geometric mean, or a median.

[0049] The term “backlight” is intended to mean a portion
of'an electronic device that is designed to emit radiation over
a large area that is not patterned. In one embodiment, a
backlight is oriented such that radiation is principally
directed towards a portion of a display, as opposed to the
user, wherein the backlight illuminates content that is to be
viewed by a user of the electronic device.
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[0050] The term “blue light-emitting component” is
intended to mean an electronic component capable of emit-
ting radiation that has an emission maximum at a wave-
length in a range of approximately 400 to 500 nm.

[0051] The term “blue light-emitting organic layer” is
intended to mean an organic layer capable of emitting
radiation that has an emission maximum at a wavelength in
a range of approximately 400 to 500 nm.

[0052] The term “common electrode” is intended to mean
a member, a structure, or a combination thereof configured
to transport carriers to or from a plurality of electronic
components. For example, a common anode includes anode
portions that act as anodes for the plurality of electronic
components.

[0053] The term “electrically connected,” or any variant
thereof, with respect to electronic components, circuits, or
portions thereof, is intended to mean that two or more
electronic components, circuits, or any combination of at
least one electronic component and at least one circuit do not
have any intervening electronic component lying between
them. Parasitic resistance, parasitic capacitance, or both are
not considered electronic components for the purposes of
this definition. In one embodiment, electronic components
are electrically connected when they are electrically shorted
to one another and lie at substantially the same voltage. Note
that electrically connect includes one or more connections
that allow optical signals to be transmitted. For example,
electronic components can be electrically connected
together using fiber optic lines to allow optical signals to be
transmitted between such electronic components.

[0054] The term “control circuit” is intended to mean a
circuit within an array of pixels or subpixels that controls the
signal(s) for no more than one pixel. In one embodiment,
each pixel has one control circuit, and in another embodi-
ment, each subpixel has one control circuit

[0055] The term “electrically coupled,” or any variants
thereof, is intended to mean an electrical connection, link-
ing, or association of two or more electronic components,
circuits, systems, or any combination of: (1) at least one
electronic component, (2) at least one circuit, or (3) at least
one system in such a way that a signal (e.g., current, voltage,
or optical signal) may be transferred from one to another. A
non-limiting example of “electrically coupled” can include
a direct electrical connection between electronic compo-
nent(s), circuit(s) or electronic component(s) or circuit(s)
with switch(es) (e.g., transistor(s)) electrically connected
between them.

[0056] The term “directional radiation source” is intended
to mean equipment capable of generating radiation that can
be directed to a specific point, area, or region. A directional
radiation source can include a laser.

[0057] The term “directly bond,” or any variant thereof, is
intended to mean an attachment of two or more members,
two or more structures, or one or more members and one or
more structures, wherein such attachment remains in the
absence of an adhesive material. For example, a conductive
member that is attached to a conductor only by an adhesive
material (e.g., an epoxy) is not directly bonded to the
conductor since such conductive member would not be
attached if the adhesive material would be removed. A solder
connection between conductors can be formed by direct
bonding.
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[0058] The term “electrode” is intended to mean a mem-
ber, a structure, or a combination thereof configured to
transport carriers within an electronic component. For
example, an electrode may be an anode, a cathode, a
capacitor electrode, a gate electrode, etc. An electrode may
include a part of a transistor, a capacitor, a resistor, an
inductor, a diode, an electronic component, a power supply,
or any combination thereof.

[0059] The term “electronic component” is intended to
mean a lowest level unit of a circuit that performs an
electrical or electro-radiative (e.g., electro-optic) function.
An electronic component may include a transistor, a diode,
a resistor, a capacitor, an inductor, a semiconductor laser, an
optical switch, or the like. An electronic component does not
include parasitic resistance (e.g., resistance of a wire) or
parasitic capacitance (e.g., capacitive coupling between two
conductors electrically connected to different electronic
components where a capacitor between the conductors is
unintended or incidental).

[0060] The term “electronic device” is intended to mean a
collection of circuits, electronic components, or combina-
tions thereof that collectively, when properly electrically
connected and supplied with the appropriate potential(s),
performs a function. An electronic device may include or be
part of a system. An example of an electronic device
includes a display, a sensor array, a computer system, an
avionics system, an automobile, a cellular phone, other
consumer or industrial electronic product, or any combina-
tion thereof.

[0061] The term “encapsulating layer” is intended to mean
that a layer that is used to help keep an ambient outside of
the electronic device from significantly diffusing or other-
wise migrating to one or more electronic components within
the electronic device protected by such layer.

[0062] The term “eutectic,” when referring to a composi-
tion of a metallic alloy is intended to mean that such
composition has a melting point lower than the melting
points of each metal within the metallic alloy. In one
embodiment, a metallic alloy can have a composition that
may or may not be the lowest possible melting temperature
that can be achieved for the combination of metals within the
metallic alloy.

[0063] The term “fabricate” is intended to mean a process
to form an electronic device, which when successful, yields
a functional electronic device.

[0064] The term “green light-emitting component” is
intended to mean an electronic component capable of emit-
ting radiation that has an emission maximum at a wave-
length in a range of approximately 500 to 600 nm.

[0065] The term “green light-emitting organic layer” is
intended to mean an organic layer capable of emitting
radiation that has an emission maximum at a wavelength in
a range of approximately 500 to 600 nm.

[0066] The term “organic active layer” is intended to mean
one or more organic layers, wherein at least one of the
organic layers, by itself, or when in contact with a dissimilar
material is capable of forming a rectifying junction.

[0067] The term “organic layer” is intended to mean one
or more layers, wherein at least one of the layers comprises
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a material including carbon and at least one other element,
such as hydrogen, oxygen, nitrogen, fluorine, etc.

[0068] The term “primary surface” is intended to mean a
surface of a substrate from which an electronic component
is subsequently formed.

[0069] The term “radiation-emitting component” is
intended to mean an electronic component, which when
properly biased, emits radiation at a targeted wavelength or
spectrum of wavelengths. The radiation may be within the
visible-light spectrum or outside the visible-light spectrum
(UV or IR). A light-emitting diode is an example of a
radiation-emitting component.

[0070] The term <“radiation-responsive component” is
intended to mean an electronic component, which when
properly biased, can respond to radiation at a targeted
wavelength or spectrum of wavelengths. The radiation may
be within the visible-light spectrum or outside the visible-
light spectrum (UV or IR). An IR sensor and a photovoltaic
cell are examples of radiation-sensing components.

[0071] The term “rectifying junction” is intended to mean
a junction within a semiconductor layer or a junction formed
by an interface between a semiconductor layer and a dis-
similar material, in which charge carriers of one type flow
easier in one direction through the junction compared to the
opposite direction. A pn junction is an example of a recti-
fying junction that can be used as a diode.

[0072] The term “red light-emitting component” is
intended to mean an electronic component capable of emit-
ting radiation that has an emission maximum at a wave-
length in a range of approximately 600 to 700 nm.

[0073] The term “red light-emitting organic layer” is
intended to mean an organic layer capable of emitting
radiation that has an emission maximum at a wavelength in
a range of approximately 600 to 700 nm.

[0074] The term “reflow” and its variants are intended to
mean to apply energy to a layer, a member, a structure, or
any combination thereof sufficient to cause a shape of such
layer, member, structure, or any combination thereof to
significantly change. In one embodiment, reflowing can
include melting a material within a conductive member. In
another embodiment, reflowing can include reaching or
exceeding a flow temperature (e.g., 960° C. for SiO,).

[0075] The term “repair” and its variants are intended to
mean to fix at least a portion of an electronic device without
(1) disassembling and (2) re-fabricating, reassembling, or a
combination of re-fabricating and reassembling the elec-
tronic device. In one embodiment, repairing can be per-
formed after testing is performed to determine which part or
parts of an electronic device are non-functional (e.g., an
electrical short, an electrical opening, etc.) or operating
outside a specified limit (e.g., emission intensity is too low).

[0076] The term “reversibly disassembled,” with respect
to an electronic device, is intended to mean that such
electronic device or portion thereof can be disassembled
without significantly adversely affecting electronic compo-
nents within the electronic device or a portion thereof.

[0077] The term “reversibly reassembled,” with respect to
an electronic device, is intended to mean that such electronic
device or portion thereof can be reassembled without sig-
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nificantly adversely affecting electronic components within
the electronic device or a portion thereof.

[0078] The term “sealing material” is intended to mean
that a material that is used within an electronic device to help
keep an ambient within the electronic device and an ambient
outside the electronic device from intermixing to any sig-
nificant degree.

[0079] The term “static image display” is intended to
mean that a display having an image that does not signifi-
cantly change. A display can still be considered a static
image display even through such display may experience a
change in brightness, tone, or both due to degradation,
aging, or both of electronic components (e.g., radiation-
emitting components, transistors, etc.) within the display.

[0080] The term “substantially similar” is intended to
mean that, when two or more members, two or more
structures, or one or more members and one or more
structures are compared to each other by one of ordinary
skill in the relevant art, such two or more members, two or
more structures, or one or more members and one or more
structures do not differ in a significant manner.

[0081] The term “substrate” is intended to mean a base
material that can be either rigid or flexible and may be
include one or more layers of one or more materials, which
can include, but are not limited to, glass, polymer, metal or
ceramic materials or combinations thereof. The reference
point for a substrate is the beginning point of a process
sequence. The substrate may or may not include electronic
components, circuits, or conductive members.

[0082] The term “user surface” is intended to mean a
surface of the electronic device principally used during
normal operation of the electronic device. In the case of a
display, the surface of the electronic device seen by a user
would be a user surface. In the case of a sensor or photo-
voltaic cell, the user surface would be the surface that
principally transmits radiation that is to be sensed or con-
verted to electrical energy. Note that an electronic device
may have more than one user surface.

[0083] The term “void,” when referring to a member, a
structure, or any combination thereof is intended to mean a
region within such member, structure, or any combination
thereof that has the absence of any solid material.

[0084] The term “workpiece” is intended to mean a sub-
strate and, if present, one or more layers overlying the
substrate at any particular point of a process sequence. Note
that the substrate may not significantly change during a
process sequence, whereas the workpiece significantly
changes during the process sequence. For example, at a
beginning of a process sequence, the substrate and work-
piece are the same. After a layer is formed over the substrate,
the substrate has not changed, but now the workpiece
includes the substrate and the layer.

29¢¢

[0085] As used herein, the terms “comprises,” compris-
ing,”“includes,”including,”‘has,”*having” or any other
variation thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or appa-
ratus that comprises a list of features is not necessarily
limited only to those features but may include other features
not expressly listed or inherent to such process, method,

article, or apparatus. Further, unless expressly stated to the
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contrary, “or” refers to an inclusive-or and not to an exclu-
sive-or. For example, a condition A or B is satisfied by any
one of the following: A is true (or present) and B is false (or
not present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).

[0086] Also, use of the “a” or “an” are employed to
describe elements and components of the invention. This is
done merely for convenience and to give a general sense of
the invention. This description should be read to include one
or at least one and the singular also includes the plural unless
it is obvious that it is meant otherwise.

[0087] Group numbers corresponding to columns within
the Periodic Table of the elements use the “New Notation”
convention as seen in the CRC Handbook of Chemistry and
Physics, 81* Edition (2000-2001).

[0088] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent
applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples
are illustrative only and not intended to be limiting.

[0089] To the extent not described herein, many details
regarding specific materials, processing acts, and circuits are
conventional and may be found in textbooks and other
sources within the organic light-emitting diode display,
photodetector, photovoltaic, and semiconductive member
arts.

2. EXEMPLARY CIRCUIT DESIGN

[0090] FIG. 1 is an illustration of one of many possible
circuit designs for an electronic device. FIG. 1 includes a
circuit diagram of a portion of an electronic device 100. The
electronic device 100 includes a first pixel 120, a second
pixel 140, and a third pixel 160. Each of the pixels 120, 140,
and 160 includes a pixel circuit as illustrated in FIG. 1. Each
pixel circuit includes a control circuit and an electronic
component 128, 148, or 168.

[0091] The first pixel 120 includes a select transistor 122,
a capacitive electronic component 124, a driving transistor
126, and an electronic component 128. The electronic com-
ponent 128 can be nearly any electronic component that is
driven by an electrical current. In one device, the electronic
component 128 is a radiation-emitting component, such as
an OLED. Within pixel 120, the control circuit includes the
select transistor 122, the capacitive electronic component
124, and the driving transistor 126.

[0092] The select transistor 122 includes a gate electrode
electrically connected to a select line (“SL”) 134, a first
source/drain (“S/D”) region electrically connected to a data
line (“DL”) 132, and a second S/D region electrically
connected to a first electrode of a capacitive electronic
component 124, and a gate electrode of a power transistor
126. The SL. 134 provides a control signal for the select
transistor 122, and the DL 132 provides a data signal to be
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passed to the capacitive electronic component 124 and the
gate electrode of the power transistor 126 when the select
transistor 122 is activated.

[0093] The capacitive electronic component 124 includes
the first electrode and a second electrode. The first electrode
of the capacitive electronic component 124 is electrically
connected to the second S/D region of the select transistor
122 and the gate electrode of the power transistor 126. The
second electrode of the capacitive electronic component 124
is electrically connected to a power supply line, which in one
circuit design is a Vgg, line 138. In an alternative circuit
design (not illustrated), an optional anti-degradation unit
may be electrically connected to the capacitive electronic
component 124 and at least one of the power supply lines
(e.g., Vgg; line 138, V, line 136, or both) electrically
connected to the pixel 120.

[0094] The power transistor 126 includes the gate elec-
trode, a first S/D region, and a second S/D region. The first
S/D region of the power transistor 126 is electrically con-
nected to an electrode of the electronic component 128, and
the second S/D region of the power transistor 126 is elec-
trically coupled to the Vg, line 138. In one circuit design,
the second S/D region of the power transistor 126 is elec-
trically connected to the Vg, line 138. In another circuit
design, the optional anti-degradation unit may be electrically
connected to the second S/D region of the power transistors
126 and the Vg, line 138.

[0095] The electronic component 128 includes the elec-
trode, which is an anode in one configuration, and another
electrode, which is a cathode in that same configuration. The
electrode that is an anode is electrically connected to the
common Vpp, line 136. In another configuration, the elec-
tronic component 128 is an organic, radiation-emitting elec-
tronic component, such as an OLED. The rest of the pixel
circuit, which is the control circuit in one configuration, is
well suited for providing a variable current source to drive
the electronic component 128. Therefore, one or more
electronic components that are current driven may be used
in place of or in conjunction with the electronic component
128. Note that one or more electronic components may or
may not include a diode.

[0096] In other electronic devices, the electronic compo-
nent 128 and power transistor 126 may be reversed. More
specifically, (1) the electrode that is the anode of the
electronic component 128 is electrically connected to one of
the S/D regions of the power transistor 126, (2) the electrode
that is the cathode of the electronic component 128 is
electrically connected to the Vg, line 138, and (3) the other
S/D region of the power transistor 126 is electrically con-
nected to the V, line 136.

[0097] The second pixel 140 is similar to the first pixel 120
except that, within the second pixel 140, a data line 152 is
electrically connected to a first S/D region of the select
transistor 122, a Vg, line 158 is electrically connected to
second S/D region of the power transistor 126, and an
electronic component 148 is electrically connected between
a first S/D region of the power transistor 126 and the V5
line 136. The third pixel 160 is similar to the first and second
pixels 120 and 140 except that, within the third pixel 160, a
data line 172 is electrically connected to a first S/D region
of the select transistor 122, a Vg line 178 is electrically
connected to second S/D region of the power transistor 126,
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and an electronic component 168 is electrically connected
between a first S/D region of the power transistor 126 and
the V, line 136.

[0098] In some circuit designs, the electronic components
128, 148, and 168 may be substantially identical to one
another. In other circuit designs, the electronic components
128, 148, and 168 are different from one another. For
example, the electronic component 128 is a red light-
emitting component, the electronic component 148 is a
green light-emitting component, and the electronic compo-
nent 168 is a blue light-emitting component. The Vgg,, Vo,
and Vgg; lines 138, 158, and 178 may be at the same or
different voltages compared to one another. In another
circuit design (not illustrated), the electrodes that are the
cathodes in one electronic device of the electronic compo-
nents 128, 148, 168 may be electrically connected to dif-
ferent power supply lines (rather than all electrically con-
nected to the common Vp, line 136) that may operate at
substantially the same or significantly different voltages.
After reading this specification, skilled artisans will be able
to design the electronic device 100 to meet the needs or
desires for a specific application.

[0099] The select transistor 122, the power transistor 126,
or any combination thereof can include a field-effect tran-
sistor, and in a particular circuit design, can be a thin film
transistor (“TFT”). In the circuit for the pixel as illustrated
in FIG. 1, all transistors are n-channel transistors. Any one
or more of the n-channel transistors can be replaced by any
one or more p-channel transistors. In other circuit designs,
other transistors (including one or more junction field-effect
transistors (“JFETs”), one or more bipolar transistors, or any
combination thereof) may be used within the select transis-
tor 122.

3. FIRST WORKPIECE FABRICATION

[0100] FIGS. 2 to 6 include illustrations of cross-sectional
views of portions of the electronic device during the forma-
tion of the electronic components 128, 148, and 168, as
illustrated in FIG. 1. These drawings (FIGS. 2 to 6) merely
illustrate one example of one layout of the electronic com-
ponents 128, 148, and 168 and a fabrication sequence for
forming the electronic components 128, 148, and 168 and
their interconnects within the circuits. In this illustration, the
electronic components 128, 148, and 168 include organic
layers in one type of an organic electronic device. After
reading this specification, skilled artisans will appreciate
that the electronic components can be arranged differently
and fabricated via an alternative sequence to achieve the
circuits as illustrated in FIG. 1.

[0101] FIG. 2 includes a cross-sectional view of a portion
of a substrate 20 after forming a common electrode 22,
which in one embodiment is a common electrode for a pixel
array for an AMOLED display. In a particular embodiment,
the common electrode is a common anode. The substrate 20
may be a conventional substrate as used in the organic
electronic device arts. The substrate 20 can be flexible or
rigid, organic or inorganic. Generally, glass or flexible
organic films are used as a support. The substrate 20 may
comprise a ceramic, glass, metallic or organic material, or
combinations thereof and can have a thickness in a range of
approximately 12 to 2500 microns.

[0102] In one embodiment, the common electrode 22 is
transparent and allows at least 70% of the radiation reaching
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the common electrode 22 to be transmitted through the
common electrode 22. The common electrode 22 may cover
substantially all of the array, and little or none of the area of
the substrate 20 outside the array. An exemplary material
includes indium tin oxide (“ITO”), zinc tin oxide (“ZTO”),
an elemental metal, a metal alloy, or any combination
thereof. ITO and ZTO may be thicker when used as the
common electrode 22 and still allow sufficient transmission
of radiation. For example, when ITO or ZTO are used as the
common electrode 22, the common electrode 22 may have
a thickness in a range of approximately 20 to 200 nm. In a
particular embodiment when ITO is used for the common
electrode 22, the thickness of the ITO layer can be in a range
of approximately 50 to 150 nm. The common electrode 22
is formed using a conventional technique, such as selective
deposition using a stencil mask or blanket deposition and a
conventional lithographic technique to remove portions of
the common electrode layer lying outside the array.

[0103] One or more conductive members 32 are formed
over the substrate 20 and common electrode 22, as illus-
trated in FIG. 3. The conductive members 32 can act as
power transmission lines and extend at least partially across
the array, and in one embodiment, extend across substan-
tially all of a dimension (row or column) of the array.
Referring to FIG. 3, the conductive members 32 may extend
across substantially all of the columns of the array. In one
particular embodiment, the conductive members 32 are
inorganic, metal-containing power transmission lines. In one
embodiment, the conductive members 32 may be in the form
of columns (as illustrated in FIG. 3) or rows. In another
embodiment, a single conductive member 32 can be in the
form of a lattice with openings at locations where radiation-
emitting or radiation-responsive components will be formed.

[0104] Because the conductive members 32 do not need to
transmit radiation, they can be substantially thicker and
more conductive than the common electrode 22. The con-
ductive members 32 may have a thickness in a range of
approximately 500 nm to 500 microns. In one embodiment,
the conductive members 32 may be thicker than 2000 nm,
and their thicknesses may be limited by other issues unre-
lated to radiation (e.g., film stress, step coverage of subse-
quently layers over the conductive members 32, etc.).

[0105] The conductive members 32 can comprise one or
more highly conductive materials including a metal, mixed
metal, alloy, metal oxide, metal nitride, mixed-metal oxide,
mixed-metal nitride, or a combination thereof. An exem-
plary metallic element used in the conductive members 32
can include Ni, Cu, Al, Au, Ag, W, Ta, any alloy of such
metals or any combination thereof. In an alternative embodi-
ment, another conductive material, such as conductive poly-
mers, can be used in addition to or in place of the highly
conductive materials. The length and width of the conduc-
tive members 32 may be determined by the layout of the
electronic device. Resistivity (i.e., selection of material(s))
and thickness can be varied without significantly affecting
the layout. If a material with a higher resistivity is used, the
conductive members 32 may be thicker to keep the line
resistance within acceptable limits. The conductive mem-
bers 32 are formed using a conventional technique, such as
selective deposition using a stencil mask or blanket depo-
sition and a conventional lithographic technique to remove
portions of the conductive layer to form the conductive
members 32.
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[0106] Although not illustrated in FIG. 3, an optional
black layer may underlie the conductive members 32 or the
common electrode 22 to improve contrast, particularly for
reducing background luminescence. A nearly limitless num-
ber of materials can be used for a black layer. If the optional
black layer lies between the conductive members 32 and the
common electrode 22, the optional black layer can have
electrical characteristics that vary from conductive to resis-
tive to insulative. If the optional black layer lies between the
conductive members 32 and the common electrode 22, the
optional black layer can be insulative if at least some
openings though the optional black layer allow the conduc-
tive members 32 and the common electrode 22 to contact
each other or if another electrical connection is made
between the conductive members 32 and the common elec-
trode 22 (e.g., conductive sidewall spacers formed adjacent
to sides of the conductive members 32 and contacting the
conductive members 32 and the common electrode 22). The
optional black layer can be formed using a conventional
technique, such as selective deposition using a stencil mask
or blanket deposition and a conventional lithographic tech-
nique to remove portions that are not or will not covered by
the conductive members 32.

[0107] One or more substrate structures 42 may be
formed, as illustrated in FIG. 4. An example of the substrate
structure 42 can include a well structure, a cathode separator,
or the like. The substrate structures 42 may be oriented in
rows or columns or appear as a lattice from a top view. The
substrate structures 42 define where the radiation-emitting
components will be formed. In one embodiment, the sub-
strate structures 42 define areas where portions of an organic
layer will be formed. Each opening within the substrate
structures 42 may correspond to a radiation-emitting com-
ponent. The substrate structures 42 may help to keep dif-
ferent materials of organic layers away from one another. In
another embodiment, the well structures can help to keep red
and green light-emitting materials from entering the area for
a blue light-emitting component. The well structures may
also help to electrically insulate subsequently-formed elec-
trodes from being electrically connected to one another.

[0108] The substrate structures 42 include one or more
layers of material(s) that are relatively inert to subsequent
processing, not opaque to the radiation, and are electrically
insulating. Some non-limiting exemplary materials include
radiation imageable materials (e.g., photoresists, including
positive acting (Novolac) and negative acting, polyimide,
etc.), silicon nitride, silicon oxide (including silicon dioxide,
siloxanes, spin-on glass, etc.), undoped or lightly doped
silicon, metal oxides, metal nitrides, metal oxynitrides, and
combinations thereof.

[0109] The substrate structures 42 may be formed by
depositing layer(s) of material(s) and then patterning those
layer(s) or by forming the pattern as the layer(s) for the
substrate structures 42 is deposited. For the purposes of this
specification, deposition is to be construed broadly to
include liquid or vapor deposition techniques used in the
microelectronics art (OLED, flat panel, semiconductor and
other similar arts). After the substrate structures 42 are
formed, the sides of the substrate structures 42 may have a
negative slope (angle defined by sides of the substrate
structures 42 and primary surface of the substrate 20), as
illustrated in FIG. 4, a positive slope or form substantially
vertical walls.
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[0110] The height of the substrate structures 42 can be in
a range of 1 to 10 microns. Shorter or taller heights may be
used in other embodiments. In one embodiment, the sub-
strate structures 42 may be used as at least part of a
“stand-off” to reduce the likelihood of contact between a
subsequently-formed electrode and a conductive member
attached to a second workpiece that is described later is this
specification. In another embodiment that is described in the
Alternative Embodiments section, the substrate structures 42
can reduce the likelihood of contact between a subsequently-
formed conductive member attached to the first workpiece
and a conductor on a second workpiece when the conductive
member is initially formed over the substrate 20.

[0111] An optional treatment of the substrate structures 42
may be performed to change the surface energy of the
substrate structures 42. In one particular embodiment, the
substrate structures 42 may receive a fluorine treatment (e.g.,
exposure to a fluorine plasma) to make the exposed surfaces
of the substrate structures 42 hydrophobic. Skilled artisans
appreciate that one or more other optional treatments may be
done in place of or in conjunction with the fluorine treat-
ment.

[0112] An organic layer 50 is formed over the common
electrode 22, as illustrated in FIG. 5. The organic layer 50
may include one or more layers. The organic layer 50
includes one or more organic active layers 54, 56, and 58,
and optionally, may contain any one or more of a buffer
layer, a charge-injection layer, a charge-transport layer, a
charge-blocking layer, or any combination thereof. The
optional buffer layer, charge-injection layer, charge-trans-
port layer, charge-blocking layer, or any combination
thereof may lie between the organic active layers 54, 56, and
58 and the common electrode 22, between the organic active
layers 54, 56, and 58 and a subsequently-formed electrode
layer, or a combination thereof. In one embodiment, a
hole-transport layer 52 lies between the common electrode
22 and the organic active layers 54, 56, and 58.

[0113] The formation of the organic layer 50 is performed
using any one or more conventional deposition techniques
used in forming organic layers in OLEDs. In one embodi-
ment, the hole-transport layer 52 can include an organic
polymer, such as polyaniline (“PANI”), poly(3,4-ethylene-
dioxythiophene) (“PEDOT”), or an organic charge transfer
compound, such as tetrathiafulvalene tetracyanoquin-
odimethane (TTF-TCQN). The hole-transport layer typi-
cally has a thickness in a range of approximately 50 to 250
nm.

[0114] Each of the organic active layers 54, 56, and 58 can
include one or more small molecule materials, one or more
polymeric materials, or a combination thereof. Small mol-
ecule materials may include those described in, for example,
U.S. Pat. No. 4,356,429 and U.S. Pat. No. 4,539,507.
Alternatively, polymeric materials may include those
described in U.S. Pat. No. 5,247,190, U.S. Pat. No. 5,408,
109, and U.S. Pat. No. 5,317,169. An exemplary material is
a semiconducting conjugated polymer. An example of such
a polymer is poly (phenylenevinylene) referred to as “PPV.”
The light-emitting material may be dispersed in a matrix of
another material, with or without an additive, but typically
forms a layer alone. In one embodiment, each of the organic
active layers 54, 56, and 58 generally has a thickness in the
range of approximately 40 to 100 nm.
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[0115] When the organic active layers 54, 56, and 58 are
incorporated into a radiation-receiving electronic device, the
material(s) of the organic active layers 54, 56, and 58 may
include one or more conjugated polymers, one or more
electroluminescent materials, or a combination thereof.
Such materials include for example, many conjugated poly-
mers and electro- and photo-luminescent materials. A spe-
cific example includes poly(2-methoxy,5-(2-ethyl-hexy-
loxy)-1,4-phenylene vinylene) (“MEH-PPV”) or a MEH—
PPV composite with CN—PPV. The organic active layers
54, 56, and 58 typically have a thickness in a range of
approximately 50 to 500 nm.

[0116] In one embodiment, the organic active layers 54,
56, and 58 correspond to different colors used in an array.
For example, for a full-color display, different materials for
the organic active layers 54, 56, and 58 can be used to
achieve red, green, and blue light-emitting components. In a
particular embodiment, the organic active layer 54 is used in
red light-emitting components, the organic active layer 56 is
used in green light-emitting components, and the organic
active layer 58 is used in blue light-emitting components. In
another embodiment, radiation may be emitted from a
charge-blocking layer, charge-injection layer, charge-trans-
port layer, or any combination thereof in addition to, or in
place of, the corresponding organic active layer. Thus, for a
red light-emitting organic layer, red light may be emitted
from the organic active layer 54, one or more corresponding
layers adjacent to the organic active layer 54, or a combi-
nation thereof. For a green light-emitting organic layer,
green light may be emitted from the organic active layer 56,
one or more corresponding layers adjacent to the organic
active layer 56, or a combination thereof. For a blue light-
emitting organic layer, blue light may be emitted from the
organic active layer 58, one or more corresponding layers
adjacent to the organic active layer 58, or a combination
thereof.

[0117] Electrodes 62 and conductive members 64 are
formed, as illustrated in FIG. 6. The electrodes 62 are
formed within openings in the substrate structures 42 and
over portions of the common electrode 22 and organic layer
50. The electrodes 62 act as cathodes for the electronic
device. The conductive members 64 are formed over por-
tions of the substrate structures 42, and in one embodiment,
are not electrically connected to their immediately adjacent
electrodes 62 due to the negative slope of the substrate
structures 42. In one embodiment, the electrodes 62 and
conductive members 64 can include a metal-containing layer
having a low work function, which is lower than the
electrodes 22 that have a high work function. A material for
the electrodes 62 and conductive members 64 can include
one or more Group 1 metals (e.g., Li, Cs), one or more
Group 2 (alkaline earth) metals, one or more rare earth
metals, including the lanthanides and the actinides, a metal
fluoride (e.g., LiF, CaF, etc.) or any combination thereof.
The electrodes 62 and conductive members 64 can include
a conductive capping layer that is less reactive with water
and moisture compared to another layer within the elec-
trodes 62 and conductive members 64 that lies closer to the
organic layer 50. Such a capping layer can include a metal
or metal alloy, such as Al, Cu, Ag, Au, Pt, Pd, other suitable
metal, any alloy of such metals or any combination thereof.
The electrodes 62 and conductive members 64 have a
thickness in a range of approximately 300 to 600 nm. In one
specific, non-limiting embodiment, a Ba layer of less than
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approximately 10 nm covered by an Al layer of approxi-
mately 500 nm covered by an ITO layer of approximately
100 nm may be deposited. A stencil mask corresponding to
the pattern of the electrodes 62 can be used with a conven-
tional deposition process, such as evaporation, sputtering, or
the like.

[0118] At this point in the process, electronic components
128, 148, and 168 have been formed. In one embodiment,
the electronic component 128 is a red light-emitting com-
ponent, the electronic component 148 is a green light-
emitting component, and the electronic component 168 is a
blue light-emitting component. For simplicity, the substrate
20 and its electronics components will be referred to as the
first workpiece, which in one embodiment is an organic
panel.

4. SECOND WORKPIECE FABRICATION

[0119] A second workpiece for the electronic device can
be fabricated before or after the first workpiece. FIG. 7
illustrates a second workpiece that is a back panel, including
one or more control circuits, for the electronic device.
Referring to FIG. 7, a substrate 700 includes one or more
materials as previously described with respect to substrate
20 of the first workpiece. In one embodiment, the substrates
20 and 700 include the same material, such as glass. In
another embodiment, different materials can be used for the
substrates 20 and 700. Control circuits 722 and other circuits
(not illustrated) may be formed within or over the substrate
700 using conventional techniques. The other circuits (not
illustrated) outside the array may include peripheral and
remote circuitry used to control the pixels within the array.
The focus of fabrication is on the array rather than the
peripheral or remote circuitry. In one particular embodiment,
the location of the control circuits 722 can be such that,
when the first workpiece and second workpiece are later
joined, at least a portion of the control circuits 722 underlies
or overlies the substrate structures 42 of the first workpiece.
In this manner, the aperture ratio is not reduced.

[0120] Insulating layer 742, which contains conductive
plugs 744, is then formed using one or more of any number
of conventional techniques such that each conductive plug
744 is electrically connected to a control circuit 722. In one
embodiment, the insulating layer 742 is deposited as one or
more patterned layer(s) using a stencil mask. In another
embodiment, the insulating layer 742 is blanket deposited
and patterned using a conventional lithographic technique to
form openings to the control circuits 722. In one embodi-
ment, the conductive plugs 744 are formed using a selective
deposition or blanket depositing one or more layers and
polishing, etching, or otherwise removing portions of such
layer(s) lying outside of the openings within the insulating
layer 742.

[0121] Conductors 762 and conductive members 764 are
then formed using one or more of any number of conven-
tional techniques. In some embodiments, the conductive
members 764 are at a density of at least 15.5 conductive
members per cm® (100 conductive members per square
inch), and in other embodiments, the conductive members
are at a density of at least 31.0 conductive members per cm>
(200 conductive members per square inch), and in other
embodiments, the conductive members are at a density of at
least 46.5 conductive members per cm® (300 conductive
members per square inch).
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[0122] Each conductor 762 contacts one of the conductive
plugs 744, and a conductive member 764 overlies its cor-
responding conductor 762. In one embodiment, each of the
conductors 762 and conductive members 764 are deposited
as one or more patterned layers using a stencil mask. In
another embodiment, the conductors 762 and the conductive
members 764 are formed by blanket depositing one or more
layers and patterning such layer(s) using a conventional
lithographic technique.

[0123] The conductors 762 are exposed to processing
conditions when the substrate 700 is subsequently joined to
a different substrate. In one embodiment, the conductors 762
are compatible (i.e., no adverse interactions) with a conduc-
tive material, optional adhesive, substrate structures, and
exposed conductors of another substrate as described in
more detail later in this specification. The conductors 762
can include at least one element selected from Groups 4 to
6, 8 and 10 to 14 of the Periodic Table, or any combination
thereof. In one embodiment, the conductors 762 can include
Cu, Al, Ag, Au, Mo, any alloy of such metals or any
combination thereof. In another embodiment, where the
conductors 762 include one layer, one of the layers can
include Cu, Al, Ag, Au, Mo, any alloy of such metals or any
combination thereof and another layer can include Mo, Cr,
Ti, Ru, Ta, W, Si, any alloy of such metals or any combi-
nation thereof. Note that conductive metal oxide(s), conduc-
tive metal nitride(s) or a combination thereof may be used in
place of or in conjunction with any of the elemental metals
or alloys thereof. In one embodiment, conductors 762 have
a thickness in a range of approximately 0.1 to 5 microns. In
one particular embodiment, the conductors 762 can com-
prise ITO at the surfaces contacting the conductive members
764.

[0124] Conductive member 764 comprises a material hav-
ing a melting point no greater than 240° C. In one embodi-
ment, the conductive members 764 may comprise a low
melting point metal or metal alloy. In one embodiment, the
metal or metal alloy can comprise In, Sn, Bi, Pb, Hg, Ga, Cd,
any alloy of such metals, or any combination thereof. In one
particular embodiment, an indium-tin alloy can be used that
may or may not contain Pb, Hg, Ga, Cd, or any combination
thereof. In a more particular embodiment, the metallic alloy
can include approximately 40 weight % In, 40 weight % Sn,
and 20 weight % Pb. In one embodiment, the metal or metal
alloy may have a melting point greater than 85° C. In
another embodiment, the metal or metal alloy may have a
melting point less than 240° C. In still another embodiment,
the material has a melting point selected so as to reduce the
likelihood of damage to an organic layer within the elec-
tronic device. In one embodiment, a melting point in a range
ot 130° C. to 200° C. may be used. For example, indium has
a melting point of approximately 156° C. In another embodi-
ment, alloys that include one or more combinations of In,
Sn, or Pb may form one or more eutectic compositions
having melting points in the range of 130 to 200° C. In one
embodiment, conductors 762 have a thickness in a range of
approximately 0.1 to 5 microns.

[0125] In one particular embodiment, the portion of the
conductors 762 that contact the conductive members 764 is
ITO, and the conductive members 764 are indium. The
thickness of the conductors 762 and the conductive members
764 is in a range of approximately 1 to 2 microns for this
embodiment. In a more particular embodiment, each of the
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conductors 762 can have an area, as seen from a top view,
of approximately 200 micronsx50 microns. When the con-
ductive members 764 are approximately 1 micron thick,
during reflow, the conductive members 764 may be able to
form solder balls with a thickness of approximately 8
microns. The significance of this height will become more
apparent for an embodiment where the substrate structures
42 form at least part of a stand-off.

[0126] In one embodiment, the conductors 762 and con-
ductive members 764 can be formed during the same pump
down cycle within a physical vapor deposition tool (e.g.,
evaporator, sputtering chamber, etc.) or a plating tool, such
as one as described in U.S. Pat. No. 6,174,425, In another
embodiment, the conductive members 764 can be formed
during different pump down cycles, using different tools, or
by using a different patterning sequence compared to that
used for the conductors 762. In one embodiment, the sides
of the conductors 762 and conductive members 764 are
coterminous, and in another embodiment, the conductors
762 may have different shapes, as seen from a top view, as
compared to their corresponding conductive members 764.
For example, the conductive members 764 may be narrower,
shorter, or both compared to their corresponding conductors
762.

[0127] Inyetanother embodiment, the conductors 762 and
conductive members 764 may be formed at different times.
For example, the conductors 762 may be formed, and a
patterned insulating layer with openings to the conductors
762 may be formed. When forming the conductive members
764, one or more metal or metallic alloy layers that do not
melt during a reflow operation may be formed and act as a
barrier or an adhesion layer. Such one or more layers may be
referred to as under-bump metallurgy (“UBM”) that is
conventional in inorganic semiconductor conductive bump
technology. Another one or more layers having a melting
point as previously described can be formed over the one or
more metal or metallic alloy layer. Thus, conductive mem-
bers 764 can include one or more layers for a UBM and one
or more layers that include a material or a combination of
materials that have a melting point no greater than 240° C.
in one embodiment, no greater than 200° C. in another
embodiment, or no greater than 160° C. in a particular
embodiment.

[0128] 1In still another embodiment, the conductors 762,
the conductive members 764, or any combination thereof
can be formed using a conventional resist lift-off process. In
this particular embodiment, a resist layer (not illustrated) can
be formed and only have openings where the conductors
762, the conductive members 764, or any combination
thereof are to remain. The one or more layers for the
conductors 762, the conductive members 764, or any com-
bination thereof are formed over the resist layer and within
the openings in the resist layer. The resist layer is then
removed, which also removes the layer(s) of the conductors
762, the conductive members 764, or any combination
thereof that were overlying the resist layer, thus leaving
portions of the conductors 762, the conductive members
764, or any combination thereof that were lying within the
openings of the resist layer.

[0129] After reading this specification, skilled artisans will
appreciate that many options exist regarding the composi-
tion, shape (including thickness), and formation, relative to
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other parts of the electronic device, of the conductive
members 764. Skilled artisans can tailor the composition,
shape, and formation of the conductive members 764 for
their particular needs or desires.

5. ALIGNING THE FIRST AND SECOND
WORKPIECES AND REFLOW

[0130] A sealing material 822 may be applied to the first
workpiece, the second workpiece, or both, as illustrated by
atop view in FIG. 8. The sealing material 822 lies between
the array 824 and the edge 826 of the first workpiece, the
second workpiece, or both. The sealing material 822 can
include nearly any adhesive or other material used to join
substrates within the electronics industry. An example of the
sealing material includes epoxy, glass frit, or the like. In one
embodiment, the substrates 20 and 700 and the sealing
material 822 have coefficients of thermal expansion that are
relatively close. For example, the lowest coeflicient of
thermal expansion for the three may be at least 90% of the
highest coefficient of thermal expansion for the three. In one
specific embodiment, the substrates 20 and 700 and the
sealing material 822 include glass.

[0131] The first workpiece and the second workpiece can
include complementary alignment marks 842. For example,
the first workpiece can include a solid cross, and the second
workpiece can include a large open cross in which the solid
cross is to lie when the first and second workpieces are
properly aligned. Many other types of alignment marks can
be used in conjunction with or in place of the alignment
marks 842. The alignment process is conventional.

[0132] After alignment, the first workpiece and second
workpiece can be pressed together and sealed by the sealing
material 822. The sealing may be performed under vacuum,
at atmospheric pressure or higher pressure, using a relatively
inert gas (one or more noble gases, N,, or any combination
thereof), or any combination of pressure and gas(es). FIG.
9 includes an illustration of an embodiment in which the
substrate structures 42 are part of a stand-off. A combina-
tions of the conductive members 32, well structures 42, and
the conductive members 64 of the first workpiece act as
stand-offs and can help to maintain a more consistent
spacing between the electrodes 62 and the conductors 762.
In the embodiment as illustrated in FIG. 9, the conductive
members 64 of the first workpiece contact the second
workpiece. In another embodiment in which the conductive
members 64 are not present (i.e., electrodes 62 are formed
without forming the conductive members 64), the substrate
structures 42 may contact the second workpiece. In still
another embodiment, the conductive members 64, substrate
structures 42, or any combination thereof does not need to
contact the second workpiece. As described later in this
specification, the conductive members 64, substrate struc-
tures 42, or any combination thereof is not required and may
not be present over the substrate 20.

[0133] The sealing material 822 (in FIG. 8, but not
illustrated in FIG. 9) is cured, heated, or otherwise exposed
or treated to a chemical agent, radiation, or any combination
thereof using a conventional technique. In one embodiment,
the sealing material can include an epoxy that is cured with
exposure to ultra-violet (“UV”) radiation. In another
embodiment, the sealing material 822 can include glass that
can be locally heated to form a glass frit seal. After reading
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this specification, skilled artisans will appreciate that other
sealing materials and sealing techniques can be used. The
sealing material 822 reduces the likelihood that an ambient
within the electronic device and an ambient outside the
electronic device will intermix to any significant degree. A
separate encapsulating layer is not required if the sealing
material 822 is used.

[0134] At this point in the process, the conductive mem-
bers 764, which is attached to the substrate 700, and their
closest electrodes 62 may be spaced apart from each other by
a gap. The size of the gap can vary based on a plurality of
factors including the material(s) within the conductive mem-
bers 764 (e.g., morphology), relative differences in surface
tensions between the conductive members 764 and surfaces
(of the conductors 762 and electrodes 62) they currently
contact or will contact, reflow conditions, orientation of the
substrates during reflow (second workpiece on the bottom,
first workpiece on the bottom), other potential conditions, or
any combination thereof. In one embodiment, the gap can be
up to 8 microns. In a more particular embodiment, the gap
can be up to 1 micron. In another embodiment, one or more
of the conductive members 764 can contact one or more of
the electrodes 62. Care may be exercised to keep damage to
the electronic components of the first workpiece reasonably
low.

[0135] A reflow operation is performed to reflow the
conductive members 764, as illustrated in FIG. 9. During
reflowing, the conductive members 764 flow towards the
electrodes 62 of the first workpiece. If the conductive
members 764 are attached to the first workpiece, during
reflow, the conductive members 764 flow towards the con-
ductors 762 of the second workpiece. A successtul reflow
operation results in the conductive members 764 electrically
connecting their corresponding conductors 762 and elec-
trodes 62 to each other. As will be described later in this
specification, a reflow operation may not be completely
successful, and a repair operation may be performed on
non-functional components to complete the electrical con-
nections.

[0136] The reflow is performed at least at a temperature in
which the conductive members 764 begin to change their
shape. In one embodiment, the reflow is performed at a
temperature of at least a melting point. After reaching
approximately a desired temperature, the reflow can occur
relatively quickly, for example, in less than a minute. In
another embodiment, the reflow can be performed for a
longer time, if needed or desired. The reflow can be per-
formed at nearly any temperature or combination of time
and temperature, as long as the functionality or lifetime of
the electronic device or any of its components is not sig-
nificantly adversely affected. For example, if the organic
layer 50 of the first workpiece is exposed to a temperature
that is too high or a combination of temperature and time
that is too high, the organic layer 50 may degrade, suffer
from a reduce lifetime, decompose or otherwise react, or any
combination thereof.

[0137] The reflow may be performed using one or more
different heating or radiation sources. For example, the
reflow can be performed by placing the first and second
workpieces on a hot plate or within an oven. In another
embodiment, a directional radiation source, such as a laser,
can be used.
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[0138] In one particular embodiment, a hot plate can be set
to a temperature higher than the melting or eutectic point of
the material within the conductive members 764, such as
160° C. when indium conductive members are used. The
second workpiece and first workpiece can be placed over the
hot plate. In a more specific embodiment, the second work-
piece can lie on the heating element or heating surface of the
hot plate. After the second workpiece reaches a temperature
higher than approximately 156° C., the indium within the
conductive members 764 can melt and allow the conductive
members 764 to reflow. The reflow can take less than a
minute, and in a more particular embodiment, can be per-
formed in approximately 5 to 20 seconds. In one embodi-
ment, using the hot plate may be better than using an oven
because, with the oven, the first workpiece may be exposed
to the same heat as the second workpiece, whereas with the
hot plate, the first workpiece, and in particular, the organic
layer of the first workpiece, may be cooler than the second
workpiece. Therefore, during reflow, the hot plate can allow
the averaged temperature of the organic layer within the
array to be lower than the averaged temperature of the
conductive members 764 within the array. However, the hot
plate and the oven can have a relatively high throughput rate
because all conductive members 764 may reflow during the
same heating cycle.

[0139] In another particular embodiment, a directional
radiation source, such as a pulsed laser, can be used. The
pulsed laser can be used to provide energy sufficient to
reflow the conductive members 764 with potentially less
heating of the first workpiece. In one embodiment, the
pulsed laser can be targeted at the conductor 762, the
conductive member 764, or both and use radiation that is
significantly absorbed by the conductor 762, the conductive
member 764, or both. If radiation is absorbed by the con-
ductor 762, the corresponding conductive member 764 can
be heated by thermal conduction. Whether heated by radia-
tion or thermal conduction, after the conductive member 764
reaches a temperature higher than approximately 156° C.,
the indium within the conductive member 764 can melt and
allow the conductive member 764 to reflow. The reflow can
take less than a minute, and in a more particular embodi-
ment, can be performed in approximately 5 to 20 seconds.
The actual time can depend on the radiation dose, whether
the radiation source is pulsed, and if pulsed, the pulsing
frequency (how long the pulse is on and off). During the
reflow operation for the array, the pulsed laser can allow the
averaged temperature of the organic layer within the array to
increase by no more than approximately 10° C. higher than
the ambient temperature where the reflow is being per-
formed. In one more particular embodiment, the averaged
temperature of the organic layer within the array increases
by no more than approximately 10° C. during the reflow
operation for the array.

[0140] At this point in the process, the conductive mem-
bers 764 are substantially directly bonded to the conductors
762 and the electrodes 62. The direct bonding can allow the
conductive members 764 to electrically connect the conduc-
tors 762 and the electrodes 62. In one embodiment, a
particle, very thin film (e.g., oil from contact with one or
more humans), or other contamination may lie between a
portion of one of the conductive members 764 and either or
both of one of the conductors 762 and one of the electrodes
62. In a particular embodiment, the substantially direct
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bonding can provide a mechanical bond in addition to or in
place of the sealing material 822.

[0141] Other energy sources and techniques can be used.
After reading this specification, skilled artisans will be able
to select an energy source and technique that meets their
needs or desires.

[0142] The orientation of the second workpiece and first
workpiece may be reversed. In this embodiment, the second
workpiece may overlie the first workpiece. In a particular
embodiment, the conductors 762 have wetting, as opposed
to non-wetting, surfaces with respect to the conductive
members 764. Gravity may help assist in reflowing the
conductive members 764.

[0143] FIG. 10 includes an illustration of a cross-sectional
view of a portion of the electronic device in FIG. 9 after
reflowing the conductive members 764. In one specific
embodiment, the surfaces of the conductors 762 and elec-
trodes 62 include ITO, and the conductive members 764 are
indium. During reflow, the conductive members 764 start to
“ball up” because the surface energy of ITO (the conductors
762 and electrodes 62) is lower than indium (the conductive
members 764). The balling up is illustrated by rounded sides
1022 of the conductive members 764 and causes the con-
ductive members 764 to flow towards the electrodes 62.
Eventually, the conductive members 764 contact the elec-
trodes 62 to form an electrical connection between the
conductors 762 and the electrodes 62.

[0144] In one embodiment, the rounded sides 1022 are
continuous (i.e., no sharp corners). The widths of the con-
ductive members 764 at points about halfway between the
electrodes 62 and conductors 762 is wider than a width of
the first conductive members 764 at point adjacent to the
electrodes 62 or the conductors 762. In a particular embodi-
ment, the widths of the conductive members 764 are widest
at points about halfway between the electrodes 62 and
conductors 762.

[0145] The height that the first conductive members 764
can reach can depend on the surface energies of the first
conductive members 764, the conductors 762 and the elec-
trodes 62, the morphology of the first conductive members
764, conditions during reflow, or any combination thereof.
In a particular embodiment, when the surface of the elec-
trodes 62 and the conductors 762 include a surface consist-
ing essentially of ITO and first conductive members 764
consist essentially of indium, the first conductive members
764 may reach a height of approximately 8 microns. For this
particular embodiment, the distance between the electrodes
62 and the conductors 762 may be no greater than 8 microns.
As the distance decreases, the likelihood of successfully
reflowing the first conductive members 764 to form the
electrical connections between the electrodes 62 and the
conductors 762 may increase. For a specific combination of
surface energies and materials, one or more empirical tests
can be performed to determine a maximum reproducible
height that the conductive members 764 can achieve, which
in turn can be used in specifying a maximum allowable
distance between the electrodes 62 and conductors 762 for
that specific combination. The maximum allowable distance
is typically less than the maximum reproducible height.
After reflow, in one embodiment, the conductive members
764 have a height of at least 3.5 microns.

[0146] After reflow, one or more of the conductive mem-
bers 764 may include one or more voids within or along the
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sides of the affected conductive member(s). The one or more
voids are not a problem as long as the electrical connection
between the conductors 762 and the electrodes 62 are made.
The conductive member(s) 764 can resemble an intercon-
nection network, if the conductive member(s) 764 would be
cut halfway between the conductors 762 and electrodes 62
and examined from a top view. In one embodiment, a
majority of the conductive members 764 may include one or
more voids. In one specific embodiment, a single conductive
member 764 may separate into a plurality of conductive
members that electrically connect the electrodes 62 and the
conductors 762.

[0147] The number of electrical connections within an
electronic device, or even just the array within the electronic
device, made using the reflow process can be numerous. In
one embodiment, at least 4,000 conductors and at least 4,000
electrodes may be electrically connected with at least 4,000
conductive members. In another embodiment, at least
11,000 conductors and at least 11,000 electrodes may be
electrically connected with at least 11,000 conductive mem-
bers, in still a further embodiment, at least 110,000 conduc-
tors and at least 110,000 electrodes may be electrically
connected with at least 110,000 conductive members, and in
yet a further embodiment, at least a million conductors and
at least a million electrodes may be electrically connected
with at least a million conductive members. In one embodi-
ment, the ratio of conductive members 764 to conductors
762 to electrodes 62 is 1:1:1. In another embodiment, any
one or more of the numbers within the ratio may be greater
than one. In a particular embodiment, the ratio is X:1:1,
wherein X is a number (fractional or integer) greater than 1.
For example, X can be 2, 3, 4, 5, or even higher.

[0148] Inoneembodiment, the reflow by itself is sufficient
to successfully electrically connect the conductors 762 to
their corresponding electrodes 62. However, due to the large
number of electrical connections to be made, the reflow
operation may not be completely successtul. For example, a
majority but not all of the electrical connections may be
made during a reflow operation. For example, one or more
of'the conductive members 764 may not have flowed or only
partially flowed towards their corresponding electrodes 62.
Testing can be performed to determine which locations do
not have an electrical connection (e.g., an electrical open) or
unacceptably high resistance (e.g., conductive member 764
barely contacts the electrode 62). In another embodiment
where a display is being fabricated, testing can be performed
to determine which pixels or subpixels do not have a
minimum emission intensity. Data from the testing can be
used to target which one or more portions of the electronic
device are to be repaired.

[0149] Many options exist for repairing. In one embodi-
ment, the repairing can be repeating the reflow operation. If
a hot plate was used for the reflow, it can also be used for the
repair. If one area of the electronic device has more electrical
opens or high resistance, that area can be positioned to be
closer to the center of the hot plate. In another embodiment,
reflowing and repairing can be performed using different
techniques. For example, reflowing may be performed using
a hot plate (due to relatively high throughput), and repairing
may be performed using a directional radiation source, such
as a pulsed laser.

[0150] In one particular embodiment, reflow and testing
are performed. Based on the testing information, the one or
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more portions of the electronic device that are to be repaired
can be identified. During repair, the repairing operation may
be performed for such one or more portions or for such one
or more portions and conductive members at neighboring
locations. For example, testing may locate a non-functional
region called a “dead spot.” Testing may indicate that the
conductive members 764 just outside the dead spot are
within specification, albeit near an upper limit or a lower
limit. In this particular embodiment, the conductive mem-
bers within the dead spot repaired, and also, the conductive
members 764 adjacent to the dead spot are also repaired,
such that conductive members 764 adjacent to the dead spot
may achieve test results within specification but further from
the upper or lower limit. Not all conductive members 764
will be targeted for repairing in this particular embodiment.
Testing and repairing may be iterated until all electrical
connections between corresponding conductors 762 and
electrodes 62 are made or for a set number of times. After
reading this specification, skilled artisans will be able to
determine the technique for repairing that meets their needs
or desires.

[0151] Similar to reflowing, during repairing, the orienta-
tion of the second workpiece and first workpiece may be
reversed. In this embodiment, gravity may assist in repairing
the electronic device.

[0152] Inoneembodiment, a substantially completed elec-
tronic device is formed. In this embodiment, the sealing
material 822 seals the sensitive portions of the electronic
device from the ambient outside the electronic device. In this
embodiment, gas laterally surrounds the conductive mem-
bers 764. Even if evacuated, at least some gas still remains
in the gap between the electrodes 62 and the conductors 762.

[0153] At this point in the process, the electronic device
can include the first and second workpieces that are physi-
cally connected to each other by the first conductive mem-
bers 764. If desired, the electronic device can be disas-
sembled by heating the conductive members 764 to at least
their melting point and separating the first and second
workpieces from each other. The electronic device can be
reassembled by aligning or otherwise positioning the first
and second workpieces relative to each other and reheating
the conductive members 764 to at least their melting point.
The process of disassembly and reassembly as described
herein allows electronic devices to be realigned or otherwise
reworked without significantly adversely affecting the elec-
tronic device, any portion of the electronic device including
the first workpiece, the second workpiece, any component
within the first workpiece or the second workpiece, the
conductive members 764, or any combination thereof. Thus,
in one embodiment, the conductive members 764 can allow
the electronic device to be reversibly disassembled, revers-
ibly reassembled, or a combination thereof.

[0154] If a paste, epoxy, or other adhesive material would
be used, disassembly may result in delamination of or other
significant damage to one or more conductors 762, one or
more electrodes 62, or other one or more layers that may
adhere to the paste, epoxy, or other adhesive material. In
addition, wherein the cured paste, epoxy, or other adhesive
material could fracture or otherwise break during separation
of the workpieces, particles can be generated and interfere
with or prevent electrical connections made during a sub-
sequent reassembly. Further, the same paste, epoxy, or other
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adhesive material already on the first workpiece (including
the electrodes 62), the second workpiece (including the
conductors 762) or any combination thereof cannot be
reused after curing. Therefore, new paste, epoxy, or other
adhesive may need to be used.

[0155] As illustrated in FIGS. 10 and 11, the electronic
device can include an AMOLED display, wherein radiation
can be emitted through the common electrode 22 and the
first workpiece. In a particular embodiment, the aperture
ratio can exceed 70%, 80%, 90%, or even higher. In one
embodiment, radiation can also be emitted through the
substrate 700. A relatively high aperture ratio can be
achieved because the control circuits of the second work-
piece do not lie between the user side of the electronic
device and the electronic components 128, 148, and 168.

6. ELECTRONIC DEVICE AND ITS
OPERATION

[0156] The electronic device may be used by itself or may
be incorporated into a system. For example, the electronic
device can be a display that can be incorporated into a
monitor for a computer, a television, or a display in a mobile
communicating device, or the like.

[0157] The electronic device can be operated by providing
the proper signals and data to the terminals as illustrated in
FIG. 1. Data signal can be placed on the DLs 132, 152, and
172 when the SL 134 is activated, which in turn allows
current to flow through the electronic components 128, 148,
and 168. The reflowed conductive members 764 provide the
electrical connections between the electronic components
128, 148, and 168 to their respective power transistors 126.

[0158] When other types of electronic devices are formed
(e.g., a sensor array), the circuitry and the voltages or other
signals may change accordingly.

7. ALTERNATIVE EMBODIMENTS

[0159] In an alternative embodiment, the electronic device
can include other types of display devices, such as a passive
matrix display, a static image display, or any combination
thereof. In another embodiment, the electronic components
can include radiation-responsive components in conjunction
with or in place of the radiation-emitting components. Such
radiation-responsive components can include radiation sen-
sors, photovoltaic cells, or other similar electronic compo-
nents that respond to radiation received by an organic active
layer.

[0160] In still another embodiment, the conductive mem-
bers 764 could be formed over the first workpiece rather than
the second workpiece. One exemplary, non-limiting process
is described and illustrated with respect to FIGS. 12 to 19.
In one particular embodiment, the substrate structure 42
includes an organic material. The starting point in the
process is the first workpiece as illustrated in FIG. 5.

[0161] A protective layer 121 is formed over the substrate
20, including the well structures 42 and the organic layer 50,
as illustrated in FIG. 12. The protective layer 121 will be
used to protect sidewalls of the well structures during a
subsequent resist removal process. The protective layer 121
can include an inorganic material, such as a nitride, an oxide,
or an oxynitride. In one embodiment, the protective layer
121 can be conformally deposited using a conventional
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plasma deposition technique. In another embodiment, the
protective layer 121 is not conformal, but still is deposited
to form a continuous layer over exposed surfaces of the well
structures 42 and organic layer 50. The protective layer 121
has a thickness in a range of 5 to 30 nm, as measured on a
substantially flat surface.

[0162] An anisotropic etch can be performed to remove
portions of the protective layer 121 that would be seen from
a top view of the first workpiece. In one embodiment, the
anisotropic etch can be performed using dry etching using
one or more steps. The conditions of the dry etch process
need not remain uniform throughout the operation of the dry
etching. Rather, gas mixtures, gas pressures, voltage, power
density, and temperature may vary over time during dry
etching. The dry etching process may include discrete steps
having well-defined starting and stopping points or may
include various steps within one continuous operation hav-
ing only one initial starting point and one stopping point
only upon completion of dry etch task. Use of the “step” or
“steps” is meant to include both those uses having discrete
starts and stops and a single dry etch process where condi-
tions are varied at least once during one continuous opera-
tion.

[0163] In one particular embodiment described herein, the
dry etch is performed as a single step due to its relatively thin
thickness. At least one halogen-containing gas can be used.
The halogen-containing gas can include any one or more of
a fluorine-containing gas, a chlorine-containing gas, a bro-
mine-containing gas, or an iodine-containing gas and mix-
tures thereof.

[0164] When a fluorine-containing gas is used, it may
include any one or more fluorocarbon gases, which may or
may not be saturated and may or may not include other
halogen atoms, F,, HF, SF, NF;, fluorine-containing inter-
halogens (CIF, CIF;, CIFs, BrF;, BrF,, and IF), and mix-
tures thereof. A chlorine-containing gas may be selected
from a group consisting of chlorocarbons that may or may
not be saturated and may or may not include other halogen
atoms (e.g., F, Br, and 1), Cl,, HCI, BClj;, chlorine-contain-
ing interhalogens (CIF, CIF;, and CIF), and mixtures
thereof. A bromine-containing gas may be selected from a
group consisting of bromocarbons that may or may not be
saturated and may or may not include other halogen atoms
(e.g., F, Cl, and I), Br,, HBr, BBr;, bromine-containing
interhalogens (BrF; and BrFy), and mixtures thereof. An
iodine-containing gas may be selected from a group con-
sisting of iodocarbons which may or may not be saturated
and may or may not include other halogen atoms (e.g., F, Cl,
and Br), I,, HI, metal iodides, iodine-containing interhalo-
gens (IF;), and mixtures thereof.

[0165] In one embodiment, the halogen-containing gas
may be a fluorine-containing gas. In another embodiment,
the fluorine-containing gas may include a fluorocarbon that
may or may not be saturated and may or may not include
other halogen atoms. In still another embodiment, the fluo-
rocarbon may have a formula C,F, H_, wherein a is 1 or 2,
b is at least 1, and b+c is 4 if ais 1 and is 4 or 6 if a is 2.
The presence of hydrogen within the plasma can help to
passivate a sidewall surface, and improve the anisotropic
character of the etch. In one particular embodiment, CHF; is
an exemplary fluorocarbon gas.

[0166] In one embodiment, an oxygen-containing gas is
not used. The oxygen-containing gas can etch organic mate-
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rials. In a particular embodiment, the substrate structures 42
and organic layer 50 are not or only minimally etched. An
inert or a reducing gas may be used. The inert gas may
include any one or more of a noble gas, N,, and mixtures
thereof, and the reducing gas may include any one or more
of H,, NH;, N,H,, N, H,, and mixtures thereof. The inert gas
can be used to physically remove non-volatile etch products
or other materials. In one particular embodiment, the inert
gas is not used to improve the etch selectivity between the
protective layer 121 and the organic layer 50. A hydrogen
gas may be added to help passivate the protective layer 121
lying along the sides of the substrate structures 42.

[0167] The dry etching may be performed at a power
density in a range of approximately 10 to 5000 mW/cm? and
at a pressure in a range of approximately 0.01 to 5000 mTorr.
The temperature can vary, depending on the performance
sensitive element and the organic material to be removed.
The dry etch is typically performed at a temperature not
above about 80° C. The dry etching can be performed as a
timed etch or using endpoint detection (when the substrate
structures 42, organic layer 50, or both) are reached with a
timed overetch. At this point in the process, protective
structures 131 are formed adjacent to sides of the substrate
structures 42 and portions of the organic layer 50, as
illustrated in FIG. 13.

[0168] The electrodes 62 and conductive members 64 are
formed, as illustrated in FIG. 14. The materials and forma-
tion of the electrodes 62 and conductive members 64 can be
performed using any one or more embodiments described
previously when forming the electrodes 62 and conductive
members 64, as illustrated in FIG. 6.

[0169] The conductive members 764 and 766 are formed
over the electrodes 62 and conductive members 64, as
illustrated in FIG. 15. The materials and formation of the
conductive members 764 and 766 can be performed using
any one or more embodiments described previously when
forming the conductive members 764, as illustrated in FIG.
7. The tops of the conductive members 764 may or may not
contact the conductive members 64 or the conductive mem-
bers 766. As will be explained later, such contact is not
problematic.

[0170] Anetch-back layer 161 is formed over the substrate
20, as illustrated in FIG. 16. The etch-back layer 161 is
deposited and can include an organic or inorganic material.
In one embodiment, the etch-back layer 161 includes a
substantially planar surface 163 that may or may not be
substantially parallel to the primary surface of the substrate
20. In one particular embodiment, an organic resist material
can be spin-coated over the substrate 20.

[0171] The etch-back layer 161 is etched to expose the
conductive members 766 that overlie the substrate structures
42, as illustrated in FIG. 17. The etch may be performed
isotropically or anisotropically. In one embodiment, the etch
can be performed using dry etching using one or more steps.
The conditions of the dry etch process need not remain
uniform throughout the operation of the dry etching. Rather,
gas mixtures, gas pressures, voltage, power density, and
temperature may vary over time during dry etching. The dry
etching process may include discrete steps having well-
defined starting and stopping points or may include various
steps within one continuous operation having only one
initial starting point and one stopping point only upon
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completion of dry etch task. Use of the “step” or “steps” is
meant to include both those uses having discrete starts and
stops and a single dry etch process where conditions are
varied at least once during one continuous operation.

[0172] In one particular embodiment, described herein,
the dry etch is performed as two steps. A first step can be
used to remove most the etch-back layer 161 without regard
to selectivity to other layers lying below the etch-back layer.
The first step can use an oxygen-containing gas. An example
of an oxygen-containing gas includes O,, COF,, CO, O;,
NO, N,O, or any mixtures thereof. One or more halogen-
containing gases, one or more inert gases, one or more
reducing gases, or any mixture thereof, as previously
described, may be used in addition to the oxygen-containing
gas. The etching may be performed at any of the etching
conditions (e.g., power density, pressure, temperature, etc.)
previously described. The first step may be performed as a
timed etch or using endpoint detection (e.g., when the
conductive members 766 are reached).

[0173] During a second step, the etching parameters, such
as gases and power density in particular, can be changed to
improve the selectivity between the etch-back layer 161 and
the conductive members 766. In one embodiment, the halo-
gen-containing gas, if any, and the inert gas, if any, or a
combination thereof may be decreased or turned off in order
to improve selectivity. Also, the power density can be
decreased to reduce the physical component of the etch.

[0174] The conductive members 766 are removed, as
illustrated in FIG. 18. The removal may be performed as a
wet etch or dry etch process. The chemistry used for the etch
can depend on the material of the conductive members 766.
In one embodiment, the conductive members 766 consist
essentially of indium.

[0175] A wet etch can be performed using an alcohol (e.g.,
methanol, ethanol, propanol, or any combination thereof,
Aqua Regia (approximately 3:1 HCI:HNO,), or H;PO,. The
etching solution may be at approximately room temperature
(in a range of approximately 20 to 25° C. or an another
temperature above or below room temperature. In one
particular embodiment, the wet etch is performed using
H PO, at a temperature in a range of approximately 30 to 40°
C. The wet etch may be performed as a timed etch.

[0176] In another embodiment, a dry etch may be per-
formed using three steps. The first step can be a “break-thru”
etch used to etch through any oxide or contaminant that may
have formed on the surface of the conductive members 766,
the second step can be used for most of the etching of the
conductive members 766, and the third step can have
improved selectivity to one or more layer within the con-
ductive members 64. The etching parameters (gases and
conditions) have been previously described.

[0177] The first step can include a halogen-containing gas
and an inert gas. Because the conductive members 766
include at least one metal, the halogen-containing gas can
include a chlorine-containing gas, a bromine-containing gas,
an iodine-containing gas, or a combination thereof. The
actual halogen-containing gas selected allows for the for-
mation of one or more volatile products during the etch. The
inert gas can help to physically remove the oxide or other
non-volatile contaminants at the surface of the conductive
members 766. The second step may be performed at the
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same or different conditions as the first step. In one embodi-
ment, the inert gas may be reduced or eliminated to improve
the etch rate and selectivity to the etch-back layer 161. The
second step may be performed as a timed etch or until an
endpoint is detected (conductive members 64 are reached.
The third step may include the same or different etch
chemistry as used for the second step. The third step may be
performed at a lower power density as compared to the first
step, the second step, or both. The third step may be
performed as a timed etch or using endpoint detection and a
timed overetch.

[0178] An optional fourth step can include exposing the
conductive members 64 to a fluorine-containing plasma to
passivate or otherwise protect the exposed surface of the
conductive members 64 from ambient moisture, other con-
taminant, or any combination thereof, change the surface
energy of the conductive members 64, or a combination
thereof.

[0179] After the conductive members 766 have been
removed, substantially none or only some of the conductive
members 64 are removed in this embodiment. If the con-
ductive members 766 and 64 include indium, some of the
indium (e.g., ITO) may be removed with the conductive
members 766. If the conductive members 64 include a layer
of aluminum, silver, or other element other than indium, the
etch to remove conductive members 766 may stop on or
within such layer of the conductive members 64. In this
manner, the remaining portions of the conductive members
64 can protect the substrate structures 42 when the etch-back
layer 161 is removed.

[0180] At this point in the process, the remaining portions
of the etch-back layer 161 are removed, as illustrated in
FIG. 19. In one embodiment, the etch-back layer 161
includes an organic layer that that be removed using a
conventional wet or dry resist etching process. In a particular
embodiment, an organic solvent can be used to remove the
etch-back layer 161 without significantly etching the con-
ductive members 64, protective structures 131, or conduc-
tive members 764 that overlie the electrodes 62. In another
embodiment, a conventional ashing technique, as used in the
inorganic semiconductor arts, may be performed. The con-
ductive members 64, protective structures 131, and conduc-
tive members 764 that overlie the electrodes 62 help to
protect the substrate structures 42 and organic layer 50 when
removing the etch-back layer 161 when the etch-back layer
161 includes an organic material.

[0181] In another embodiment (not illustrated), the pro-
tective structures 131 are not required if the etch-back layer
161 has a different composition compared to the other
exposed layers. For example, if the etch-back layer 161
includes one or more layers of silicon oxide, nitride, oxyni-
tride, or a combination thereof, the etch-back layer 161 may
be etched using at least a fluorine-containing gas. Many
fluorine-containing gases allow the layer(s) of silicon oxide,
nitride, oxynitride, or a combination thereof to be etched
selectively to many metals and organic materials.

[0182] The other workpiece, including substrate 700 and
conductors 762, is fabricated as previously described. The
conductive members 764 may or may not be present over the
conductors 762. In one particular embodiment, the conduc-
tors 762 are exposed. After the workpieces are placed near
each other and aligned, a reflow operation can be performed



US 2006/0273309 Al

using any one or more of reflow parameters as previously
described. In one embodiment, during reflowing, the con-
ductive members 764 flow towards the workpiece with the
conductors 762. At least some of the conductive members
764 are substantially directly bonded to the electrodes 62
and conductors 762. If needed or desired, testing and repair-
ing operations can be performed as previously described.

[0183] As previously mentioned, some incidental contact
between the conductive members 764 over the electrodes 62
and either or both of the conductive members 64 and
conductive members 766 over the well structures, before
reflowing, may not be problematic. The contact between the
conductive members 764 and 766 can be substantially
eliminated when the conductive members 766 are removed.
The conductive members 764 may ball up as previously
described because of surface energies. The balling up may
help to pull the conductive members 764 away from the
conductive members 64 during the reflow. Thus, any lateral
contact between the conductive members 764 and conduc-
tive members 64 may be substantially eliminated by the end
of the reflow operation. In this manner, adjacent electrodes
62 are not electrically shorted and do not have leakage paths
(for electrical current).

[0184] If any incidental contact between conductive mem-
bers 764 and conductive members 64 needs or is desired to
be eliminated, an etch can be performed after the etch-back
layer 161 is removed. In one particular embodiment, an
isotropic etch can be used to remove a filament or other
residual portion of the conductive member 764 that contacts
the conductive member 64.

[0185] In an alternative embodiment to the embodiment as
illustrated in FIGS. 12 to 19, a selective deposition of the
electrodes 62, the conductive members 764, or any combi-
nation thereof can be performed. For example, a stencil
mask may have openings that correspond to locations
wherein the electrodes 62, the conductive members 764, or
any combination thereof are to be formed. One or more
depositions may be performed using the stencil mask to
form electrodes 62, the conductive members 764, or any
combination thereof. In this particular embodiment, the
conductive members 64 and 766 would not be formed.
Therefore, the protective layer 131 and etch-back layer 161
are not required, thus, providing a process flow with less
processing operations.

[0186] In still another embodiment, the substrate struc-
tures 42 are not required. In one particular embodiment, the
organic layer 50 may include one or more small-molecule
organic materials that can be deposited using a stencil mask.
In another particular embodiment, the electrodes 62 may
also be deposited using a stencil mask. Therefore, use of the
substrate structures 42 may be optional.

[0187] In another embodiment, the sealing material 822
may not be present while the reflow operation is performed.
A jig or other apparatus may hold the second workpiece and
first workpiece in alignment while the reflow operation is
performed. After reflowing, and potentially repairing, an
encapsulating layer 1122 can be formed, as illustrated in
FIG. 11, in the gaps and other openings near the conductive
members 764, conductors 762, and electrodes 62.

[0188] In still another embodiment, an epoxy or other
suitable encapsulating material can be injected between the
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second workpiece and the first workpiece and cured, if
needed or desired. For example, a UV curable epoxy can be
injected and cured using UV radiation. If desired, the sealing
material 822 can be formed outside of the encapsulating
layer 1122 to potentially increase the resistance of the
electronic device to contaminants.

[0189] Other physical configurations can be used. The
common electrode can be replaced by a plurality of elec-
trodes, such as anodes (e.g., rows or columns of anodes, one
electrode for each pixel or subpixel, or the like). The
orientation of the electrodes within the electronic device
may be reversed. The electrodes that are anodes may lie
closer to or be electrically connected with the conductors
762 as compared to a common electrode that is a common
cathode or electrodes that are cathodes. The electrical con-
nections made by the conductive members 764 can be made
to the one type of electrodes (e.g. anodes) that lie further
from the conductors 762 than the other type of electrodes
(e.g., cathodes). One or more additional insulating layers,
one or more patterning sequences, or a combination thereof
may be used to allow the electrical connections without
unintentionally forming an electrical short or leakage path to
an electrode that lies in-between.

[0190] Optional surface treatments for the electrodes 62,
the conductors 762, or any combination thereof may be
performed to achieve desired wetting characteristics. For
example, a fluorine plasma can be used to reduce the surface
energy before forming or reflowing the conductive members
764. In another embodiment, relatively higher surface ten-
sion at the surfaces of the electrodes 62, the conductors 762,
or any combination thereof may be desired. The composition
of the electrodes 62, the conductors 762, the conductive
members 764, or any combination thereof can be changed.
Alternatively, a surface treatment can be used. In this
embodiment, the conductive members 764 may spread out
to cover the surface(s) of the electrodes 62, the conductors
762, or any combination thereof. In this embodiment, the
second workpiece may overlie the first workpiece during
reflow, repair, or both. The rounded sides 1022 may have an
opposite orientation; the sides may be continuous, and the
conductive member 764 may be the narrowest at a point
between the electrodes 62 and the conductors 762.

[0191] More complicated control circuits with additional
electronic components (as compared to the control circuits
illustrated in FIG. 1) can be used. Such additional electronic
components can be used to correct for threshold voltage
shifts that may occur with the power transistors 126. Radia-
tion transmission area may not be lost because such addi-
tional electronic components can be placed over or under the
substrate structures. Thus, the lifetime may increase, and the
display quality may be more stable over time.

8. ADVANTAGES

[0192] The different embodiments may have various
advantages. Note that each advantage may occur with one or
more but not all of the embodiments. Therefore, none of the
advantages are to be construed as essential or critical to the
present invention.

[0193] In one embodiment, a gap may exist between the
conductive members and the electrodes or the conductors
before the reflow operation is performed. The gap can help
to reduce the damage to portions of the electronic device.
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For example, in one embodiment, gaps between the con-
ductive members 764 and the electrodes 62 help to reduce
damage to the electronic components 128, 148, and 168
when aligning or contacting the second workpiece and first
workpiece to each other. In one particular embodiment, the
size of the gap can be controlled by adjusting the height of
the substrate structures 42 or a combination of the substrate
structures 42 and any layers underlying or overlying the
substrate structures 42 before contacting the second work-
piece.

[0194] In another embodiment, the conductive members
764 can be reflowed by using thermal conduction or radia-
tion without causing significant adverse damage to an
organic layer within the electronic device. A variety of
materials can be used to achieve a melting point for the
conductive members so that they do not flow at too low of
a temperature (that may occur during using or testing of the
electronic device) or too high of a temperature. Such flex-
ibility can also extend to avoid one or more materials that
may be deemed relatively more hazardous (e.g., lead). In
one particular embodiment, the conductive members 764
can include a metallic alloy that has a eutectic composition
having a melting point lower than the melting point of any
metal element within such metallic alloy.

[0195] In still another embodiment, the second workpiece
and the first workpiece can be mechanically bonded together
before the reflow operation is used. In this embodiment, the
electrical connections made after reflowing (via the conduc-
tive members) may not be subject to as much external stress
as compared to an embodiment where the reflowed electrical
connections are the principal mechanical connections. In
one particular embodiment, the mechanical bonding of the
second workpiece and first workpiece occurs with the seal-
ing material 822. External forces on the joined panels may
be at least partially absorbed or resisted by the sealing
material 822. The stress on the conductive members 764
after reflowing may be significantly lower as compared to
having only the conductive members 764 hold the panels
together.

[0196] In yet another embodiment, repairing can be per-
formed without disassembling and reassembling or re-fab-
ricating at least a portion of the electronic device. The
repairing allows a high number of reflowed electrical con-
nections to be used without having to necessarily reject the
entire electronic device because the reflow operation did not
reflow one or more of the conductive members. Repairing
can be performed to help make electrical connections that
were not or just barely made. In one particular embodiment,
testing may be performed to identify portions of the elec-
tronic device that have electrical opens or resistances that
are too high (collectively, “non-functional” portions or cir-
cuits). The information from testing can be used to target
where the repairing operation should be performed.

9. EXAMPLES

[0197] The invention will be further described in the
following examples, which do not limit the scope of the
invention described in the claims.

Example 1

[0198] Example 1 demonstrates that electrical connections
between substrates can be formed using a reflow process. A
two-substrate backlight is formed in this example.
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[0199] Referring to FIG. 20, a first substrate 200 is glass
with a layer 202 of ITO having a thickness of approximately
110 nm. A layer 204 of indium is thermally deposited (e.g.
evaporating) on the surface of the ITO in a vacuum of
approximately 1x107° Torr. The thickness of the indium
layer is approximately 650 nm. After the indium layer is
deposited, the first substrate 200 and another substrate 206,
with a light-emitting organic layer (not illustrated) and a
layer 208 of ITO (similar to the first substrate 200) but
without the indium layer, are bonded together by a heat
curable epoxy 209. An illustration of a cross-sectional view
of the bonded substrates is illustrated in FIG. 20. The
resistance between the two layers 202 and 208 at this point
in the process is extremely high due to the gap between the
indium layer 204 (attached to the first substrate 200) and the
ITO layer 208 of the second substrate 206. Thus, no elec-
trical connection has been made between the ITO layers 202
and 208 of the substrates. The bonded substrates are heated
to approximately 160° C. on a hot plate set at a temperature
of 160° C. When the temperature of the substrates reaches
approximately 160° C., the indium melts. The metal reflow-
ing process can take less than 5 seconds at approximately
160° C. to complete. After the reflowing process, the resis-
tance between the two ITO layers 202 and 208 of the two
substrates is approximately 15 Q, indicating that an electri-
cal connection 214 is made, as illustrated in FIG. 21. FIG.
22 includes an illustration of a top view of the reflowed
indium of the electrical connection 214 at the sectioning line
22-22 in FIG. 21. Voids 222 are formed within the electrical
connection 214. After reflowing, the electrical connection
214 becomes an interconnecting network 224 of indium
between the voids 222.

Example 2

[0200] Example 2 demonstrates that conductive members
of indium can be formed that pull away from edges of ITO
layers during a reflow process.

[0201] Two nominal 10 cmx10 cm substrates are used in
this example. Each substrate is glass with 10 ITO strips, each
having a thickness of approximately 110 nm and a width of
approximately 350 microns. The distance between adjacent
strips on each substrate is approximately 150 microns. On
one substrate, a layer of indium is thermally deposited
through a shadow mask onto the surface of the ITO strips in
a vacuum of approximately 1>10° Torr. The thickness of the
indium layer is approximately 650 nm. After the indium
layer is deposited, the two substrates, one with the indium
layer, the other one without the indium layer, are bonded
together by heat curable epoxy. The ITO strips on each
substrate are aligned to be perpendicular to each other. In
that way, as seen from a top view, the overlapping area
between two strips on separate substrates is approximately
350 micronsx350 microns. The total number of pixels
formed by the bonded substrates 230 is 100 (10x10). FIG.
23 includes an illustration of the bonded substrates 230.
Before metal reflowing, the resistance between each strip on
separate substrates is extremely high due to the gap between
the indium layer (attached to one of the substrates) and the
ITO layer of the other substrate. The bonded substrates 230
are heated to approximately 160° C. on a hot plate set at a
temperature of 160° C. When the temperature reaches
approximately 160° C., the indium melts. The metal reflow-
ing process can take less than 5 seconds at approximately
160° C. to complete. After the reflowing process, the resis-
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tance between each pair of strips on separate substrates is
approximately 400 Q, indicating that an electrical connec-
tion has been made. The resistance between each pair of
strips on the same substrate remains extremely high, imply-
ing that the reflowed indium did not electrically short the
strips in a lateral direction. FIG. 24 includes an illustration
of a top view of the reflowed indium 242 on ITO strips 244
over one of the substrates 246 after removing the other
substrate. FIG. 24 illustrates that the surface tension helps to
pull the indium 242, as it is reflowed, away from the edge of
the ITO strips 244, which significantly reduces the likeli-
hood of an unintended electrical connection or leakage path
between neighboring 1TO strips 244.

Example 3

[0202] Example 3 demonstrates that a passive matrix
display and a backlight can be formed using a reflow
process.

[0203] In Example 3, the workpiece includes a driving
panel that is a backlight panel. An metallic alloy layer,
including approximately 40 weight % In, 40 weight % Sn,
and 20 weight % Pb, of approximately 1.5 microns thick is
thermally deposited on top of ITO in a vacuum of less than
approximately 1x107° Torr. The other workpiece includes an
OLED panel that is a backlight panel with a passive matrix
pixelated area with ITO as a common electrode (e.g.,
cathode). The pixelated area is made by forming negative
photoresist banks. Since the height of the photoresist bank is
approximately 3 microns, a gap of approximately 1 micron
lies between the indium layer and the cathode of the OLED
device during the panel bonding. The total pixel count is
approximately 100x50, with pitch size of approximately 100
micronsx300 microns. The openings of the photoresist bank
for each pixel are approximately 75 micronsx200 microns,
translating into an aperture ratio of approximately 48%. The
OLED device on the OLED panel can be made using
conventional techniques. A buffer layer can be spin-coated,
followed by spin-coating a light-emitting polymer layer that
includes MEH-PPV for this example. The cathode is ther-
mally deposited over the light-emitting polymer layer.

[0204] Aheat curable epoxy is deposited along the edge of
the OLED panel. The driving panel and OLED panel are
aligned to each other and then the panels are pressed
together. After two panels are pressed together, the epoxy is
cured at approximately 60° C. for approximately 30 minutes.
A metal reflowing process is performed by heating the
bonded panels to approximately 160° C. on a hot plate set at
a temperature of 160° C. When the temperature of the panels
reaches approximately 160° C., the indium melts. The metal
reflowing process can take less than 5 seconds at approxi-
mately 160° C. to complete. The cathode of each OLED
pixel in the pixelated area and the backlight region are
electrically connected to the driving panel by the reflowed
indium. When DC voltage is applied between the driving
panel and the OLED panel, all the passive pixels and the
backlight portion are turned on and emit light. Note that no
significant current flows through the photoresist bank.

Example 4

[0205] Example 4 demonstrates that an AMOLED display
that is formed using a reflow process described herein can
have a significantly greater aperture ratio compared to a
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conventional AMOLED display. Example 4 also demon-
strates that electrodes can be formed after the substrate
structure is formed, wherein electrical shorts or leakage
paths are not formed between the electrodes. For this
Example 4, the AMOLED display formed at least in part
with a reflow process will be referred to as the “Reflowed
AMOLED Display,” and the conventional AMOLED dis-
play will be referred to as the “Conventional AMOLED
Display.”

[0206] For each AMOLED display, the light-emitting area
is approximately 9.4 cm (3.78 inches) (diagonally measured)
with QVGA format of 320xRGBx240. A substrate structure
256 is formed and defines openings (wells) 254, as illus-
trated by the ovals in FIG. 25. The pixel resolution is
approximately 40 pixels per centimeter (approximately 100
pixels per inch) with a pitch size of approximately 240
micronsx240 microns.

[0207] For the Reflowed AMOLED Display, two work-
pieces are used. One of the workpieces includes a common
electrode (e.g., a common anode) and a substrate structure
256 that are sequentially formed over a substrate. As seen
from a cross-sectional view (not illustrated), the substrate
structure has a height of approximately 3 microns and walls
with a negative slope. Red, green, and blue light-emitting
organic materials are deposited into their respective open-
ings 254. Electrodes that are cathodes in one embodiment
are thermally deposited over the red, green, and blue light-
emitting organic materials. A combined thickness of each
electrode and its corresponding light-emitting organic mate-
rial is approximately 0.5 microns. The substrate structure
256, due to its height and negative slope, helps to reduce the
likelihood that electrical shorts or leakage paths are formed
between the electrodes.

[0208] The second workpiece is an active matrix TFT
panel that includes conductors electrically connected to
control circuits within the active matrix TFT panel. The
layout of the control circuits is designed, such that after
joining the two workpieces, at least portions of the control
circuits will overlie or underlie the substrate structure 256.
The design helps to increase the aperture ratio. A layer of
indium with a thickness of approximately 1.5 microns is
thermally deposited in a vacuum over the conductors. A
metal etch process can be used to pattern the indium layer to
complete formation of the conductive members. After metal
etching, each conductor has a corresponding conductive
member with a height of approximately 1.5 microns.

[0209] Because the height of the substrate structure 256 is
approximately 3 microns, a gap of approximately 1 micron
exists between the conductive members (of the active matrix
TFT panel) and the electrodes (of the OLED panel) during
the alignment. After the alignment, the active matrix TFT
panel and the OLED panel are physically bonded together
by epoxy deposited around the display area. A metal reflow-
ing process is performed by heating the bonded panels to
approximately 160° C. on a hot plate set at the temperature
01 160° C. When the temperature of the conductive members
exceeds approximately 156° C., the indium melts. The metal
reflowing process can take less than 5 seconds at approxi-
mately 160° C. to complete. The electrode of each OLED
pixel or subpixel is electrically connected to its respective
control circuit by the reflowed indium. For the Reflowed
AMOLED Display, the aperture ratio is approximately 65%.



US 2006/0273309 Al

[0210] For the conventional AMOLED Display, control
circuits and peripheral electronics (i.e., row/column drivers,
row/column decoders, etc.) are formed over a substrate. The
radiation-emitting components for the Conventional
AMOLED Display are formed over the same substrate
having the control circuits using conventional techniques.
The Conventional AMOLED Display includes transparent
anodes and a reflecting common cathode. Because the
control circuits block some of the radiation that is emitted,
the rectangles 252 in FIG. 25 illustrate the radiation emitting
area that remains visible to a user. The Conventional
AMOLED Display has an aperture ratio of approximately
16%, which is significantly less than the Reflowed
AMOLED Display.

Example 5

[0211] Example 5 demonstrates that non-functional por-
tions of an electronic device can be repaired using the metal
reflow process.

[0212] The OLED display fabricated in Example 4 may
have some non-functional portion, as some conductive
members (e.g., indium bumps) may not have properly
reflowed. A test can be performed to determine which pixels
or subpixels have electrical opens or resistance too high
between a power transistor 126 and its corresponding elec-
tronic components 128, 148, or 168. For each pixel or
subpixel having an electrical open, a pulsed UV excimer
laser emitting light at approximately 260 nm is used to repair
the non-functional pixels or subpixels. The pulse width of
the laser light is in the millisecond range. By focusing the
excimer laser beam with power output of approximately 1
mW onto the non-functional pixel or subpixel, the input
power can reach approximately 30 W/cm?. With this power
density, the conductive member can be re-melted, resulting
in an electrical connection between the non-functional pix-
el’s or subpixel’s cathode and the corresponding power
transistor 126. Thus, the non-functional pixel or subpixel is
repaired, so that it becomes functional. The pixel or subpixel
can be turned on after the laser repairing process.

[0213] Note that not all of the activities described above in
the general description or the examples are required, that a
portion of a specific activity may not be required, and that
one or more further activities may be performed in addition
to those described. Still further, the order in which activities
are listed are not necessarily the order in which they are
performed.

[0214] In the foregoing specification, the invention has
been described with reference to specific embodiments.
However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without
departing from the scope of the invention as set forth in the
claims below. Accordingly, the specification and figures are
to be regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be included
within the scope of invention.

[0215] Benefits, other advantages, and solutions to prob-
lems have been described above with regard to specific
embodiments. However, the benefits, advantages, solutions
to problems, and any feature(s) that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential
feature of any or all the claims.
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What is claimed is:
1. A workpiece comprising:

electronic components that each include a first electrode
and an organic layer that emits radiation, responds to
radiation, or a combination thereof; and

conductive members that are attached to the first elec-
trodes, wherein the conductive members include a
material that melts at a temperature no greater than
240° C.

2. The workpiece of claim 1, wherein each first electrode
has at least one conductive member attached to the first
electrode.

3. The workpiece of claim 1, wherein no conductive
member is attached to more than one first electrode.

4. The workpiece of claim 1, wherein the workpiece
further comprises a substrate structure lying adjacent to at
least some of the electronic components.

5. The workpiece of claim 1, wherein:

the electronic components comprise at least 4,000 elec-
tronic components; and

the conductive members comprise at least 4,000 conduc-
tive members that are attached to the at least 4,000
electronic components.
6. The workpiece of claim 1, wherein the electronic
components comprise radiation-emitting components.
7. The workpiece of claim 6, further comprising a sub-
strate structure, wherein:

the electronic components comprise:

red light-emitting components that include first elec-
trodes and a red light-emitting organic layer;

green light-emitting components that include first elec-
trodes and a green light-emitting organic layer; and

blue light-emitting components that include first elec-
trodes and a blue light-emitting organic layer; and

the substrate structure lies between the red light-emitting
components, the green light-emitting components, and
the blue light-emitting components;

the conductive members are attached to the first elec-
trodes of the red light-emitting components, green
light-emitting components, and blue light-emitting
components.

8. The workpiece of claim 7, wherein:

the red light-emitting components, the green light-emit-
ting components, and the blue light-emitting compo-
nents share a common electrode; and

the workpiece is designed, such that radiation is to be
transmitted through the common electrode of the red
light-emitting components, the green light-emitting
components, and the blue light-emitting components.
9. The workpiece of claim 1, wherein the electronic
components are at least part of a static image display, a
passive matrix display, a sensor array, or a photovoltaic cell.
10. A workpiece comprising:

control circuits designed to control electronic components
that each include an organic layer that emits radiation,
responds to radiation, or a combination thereof;
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conductors that are part of or electrically connected to the
control circuits; and

conductive members that are attached to the conductors,
wherein the conductive members melt at a temperature
no greater than 240° C.

11. The workpiece of claim 10 wherein the conductive
members comprise an indium-containing material.

12. The workpiece of claim 10, wherein each conductor
has at least one conductive member attached to the conduc-
tor.

13. The workpiece of claim 10, wherein no conductive
member is attached to more than one conductor.

14. The workpiece of claim 10, wherein:

the conductors comprise at least 4,000 conductors; and

the conductive members comprise at least 4,000 conduc-
tive members that are attached to the at least 4,000
conductors.
15. The workpiece of claim 14, further comprising a
plurality of second conductive members and a plurality of
third conductive members, wherein:

a first set of the control circuits are designed to control red
light-emitting components that include a red light-
emitting organic layer;

a second set of the control circuits are designed to control
green light-emitting components that include a green
light-emitting organic layer;
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a third set of the control circuits are designed to control
blue light-emitting components that include a blue
light-emitting organic layer; and

the conductive members are attached to conductors of the
first, second, and third sets of the control circuits.

16. The workpiece of claim 14, wherein the conductive
members are at a density of at least 15.5 conductive mem-
bers per cm” in an array portion of the workpiece.

17. The workpiece of claim 10, wherein a surface energy
of the conductors is lower than a surface energy of the
conductive members.

18. The workpiece of claim 10, wherein a surface of the
conductors contacting the conductive members comprises
an indium-tin oxide.

19. The workpiece of claim 10, further comprising a
substrate, wherein radiation, which can be emitted from
electronic components that can be controlled by the control
circuits, can be transmitted through the substrate.

20. The workpiece of claim 10, further comprising a
substrate wherein radiation, which can be used to reflow the
conductive members, can be transmitted through the sub-
strate.



