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FIG. 1

(57) Abstract: A light-emitting diode display device includes a transparent substrate (10); a plurality of chiplets(20) located over
the substrate between a transparent electrode (12) and the substrate, each chiplet including drive circuitry (26) for driving pixels
(5) to emit light and including a storage capacitor for storing charge and wherein light illumination of at least a portion of the
drive circuit causes the capacitor to leak charge; a connection pad (24) forming a first light shield (30A) separate from the drive
circuitry located on the surface of each chiplet disposed over the drive circuitry and substantially shielding at least a portion of the
drive circuitry from illumination, the connection pad electrically connected to the drive circuitry; and a second light shield dis-
posed under the drive circuitry between the drive circuitry and the substrate to shield at least a portion of the drive circuitry from
illumination.
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DISPLAY DEVICE WITH CHIPLETS AND LIGHT SHIELDS

FIELD OF THE INVENTION
The present invention relates to display devices having a substrate

with distributed, independent chiplets for controlling a pixel array.

BACKGROUND OF THE INVENTION

Flat-panel display devices are widely used in conjunction with
computing devices, in portable devices, and for entertainment devices such as
televisions. Such displays typically employ a plurality of pixels distributed over a
substrate to display images. Each pixel incorporates several, differently colored
light-emitting elements commonly referred to as sub-pixels, typically emitting red,
green, and blue light, to represent each image element. As used herein, pixels and
sub-pixels are not distinguished and refer to a single light-emitting element. A
variety of flat-panel display technologies are known, for example plasma displays,
liquid crystal displays, and light-emitting diode (LED) displays.

Light emitting diodes (LEDs) incorporating thin films of light-
emitting materials forming light-emitting elements have many advantages in a
flat-panel display device and are useful in optical systems. US Patent No.
6,384,529 issued May 7, 2002 to Tang et al. shows an organic LED (OLED) color
display that includes an array of organic LED light-emitting elements.
Alternatively, inorganic materials can be employed and can include
phosphorescent crystals or quantum dots in a polycrystalline semiconductor
matrix. Other thin films of organic or inorganic materials can also be employed to
control charge injection, transport, or blocking to the light-emitting-thin-film
materials, and are known in the art. The materials are placed upon a substrate
between electrodes, with an encapsulating cover layer or plate. Typically, one of
the electrodes is transparent and the other reflective. Light is emitted from a pixel
when current passes through the light-emitting material and passes through the
transparent electrode and out of the device. If the bottom electrode and substrate
are transparent, the device is a bottom emitter. If the top electrode and cover are

transparent, the device is a top emitter. The frequency of the emitted light is
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dependent on the nature of the material used. In such a display, light can be
emitted through the substrate (a bottom emitter) or through the encapsulating
cover (a top emitter), or both. It is well known that light emitted from the high-
index organic layers is trapped in the organic layers, the transparent electrode, and
a transparent substrate (in a bottom-emitter configuration) due to the relatively
high indices of refraction of those materials compared to air.

In an active-matrix device, active control elements are formed of
thin films of semiconductor material, for example amorphous or poly-crystalline
silicon, coated over the flat-panel substrate. Typically, each sub-pixel is
controlled by one control element and each control element includes at least one
transistor. For example, in a simple active-matrix organic light-emitting (OLED)
display, each control element includes two transistors (a select transistor and a
power transistor) and one capacitor for storing a charge specifying the luminance
of the sub-pixel. Each light-emitting element typically employs an independent
control electrode and an electrode electrically connected in common. Control of
the light-emitting elements is typically provided through a data signal line, a select
signal line, a power connection and a ground connection.

One common, prior-art method of forming active-matrix control
elements typically deposits thin films of semiconductor materials, such as silicon,
onto a glass substrate and then forms the semiconductor materials into transistors
and capacitors through photolithographic processes. The thin-film silicon can be
either amorphous or polycrystalline. Thin-film transistors (TFTs) made from
amorphous or polycrystalline silicon are relatively large and have lower
performance compared to conventional transistors made in crystalline silicon
wafers. Moreover, such thin-film devices typically exhibit local or large-area
non-uniformity across the glass substrate that results in non-uniformity in the
electrical performance and visual appearance of displays employing such
materials. In such active-matrix designs, each light-emitting element requires a
separate connection to a driving circuit. The behavior of silicon transistors, made
in either thin films or in crystalline silicon, changes in the presence of
electromagnetic radiation, including visible light. Typically, exposing the thin—

film transistors to light increases the carrier density in the transistors, causing
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more current to pass through the transistor This, in turn, can increase the amount
of current passed through light-emitting diodes, for example in organic light
emitting diode displays. These changes in current cause non-uniformities in the
display, increased or decreased brightness, or other unacceptable display
behaviors.

This problem can be addressed in a thin-film transistor circuit by
forming a light-shield on the substrate to shield transistors from light in an LCD,
as disclosed in U.S. Patent 6,525,341 issued February 25, 2003 to Tsujimura, et al.
A metal gate electrode is also disclosed that can serve to shield a transistor
junction from light. U.S. Patent 6,746,905 issued June 8, 2004 to Fukuda
discloses a light shield layer including an amorphous silicon carbide layer located
below thin-film transistors. However, these structures can be limited to thin-film
circuit designs on substrates. U.S. Patent 6,636,284 issued October 21, 2003 to
Sato describes an electro-optical device with TFTs that includes an upper light
shield layer and a lower light shield for an LCD. The upper light shield is formed
in a grid-like configuration above the TFTs and can include a capacitor layer or
conductive traces such as a data line or capacitive line. The lower light shield is
formed on the substrate beneath the TFTs. This arrangement requires that
conductive lines or a circuit capacitor be located directly above the TFTs,
therefore limits the circuit layout, requires more processing layers than are
desirable and might not be useful in other circuit designs and circuit

manufacturing processes.

Employing an alternative control technique, Matsumura et al., in
U.S. Patent Application No. 2006/0055864, describe crystalline silicon substrates
used for driving LCD displays. The application describes a method for selectively
transferring and affixing pixel-control devices made from first semiconductor
substrates onto a second planar display substrate. Wiring interconnections within
the pixel-control device and connections from busses and control electrodes to the
pixel-control device are shown. However, there is no teaching of structures or

methods for preventing light exposure to circuits in such a pixel-control device.
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There is a need, therefore, for an improved structure for display
devices employing LEDs and high-performance circuits that overcomes any

problems with circuit performance changes in response to light exposure.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a light-
emitting diode display device, comprising:

a) a transparent substrate;

b) a plurality of pixels formed on the substrate, each pixel
including a transparent electrode formed over the transparent substrate, one or
more layers of light-emitting material formed over the transparent electrode, and
an electrode formed over the one or more layers of light-emitting material;

¢) a plurality of chiplets located over the substrate between the
transparent electrode and the substrate, each chiplet including drive circuitry for
driving the pixel to emit light, the drive circuitry including a storage capacitor for
storing charge and wherein light illumination of at least a portion of the drive
circuit causes the capacitor to leak charge;

d) a connection pad forming a first light shield separate from the
drive circuitry located on the surface of each chiplet disposed over the drive
circuitry and substantially shielding at least a portion of the drive circuitry from
illumination, the connection pad electrically connected to the drive circuitry; and

e) a second light shield disposed under the drive circuitry between
the drive circuitry and the substrate to shield at least a portion of the drive

circuitry from illumination.

ADVANTAGES
The present invention has the advantage that, by providing first and
second light shields with a chiplet-controlled light-emitting diode display,
electromagnetic interference is reduced and performance and stability of the

display are enhanced.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial cross section of a chiplet having two light shields
according to an embodiment of the present invention;

FIG. 2 is a schematic of an OLED drive circuit illustrating light
illumination useful in understanding the present invention;

FIG. 3 is a cross section of a chiplet according to an embodiment of
the present invention;

FIG. 4 is a cross section of a chiplet according to an alternative
embodiment of the present invention;

FIG. 5 is a partial cross section of a chiplet having two light shields
and illustrating light rays according to an embodiment of the present invention;

FIG. 6 is a graph illustrating the transparency of crystalline silicon
useful in understanding the present invention;

FIG. 7 is another graph illustrating the transparency of crystalline
silicon useful in understanding the present invention; and

FIG. 8 is a graph illustrating the effect of emitted light on a chiplet

driver circuit in an active-matrix bottom-emitter OLED device.

Because the various layers and elements in the drawings have

greatly different sizes, the drawings are not to scale.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, according to one embodiment of the present
invention, a light-emitting diode display device includes a transparent substrate
10, a plurality of pixels 5 formed on the transparent substrate 10, each pixel 5
including a transparent electrode 12 formed over the transparent substrate 10, one
or more layers 14 of light-emitting material formed over the transparent electrode
12, and a reflective electrode 16 formed over the one or more layers of light-
emitting material to from a diode 15 in a bottom-emitter design. In other
embodiments of the present invention, the electrode 16 can be transparent and the

substrate 10 opaque to provide a top-emitter design. In a design that emits light
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from both sides of the display, both the electrode 16 and the substrate 10 can be
transparent.

A plurality of chiplets 20 are located over the transparent substrate
10 between the transparent electrode 12 and the transparent substrate 10, each
chiplet 20 including drive circuitry 26 for driving the pixel 5 to emit light 1.
Referring to FIG. 2, in one embodiment, the drive circuitry 26 can include a select
transistor 42 for depositing charge in a capacitor 40. The voltage across the
capacitor 40 controls a drive transistor 44 to drive an OLED 46. Ambient light
illumination 49 or OLED light illumination 48 on at least a portion of the drive
circuitry 26 causes it to leak charge, thereby reducing the driving voltage of the
drive transistor 44 and therefore the current through the OLED 46. Other drive
circuits are known in the art and are included in the present invention.

A connection pad 24 forming a first light shield 30A separate from
the drive circuitry 26 located on the surface of each chiplet 20 is disposed over the
drive circuitry 26 and substantially shields at least a portion of the drive circuitry
26 from illumination. The connection pad 24 is electrically connected to the drive
circuitry 26. A second light shield 30B is disposed under the drive circuitry 26
between the drive circuitry 26 and the transparent substrate 10 to shield at least a
portion of the drive circuitry 26 from illumination. Illumination of the drive
circuitry 26 includes either or both of ambient light illumination 49 or OLED light
illumination 48 from light emitted by the one or more layers 14 of light-emitting
material.

The performance of various circuit elements can be affected by
light illumination and it is therefore useful to shield various components of the
drive circuitry 26, or all of the drive circuit 26. Additional circuitry 22 can be
employed to control the chiplet and pixel 5. A connection pad 24 can be formed
on the surface of the chiplet 20 to connect the drive circuit 26 to the transparent
electrode 12 and additional connection pads (not shown in FIG. 1) can be used to
connect wires to the chiplet from an external controller, for example signal wires,
and power and ground lines. The chiplet surface can be planarized and the chiplet
20 adhered to the substrate 10 with an adhesive planarization layer 18. More

planarization material can be deposited in a second step to cover the chiplet 20. A
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via 19, can be photolithographically formed over the connection pad 24 to provide
access to the connection pad 24 for the transparent electrode 12 through the
adhesive planarization layer 18. The reflective electrode 16 can be electrically
common to a plurality of pixels.

A variety of driver circuits 26 can be employed in various
embodiments of the present invention. In one prior-art design illustrated in FIG.
2, each pixel employs two transistors and a capacitor. The first transistor 42 is
responsive to signal lines (e.g. select and data signals) to deposit a charge in the
capacitor 40. The second transistor 44 drives the LED device 46 to emit light in
response to the charge stored in the capacitor 40. Alternative circuits can employ
more than two transistors and more than one capacitor, for example. Driver
circuit physical and electrical modeling has demonstrated that the primary
mechanism for temporal non-uniformity of the LED current in an active-matrix
design is the discharge of charge stored in storage capacitors (e.g. 40) constructed
in the silicon substrate of the chiplet 20 due to ambient and OLED illumination of
the driver circuit 26. It is therefore advantageous to shield the entire driver circuit
26, and particularly any circuit elements that discharge the capacitor 40. It is also
useful to shield any elements whose performance changes as a result of

illumination.

It has been demonstrated that an active-matrix drive circuit 26,
such as that illustrated in Fig. 2, is temporally responsive to illumination. In
particular, when charge is deposited in the capacitor 40 and the select signal is not
active, the control transistor 42 leaks current at a significant rate when the control
transistor 42 is illuminated. Physical modeling demonstrates that the charge
leakage when the device is illuminated can increase by a factor of 100 million
when compared to the charge leakage when the device is not illuminated. The
model employed 623 nm light at 5 W/cm?. In one circuit design using a 54{F
storage capacitor in a two-transistor, single capacitor circuit with a maximum 3V
drive signal, the storage capacitor can discharge in about 32 microseconds. When
the storage capacitor 40 is refreshed at an increased frequency so that less time is
available for charge leakage, the change in LED 46 emission is reduced, showing

that the charge loss in the capacitor 40 is likewise reduced. [llumination of the
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drive transistor 44 is also demonstrated to increase the current passing through the
OLED element 46 independently of any change in the gate voltage (or capacitor
charge). Hence, in the embodiment of FIG. 2, by shielding the control transistor
42 or drive transistor 46, unwanted changes in device performance due to drive
circuit illumination are reduced.

According to various embodiments of the present invention, a
chiplet active-matrix circuit provides greatly improved performance, for example
in uniformity, response, frequency, current, and size. It is also preferred to
employ a single wiring layer above the chiplets 20 over the planarization layer 18,
to reduce manufacturing steps and cost. Hence, for a chiplet 20 whose surface is
largely covered with connection pads 24, it is not possible to shield the chiplet 20
with wiring, as is suggested in U.S. Patent 6,636,284 cited above. Moreover, as is
also suggested in U.S. Patent 6,636,284, employing a metal capacitor layer
requires the construction of a multi-layer, multi-element circuit with increased
complexity, processing steps, and cost. Furthermore, chiplets are much thicker
than thin-film transistors and the use of a small metal capacitor layer, or a metal
transistor gate will not provide adequate shielding for light that can enter into the
chiplet on the side, bottom, or at an angle to the chiplet surface. The present
invention provides improved shields suitable for chiplet active-matrix circuits that
provide a greater degree of light shielding without increasing process steps.
Hence, the present invention improves on the prior art by simultaneously
providing higher electrical performance, reduced susceptibility to light
illumination, reduced circuit layout complexity and cost, and increased flexibility
in device layout.

According to various embodiments of the present invention, the
driver circuitry 26 and the first and second light shields 30A and 30B can be
positioned in somewhat different locations or be formed on different surfaces or
comprise different materials. The second light shield 30B can comprise, for
example, a metal layer photolithographically patterned on the substrate 10.
Alternatively, the second light shield 30B can comprise, for example, a black resin
layer patterned on the substrate 10. The black resin layer can then usefully serve

as a black matrix for absorbing incident ambient light and thereby improve the
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contrast ratio of the display device. The black resin layer can also be an adhesive
and adhere the chiplet 20 to the substrate 10. Referring to FIG. 3, in an alternative
embodiment of the present invention, the second light shield 30B can be formed
on the side of the chiplet 20 adjacent to the substrate. A metal layer can be
formed on the chiplet 20, for example, or a light-absorbing material (such as a
resin) or a light-absorbing adhesive. Alternatively, a metal layer can be formed in
the chiplet between the driver circuitry 26 and the substrate 10. The second light
shield 30B can cover the entire side of the chiplet 20 (as shown in FIGS. 3 and 4)
or only a portion of the chiplet 20 (as shown in FIG. 1). The second light shield
30B can extend beyond the chiplet 20 on at least one side over the substrate 10 (as
shown in FIG. 1) on any or all of the sides of the chiplet 20, thereby more
etfectively shielding the drive circuitry 26.

The connection pad 24 is opaque (for example comprising metal or
having a metal layer). The light shield 30A shields at least a portion of the driver
circuitry 26 located beneath the connection pad 24. Alternatively, the light shield
30A can shield an entire driver circuit 26. Typical integrated circuits include
metal for connecting circuit components (e.g. transistors, capacitors) that can be
employed for this purpose. A chiplet 20 can include multiple connection pads 24
for connecting to external buss lines, as shown in FIG. 4.

According to an embodiment of the present invention, the substrate
10 and the planarization and adhesive material 18 are transparent. The chiplet 20
provides a voltage differential to the electrodes 12, 16, causing current to flow
through the one or more organic layers 14 and emit light. The light passes
through the transparent electrode 12, the planarization layer 18, and the substrate
10 and is emitted from the device. Alternatively, light can be emitted from the
one or more organic layers 14 toward the reflective electrode 16, is reflected from
the reflective electrode 16, passes through the one or more organic layers 14,
through the transparent electrode 12, the planarization layer 18, and the substrate
10 and is emitted from the device. Because the one or more organic layers have a
relatively high refractive index (e.g. 1.6 to 1.7) and the transparent electrode has a
high refractive index (e.g. comprising ITO with a refractive index of 1.8 to 2.2),

light is trapped by total internal reflection in these layers. Furthermore, depending

-9.



WO 2010/093589 PCT/US2010/023535

10

15

20

25

30

on the angle of emission from the one or more organic layers 14, light is trapped
in the planarization layer 18 and substrate 10. Planarization layers typically
comprise a transparent resin material with an optical index of approximately 1.5,
and the substrate 10 typically includes glass and has a similar optical index of
approximately 1.5. Hence, the trapped light can travel through the OLED layers
12, 14 planarization layer 18, and even in the substrate 10 and, in the absence of
the light shields 30A and 30B of the present invention, strike the driver circuitry
26 to deleteriously affect the circuit performance.

The present invention provides stable and consistent drive circuit
performance in the presence of both ambient and emitted light. Referring to FIG.
5, ambient light can pass through the substrate 10 and the chiplet 20. In the
absence of the second light shield 30B, the ambient light would be incident upon
the drive circuitry 26, causing the drive circuitry 26 to functionally depend on the
level of incident ambient light. According to the present invention, however, the
incident ambient light 3A is absorbed or reflected by the second light shield 30B.
Because of the particular construction of an OLED device, incident ambient light
3B would also illuminate the driver circuitry 26 by reflection from the reflective
electrode 16. The first light shield 30A absorbs the reflected ambient illumination
3B.

Light emitted from the LED device can also detrimentally
illuminate the driver circuitry 26. According to the present invention, light 2A
emitted from the one or more organic layers 14 which would illuminate the driver
circuitry 26 is instead absorbed by the first light shield 30A. Light 2B emitted
from the one or more organic layers 14 but trapped, due to total internal reflection,
in the substrate 10, transparent electrode 12, and one or more organic layers 14
which would also illuminate the driver circuitry 26 is instead absorbed by the
second light shield 30B. Light emitted toward the reflective electrode 16 is
reflected and can follow one of the light paths 1, 2A, or 2B.

According to the embodiments of the present invention, both first
and second light shields 30A, 30B are necessary. Chiplets, as described below,
can employ a crystalline silicon substrate thickness of less than 50, less than 25

microns, less than 15 microns, less than 12 microns and even less than 10
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microns. Chiplets with an approximate thickness of 8 microns have been
constructed and employed in active-matrix OLED displays. At these thicknesses,
crystalline thickness has a substantial transparency. Referring to FIG. 6 and FIG.
7, the transmissivity spectrum of crystalline silicon is graphed for substrate
thicknesses of 10 microns and 2 microns, respectively. Circuitry formed in the
chiplet 20 extends into the substrate up to 8 microns, or even more depending on
the process, the circuitry, and the number of layers required for the circuitry 22.
Hence, driver circuits 26 can be physically near the chiplet 20 side adjacent to the
substrate 10 and incident ambient light (in the absence of the second light shield
30B) can pass into the crystalline silicon a sufficient distance to illuminate the
driver circuit 26 and affect the behavior of the driver circuit 26. Likewise, the
planarization layer 18 is transparent so that light 1 can be emitted from the device.
Since the crystalline silicon comprising the chiplet 20 has an optical index higher
than that of the substrate 10 or planarization layer 18, light 2B trapped in the
substrate 10 incident on the chiplet 20 will enter the chiplet 20 to illuminate the
driver circuit 26 as shown by the dashed arrow), in the absence of the second light
shield 30B.

An active-matrix OLED display device having chiplet pixel control
has been constructed. The chiplets had crystalline silicon substrates and were
approximately 8 microns thick. The OLED structure described in FIG. 1 was
constructed, but without the first and second light shields. The light output of the
emitting layers has been demonstrated to vary depending on the ambient
illumination incident upon the display. Referring to FIG. 8, the change in display
current (corresponding to luminance) for the OLED structure over time due to
emission from the OLED elements is shown. No light shield is present in the test
of FIG. 8. As shown in FIG. 8, the OLED device current is reduced by more than
20% over time, until it is refreshed. The test was performed with a refresh of 60
Hz, a maximum display current of 1.3 mA, and a current density of 3.2 mA/cm’ in
the OLED device of FIG. 1. By refreshing more frequently, less time is provided
for the capacitor to discharge and a greater current used corresponding to a more
consistent light output over time. The table below shows the total device current

used for a full frame.
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800 Hz refresh 4.78 mA

In a second experiment, by locating a light shield over the device, no change in
display current is seen as ambient illumination is changed.

Each chiplet 20 can include circuitry 22 for controlling the pixels 5
to which the chiplet 20 is connected through connection pads 24. The circuitry 22
can include storage elements that store a value representing a desired luminance
for each pixel 5 to which the chiplet 20 is connected, the chiplet 20 using such
value to control the pixel 5 to emit light. In yet another embodiment of the
present invention, one or two storage elements can be employed for each light-
emitting element to which the chiplet 20 is connected. A controller for the display
device can provide control and data signals through buss lines connected to the
chiplet connection pads for driving the pixels to emit image-wise light. The
controller can be implemented as a chiplet and affixed to the substrate 10. The
controller can be located on the periphery of the substrate 10, or can be external to
the substrate 10 and comprise a conventional integrated circuit.

According to various embodiments of the present invention, the
chiplets 20 can be constructed in a variety of ways, for example with one or two
rows of connection pads 24 along a long dimension of a chiplet 20.
Interconnection busses can be formed from various materials and use various
methods for deposition on the device substrate. For example, the interconnection
busses can be metal, either evaporated or sputtered, for example aluminum or
aluminum alloys. Alternatively, the interconnection busses can be made of cured
conductive inks or metal oxides. In one cost-advantaged embodiment, the
interconnection busses are formed in a single layer.

The present invention is particularly useful for multi-pixel device
embodiments employing a large device substrate, e.g. glass, plastic, or foil, with a
plurality of chiplets 20 arranged in a regular arrangement over the device substrate
10. Each chiplet 20 can control a plurality of pixels 5 formed over the device

substrate 10 according to the circuitry in the chiplet 20 and in response to control
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signals. Individual pixel groups or multiple pixel groups can be located on tiled
elements, which can be assembled to form the entire display.

According to the present invention, chiplets 20 provide distributed
pixel control elements over a substrate 10. A chiplet 20 is a relatively small
integrated circuit compared to the device substrate 10 and includes a circuit 22
including wires, connection pads 24, passive components such as resistors or
capacitors, or active components such as transistors or diodes, formed on an
independent substrate. Chiplets 20 are separately manufactured from the display
substrate 10 and then applied to the display substrate 10. The chiplets 20 are
preferably manufactured using silicon or silicon on insulator (SOI) wafers using
known processes for fabricating semiconductor devices. Each chiplet 20 is then
separated prior to attachment to the device substrate 10. The crystalline base of
each chiplet 20 can therefore be considered a substrate separate from the device
substrate 10 and over and in which the chiplet circuitry 22 is disposed. The
plurality of chiplets 20 therefore has a corresponding plurality of substrates
separate from the device substrate 10 and each other. In particular, the
independent substrates are separate from the substrate 10 on which the pixels 5 are
formed and the areas of the independent, chiplet substrates, taken together, are
smaller than the device substrate 10. Chiplets 20 can have a crystalline substrate
to provide higher performance active components than are found in, for example,
thin-film amorphous or polycrystalline silicon devices. Chiplets 20 can have a
thickness preferably of 100 um or less, and more preferably 20 um or less. This
facilitates formation of the adhesive and planarization material 18 over the chiplet
20 that can then be applied using conventional spin-coating techniques.
According to one embodiment of the present invention, chiplets 20 formed on
crystalline silicon substrates are arranged in a geometric array and adhered to a
device substrate (e.g. 10) with adhesion or planarization materials. Connection
pads 24 on the surface of the chiplets 20 are employed to connect each chiplet 20
to signal wires, power busses and pixel electrodes (16, 12) to drive pixels 5.
Chiplets 20 can control at least four pixels 5.

Since the chiplets 20 are formed in a semiconductor substrate, the

circuitry of the chiplet can be formed using modern lithography tools. With such
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tools, feature sizes of 0.5 microns or less are readily available. For example,
modern semiconductor fabrication lines can achieve line widths of 90 nm or 45
nm and can be employed in making the chiplets of the present invention. The
chiplet 20, however, also requires connection pads 24 for making electrical
connection to the wiring layer provided over the chiplets once assembled onto the
display substrate 10. The connection pads 24 are sized based on the feature size
of the lithography tools used on the display substrate 10 (for example 5 um) and
the alignment of the chiplets 20 to the wiring layer (for example +/- 5um).
Therefore, the connection pads 24 can be, for example, 15 um wide with 5 um
spaces between the pads. This means that the pads will generally be significantly
larger than the transistor circuitry formed in the chiplet 20.

The pads can generally be formed in a metallization layer on the
chiplet over the transistors. It is desirable to make the chiplet with as small a
surface area as possible to enable a low manufacturing cost.

By employing chiplets with independent substrates (e.g.
comprising crystalline silicon) having circuitry with higher performance than
circuits formed directly on the substrate (e.g. amorphous or polycrystalline
silicon), a device with higher performance is provided. Since crystalline silicon
has not only higher performance but also much smaller active elements (e.g.
transistors), the circuitry size is much reduced. A useful chiplet can also be
formed using micro-electro-mechanical (MEMS) structures, for example as
described in "A novel use of MEMS switches in driving AMOLED", by Yoon,
Lee, Yang, and Jang, Digest of Technical Papers of the Society for Information
Display, 2008, 3.4, p. 13.

The device substrate 10 can comprise glass and the wiring layers
made of evaporated or sputtered metal or metal alloys, e.g. aluminum or silver,
formed over a planarization layer (e.g. resin) patterned with photolithographic
techniques known in the art. The chiplets 20 can be formed using conventional
techniques well established in the integrated circuit industry.

The present invention can be employed in devices having a multi-
pixel infrastructure. In particular, the present invention can be practiced with

LED devices, either organic or inorganic, and is particularly useful in information-
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display devices. In a preferred embodiment, the present invention is employed in
a flat-panel OLED device composed of small-molecule or polymeric OLEDs as
disclosed in, but not limited to U.S. Patent No. 4,769,292, issued September 6,
1988 to Tang et al., and U.S. Patent No. 5,061,569, issued October 29, 1991 to
VanSlyke et al. Inorganic devices, for example, employing quantum dots formed
in a polycrystalline semiconductor matrix (for example, as taught in US
Publication 2007/0057263 by Kahen), and employing organic or inorganic charge-
control layers, or hybrid organic/inorganic devices can be employed. Many
combinations and variations of organic or inorganic light-emitting displays can be
used to fabricate such a device, including active-matrix displays having either a

top- or a bottom-emitter architecture.
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PARTS LIST

emitted light

incident emitted light

trapped and incident emitted light
ambient incident light
reflected ambient incident light
pixel

substrate

transparent electrode

layers of light-emissive material
light-emitting diode

reflective electrode
planarization layer

via

chiplet

circuitry

connection pad

drive circuit

first light shield

second light shield

capacitor

control transistor

drive transistor

OLED

OLED light illumination

ambient light illumination
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CLAIMS:

1. A light-emitting diode display device, comprising:

a) a transparent substrate;

b) a plurality of pixels formed on the substrate, each pixel
including a transparent electrode formed over the transparent substrate, one or
more layers of light-emitting material formed over the transparent electrode, and
an electrode formed over the one or more layers of light-emitting material;

c) a plurality of chiplets located over the substrate between the
transparent electrode and the substrate, each chiplet including drive circuitry for
driving the pixel to emit light, the drive circuitry including a storage capacitor for
storing charge and wherein light illumination of at least a portion of the drive

circuit causes the capacitor to leak charge;

d) a connection pad forming a first light shield separate from the
drive circuitry located on the surface of each chiplet disposed over the drive
circuitry and substantially shielding at least a portion of the drive circuitry from
illumination, the connection pad electrically connected to the drive circuitry; and

e) a second light shield disposed under the drive circuitry between
the drive circuitry and the substrate to shield at least a portion of the drive

circuitry from illumination.

2. The light-emitting diode display device of claim 1, wherein the
illumination is ambient illumination originating externally to the light-emitting

diode display device.

3. The light-emitting diode display device of claim 1, wherein the

illumination is light emitted by the one or more layers of light-emitting material.

4. The light-emitting diode display device of claim 1, wherein the

first and second light shields shield the capacitor from illumination.
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5. The light-emitting diode display device of claim 1, wherein the
second light shield includes a patterned metal layer formed on the substrate in the

area of the chiplets.

6. The light-emitting diode display device of claim 1, wherein the
second light shield includes a patterned black resin layer formed on the substrate

in the area of the chiplets.

7. The light-emitting diode display device of claim 6, wherein the

patterned black resin layer includes an adhesive.

8. The light-emitting diode display device of claim 1, wherein the
second light shield includes a black material layer applied to the side of the

chiplets between the drive circuitry and the substrate.

9. The light-emitting diode display device of claim 1, wherein the

second light shield includes a metal layer within the chiplet.

10. The light-emitting diode display device of claim 1, wherein the

connection pad includes a metal layer.

11. The light-emitting diode display device of claim 1, wherein the

chiplet comprises silicon and has a thickness less than 50 microns.

12. The light-emitting diode display device of claim 1, wherein the

chiplet comprises silicon and has a thickness less than 25 microns.

13. The light-emitting diode display device of claim 1, wherein the

chiplet comprises silicon and has a thickness less than 15 microns.
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14. The light-emitting diode display device of claim 1, wherein the
second light shield extends beyond the chiplet.

15. The light-emitting diode display device of claim 1, wherein the
light-emitting diode display is an organic light-emitting diode display.

16. The light-emitting diode display device of claim 1, wherein the
drive circuitry further includes a control transistor and wherein the control

transistor is shielded from illumination by the first or second light shields.

17. The light-emitting diode display device of claim 1, wherein the
drive circuitry further includes a drive transistor and wherein the drive transistor is

shielded from illumination by the first or second light shields.

18. The light-emitting diode display device of claim 1, wherein the

electrode is reflective and the substrate is transparent.

19. The light-emitting diode display device of claim 1, wherein the

electrode is transparent and the substrate is opaque or transparent.

- 19 -



WO 2010/093589 PCT/US2010/023535

116

\—\ \ 24 304

////////////\ //\\/////////////

\

////////\, T

—~—10

DAY

L 22 25
FIG. 1
2%,
) o \—\ Vad
44
h N
DATA
46
// 0" ::\48§Z—/
49



WO 2010/093589 PCT/US2010/023535

2/6
2
3{<A g
ey A
%
2
2 308
FIG. 3
% h A 24 2
1 | ] i i i | S i
E S:;S <J 2
/
% 38 7



WO 2010/093589 PCT/US2010/023535

3/6

24 24, 304
A Ps ~—16
L LSS S S S S AN \NS 7 7777777777 r~14
N\ / ////( PN p~——12
ve A A A 4 //
/ l\\\\
/]
25 308
r

FIG. 5



WO 2010/093589 PCT/US2010/023535

4/6

100 /

10-1

PERCENT TRANSMITTED (%)

1072 /
10-3
104
400 450 500 550 600 650 700

A (nm)

FIG. 6



WO 2010/093589 PCT/US2010/023535

102
107 7 /
N /
5 100 /
S
2 !
£
§ 102
% /
Q.
10-3 /
104
400 450 500 550 600 650 700
LAMBDA (nm)

FIG. 7



WO 2010/093589

DISPLAY CURRENT (%)

110

105
100
95
90
85
80
75
70

6/6

PCT/US2010/023535

TIME

FIG. 8




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/023535

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L27/32
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1L HO5B -

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 6 958 740 B1 (NISHIKAWA RYUJI [JP])
25 October 2005 (2005-10-25)

column 9, line 48 - column 12, line 25;
figures 8a,b

Y US 2003/011738 A1 (AKIYAMA MASAHIKO [JP]
ET AL) 16 January 2003 (2003-01-16)
paragraph [0082] - paragraph [0128];
figures 14-17

Y US 2007/069205 Al (JINNO YUSHI [JP])

29 March 2007 (2007-03-29)

paragraph [0020]; figure 2a

A US 2002/078559 A1 (BUCHWALTER STEPHEN L
[US] ET AL) 27 June 2002 (2002-06-27)
paragraph [0039] - paragraph [0044];
figures 4-6

1-19

6-8

1-19

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earier document but published on or after the international
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

“T" later document published after the intermnational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

°X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
“L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the an.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
4 June 2010 14/06/2010
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Bakos, Tamas

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2010/023535
Patent document Publication Patent family Publication

cited in search report date member(s) date
US 6958740 Bl 25-10-2005 JP 2001109404 A 20-04-2001
KR 20010050803 A 25-06-2001
TW 508974 B 01-11-2002
US 2003011738 Al 16-01-2003 = JP 3696131 B2 14-09-2005
- JP 2003022033 A 24-01-2003
KR 20030007064 A . . 23-01-2003
US 2005243229 Al 03-11-2005
US 2007069205 Al 29-03-2007 JP 2007114726 A 10-05-2007
US 2002078559 Al 27-06-2002 US 2004140763 Al 22-07-2004

Form PCT/ISA/210 (patent family annex) (April 2005}




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

