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Description

FIELD OF THE INVENTION

[0001] The present invention relates to display devices
having a substrate with distributed, independent chiplet
control elements and optically testing such chiplets.

BACKGROUND OF THE INVENTION

[0002] 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 incorpo-
rates several, differently colored light-emitting elements
commonly referred to as sub-pixels, typically emitting
red, green, and blue light, to represent each image ele-
ment. Pixels and sub-pixels are not distinguished herein;
all light-emitting elements are called pixels. A variety of
flat-panel display technologies are known, for example
plasma displays, liquid crystal displays, and light-emitting
diode displays. Active-matrix elements are not necessar-
ily limited to displays and can be distributed over a sub-
strate and employed in other applications requiring spa-
tially distributed control.
[0003] Light-emitting diodes (LEDs) incorporating thin
films of light-emitting materials forming light-emitting el-
ements have many advantages in a flat-panel display
device and are useful in optical systems. U.S. Patent No.
6,384,529 to Tang et al. shows an organic LED color
display that includes an array of organic LED light-emit-
ting 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 sub-
strate between electrodes, with an encapsulating cover
layer or plate. Light is emitted from a pixel when current
passes through the light-emitting material. The frequency
of the emitted light is 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.
[0004] LED devices can include a patterned light-emis-
sive layer wherein different materials are employed in
the pattern to emit different colors of light when current
passes through the materials. Alternatively, one can em-
ploy a single emissive layer, for example, a white-light
emitter, together with color filters for forming a full-color
display, as is taught in U.S. Patent No. 6,987,355 by Cok.
It is also known to employ a white sub-pixel that does not
include a color filter, for example, as taught in U.S. Patent
No. 6,919,681 by Cok et al. A design employing an un-
patterned white emitter has been proposed together with
a four-color pixel including red, green, and blue color fil-

ters and sub-pixels and an unfiltered white sub-pixel to
improve the efficiency of the device (see, e.g. U.S. Patent
No. 7,230,594 to Miller, et al).
[0005] Two different methods for controlling the pixels
in a flat-panel display device are generally known: active-
matrix control and passive-matrix control. In an active-
matrix device, control elements are distributed over the
flat-panel substrate. Typically, each sub-pixel is control-
led by one control element and each control element in-
cludes at least one transistor. For example, in a simple
active-matrix organic light-emitting (OLED) display, each
control element includes two transistors (a select tran-
sistor and a power transistor) and one capacitor for stor-
ing a charge specifying the brightness of the sub-pixel.
Each light-emitting element typically employs an inde-
pendent control electrode and a common electrode.
[0006] Prior-art active-matrix control elements typical-
ly include thin-film semiconductor materials, such as sil-
icon, formed into transistors and capacitors through pho-
tolithographic processes. The thin-film silicon can be ei-
ther amorphous or polycrystalline. Thin-film transistors
made from amorphous or polycrystalline silicon are rel-
atively larger and have lower performance than conven-
tional transistors made from crystalline silicon wafers.
Moreover, such thin-film devices typically exhibit local or
large-area non-uniformity that results in perceptible non-
uniformity in a display employing such materials. While
improvements in manufacturing and materials processes
are made, the manufacturing processes are expensive
and thin-film device performance continues to be lower
than the performance of crystalline silicon devices.
[0007] Matsumura et al discuss crystalline silicon sub-
strates used with LCD displays in U.S. Patent Application
Publication No. 2006/0055864. Matsumura describes a
method for selectively transferring and affixing pixel-con-
trol devices made from first semiconductor substrates
onto a second planar display substrate. Wiring intercon-
nections 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 im-
proving the aperture ratio of a display, reducing the cost
of such pixel-control devices in cooperation with a display
device, or testing the pixel-control devices.
[0008] Electronic device testing is well known in the
prior art. For example, U.S. Patent No. 6,028,441 de-
scribes self-testing routines in an LED display device by
monitoring current use by the LEDs. U.S. Patent
5,369,357 describes an optically operated test structure
for a CCD imager for testing the modulation transfer func-
tion for the CCD. Electrical testing methods for OLED
devices are described in U.S. Patent Application Publi-
cation 2007/0046581 and in U.S. Patent No. 6,995,519.
US 2004/0032637 describes an electro-optical device
having pixel-driving IC chips to drive each organic EL
element. Pixels circuits of the pixel-driving IC chips are
tested by means of a test signal.
[0009] US2003/0153105 describes a wafer level test-
ing accomplished by using a visual indication in lieu of a
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probe machine. Yields are important in manufacturing
low-cost flat-panel displays. It is important, therefore, that
any flaws in the manufacturing process be detected as
early as possible so as to repair the flaws or discard the
flawed devices without incurring any further manufactur-
ing expense. In the prior art, flat-panel displays are tested
after manufacture and repaired, if necessary. By testing
displays during the manufacturing process, the cost of
repair is reduced and the manufacturing yields improved.
It is also important to test devices in an efficient way. In
particular, displays with many pixels (e.g. high-definition
televisions) can take a long time to sequentially test each
pixel. Therefore, test methods that can be implemented
quickly are useful in the manufacturing process.
[0010] There is a need, therefore, for improving the
performance of active-matrix light-emissive displays and
testing such displays in an efficient and effective manner,
in a short period of time, during or after manufacture, in
order to improve the manufacturing yield of the active-
matrix light-emissive displays.

SUMMARY OF THE INVENTION

[0011] The present invention includes a method of
making a display, comprising:

(a) providing a display substrate having a display
area and a plurality of control electrodes in the dis-
play area;
(b) locating a plurality of chiplets responsive to a con-
troller to provide current to the control electrodes,
each chiplet having a chiplet substrate separate from
the display substrate, at least one pixel connection
pad electrically connected to a control electrode, and
one or more test light emitters formed in the chiplet
responsive to the current provided on the control
electrodes to emit light;
(c) controlling the chiplets to pass current through
one or more of the test light emitters formed in the
chiplet to emit light from the chiplet;
(d) detecting the light emitted by the test light emitters
to determine faulty chiplets or chiplet interconnec-
tions;
(e) replacing or repairing the faulty chiplets or chiplet
interconnections; and
(f) forming an organic light emitting diode over the
substrate in the display area connected to the control
electrodes.

[0012] Another aspect of the invention is a display,
comprising:

(a) a display substrate having a display area, and a
plurality of chiplets having a substrate independent
of the display substrate located over the display sub-
strate in the display area, each chiplet having at least
one connection pad, at least one pixel control circuit,
and at least one pixel test circuit;

(b) a plurality of pixels located in the display area,
each pixel including a control electrode, a second
electrode, and at least one layer of light-emitting ma-
terial located between the control electrode and sec-
ond electrode, wherein the pixel control circuit is con-
nected to the control electrode for driving the control
electrode causing the light-emitting material to emit
light;
(c) a controller connected to one or more chiplets for
providing external control signals to the chiplet; and
(d) wherein the pixel test circuit includes one or more
test light emitters responsive to the external control
signals, the test light emitters emitting light independ-
ently of the layer of light-emitting material.

[0013] The present invention has the advantage that
it improves the performance of control elements in a flat-
panel substrate and provides an efficient way to test chip-
lets and electrical connections. The invention is particu-
larly useful during fabrication of OLED devices including
chiplets to ensure that the chiplets are operating properly
prior to the fabrication of the OLED layers in the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a display schematic according to an em-
bodiment of the present invention;
FIG. 2 is a schematic of a portion of a display ac-
cording to an embodiment of the present invention;
FIG. 3 is a cross section of a chiplet according to an
embodiment of the present invention;
FIGS. 4A-4C are schematics of various pixel and
test light emitter driving circuits according to alterna-
tive embodiments of the present invention;
FIG. 5 is a schematic of a pixel and test light emitter
driving circuit according to another embodiment of
the present invention;
FIG. 6 is a flow diagram of a method of the present
invention;
FIG. 7 is a schematic of a pixel and test light emitter
driving circuits according to another embodiment of
the present invention;
FIG. 8 is a partial cross section of a display and chip-
let according to an embodiment of the present inven-
tion;
FIG. 9 is a schematic of a pixel group according to
an embodiment of the present invention;
FIG. 10 is a flow diagram of a method of the present
invention; and
FIG. 11 is a system diagram of display with test light
emitters and an electronic camera according to a
method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Referring to schematic FIG. 1 and cross-section
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FIG. 8, a display, according to one embodiment of the
present invention, includes a display substrate 10 having
a display area 11. A plurality of pixels 50 are located in
the display area 11, each pixel 50 including a control
electrode 12, a second electrode 16, and at least one
layer of light-emitting material 14 located between the
control electrode 12 and second electrode 16 that emits
light in response to a current provided by the control elec-
trode 12 and the second electrode 16. A plurality of chip-
lets 20 having a chiplet substrate 28 independent of the
display substrate 10 are located over the display sub-
strate 10 in the display area 11, each chiplet 20 having
at least one connection pad 24, at least one pixel control
circuit 22, and at least one pixel test circuit 23. The pixel
control circuit 22 is connected to the control electrode 12
through an electrical connection 32 for driving the control
electrode 12 and the layer of light-emitting material 14 to
emit light. The pixel control circuit 22 is responsive to
external control signals 30, 34, 36 from a controller 60
connected to one or more chiplets 20 that provides ex-
ternal control signals to the chiplet 20. The pixel test cir-
cuit 23 includes one or more test light emitters 26 respon-
sive to the external control signals 34, 36, the test light
emitters 26 emit light independently of the layer of light-
emitting material 14 and second electrode 16.
[0016] As used herein, the light-emitting pixels are area
emitters, employing layers of material coated over a sub-
strate and driven by electrodes coated over and under
the layers of material. The light-emitting material layers
are not crystalline or formed in silicon. In contrast, the
test light emitters can be conventional inorganic diodes
formed in a crystalline material, such as silicon, that emit
light from a small, point source.
[0017] FIG. 2 illustrates a more detailed portion of an
embodiment of the present invention. Referring to FIG.
2, the test light emitter 26 is provided for each pixel 50
on the substrate 10 in the display area 11. Pixel test cir-
cuits 23 in each chiplet 20 drives the test light emitters
26 to emit light in response to external control signals
such as, for example, control signals 36, data signals 34,
or select signals 30. Each pixel 50 can be driven by pixel
control circuit 22 with electrical connections 32 connect-
ing the pixel 50 to the chiplet 20 through connection pads
24. The test light emitters 26 can be responsive to current
provided to its associated pixel 50.
[0018] As shown in FIG. 8, according to one active-
matrix embodiment of the present invention having the
chiplet 20 control device, each pixel 50 can have an in-
dependently controlled control electrode 12, the second
electrode 16 can be common to multiple pixels 50, and
the pixel control circuit 22 provides active-matrix control
to the pixels 50. As is also shown in FIG. 8, the pixel
control circuit 22 can drive more than one pixel 50. The
connection pad 24 on the chiplet 20 can connect directly
to a control electrode 12 (as shown) or through an elec-
trical connection 32. In an alternative embodiment of the
present invention illustrated in FIG. 9, one or more pixel
control circuits 22 can provide passive-matrix control to

a plurality of groups 52 of pixels 50. Such passive-matrix-
controlled pixel groups 52 can be formed by the overlap
of independent orthogonal column and row electrodes
oriented in different directions that can correspond to
electrodes 12 and 16. Pixel control circuits 22, for exam-
ple in chiplets 20, can provide drive currents to activate
the column and row electrodes 12, 16 to drive current
through the pixels 50. Connection pads 24 can connect
the chiplets 20 to the electrodes 12, 16. FIG. 8 is a cross
section taken along line A, A’ of FIG. 9.
[0019] The pixel control circuit 22 of various embodi-
ments can be implemented in thin-film circuits on a sub-
strate. However, such circuits are large and have rela-
tively lower performance than circuits formed in crystal-
line silicon. Therefore, in an embodiment of the present
invention, the pixel control circuits 22 are formed in chip-
lets 20 having separate substrates 28 that are adhered
to the display substrate 10. Referring to FIG. 8 in more
detail, the chiplet 20 having a separate chiplet substrate
28 is adhered to the substrate 10 and buried with an
adhesion planarization layer 18. The chiplet 20 includes
pixel control circuit 22. First electrodes 12 are electrically
connected to connection pads 24 formed on the chiplet
20. Light-emitting material layer 14 is located over the
first electrodes 12 and second electrodes 16 formed over
the light-emitting material layer 14. The light-emitting ma-
terial layer 14 can include multiple layers of light-emitting
material as well as various charge-control layers as are
known in the organic and inorganic light-emitting diode
art. The electrodes 12, 16 and layer(s) of light-emitting
material 14 form a light-emitting diode 15.
[0020] FIG. 3 shows a cross section of the chiplet 20
taken from lines B, B’ in FIG. 2, according to an embod-
iment of the present invention. The chiplet 20 is adhered
to the substrate 10 with an adhesive and planarizing layer
18, for example including resin. Internal electrical con-
nections 44 such as wires can connect the connection
pads 24 within the chiplet 20 and pixel control circuit 22
can be used to respond to external signals 30, 34, and
36 to drive electrical connections 32 connected to pixels
50 and to drive the test light emitters 26 formed in the
chiplet 20. Signals 30, 34, 36 can be connected over the
top of a chiplet 20 or electrically connected through the
chiplet 20 (as shown for select signal 30).
[0021] As shown in FIG. 1, the test light emitter 26 is
formed in each chiplet 20 and is associated with each
pixel test circuit 23. In this configuration, the test light
emitter 26 can be responsive to current provided to more
than one pixel 50, for example the pixels 50 connected
to the same chiplet 20, controlled through the pixel control
circuit 22. In one embodiment of the present invention,
the test light emitter 26 sequentially responds to current
provided to each of the pixels 50 driven by the pixel con-
trol circuit 22 in one chiplet 20.
[0022] The pixel test circuitry 23 can drive the test light
emitters 26 in a variety of ways according to a variety of
embodiments of the present invention. For example, as
shown in FIG. 4A, the test light emitter 26 can be con-
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nected in parallel with the light emitting diode 15 so that
whenever the light emitting diode 15 is driven by driving
transistor 56, both the light emitting diode 15 and the test
light emitter 26 will emit light. A display driving transistor
56 is responsive to a charge stored in a storage capacitor
61 that is deposited by external select signal 30 and data
signal 34 through a control transistor 54.
[0023] Alternatively, as shown in FIG. 4B, the test light
emitter 26 can be driven by the test control transistor 58
responsive to current provided to at least one pixel. The
test control transistor 58 can be connected to the output
of the driving transistor 56 and controlled by a test signal
57 so that, with the provision of the test signal 57, current
can flow from the driving transistor 56 through the test
light emitter 26. The driving transistor 56 is responsive
to a charge stored in storage capacitor 61 that is depos-
ited by external select signal 30 and data signal 34
through control transistor 54.
[0024] Referring to FIG. 4C, a plurality of test signals
can control a corresponding plurality of test control tran-
sistors 58 whose output is connected in a wired OR con-
figuration. If any of the test control transistors 58 is turned
on by test signal 57, test light emitter signal P4 conducts
current through test light emitter 26. Similar circuits, each
having a separate test signal 57 and test control transistor
58, are connected to test light emitter signals P1, P2, and
P3 so that upon the application of the test signal 57, the
corresponding test control transistor 58 is activated, and
the corresponding test light emitter signal conducts cur-
rent through the test light emitter 26. Thus, a single test
light emitter 26 can be responsive to a plurality of pixel
control circuits 22, either together or independently, de-
pending on the test signals 57. The driving transistor 56
is responsive to a charge stored in storage capacitor 61
that is deposited by external select signal 30 and data
signal 34 through transistor 54.
[0025] Referring to FIG. 5, a test light driving transistor
59 can drive the test light emitter 26 with an independently
controlled current by connecting the output of the test
control transistor 58 to the gate of the test light driving
transistor 59. This prevents current intended for the light-
emitting diode 15 from being used to drive the test light
emitter 26. Note that the amount of current driven through
the test light emitter 26 can be controlled and correspond
to the current driven through the light-emitting diode 15,
so that the test light emitter 26 can provide a range of
light emission corresponding to the range of light emis-
sion of the light-emitting diode 15, enabling a wider va-
riety of test capabilities. The driving transistor 56 is re-
sponsive to a charge stored in storage capacitor 61 that
is deposited by external select signal 30 and data signal
34 through transistor 54.
[0026] In one embodiment of the present invention, the
test light emitter 26 can be formed in a chiplet having a
silicon substrate with doped or undoped areas. There-
fore, the test light emitter 26 can be constructed as an
inorganic light emitting diode that provides an inorganic
point-source light emitter, for example a conventional

light-emitting diode formed in crystalline semiconductor
material, such as silicon. As shown in FIG. 7, the test
light emitter 26 can be a light-emitting NPN bipolar tran-
sistor 27. The NPN bipolar transistor 27 can include an
emitter-base junction and the circuit can include a struc-
ture that provides a nondestructive reverse breakdown
voltage across the emitter-base junction to cause the
transistor to emit light. Because the transistor is formed
on and in the surface of the chiplet, light emitted by the
transistor can visibly escape from the chiplet.
[0027] Referring to FIG. 6 the test light emitters 26 can
be employed, according to an embodiment of the present
invention, in a method of making a display. A display
substrate is provided (Step 100), and a plurality of chip-
lets responsive to a controller to provide current to a plu-
rality of control electrodes located (Step 105) over the
substrate in the display area. Each chiplet can have a
chiplet substrate separate from the display substrate and
at least one pixel connection pad can be electrically con-
nected (Step 110) to a control electrode and one or more
test light emitters formed in the chiplet that is responsive
to the current provided on the control electrodes to emit
light. The chiplets are controlled (Step 115) to pass cur-
rent through one or more of the test light emitters formed
in the chiplet to emit light from the chiplet. According to
one embodiment of the present invention and as shown
in FIG. 6, the chiplets can be controlled to emit light si-
multaneously from all of the test light emitters. Alterna-
tively, the test light emitters can be controlled individually
in sequence, for example as shown in FIG. 10. Referring
to FIG. 10, the Step115 of controlling the test light emit-
ters can be performed in a series of steps in which a pixel
counter number is first set (Step 116) to zero, the pixel
corresponding to the pixel counter controlled to emit 117
light, the pixel number is incremented (Step 118) and
tested (Step 119). If all of the pixels are tested, the proc-
ess of FIG. 10 completes; if not, the next pixel is tested.
[0028] The light emitted by the test light emitters can
be detected (Step 120) to determine (Step 125) faulty
chiplets or faulty chiplet interconnections. For example,
as shown in FIG. 11, the substrate 10 with test light emit-
ters 26 distributed thereon can be imaged by an elec-
tronic camera 70 (Step 120 of FIG. 6). The image can
then be analyzed (Step 125 of FIG. 6) to determine any
faults in the test light emitters, chiplets, or chiplet inter-
connections, for example by the controller 60 or a sepa-
rate computer system (not shown). Returning to FIG. 6,
the faulty chiplets or faulty chiplet interconnections are
replaced or repaired (Step 130). The process can return
to Step 115 to confirm that the repairs are correct and
complete. At this point in the process, a functioning back-
plane is constructed.
[0029] At least one layer of light-emitting material is
deposited (Step 135) over the control electrodes and a
second electrode formed (Step 140) over the one or more
layers of light-emitting material. The control electrode, at
least one layer of light-emitting material, and the second
electrode form a light-emitting pixel responsive to current
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provided by the control electrode and the second elec-
trode. The display is then operated (Step 145) by con-
trolling the chiplets with the controller to drive the control
electrodes to provide current through the light-emitting
layer so that the pixels emit light.
[0030] In one embodiment of the present invention, the
light from the test light emitter is detected by employing
an image sensor to form an image of the display area
while the test light emitters are controlled to emit light
(FIG. 11). The test light emitters can be controlled to emit
light simultaneously or, alternatively, the test light emit-
ters can be controlled to emit light sequentially (FIG, 10).
In yet another embodiment of the present invention, the
test light emitters can be controlled to emit light at a lu-
minance corresponding to the luminance desired for the
pixels. The image or images formed of the test light emit-
ters can be analyzed to determine faults using mathe-
matical and image analysis software.
[0031] Chiplets can have a single row or multiple rows
of connection pads along a relatively long side of the
chiplet longer than a relatively shorter neighboring side.
Chiplets can be connected to an external controller
through a buss or through multiple busses. The busses
can be serial, parallel, or point-to-point busses and can
be digital or analog. A buss is connected to the chiplets
to provide signals, such as power, ground, clock, data,
or select signals. More than one buss separately con-
nected to one or more controllers or chiplets can be em-
ployed.
[0032] In operation, a controller receives and process-
es an information signal according to the needs of the
display device and transmits the processed signal and
control information to each chiplet in the device. The proc-
essed signal includes luminance information for each
light-emitting pixel element. The luminance information
can be stored in an analog or digital storage element
corresponding to each light-emitting pixel element. The
chiplets then activate the pixel electrodes to which they
are connected. At the same time, or in response to a test
signal, the test light emitters are illuminated through the
circuitry and an image of the light-emission from the test
light emitters is formed. The image is analyzed to deter-
mine faults in the display device. Repairs can be made
to correct the faults. If the light emitting diode is not yet
constructed, it can then be constructed and the display
device completed and put into operation.
[0033] Additional busses can supply a variety of sig-
nals, including timing (e.g. clock) signals, data signals,
select signals, power connections, or ground connec-
tions. The signals can be analog or digital, for example
digital addresses or data values. Analog data values can
be supplied as charge or voltage. The storage registers
can be digital (for example including flip-flops) or analog
(for example including capacitors for storing charge).
[0034] In one embodiment of the present invention, the
display device is an OLED display. The controller can be
implemented as a chiplet and affixed to the substrate.
The controller can be located on the periphery of the sub-

strate, or can be external to the substrate and include a
conventional integrated circuit.
[0035] According to various embodiments of the
present invention, the chiplets can be constructed in a
variety of ways, for example with one or two rows of con-
nection pads along a long dimension of a chiplet. Inter-
connection busses and wires can be formed from various
materials and use various methods for deposition on the
device substrate. For example, interconnection busses
and wires can be metal, either evaporated or sputtered,
for example aluminum or aluminum alloys, magnesium,
or silver. Alternatively, the interconnection busses and
wires can be made of cured conductive inks or metal
oxides. In one cost-advantaged embodiment, the inter-
connection busses and wires are formed in a single layer.
[0036] The present invention is particularly useful for
multi-pixel device embodiments employing a large de-
vice substrate, e.g. glass, plastic, or foil, with a plurality
of chiplets arranged in a regular arrangement over the
device substrate. Each chiplet can control a plurality of
pixels formed over the device substrate according to the
circuitry in the chiplet and in response to control signals.
Individual pixel groups or multiple pixel groups can be
located on tiled elements, which can be assembled to
form the entire display.
[0037] According to the present invention, chiplets pro-
vide distributed pixel control elements over a substrate.
A chiplet is a relatively small integrated circuit compared
to the device substrate and includes a circuit including
wires, connection pads, passive components such as re-
sistors or capacitors, or active components such as tran-
sistors or diodes, formed on an independent substrate.
Chiplets are manufactured separately from the display
substrate and then applied to the display substrate. The
chiplets are preferably manufactured using silicon or sil-
icon on insulator (SOI) wafers using known processes
for fabricating semiconductor devices. Each chiplet is
then separated prior to attachment to the device sub-
strate. The crystalline base of each chiplet can therefore
be considered a substrate separate from the device sub-
strate and over which the chiplet circuitry is disposed. A
plurality of chiplets therefore has a corresponding plural-
ity of substrates separate from the device substrate and
each other. In particular, the independent substrates are
separate from the substrate on which the pixels are
formed and the areas of the independent, chiplet sub-
strates, taken together, are smaller than the device sub-
strate.
[0038] Chiplets can have a crystalline substrate to pro-
vide higher performance active components than are
found in, for example, thin-film amorphous or polycrys-
talline silicon devices. Chiplets can have a thickness pref-
erably of 100 um or less, and more preferably 20 um or
less. This facilitates formation of the adhesive and
planarization material over the chiplet that can then be
applied using conventional spin- or curtain-coating tech-
niques. According to one embodiment of the present in-
vention, chiplets formed on crystalline silicon substrates
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are arranged in a geometric array and adhered to a de-
vice substrate with adhesion or planarization materials.
Connection pads on the surface of the chiplets are em-
ployed to connect each chiplet to signal wires, power
busses and electrodes to drive pixels. Chiplets can con-
trol at least four pixels.
[0039] Since the chiplets are formed in a semiconduc-
tor substrate, the circuitry of the chiplet can be formed
using modem lithography tools. With such tools, feature
sizes of 0.5 microns or less are readily available. For
example, modem semiconductor fabrication lines can
achieve line widths of 90 nm or 45 nm and can be em-
ployed in making the chiplets of the present invention.
The chiplet, however, also requires connection pads for
making electrical connections to the wiring layer provided
over the chiplets once assembled onto the display sub-
strate. The connection pads must be sized based on the
feature size of the lithography tools used on the display
substrate (for example 5 um) and the alignment of the
chiplets to the wiring layer (for example +/- 5um). There-
fore, the connection pads can be, for example, 15 um
wide with 5 um spaces between the pads. This shows
that the pads will generally be significantly larger than
the transistor circuitry formed in the chiplet.
[0040] The pads can generally be formed in a metalli-
zation layer on the chiplet over the transistors. It is de-
sirable to make the chiplet with as small a surface area
as possible to enable a low manufacturing cost.
[0041] By employing chiplets with independent sub-
strates (e.g. including 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 crys-
talline silicon has not only higher performance but much
smaller active elements (e.g. transistors), the circuitry
size is much reduced. A useful chiplet can also be formed
using micro-electromechanical (MEMS) structures, for
example as described in "A novel use of MEMs switches
in driving AMOLED", by Yoon, Lee, Yang, and Jang, Di-
gest of Technical Papers of the Society for Information
Display, 2008, 3.4, p. 13.
[0042] The device substrate can include 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 photolitho-
graphic techniques known in the art. The chiplets can be
formed using conventional techniques well established
in the integrated circuit industry.
[0043] The present invention can be employed in de-
vices having a multi-pixel infrastructure. In particular, the
present invention can be practiced with LED devices, ei-
ther organic or inorganic, and is particularly useful in in-
formation-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, to Tang et al., and U.S. Patent No. 5,061,569
to VanSlyke et al. Inorganic devices, for example, em-

ploying quantum dots formed in a polycrystalline semi-
conductor matrix (for example, as taught in U.S. Patent
Application Publication No. 2007/0057263 by Kahen),
and employing organic or inorganic charge-control lay-
ers, or hybrid organic/inorganic devices can be em-
ployed. Many combinations and variations of organic or
inorganic light-emitting displays can be used to fabricate
such a device, including active-matrix displays having a
top- emitter architecture or having a bottom-emitter ar-
chitecture.

PARTS LIST

[0044]

A, A’ cross section line
B, B’ cross section line
P1, P2, P3, P4 test light emitter signal
10 substrate
11 display area
12 electrode
14 light-emitting material layer
15 light emitting diode
16 electrode
18 adhesive and planarization layer
20 chiplet
22 pixel control circuit
23 pixel test circuit
24 connection pad
26 test light emitter
27 light-emitting transistor
28 chiplet substrate
30 select signal
32 electrical connection
34 data signal
36 control signal
44 chiplet internal electrical connection
50 pixel
52 pixel group
54 control transistor
56 display driving transistor
57 test signal
58 test control transistor
59 test light driving transistor
60 controller

Parts List cont’d

[0045]

61 storage capacitor
70 electronic camera
100 provide display step
105 locate chiplets step
110 form connections step
115 control chiplets step
116 set pixel number step
117 emit test light step

11 12 



EP 2 467 875 B1

8

5

10

15

20

25

30

35

40

45

50

55

118 increment pixel number step
119 pixel count test step
120 detect light step
125 determine faults step
130 repair faults step
135 deposit OLED material step
140 form second electrode step
145 operate display step

Claims

1. A display, comprising:

(a) a display substrate (10) having a display area
(11), and a plurality of chiplets (20) having a sub-
strate (28) independent of the display substrate
(10) located over the display substrate in the dis-
play area, each chiplet (20) having at least one
connection pad (24), at least one pixel control
circuit (22), and at least one pixel test circuit (23);
(b) a plurality of pixels (50) located in the display
area (11), each pixel including a control elec-
trode (12), a second electrode (16), and at least
one layer of light- emitting material (14) located
between the control electrode and second elec-
trode, wherein the pixel control circuit (22) is
connected to the control electrode (12) for driv-
ing the control electrode causing the light-emit-
ting material (14) to emit light;
(c) a controller (60) connected to one or more
chiplets (20) for providing external control sig-
nals to the chiplet; and
(d) characterized in that the pixel test circuit
(23) includes one or more test light emitters (26)
responsive to the external control signals, the
test light emitters (26) emitting light independ-
ently of the layer of light-emitting material (14).

2. The display of claim 1, wherein each pixel (50) has
an independently controlled control electrode (12),
the second electrode (16) is common, and the pixel
control circuit (22) provides active-matrix control to
the pixel (50).

3. The display of claim 1, wherein the pixel control cir-
cuit (22) drives more than one pixel (50).

4. The display of claim 1, wherein the control electrodes
(12) and the second electrodes (16) of a group of
pixels (52) form an array of row and column elec-
trodes, each row and column electrode oriented in
a different direction, the pixels (50) defined by the
overlapping of the control and second electrodes
(12, 16), and one or more of the pixel control circuits
(22) provide a passive-matrix control to the group of
pixels (52).

5. The display of claim 1, including means for driving a
test light emitter (26) from each pixel (50) responsive
to current provided to that pixel.

6. The display of claim 1, including means for driving a
test light emitter (26) from each pixel control circuit
(22).

7. The display of claim 1, including means for driving
one test light emitter (26) responsive to current pro-
vided to more than one pixel (50).

8. The display of claim 1, wherein each pixel test circuit
(23) includes a transistor (58) for driving the test light
emitter (26) in response to current provided to at least
one pixel.

9. The display of claim 8, wherein the pixel test circuit
(23) further includes a test signal (57) that controls
the test light emitter (26).

10. The display of claim 1, wherein the chiplet substrate
(10) is silicon.

11. The display of claim 1, wherein the test light-emitter
(26) is an inorganic point-source emitter.

12. A method of making a display, comprising:

(a) providing (100) a display substrate (10) hav-
ing a display area (11) and a plurality of control
electrodes (12) in the display area;
(b) locating (105) a plurality of chiplets (20) re-
sponsive to a controller (60) to provide current
to the control electrodes (12), each chiplet (20)
having a chiplet substrate (28) separate from
the display substrate (10), at least one pixel con-
nection pad (24) electrically connected to a con-
trol electrode (12), and one or more test light
emitters (26) formed in the chiplet (20) respon-
sive to the current provided on the control elec-
trodes (12) to emit light;
(c) controlling (115) the chiplets (20) to pass cur-
rent through one or more of the test light emitters
(26) formed in the chiplet to emit light from the
chiplet;
(d) detecting (120) the light emitted by the test
light emitters (26) to determine faulty chiplets or
chiplet interconnections;
(e) replacing or repairing (130) the faulty chiplets
or chiplet interconnections; and
(f) forming (135) an organic light emitting diode
over the substrate (10) in the display area (11)
connected to the control electrodes.

13. The method of claim 12, wherein step f) includes
forming (140) at least one layer of light-emitting ma-
terial (14) over the control electrodes (12) and form-
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ing a second electrode (16) over the one or more
layers of light-emitting material (14), wherein the
control electrode (12), at least one layer of light-emit-
ting material (14) and second electrode (16) form a
light-emitting pixel (50) responsive to current provid-
ed by the control electrode (12) and the second elec-
trode (16).

14. The method of claim 12 wherein the light is detected
by employing an image sensor (70) to form an image
of the display area (11) while the test light emitters
(26) are controlled to emit light.

15. The method of claim 12, further including the step of
controlling the test light emitters (26) to emit light
simultaneously, or the step of controlling the test light
emitters (26) to emit light sequentially.

Patentansprüche

1. Anzeige, umfassend:

(a) ein Anzeigesubstrat (10), das einen Anzei-
gebereich (11) aufweist, und eine Vielzahl von
Chiplets (20), die ein von dem Anzeigesubstrat
(10) unabhängiges Substrat (28) aufweisen,
welches sich über dem Anzeigesubstrat in dem
Anzeigebereich befindet, wobei jedes Chiplet
(20) mindestens eine Anschlussfläche (24),
mindestens eine Pixel-Steuerschaltung (22)
und mindestens eine Pixel-Prüfschaltung (23)
aufweist;
(b) eine Vielzahl von Pixeln (50), die sich in dem
Anzeigebereich (11) befinden, wobei jedes Pixel
eine Steuerelektrode (12), eine zweite Elektrode
(16) und mindestens eine Schicht von Licht emit-
tierendem Material (14) umfasst, die sich zwi-
schen der Steuerelektrode und der zweiten
Elektrode befindet, wobei die Pixel-Steuer-
schaltung (22) mit der Steuerelektrode (12) zur
Steuerung der Steuerelektrode verbunden ist,
was bewirkt, dass das Licht emittierende Mate-
rial (14) Licht emittiert;
(c) einen Controller (60), der mit einem oder
mehreren Chiplets (20) verbunden ist, um dem
Chiplet externe Steuersignale bereitzustellen;
und
(d) dadurch gekennzeichnet, dass die Pixel-
Prüfschaltung (23) einen oder mehrere Test-
lichtsender (26) in Reaktion auf die externen
Steuersignale umfasst, wobei die Testlichtsen-
der (26) Licht unabhängig von der Schicht aus
Licht emittierendem Material (14) emittieren.

2. Vorrichtung nach Anspruch 1, bei der jedes Pixel
(50) eine unabhängig gesteuerte Steuerelektrode
(12) aufweist, die zweite Elektrode (16) gemeinsam

ist und die Pixel-Steuerschaltung (22) dem Pixel (50)
eine Steuerung mit aktiver Matrix bereitstellt.

3. Anzeige nach Anspruch 1, bei der die Pixel-Steuer-
schaltung (22) mehr als ein Pixel (50) steuert.

4. Anzeige nach Anspruch 1, bei der die Steuerelekt-
roden (12) und die zweiten Elektroden (60) einer
Gruppe von Pixeln (52) ein Array von Reihen-und
Spaltenelektroden bilden, wobei jede Reihen-und
Spaltenelektrode in eine unterschiedliche Richtung
ausgerichtet ist, wobei die Pixel (50) durch die Über-
lagerung der Steuer-und der zweiten Elektroden (12,
16) definiert sind, und eine oder mehrere der Pixel-
Steuerschaltungen (22) der Gruppe von Pixeln (52)
eine Steuerung mit passiver Matrix bereitstellen.

5. Anzeige nach Anspruch 1, die Mittel zur Steuerung
eines Testlichtsenders (26) von jedem Pixel (50) in
Reaktion auf diesem Pixel bereitgestelltem Strom
umfasst.

6. Anzeige nach Anspruch 1, die Mittel zur Steuerung
eines Testlichtsenders (26) von jeder Pixel-Steuer-
schaltung (22) umfasst.

7. Anzeige nach Anspruch 1, die Mittel zur Steuerung
eines Testlichtsenders (26) in Reaktion auf mehr als
einem Pixel (50) bereitgestelltem Strom umfasst.

8. Anzeige nach Anspruch 1, bei der jede Pixel-Prüf-
schaltung (23) einen Transistor (58) zur Steuerung
des Testlichtsenders (26) in Reaktion auf mindes-
tens einem Pixel bereitgestelltem Strom umfasst.

9. Anzeige nach Anspruch 8, bei der die Pixel-Prüf-
schaltung (23) ferner ein Prüfsignal (57) umfasst,
das den Testlichtsender (26) steuert.

10. Anzeige nach Anspruch 1, bei der das Chiplet-Sub-
strat (10) Silizium ist.

11. Anzeige nach Anspruch 1, bei der der Testlichtsen-
der (26) ein anorganischer Punktquellenemitter ist.

12. Verfahren zum Herstellen einer Anzeige, umfas-
send:

(a) Bereitstellen (100) eines Anzeigesubstrats
(10), das einen Anzeigebereich (11) und eine
Vielzahl von Steuerelektroden (12) in dem An-
zeigebereich aufweist;
(b) Anordnen (105) einer Vielzahl von Chiplets
(20) in Reaktion auf einen Controller (60), um
den Steuerelektroden (12) Strom bereitzustel-
len, wobei jedes Chiplet (20) ein von dem An-
zeigesubstrat (10) getrenntes Chiplet-Substrat
(28), mindestens eine Pixel-Verbindungsfläche
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(24), die elektrisch mit einer Steuerelektrode
(12) verbunden ist, und einen oder mehrere
Testlichtsender (96) aufweist, die in Reaktion
auf dem auf den Steuerelektroden (12) bereit-
gestellten Strom zur Emittierung von Licht in
dem Chiplet (20) ausgebildet sind;
(c) Steuern (115) der Chiplets (20), um Strom
durch einen oder mehrere der Testichtsender
(26), die in dem Chiplet zur Emittierung von Licht
von dem Chiplet ausgebildet sind, durchzufüh-
ren;
(d) Erkennen (120) des von den Testlichtsen-
dern (26) emittierten Lichts, um fehlerhafte Chi-
plets oder Chiplet-Verbindungen zu ermitteln;
(e) Ersetzen oder Reparieren (130) der fehler-
haften Chiplets oder Chiplet-Verbindungen; und
(f) Ausbilden (135) einer organisches Licht emit-
tierenden Diode über dem Substrat (10) in dem
Anzeigebereich (11), das mit den Steuerelekt-
roden verbunden ist.

13. Verfahren nach Anspruch 12, bei dem Schritt f) das
Ausbilden (140) von mindestens einer Schicht aus
Licht emittierendem Material (14) über den Steuer-
elektroden (12) und das Ausbilden einer zweiten
Elektrode (16) über der einen oder mehreren Schich-
ten aus Licht emittierendem Material (14) umfasst,
wobei die Steuerelektrode (12), mindestens eine
Schicht aus Licht emittierendem Material (14) und
zweite Elektrode (16) in Reaktion auf Strom, der von
der Steuerelektrode (12) und der zweiten Elektrode
(16) bereitgestellt wird, ein Licht emittierendes Pixel
(50) bilden.

14. Verfahren nach Anspruch 12, bei dem das Licht
durch Verwendung eines Bildsensors (70) erkannt
wird, um ein Bild des Anzeigebereichs (11) zu bilden,
während die Testlichtsender (26) zur Emittierung
von Licht gesteuert werden.

15. Verfahren nach Anspruch 12, ferner umfassend den
Schritt des Steuerns der Testlichtsender (26), um
gleichzeitig Licht zu emittieren, oder den Schritt des
Steuerns der Testlichtsender (26), um Licht nachei-
nander zu emittieren.

Revendications

1. Dispositif d’affichage, comprenant :

(a) un substrat d’affichage (10) ayant une zone
d’affichage (11), et une pluralité de micropuces
(20) ayant un substrat (28) indépendant du
substrat d’affichage (10) situé sur le substrat
d’affichage dans la zone d’affichage, chaque mi-
cropuce (20) ayant au moins un plot de con-
nexion (24), au moins un circuit de commande

de pixel (22) et au moins un circuit de test de
pixel (23) ;
(b) une pluralité de pixels (50) situés dans la
zone d’affichage (11), chaque pixel comprenant
une électrode de commande (12), une seconde
électrode (16) et au moins une couche de ma-
tériau émetteur de lumière (14) située entre
l’électrode de commande et la seconde électro-
de, le circuit de commande de pixel (22) étant
connecté à l’électrode de commande (12) pour
piloter l’électrode de commande afin d’amener
le matériau émetteur de lumière (14) à émettre
de la lumière ;
(c) un dispositif de commande (60) connecté à
une ou plusieurs micropuces (20) pour fournir
des signaux de commande externes à la
micropuce ; et
(d) caractérisé par le fait que le circuit de test
de pixel (23) comprend un ou plusieurs émet-
teurs de lumière de test (26) réactifs aux signaux
de commande externes, les émetteurs de lumiè-
re de test (26) émettant de la lumière indépen-
damment de la couche de matériau émetteur de
lumière (14).

2. Dispositif d’affichage selon la revendication 1, dans
lequel chaque pixel (50) possède une électrode de
commande commandée indépendamment (12), la
seconde électrode (16) est commune, et le circuit de
commande de pixel (22) fournit une commande à
matrice active au pixel (50).

3. Dispositif d’affichage selon la revendication 1, dans
lequel le circuit de commande de pixel (22) pilote
plus qu’un pixel (50).

4. Dispositif d’affichage selon la revendication 1, dans
lequel les électrodes de commande (12) et les se-
condes électrodes (16) d’un groupe de pixels (52)
forment un réseau d’électrodes de rangée et de co-
lonne, chaque électrode de rangée et de colonne
étant orientée dans une direction différente, les
pixels (50) étant définis par le chevauchement des
électrodes de commande et des secondes électro-
des (12, 16), et un ou plusieurs des circuits de com-
mande de pixel (22) fournissant une commande à
matrice passive au groupe de pixels (52).

5. Dispositif d’affichage selon la revendication 1, com-
prenant des moyens pour piloter un émetteur de lu-
mière de test (26) à partir de chaque pixel (50) en
réponse à un courant fourni à ce pixel.

6. Dispositif d’affichage selon la revendication 1, com-
prenant des moyens pour piloter un émetteur de lu-
mière de test (26) à partir de chaque circuit de com-
mande de pixel (22).
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7. Dispositif d’affichage selon la revendication 1, com-
prenant des moyens pour piloter un émetteur de lu-
mière de test (26) en réponse à un courant fourni à
plus qu’un pixel (50).

8. Dispositif d’affichage selon la revendication 1, dans
lequel chaque circuit de test de pixel (23) comprend
un transistor (58) pour piloter l’émetteur de lumière
de test (26) en réponse à un courant fourni à au
moins un pixel.

9. Dispositif d’affichage selon la revendication 8, dans
lequel le circuit de test de pixel (23) comprend en
outre un signal de test (57) qui commande l’émetteur
de lumière de test (26).

10. Dispositif d’affichage selon la revendication 1, dans
lequel le substrat de micropuce (10) est en silicium.

11. Dispositif d’affichage selon la revendication 1, dans
lequel l’émetteur de lumière de test (26) est un émet-
teur à source ponctuelle inorganique.

12. Procédé de réalisation d’un dispositif d’affichage,
comprenant :

(a) fournir (100) un substrat d’affichage (10)
ayant une zone d’affichage (11) et une pluralité
d’électrodes de commande (12) dans la zone
d’affichage ;
(b) placer (105) une pluralité de micropuces (20)
réactives à un dispositif de commande (60) pour
fournir un courant aux électrodes de commande
(12), chaque micropuce (20) ayant un substrat
de micropuce (28) séparé du substrat d’afficha-
ge (10), au moins un plot de connexion de pixel
(24) connecté électriquement à une électrode
de commande (12), et un ou plusieurs émetteurs
de lumière de test (26) formés dans la micropuce
(20) réactifs au courant fourni sur les électrodes
de commande (12) pour émettre de la lumière ;
(c) commander (115) les micropuces (20) pour
faire passer un courant à travers un ou plusieurs
des émetteurs de lumière de test (26) formés
dans la micropuce pour émettre de la lumière à
partir de la micropuce ;
(d) détecter (120) la lumière émise par les émet-
teurs de lumière de test (26) pour déterminer
des micropuces en panne ou des intercon-
nexions de micropuces ;
(e) remplacer ou réparer (130) les micropuces
en panne ou les interconnexions de
micropuces ; et
(f) former (135) une diode électroluminescente
organique sur le substrat (10) dans la zone d’af-
fichage (11) connectée aux électrodes de com-
mande.

13. Procédé selon la revendication 12, dans lequel l’éta-
pe f) comprend la formation (140) d’au moins une
couche de matériau émetteur de lumière (14) sur les
électrodes de commande (12) et la formation d’une
seconde électrode (16) sur la ou les couches de ma-
tériau émetteur de lumière (14), l’électrode de com-
mande (12), au moins une couche de matériau émet-
teur de lumière (14) et la seconde électrode (16) for-
mant un pixel émetteur de lumière (50) réactif à un
courant fourni par l’électrode de commande (12) et
la seconde électrode (16).

14. Procédé selon la revendication 12, dans lequel la
lumière est détectée en utilisant un capteur d’image
(70) pour former une image de la zone d’affichage
(11) pendant que les émetteurs de lumière de test
(26) sont commandés pour émettre de la lumière.

15. Procédé selon la revendication 12, comprenant en
outre l’étape consistant à commander les émetteurs
de lumière de test (26) pour émettre de la lumière
simultanément, ou l’étape consistant à commander
les émetteurs de lumière de test (26) pour émettre
de la lumière séquentiellement.
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发光;检测测试光发射器发出的光，以确定有缺陷的小芯片或小芯片互连;
更换或修理有缺陷的小芯片或小芯片互连;在连接到控制电极的显示区域
中，在基板上形成有机发光二极管。
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