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(54) Active matrix organic light emitting diode flat-panel display

(57)  An active matrix OLED flat-panel display in-
cludes a plurality of light emitting elements and associ-
ated control circuits; a programmable power supply con-
nected to the control circuits; a sensor for sensing the

light output of one or more light emitting elements to pro-
duce a feedback signal; and a display controller respon-
sive to the feedback signal for programming the pro-
grammable power supply to compensate for changes in
the light output from the light emitting elements.
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Description

[0001] The present invention relates to organic light
emitting diode (OLED) flat-panel displays and, more
particularly, to means for compensating for aging effects
in the light emitting elements of an active matrix flat-pan-
el OLED display.

[0002] Organic light emitting diode (OLED) flat-panel
display devices are proposed for use in conjunction with
computing devices and in particular with portable devic-
es. Over time, the efficiency and effectiveness of the dis-
plays changes and the quality of the display, particularly
for sensitive applications such as imaging, declines.
This decrease in quality is due to changes over time in
the materials comprising the display, degradation in
electronic components, and the like.

[0003] In particular, OLED display devices suffer from
changes in the organic light emitting materials within the
display. The changes affect the efficiency and bright-
ness of the display. These changes may also be color
dependent, that is the changes affect the different colors
in the display device in different ways so that over time
not only does the power efficiency of the display device
decrease, but the color balance changes. These chang-
es can result in an inferior display with poor brightness
and color rendition.

[0004] In an active matrix type OLED display (as
shown in Fig. 1), each light emitting element is individ-
ually controlled by an associated control circuit that in-
cludes a capacitor 4 that stores a data signal. The ca-
pacitor is charged through a transistor 2 connected to
data line 1 and a selectline 3. Atransistor 6 is connected
in series with the light emitting element 7 between a
power supply 8 and ground. The capacitor is connected
to the gate of the transistor to control the current passing
through the light emitting element based on the amount
of charge stored on the capacitor, thereby determining
the brightness of the light emitting element. When the
response of the light emitting element to current drops
due to aging of the light emitting material, the light emit-
ting element can be recalibrated by increasing the signal
stored on the capacitor in the control circuit or by in-
creasing the power supply voltage. In either case inter-
vention is required.

[0005] There is a need therefore for an improved
method of automatically correcting the brightness and
color rendition of an active matrix OLED flat-panel dis-
play.

[0006] The need is met according to the present in-
vention by providing an active matrix OLED flat-panel
display that includes a plurality of light emitting elements
and associated control circuits; a programmable power
supply connected to the control circuits; a sensor for
sensing the light output of one or more light emitting el-
ements to produce a feedback signal; and a display con-
troller responsive to the feedback signal for program-
ming the programmable power supply to compensate
for changes in the light output from the light emitting el-
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ements.

[0007] The present invention has the advantage that
it automatically corrects the color balance of a color and
brightness of a display system over time, as the mate-
rials within the display degrade.

Fig. 1is a schematic circuit diagram showing a prior
art active matrix light emitting pixel;

Fig. 2 is a diagram showing an improved voltage
controlled display according to the present inven-
tion;

Fig. 3 is a diagram showing an improved voltage
controlled display with multiple colors according to
the present invention; and

Fig. 4 is a diagram showing an improved voltage
controlled display with multiple colors integrated in-
to a common substrate or package with the display
according to the present invention.

[0008] Flat-panel display devices degrade over time
as they are used. In particular, the light emitting materi-
als become less efficient resulting in a loss of brightness
and accuracy in color rendition. For those flat-panel dis-
play devices for which the brightness of each light emit-
ting element is voltage or current controlled, the present
invention provides a system wherein a programmable
power supply is used to modify the operational charac-
teristics of the display device.

[0009] Referring to Fig. 2, a flat-panel display system
10 includes a flat-panel display 12 with light emitting el-
ements 14, a display controller 18 having a programma-
ble power supply 20, and a sensor 24. The sensor 24
detects the brightness of the light emitted or controlled
at a light element 14 in the display and provides this in-
formation to the controller 18. The controller then pro-
grams the power supply 20 with the correct voltage or
current parameters necessary to maintain the appropri-
ate brightness from the light emitting elements 14.
[0010] A more complex embodiment for use in color
flat-panel devices is shown in Fig.3, where separate
sensors 25, 26 and 27 are shown for light emitting ele-
ments 15,16 and 17. The sensors 25, 26 and 27 provide
signals to the display controller 18. The controller pro-
grams the power supplies 21, 22 and 23 that then modify
the operational characteristics of the light emitting ele-
ments within the display device through power lines 31,
32 and 33. Each of the light emitting elements 15-17 as-
sociated with the sensors 25-27 providing signals to the
display controller 18 programming the power supplies
25-27 are each typically one of the colors of the display,
for example, red, green, and blue. These sensors may
generate separate signals applied to the controller over
separate lines, or the signals may be multiplexed and
supplied to the controller over a shared signal line.
[0011] As each of the light emitting elements changes
over time, each of the power supplies driving the asso-
ciated elements can be independently modified to pro-
vide the appropriate brightness consistent with main-
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taining the color balance of the device. For example, if
the red elements become half as efficient, the power
provided to the red elements can be increased as nec-
essary to compensate, thus maintaining the original
brightness and color balance. The ability of the present
invention to compensate for changes in the efficiency of
the light emitting elements is limited to the maximum
power (voltage or current) each element can withstand.
Hence, if, as in the previous example, the red elements
cannot withstand a greater power, the green and blue
power can be reduced to maintain a consistent color bal-
ance at the cost of brightness.

[0012] The components of the present invention may
be implemented internally within a flat panel display, for
example upon a common substrate or within a common
package, or implemented externally in a separate inte-
grated circuit or printed circuit board. In particular, the
programmable power supplies may be implemented
within common packaging or upon a common substrate
as the flat-panel display to minimize the number of elec-
trical leads necessary for the flat-panel display, as
shown in Fig. 4. The individual power supplies can cre-
ate their separate power sources from a common power
source 30 provided to the flat-panel display. If the power
for each separate set of elements is derived externally
to the flat-panel package, a lead for each power supply
is necessary.

[0013] If the power supply components are internal to
the flat-panel device, they are readily accessible
through address, data, and control lines 34 using con-
ventional digital logic and analog power devices. If the
components are external to the display device, conven-
tional integrated circuit technology and packaging can
be utilized to provide programmable voltage circuitry
within the integrated circuit. Current and voltage control
devices are well known in the prior art and are used in
commercial products.

[0014] In a preferred embodiment, the invention is
employed in a device that includes Organic Light Emit-
ting Diodes (OLEDs) which are composed of small mol-
ecule polymeric OLEDs as disclosed in but not limited
to US Patent 4,769,292, issued September 6, 1988 to
Tang et al. and US Patent 5,061,569, issued October
29, 1991 to VanSlyke et al. Many combinations and var-
iations of organic light emitting displays can be used to
fabricate such a device.

Claims

1. An active matrix OLED flat-panel display, compris-
ing:

a) a plurality of light emitting elements and as-
sociated control circuits;

b) a programmable power supply connected to
the control circuits;

¢) a sensor for sensing the light output of one
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10.

or more light emitting elements to produce a
feedback signal; and

d) a display controller responsive to the feed-
back signal for programming the programma-
ble power supply to compensate for changes in
the light output from the light emitting elements.

The display claimed in claim 1, wherein the display
is a color display having light emitting elements for
emitting different colors, and further comprising a
separate sensor for each color emitted by the dis-

play.

The display claimed in claim 1, further comprising
separate programmable power supplies for each
color in the flat-panel display.

The display claimed in claim 1, wherein the pro-
grammable power supply is on a common substrate
with the display.

The display claimed in claim 1, wherein the pro-
grammable power supply is on a separate substrate
from the display.

The display claimed in claim 1, wherein the pro-
grammable power supply is in a common package
with the display.

The display claimed in claim 1, wherein the pro-
grammable power supply is in a separate package
from the display.

The display claimed in claim 1, wherein the pro-
grammable power supply is addressable as a stor-
age element.

A method of controlling an active matrix OLED flat-
panel display having a plurality of light emitting el-
ements and associated control circuits, comprising
the steps of:

a) providing a programmable power supply
connected to the control circuits;

b) sensing the light output of one or more light
emitting elements to produce a feedback sig-
nal; and

¢) programming the programmable power sup-
ply in response to the feedback signal to com-
pensate for changes in the light output from the
light emitting elements.

The method claimed in claim 9, wherein the display
is a color display having differently colored light
emitting elements and further comprising the steps
of providing a programmable power supply for each
color, sensing the light output for each color and
programming the respective power supplies in re-
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sponse to the respective feedback signals.

The method claimed in claim 9, wherein the display
includes a controller having a lookup table for re-
ceiving device independent code values and pro-
ducing device dependent code values and further
comprising the step of calibrating the controller by
changing the lookup table.

The method claimed in claim 9, wherein the display
is a color display that includes a controller having a
lookup table for receiving device independent code
values and producing device dependent code val-
ues and further comprising the step of calibrating
the controller by changing the lookup table to cor-
rect for the color balance of the display.
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