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AMOLED MICRODISPLAY DEVICE WITH
ACTIVE TEMPERATURE CONTROL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of provisional
patent application Ser. No. 61/470,788 filed in the U.S. Patent
and Trademark Office on Apr. 1, 2011.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates generally to pixel driver cir-
cuits for active-matrix organic light-emitting diode
(AMOLED) displays and microdisplays, and more particu-
larly, to such a circuit that includes active temperature control
through the use of an on-chip heater to reduce the level of the
voltage bias necessary to operate the display over a wide
temperature range, especially below 0° C., and at high lumi-
nance levels.

[0004] 2. Description of the Related Art

[0005] Organic light emitting diode (OLED) devices are
known to shift their current-voltage characteristics dramati-
cally over temperature, with a large increase occurring at
temperatures below 0° C. As a result, the silicon backplane
must handle drive voltages that exceed the capability of typi-
cal CMOS technology. This is currently accomplished by
applying a portion of the required bias voltage, namely the
negative cathode supply, to all the pixels in common and tied
to the silicon substrate ground potential. This approach pro-
vides the ability to operate AMOLED microdisplays over a
wide temperature range (=50 to 70° C.) but at the expense of
design complexity, additional external components, and limi-
tations to the pixel size reduction.

[0006] The use of an on-chip heater to raise the OLED
temperature rapidly above 0° C. at very low ambient tempera-
tures will eliminate the need for a negative cathode supply.
The heating can be supplied by applying power to a resistive
thin-film located above the OLED layer, such as an indium-
tin-oxide (ITO) layer, and regulating the power according to
the ambient temperature.

[0007] While these units may be suitable for the particular
purpose employed, or for general use, they would not be as
suitable for the purposes of the present invention as disclosed
hereafter. Specifically, the present invention raises the OLED
temperature by dissipating power in actively controlled
devices found in the silicon drive circuitry located below the
OLED layer, such as the BIAS transistor used in the voltage
pixel driver of the preferred embodiment.

[0008] Itis, therefore, a primary object of the present inven-
tion to operate an AMOLED microdisplay over a wide tem-
perature range (-50 to 70° C.) using the present and advan-
tageous circuit design architecture without compromising
design complexity, adding external components or limiting
the pixel size reduction.

[0009] TItis, therefore, a primary object of the present inven-
tion to provide a pixel circuit that reduces the voltage bias
over a wide temperature range, especially below 0° C., and at
high luminance levels.

[0010] It is, therefore, another object of the present inven-
tion to reduce the complexity and cost of the silicon back-
plane and external electronics used for the AMOLED micro-
display.
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[0011] Tt is, therefore, another object of the present inven-
tion to provide a path to further miniaturization of the pixel
drive circuit.

[0012] It s, therefore, another object of the present inven-
tion to operate the circuit over a more limited temperature
range for the OLED, such that the optical performance of the
AMOLED microdisplay is significantly improved.

BRIEF SUMMARY OF THE INVENTION

[0013] Inaccordance with one aspect of the present inven-
tion, a self-heating drive circuit for an active-matrix organic
light-emitting diode (AMOLED) microdisplay device for use
with a reference voltage source is disclosed. The OLED is
operably connected to the reference voltage source through a
NMOS drive transistor configured as a voltage follower.
[0014] The circuit includes a means for detecting the tem-
perature of the microdisplay device and a means for reducing
the voltage bias by controlling the forward bias of the drive
transistor, thus heating the AMOLED as a function of the
temperature of the microdisplay.

[0015] In accordance with an additional embodiment an
active matrix organic light-emitting diode (AMOLED)
microdisplay device is provided that includes a panel having
a top voltage drive transistor, a bias transistor and an organic
light-emitting diode. The device further includes a tempera-
ture control system in communication with the bias transistor.
[0016] The temperature control system has a temperature
sensor for detecting the temperature of the panel and is
capable of heating the organic light emitting diode when the
temperature of the panel falls below a predetermined thresh-
old temperature.

[0017] The temperature control system has a means for
reducing the voltage bias by regulating the voltage of the bias
transistor as a function of the temperature of the panel. Hence,
low panel temperatures actuate an increased voltage of the
bias transistor and draw a higher current through the top
voltage drive transistor for self-heating the panel.

[0018] In accordance with an additional embodiment an
active matrix organic light-emitting diode (AMOLED)
microdisplay device is implemented with a temperature con-
trol means and management means.

[0019] The device includes a temperature sensor built into
the silicon backplane of an AMOLED microdisplay device
for measuring the temperature of the device and generating an
output by a voltage control oscillator (VCO) as a temperature
measurement signal.

[0020] The device further includes a temperature control
system for controlling the voltages of the microdisplay device
and receiving the temperature signal for transmitting a digital
signal to a system processor. The system processor processes
the digital signal corresponding to the temperature of the
microdisplay device and generates temperature dependent
reference signals for inputting to the control means. The
control means is able to control the voltages of the microdis-
play device in response to the temperature measurement sig-
nal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0021] To these and to such other objects that may herein-
after appear, the present invention relates to an AMOLED
microdisplay with active temperature control as described in
detail in the following specification and recited in the annexed
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claims, taken together with the accompanying drawings, in
which like numerals refer to like parts in which:

[0022] FIG. 1 is a schematic diagram of the NMOS source
follower implementation of a pixel voltage drive circuit of the
present invention having active temperature control within
the drive circuitry.

[0023] FIG.2 isafunctional block diagram for showing the
interface between the bias transistor of the drive circuit and
the active temperature control system for controlling the volt-
ages of the microdisplay of the present invention.

[0024] To the accomplishment of the above and related
objects the invention may be embodied in the form illustrated
in the accompanying drawings. Attention is called to the fact,
however, that the drawings are illustrative only. Variations are
contemplated as being part of the invention, limited only by
the scope of the claims.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention is directed to an AMOLED
microdisplay device with active temperature control.

[0026] FIG. 1 illustrates a pixel driver that is based on a
voltage source consisting of a transistor Q1 and a storage
capacitor C1. Transistor Q1 is preferably configured as an
MOS transistor, and most likely an NMOS transistor. The
voltage on the NMOS transistor sets the current in the organic
light-emitting diode OLED D1. In its broadest context, the
microdisplay includes a pixel area or panel having the top
voltage drive transistor Q1, a bias transistor Q4 and an OLED
D1.

[0027] A transmission gate consisting of a transistor Q2
and a transistor Q3 acting as switches forms the data line
access switch for the pixel. Both switches are closed by con-
trol signals ROWSELB and ROWSEL, respectively, during
the programming phase in order to write data into the pixel.
Both are opened at the end of the programming phase. In
addition, the drain to substrate junction of transistor Q4 forms
a clamp diode that protects the rest of the pixel circuitry from
short circuits across the OLED D1.

[0028] The microdisplay device is susceptible to a variety
of disadvantages and drawbacks in functionality when the
ambient temperature is low and most specifically below 0° C.
The present invention includes a temperature control system
100 which self heats the OLED and panel thus providing the
ability to operate AMOLED microdisplays over a wide tem-
perature range (=50 to 70° C.) but without the expense of
design complexity, additional external components, and limi-
tations to the pixel size reduction. Specifically, the tempera-
ture control system 100 is a means for reducing voltage bias
by controlling the forward bias of said drive transistor for
heating the AMOLED as a function of the temperature of the
microdisplay.

[0029] The temperature control system 100 (shown in FIG.
2)is tied to the bias transistor Q4 or bias pin. The circuit block
is tied to the bias pin. The temperature control system
includes a temperature sensor 105, preferably on a backplane
of'the silicon wafer, for detecting the temperature of the panel.
The temperature control system heats the OLED D1 when the
temperature of the panel is below a predetermined threshold
temperature, generally in the range of 0° C. to -50° C.
[0030] The temperature control system 100 includes a con-
trol means 120 for regulating the temperature of the OLED
D1, in order to keep temperature relatively constant and maxi-
mize performance. Specifically, the control means 120 is
capable of reducing voltage bias by controlling the forward
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bias of said drive transistor for heating the AMOLED as a
function of the temperature of the microdisplay. The tempera-
ture is regulated by the bias transistor Q4 as a function of the
temperature of the panel, such that low panel temperatures
cause an increase in voltage of the bias transistor Q4 which
draws a higher current through the top voltage drive transistor
Q1 for self-heating the area surrounding the OLED D1 and
the panel. Thus, also heating the OLED D1.

[0031] Preferably, the control means 120 receives tempera-
ture data from the temperature sensor and in conjunction with
a management means 130 processes when the temperature
falls below a predetermined threshold temperature and
increases the output voltage of the bias transistor Q4. The
increase in voltage from the bias transistor Q4 draws a higher
current through the top voltage drive transistor Q1 and self
heats the pixel area, thus raising the temperature of the OLED
D1. When the control means 120 receives the temperature
from the temperature sensor and the temperature is high, the
management means 130 processes a decrease in the output
voltage of the bias transistor Q4, thus lowering the current
through transistor Q1.

[0032] Inoneembodiment, thecontrol system 100 works in
conjunction with a management means 130. Specifically, in
this embodiment, the temperature sensor measures the tem-
perature of the microdisplay and generates an output by a
voltage control oscillator 110 (VCO) as a temperature mea-
surement signal. Here, the temperature control system, con-
trols voltages of the microdisplay device and receives the
temperature signal for transmitting a digital signal to a system
processor 140. The system processor processes the digital
signal corresponding to the temperature of the microdisplay
device to generate temperature dependent reference signals
for inputting to the control means 120 for controlling the
voltages of the microdisplay device in response to the tem-
perature measurement signal.

[0033] The present microdisplay device therefore utilizes
the advantages present with the increased current drawn from
the top voltage drive transistor Q1 to self-heat the OLED D1
without affecting the signal to the OLED D1. This is unique
and uncharted in the industry where it is uncommon to
increase the current through transistor Q1 and bias transistor
Q4, which is commonly fixed by the VCOMMON pin. How-
ever as discovered, the current prior art creates a plurality of
disadvantages including use of specific silicon technologies
to provide a means through the VCOMMON pin. In the
present invention, rather than utilize VCOMMON tied to the
ground or another small voltage, the present invention regu-
lates the existing voltage through transistor Q1 and bias tran-
sistor Q4, thus taking advantage of current circuit design
architecture.

[0034] In conclusion, herein is presented an AMOLED
microdisplay device having active temperature control. The
invention is illustrated by example in the drawing figures, and
throughout the written description. It should be understood
that numerous variations are possible, while adhering to the
inventive concept. Such variations are contemplated as being
apart of the present invention. while only a limited number of
preferred embodiments of the present invention have been
disclosed for purposes of illustration, it is obvious that many
modifications and variations could be made thereto. It is
intended to cover all of those modifications and variations,
which fall within the scope of the present invention as defined
by the following claims.
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We claim:

1. A self-heating drive circuit for an active-matrix organic
light-emitting diode (AMOLED) microdisplay device foruse
with a reference voltage source, said OLED being operably
connected to said reference voltage source through a NMOS
drive transistor configured as a diode, said circuit comprising:

a means for detecting temperature of said microdisplay

device and means for reducing voltage bias by control-
ling the forward bias of said drive transistor for heating

voltage of said bias transistor as a function of said
temperature of said panel, such that low panel tem-
peratures actuate an increased voltage of said bias
transistor and draw a higher current through said top
voltage drive transistor for self-heating said panel.

3. An active matrix organic light-emitting diode

(AMOLED) microdisplay device implemented with a tem-
perature control means and management means, comprising:

the AMOLED as a function of the temperature of the
microdisplay.
2. An active matrix organic light-emitting diode

(AMOLED) microdisplay device, comprising:

apanel having a top voltage drive transistor, a bias transis-
tor and an organic light-emitting diode; and
a temperature control system in communication with said
bias transistor;
wherein said temperature control system comprises a
temperature sensor for detecting the temperature of
said panel;
wherein said temperature control system heats the
organic light emitting diode when the temperature of
said panel is below a predetermined threshold tem-
perature;
wherein said temperature control system includes a
means for reducing the voltage bias by regulating the

a temperature sensor disposed directly on a backplane of a
silicon wafer of an AMOLED microdisplay device for
measuring a temperature of said microdisplay device
and generating an output by a voltage control oscillator
(VCO) as a temperature measurement signal;

a temperature control system for controlling voltages of
said microdisplay device and receiving said temperature
signal for transmitting a digital signal to a system pro-
cessor; and

said system processor processing said digital signal corre-
sponding to said temperature of said microdisplay
device to generate temperature dependent reference sig-
nals for inputting to a said control means for controlling
said voltages of said microdisplay device in response to
said temperature measurement signal.
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