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&) ABSTRACT

A drive circuit is provided for an OLED in a pixel array. The
circuit includes input voltage signal receiving means. Output
voltage signal generating means are operably connected to
the pixel diode. Means are provided for processing the input
voltage signal to replicate the inverse IV characteristic of the
pixel diode, to form the output voltage signal.
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AUTO-CALIBRATING GAMMA CORRECTION
CIRCUIT FOR AMOLED PIXEL DISPLAY DRIVER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable

REFERENCE TO A “SEQUENCE LISTING”, A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON COMPACT DISC

[0003] Not Applicable

BACKGROUND OF THE INVENTION
[0004]

[0005] The present invention relates to a circuit for pro-
viding a voltage signal to drive the organic light emitting
diodes (OLEDs) in a pixel array display and more particu-
larly to such a driver circuit that automatically compensates
for the nonlinear voltage to luminance behavior of the pixel
OLEDs due to temperature and process variability inherent
in the OLED manufacturing process.

1. Field of the Invention

[0006] 2. Description of Prior Art Including Information
Disclosed Under 37 CFR 1.97 and 1.98

[0007] Pixel drivers can be configured as either current
sources or voltage sources to control the amount of light
generated by the OLEDs in an active matrix display.
AMOLED microdisplays require very low amounts of cur-
rent to generate light, especially when using analog gray
scale rendition techniques. OLEDs have typically been
driven in current mode due to the linear dependence of
luminance on operating current. For low light level appli-
cations, a typical OLED microdisplay pixel current is about
200 pA. Traditionally, a long channel transistor is used to
generate the output current. Realizing a compact circuit that
can fit in a microdisplay application precludes the use of
very long channel transistors.

[0008] Driving OLEDs in voltage mode, on the other than,
has not been used in the past due to the nonlinear voltage to
luminance behavior of the OLED which varies under dif-
ferent operating conditions. For example, the shape of the
nonlinear IV characteristic will change form one display to
the next due to variability in the OLED manufacturing
process. The operating temperature will introduce another
variability in the OLED IV characteristic which has to be
taken into account during normal operation of the micro-
display. Finally, the operating voltage range of the OLED,
which is used to control the average brightness of the
display, will also change the shape of the required gamma
curve.

[0009] A significant benefit of the voltage drive mode is
the ability to miniaturize the pixel cell while still providing
good control for low light applications. Very long channel
transistors are not required as the drive transistor can be
operated as a voltage source with good pixel to pixel
uniformity. Miniaturization is a key drive to reduce the cost
of AMOLED microdisplays and provides a strong incentive

Oct. 11, 2007

to implement a voltage mode of operation for next genera-
tion products. To achieve this goal, however, the problem of
the variable gamma correction has to be solved.

[0010] The techniques published by OLED display
designers mostly address direct view displays (displays
having a diagonal greater than 2" typically) using non-
crystalline silicon processes. Those techniques were prima-
rily developed to address the high threshold voltage vari-
ability inherent to the processes. Because of the relative
large display size (when compared to microdisplays), there
is no need for very low current operation and therefore none
of these displays make use of the subthreshold region.

[0011] The threshold voltage compensation techniques
described in the literature are of two types:

[0012] Voltage based compensation using a second stor-
age capacitor to store the threshold voltage at each
pixel

[0013] current based compensation using a technique
similar to that first developed in the eMagin Corpora-
tion SVGA+ microdisplay as described in O. Prache,
“Full-color SVGA+OLED-on-silicon microdisplay”,
Journal of the SID, pp 133-138, 2002.

[0014] The implementation that we are aware of that is
closest to the present invention is a design from Hitachi,
described in the SID symposium Proceedings of 2002, 2003
and 2004. It uses a voltage compensated pixel cell and a
ramp applied to the storage element via the data line.

[0015] The primary objective of the present invention is to
achieve an accurate gamma function for a voltage driven
AMOLED microdisplay that is independent of manufactur-
ing variability and operational conditions. This will allow
miniaturization of the pixel structure and a size reduction of
the overall microdisplay area. This invention is also appli-
cable to larger format displays that use an active matrix
architecture. The benefit is a less expensive device with
improved image quality that is required for large volume
application.

[0016] Ttis not possible to build a fixed gamma correction
function into the microdisplay that can compensate for the
nonlinear voltage to luminance behavior of the OLED
display under all operating conditions. The nonlinear char-
acteristic of the OLED varies from one display to all the next
due to process variability and within the display due to
changes in operating conditions such as temperature and
bias.

[0017] In general, the present invention achieves its objec-
tive by using a Gamma reference circuit to create an output
voltage signal to drive the OLED diodes into the matrix
OLED display that replicates the inverse IV characteristic of
the OLED device. The circuit compensates for the depen-
dency on temperatures and process variability of the Gamma
curve.

[0018] More specifically, the present invention employees
an adaptive gamma correction scheme. A spare OLED diode
is provided in the microdisplay which serves as a reference
device for the gamma correction function. The OLED ref-
erence diode is configured to operate under the same bias
and temperature conditions as the pixel diodes, but in the
reverse mode. That is, a current proportional to the input
signal is fed into the OLED reference device, and the voltage
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at the anode node provides the resulting output signal. In the
pixel array, on the other hand, the input or drive signal is a
voltage applied to the anode of the OLED diode and the
resulting current is the output signal. The transfer function
formed by the input to output signals across the spare OLED
device provides the desired gamma function needed to
achieve a linear input signal to output current relationship.

[0019] Since both the reference and pixel OLED devices
are formed at the same time in the display, the IV charac-
teristics will match to a high degree of accuracy. Also, the
diode in the reference circuit will operate at the same current
density as the pixel device because they are both tied to a
common cathode voltage via the same VCOMMON line.
This assures that the reference and pixel OLED devices
always have the same bias conditions. As a result, as the
temperature and bias conditions change for a particular
microdisplay, the gamma correction function created from
the reference diode will adapt its shape and will continue to
produce a perfect match for the diodes used in the pixel
array.

BRIEF SUMMARY OF THE INVENTION

[0020] Tt is, therefore, a prime object of the present
invention to provide an auto-calibrating gamma correction
circuit for an OLED pixel array.

[0021] Tt is another object of the present invention to
provide such a drive circuit that automatically compensates
for the nonlinear voltage to luminance behavior of the pixel
array OLEDs due to temperature and process variability
inherent in the OLED manufacturing process.

[0022] It is another object of the present invention to
provide a drive circuit for an OLED in a pixel array that
includes input voltage signal receiving means, output volt-
age signal generating means operably connected to the pixel
diode and means for processing the input voltage signal to
replicate the inverse IV characteristic of the pixel diode, to
form the output voltage signal.

[0023] It is another object of the present invention to
provide a drive circuit for an OLED in a pixel array
including means for applying a current proportional to the
input voltage signal to the reference diode and means for
applying the output voltage signal to the pixel diode.

[0024] In accordance with the present invention, a drive
circuit is provided for an OLED in a pixel array. The circuit
includes input voltage signal receiving means. Output volt-
age signal generating means are operably connected to the
pixel diode. Means are provided for processing the input
voltage signal to replicate the inverse IV characteristic of the
pixel diode, to form the output voltage signal.

[0025] A reference diode is provided. Means are provided
for applying a current proportional to the input voltage
signal to the reference diode. Means are also provided for
applying the output voltage signal to the pixel diode.

[0026] The processing means includes first processing
means for converting the input voltage signal into an output
current. The processing means also includes second pro-
cessing means operably connected to receive the output
current from the first processing means and for converting
same into the output voltage signal. The reference diode
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operates under the same bias voltage and temperature con-
ditions as the pixel diode, but in the reverse mode.

[0027] The first processing means includes an operational
amplifier having first and second inputs and an output. The
first input of the operational amplifier is connected to receive
the input voltage signal. A first transistor with a control
electrode and an output circuit is included as part of the first
processing means. The control electrode of the first transis-
tor is connected to the output of the operational amplifier. A
resistor is also included in the first processing means. The
output circuit of the first transistor is connected between a
voltage source and a first node. The resistor is interposed
between the first node and ground. The second input of the
operational amplifier is connected to the first node.

[0028] The second processing means includes a second
transistor having a control electrode and an output circuit.
The control electrode of the second transistor is connected to
the output of the operational amplifier. The output circuit of
the second transistor is connected between a voltage source
and a second node. The processing means also includes the
reference diode. The reference diode is connected between
the second node and the bias voltage for the pixel diode. The
second node is operably connected to the pixel diode to
provide the output voltage signal thereto.

[0029] The processing circuit of the present invention may
be used with a unity gain voltage buffer operably connected
to receive the output voltage signal from the circuit. Capaci-
tor means operably connected to the output of the buffer may
be provided to store the output voltage signal.

[0030] A Piece-Wise Linear function generator means
may be provided for use with the processing circuit. Means
may be provided for connecting the processing circuit of the
present invention to the generator means to provide its PWL
coefficients.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF DRAWINGS

[0031] To these and to such other objects that may here-
inafter appears, the present invention relates to auto-cali-
brating gamma correction circuit for AMOLED pixel dis-
play driver as described in detail in the following
specification and recited in the annexed claims, taken
together with the accompanying drawings, in which like
numerals refer to like parts and in which:

[0032] FIG. 1 is a schematic design of the driver circuit of
the present invention;

[0033] FIG. 2 is a block diagram of the voltage drive
architecture using the circuit of the present invention;

[0034] FIG. 3 is a gamma correction block diagram;

[0035] FIG. 4 is a schematic diagram of a two segment
implementation of an arbitrary PWL generator; and

[0036] FIG. 5 is a graphic representation of the relation-
ship between the voltage input signal and voltage output
signal for the circuit of FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] As depicted in FIG. 2, the input signal is an analog
waveform containing the video to be displayed on the pixel
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array matrix. It has been stripped of synchronization and
other control information which is used separately to ensure
the appropriate sequencing of the ROW and COLUMN
select pulses. The sequencing is used for application of
video data to the pixel array in a raster pattern.

[0038] As the input signal (Vin) passes through the
Gamma Correction Circuit it is modified according to the
nonlinear transfer function of the circuit shown in FIG. 1.
The corrected signal (Vout) is buffered by a unity gain
voltage buffer (V Buffer) in order to drive the total parasitic
load capacitance of the column line within the allotted write
cycle time. A copy of the output signal (Vout) is stored in the
selected pixel storage capacitor 10. A unity gain buffer stage
in the pixel forces the anode of the OLED to the Vout level
and maintains this level until it is updated in the next write
cycle. The OLED current is a nonlinear function of its
voltage level. However, since the gamma correction func-
tion is an exact inverse of the OLED function, the final
operating OLED current will be linearly dependent on the
input signal.

[0039] The Gamma correction OLED pixel drive circuit of
the present invention is illustrated in FIG. 1. The input signal
(Vin) is applied to the negative input of an operational
amplifier 12. The output of operational amplifier 12 drives
the gate of a first pmos transistor 14 so that the voltage
across the resistor 16, connected between the output circuit
of transistor 14 and ground, is essentially equal to the input
signal (Vin). As a consequence, the current flowing through
the resistor 16 will be equal to Vin/R. As the input voltage
(Vin) changes, the gate voltage across transistor 14 will track
to maintain a current through transistor 14 that is linearly
dependent on the input voltage (Vin).

[0040] The gate voltage at transistor 14 is simultaneously
applied to the second pmos transistor 18. If the dimensions
of transistor 18 (width and length) are identical to those of
transistor 14, then the same current will flow through both
devices. This ensures that the current through the OLED
reference device 20, will be linearly dependent on the input
signal (Vin) as scaled by the resistence R of resistor 16. The
resistence R of resistor 16 is chosen to ensure that the current
density through the reference OLED device 20 is the same
as the pixel OLED for the chosen control range of the input
voltage (Vin). The output voltage (Vout) is the voltage across
the pixel OLED (not shown) that corresponds to its current
level as determined by its nonlinear IV characteristic. Ref-
erence OLED device 20 is connected between the output
circuit of transistor 18 and the bias voltage (V COMMON)
for the pixel OLEDs.

[0041] As a result, the Vout/Vin transfer function for the
processing circuit of FIG. 1 is exactly the inverse of the pixel
OLED current to voltage relationship. Since the Gamma
correction function and the OLED drive function are
obtained from devices on the same chip, under similar
operating conditions, the final linearity of the composite
signal is well matched.

[0042] The Gamma reference circuit by itself will not
provide sufficient speed to drive the column array due to its
low operating current and consequent low bandwidth. To
overcome this limitation, the circuit can be included in a
high-speed feedback loop or it may be used as a static
reference for an approximately equivalent nonlinear circuit,
as shown in FIG. 3. An arbitrary Piece-Wise Linear function
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generator provides the gamma correction functionality to a
degree of accuracy determined by the number of linear
segments used. Each linear segment is defined by its PWL
coefficients (breakpoint and slope). In this manner, the
Gamma reference circuit is used only to generate the PWL
coeflicients, which can be done as slowly as needed as these
are effectively DC parameters.

[0043] An example of a two-segment PWL function
implementation is given in FIG. 4 to illustrate the basic
principle. The coefficients V1, Al, and B2 are DC values
which are easily provided by the Gamma reference circuit in
combination with standard operational function blocks.
These parameters set the slopes and intercepts of the two
gain blocks which form the two linear segments shown on
the right in the Figure.

[0044] The input signal is compared to the first breakpoint
V1 by the comparator which controls a pair of transmission
gates. If VIN is less than V1, then the top transmission gate
is closed and the bottom one is open, allowing the signal
from the top gain block to appear at the output. When the
input exceeds V1, the comparator reverses the states of the
transmission gates and allows the signal from the lower gain
block to pass to the output. This approach can be easily
expanded to form a PWL function with any desired number
of segments. Many other circuit implementations are pos-
sible and do not affect the intended functionality of the
invention.

[0045] FIG. 5 is a graphic representation of the relation-
ship between the voltage input signal and voltage output
signal for the circuit of FIG. 4.

[0046] While only a limited number of preferred embodi-
ments of the present invention have been disclosed for
purposes of illustration, it is obvious that many modifica-
tions 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:

We claim:

1. A drive circuit for an OLED in a pixel array comprising
input voltage signal receiving means, output voltage signal
generating means operably connected to the pixel diode and
means for processing said input voltage signal to replicate
the inverse IV characteristic of the pixel diode, to form said
output voltage signal.

2. The circuit of claim 1 wherein said processing means
comprises first means for converting said input voltage
signal into an output current.

3. The circuit of claim 2 wherein said processing means
further comprises second means operably connected to
receive said output current from said first means and for
converting same into said output voltage signal, said second
means comprising a reference diode, operating under the
same bias voltage and temperature conditions as the pixel
diode, but in the reverse mode.

4. The circuit of claim 2 wherein said first means com-
prises operational amplifier means having first and second
inputs and an output, said first input being connected to
receive said input voltage signal, a first transistor comprising
a control electrode and an output circuit, said control elec-
trode of said first transistor being connected to said output of
said operational amplifier, a resistor, said first transistor
output circuit being connected between a voltage source and
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a first node, said resistor being interposed between said first
node and ground, said second input of said operational
amplifier being connected to said first node.

5. The circuit of claim 3 wherein said first means com-
prises operational amplifier means having first and second
inputs and an output, said first input being connected to
receive said input voltage signal, a first transistor comprising
a control electrode and an output circuit, said control elec-
trode of said first transistor being connected to said output of
said operational amplifier, a resistor, said first transistor
output circuit being connected between a voltage source and
a first node, said resistor being interposed between said first
node and ground, said second input of said operational
amplified being connected to said first node.

6. The circuit of claim 5 wherein said second means
comprises a second transistor having a control electrode and
an output circuit, said control electrode of said second
transistor being connected to said output of said operational
amplified and said output circuit of said second transistor
being connected between a voltage source and a second
node, said reference diode being connected between said
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second node and the bias voltage for the pixel diode, said
second node being operably connected to the pixel diode to
provide said output voltage signal thereto.

7. The circuit of claim 1 wherein said processing means
comprises a reference diode, means for applying a current
proportional to said input voltage signal to said reference
diode and means for applying said output voltage signal to
the pixel diode.

8. The circuit of claim 1 further comprising unity gain
voltage buffer means operably connected to receive said
output voltage signal.

9. The circuit of claim 8 further comprising capacitor
means operably connected to the output of said buffer means
to store said output voltage signal.

10. The circuit of claim 1 further comprising Piece-Wise
Linear function generator means and means for connecting
said circuit to said generator means to provide its PWL
coefficients.
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