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SYSTEM AND METHODS FOR POWER CONSERVATION
FOR AMOLED PIXEL DRIVERS

COPYRIGHT
[0001] A portion of the disclosure of this patent document contains material which is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent disclosure, as it appears in the Patent and Trademark Office

patent files or records, but otherwise reserves all copyright rights whatsoever.

FIELD OF THE INVENTION
[0002] The present invention generally relates to AMOLED displays, and particularly

conserving power consumption on such displays for certain high brightness conditions.

BACKGROUND

[0003] Currently, active matrix organic light emitting device (“AMOLED) displays arc
being proposed. The advantages of such displays include lower power consumption,
manufacturing flexibility and faster refresh rate. In contrast to conventional LCD displays, there
is no backlighting in an AMOLED display, and each pixel consists of different OLEDs, emitting
light independently. The power consumed in each pixel has a relation with the magnitude of the
generated light in that pixel. A typical pixel includes the organic light emitting device and a thin
film drive transistor. A programming voltage is applied to the gate of the drive transistor which
is roughly proportional to the current flowing through the drive transistor to the light emitting
device. However, the use of current makes the performance of the pixel dependent on the drive
transistor whose characteristics may change since many such transistors are currently fabricated
from amorphous silicon. For example, the threshold voltage of amorphous silicon transistors
may shift over long term use resulting in data from the programming voltage being incorrectly
applied due to the shift.

[0004] While the active matrix organic light emitting diode (AMOLED) display is well-
known for its low average power consumption, power consumption may still be higher than an

active matrix liquid crystal display (AMLCD) at peak brightness. This makes an AMOLED
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display less appealing for applications such as emails, web surfing and eBooks due to the largely
white (high brightness) background required to display such applications. The power dissipation
in the AMOLED display is governed by that associated with the thin film drive transistor and the
OLED itself. Although the development of a higher efficiency OLED continues to significantly
lower the power consumption of the display, the power consumption of current OLED displays
in applications requiring high brightness are greater than a comparable AMLCD. New
approaches in TFT operation are therefore needed for further reduction in power. Thus a method
to reduce power consumption to compensate for increased power requirements in certain

brightness conditions is needed.

SUMMARY

[0005]  Aspects of the present disclosure include a current-biased, voltage-programmed
circuit for a pixel of a display. The circuit includes a controllable supply voltage source
outputting a supply voltage. An organic light emitting device emitting light has a brightness
level as a function of current flow. A drive transistor has a drain coupled to the controllable
supply voltage source and a source coupled to the organic light emitting device. The drive
transistor has a gate input controlled by a programming voltage input to determine the current
flow through the light emitting device. The supply voltage output by the controllable supply
voltage source is adjusted to a level as a function of the brightness of the organic light emitting
device required from the programming voltage input.

[0006] Another example is an active matrix organic light emitting device display. The
display includes an adjustable supply voltage source and a plurality of pixels, cach coupled to the
adjustable supply voltage source. Each pixel includes an organic light emitting device and a
drive transistor having a source coupled to the organic light emitting device and a drain coupled
to the adjustable supply voltage source. A plurality of programming voltage inputs are coupled
to the gates of the drive transistors of the plurality of pixels. The programming voltage inputs
output a programming voltage indicative of a desired brightness of each of the plurality of pixels.
A supply voltage controller is coupled to the adjustable voltage source to regulate the level of a

supply voltage supplied to each of the drive transistors. The supply voltage controller decreases
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the level of the supply voltage for cach drive transistor when the programming voltage signals
require a certain level of brightness output by the pixels.

[0007] Another example is a method of conserving energy in an AMOLED display
having pixels including a drive transistor and an organic light emitting device. The required
brightness of the light emitting device is determined. The supply voltage to the drive transistor
to a lower level is adjusted based on the required brightness.

[0008] The foregoing and additional aspects and embodiments of the present invention
will be apparent to those of ordinary skill in the art in view of the detailed description of various
embodiments and/or aspects, which is made with reference to the drawings, a brief description of

which is provided next.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other advantages of the invention will become apparent upon
reading the following detailed description and upon reference to the drawings.

[0010] FIG. 1 is a block diagram of an AMOLED display;

[0011] FIG. 2 is a block diagram of a pixel driver circuit for the AMOLED display in
FIG. 1;

[0012] FIG. 3 is a graph of voltage levels for different modes for power consumption
savings for the pixel driver circuit in FIG. 2;

[0013] FIG. 4 is an alternate pixel driver circuit that may use the power consumption
control while controlling for voltage drop and preventing threshold voltage shift;

[0014] FIG. 5 is a timing diagram for the control and data signals for the driver circuit in
FIG. 4; and

[0015] FIG. 6 is a power consumption graph of the example driver circuit against a
conventional AMOLED display for different graphics images.

[0016] While the invention is susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and will be described
in detail herein. It should be understood, however, that the invention is not intended to be

limited to the particular forms disclosed. Rather, the invention is to cover all modifications,
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equivalents, and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.

DETAILED DESCRIPTION

[0017] FIG. 1 is an clectronic display system 100 having an active matrix arca or pixel
array 102 in which an array of pixels 104 are arranged in a row and column configuration. For
case of illustration, only two rows and columns are shown. External to the active matrix arca of
the pixel array 102 is a peripheral arca 106 where peripheral circuitry for driving and controlling
the pixel array 102 are disposed. The peripheral circuitry includes a gate or address driver circuit
108, a source or data driver circuit 110, a controller 112, and a supply voltage (e.g., Vdd) driver
114. The controller 112 controls the gate, source, and supply voltage drivers 108, 110, 114. The
gate driver 108, under control of the controller 112, operates on address or select lines SEL[1],
SELJ[i+1], and so forth, one for cach row of pixels 104 in the pixel array 102. A video source
120 feeds processed video data into the controller 112 for display on the display system 100.
The video source 120 represents any video output from devices using the display system 100
such as a computer, cell phone, PDA and the like. The controller 112 converts the processed
video data to the appropriate voltage programming information to the pixels 104 on the display
100 system 100.

[0018] In pixel sharing configurations described below, the gate or address driver circuit
108 can also optionally operate on global select lines GSEL[j] and optionally /GSEL[j], which
operate on multiple rows of pixels 104 in the pixel array 102, such as every two rows of pixels
104. The source driver circuit 110, under control of the controller 112, operates on voltage data
lines Vdata[k], Vdata[k+1], and so forth, one for each column of pixels 104 in the pixel array
102. The voltage data lines carry voltage programming information to each pixel 104 indicative
of a brightness of cach light emitting device in the pixel 104. A storage clement, such as a
capacitor, in cach pixel 104 stores the voltage programming information until an emission or
driving cycle turns on the light emitting device. The supply voltage driver 114, under control of
the controller 112, controls the level of voltage on a supply voltage (EL_Vdd) line, one for cach
row of pixels 104 in the pixel array 102. Alternatively, the voltage driver 114 may individually
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control the level of supply voltage for each row of pixels 104 in the pixel array 102 or each
column of pixels 104 in the pixel array 102. As will be explained, the level of the supply voltage
is adjusted to conserve power consumed by the pixel array 102 depending on the brightness
required.

[0019]  As is known, each pixel 104 in the display system 100 needs to be programmed
with information indicating the brightness of the organic light emitting device in the pixel 104
for a particular frame. A frame defines the time period that includes a programming cycle or
phase during which each and every pixel in the display system 100 is programmed with a
programming voltage indicative of a brightness and a driving or emission cycle or phase during
which cach light emitting device in cach pixel is turned on to emit light at a brightness
commensurate with the programming voltage stored in a storage element. A frame is thus one of
many still images that compose a complete moving picture displayed on the display system 100.
There are at least two schemes for programming and driving the pixels: row-by-row, or frame-
by-frame. In row-by-row programming, a row of pixels is programmed and then driven before
the next row of pixels is programmed and driven. In frame-by-frame programming, all rows of
pixels in the display system 100 are programmed first, and all of the pixels are driven row-by-
row. Either scheme can employ a brief vertical blanking time at the beginning or end of cach
frame during which the pixels are neither programmed nor driven.

[0020] The components located outside of the pixel array 102 can be disposed in a
peripheral area 106 around the pixel array 102 on the same physical substrate on which the pixel
array 102 is disposed. These components include the gate driver 108, the source driver 110 and
the supply voltage controller 114. Alternatively, some of the components in the peripheral arca
can be disposed on the same substrate as the pixel array 102 while other components are
disposed on a different substrate, or all of the components in the peripheral area can be disposed
on a substrate different from the substrate on which the pixel array 102 is disposed. Together,
the gate driver 108, the source driver 110, and the supply voltage control 114 make up a display
driver circuit. The display driver circuit in some configurations can include the gate driver 108

and the source driver 110 but not the supply voltage controller 114.
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[0021] The use of the AMOLED display system 100 in FIG. 1 for applications with
bright backgrounds such as emails, Internet surfing, ctc. requires higher power consumption due
to the need for each pixel to serve as a light for such applications. However, the same supply
voltage applied to the drive transistors of cach pixel is still used when the pixel is switched to
varying degrees of gray scales (brightness). The current example therefore manages the supply
power of the drive transistors for video data that requires higher brightness, therefore resulting in
power savings while maintaining the necessary luminescence compared to an ordinary
AMOLED display with a constant supply voltage to the drive transistors.

[0022] FIG. 2 is a circuit diagram of a simple individual driver circuit 200 for a pixel
such as the pixel 104 in FIG. 1. As explained above, cach pixel 104 in the pixel array 102 in
FIG. 1 is driven by the driver circuit 200 in FIG. 2. The driver circuit 200 includes a drive
transistor 202 coupled to an organic light emitting device 204. In this example, the organic light
emitting device 204 is a luminous organic material which is activated by current flow and whose
brightness is a function of the magnitude of the current. A supply voltage input 206 is coupled to
the drain of the drive transistor 202. The supply voltage input 206 in conjunction with the drive
transistor 202 creates current in the light emitting device 204. The current level may be
controlled via a programming voltage input 208 coupled to the gate of the drive transistor 202.
The programming voltage input 208 is therefore coupled to the source driver 110 in FIG. 1. In
this example, the drive transistor 202 is a thin film transistor fabricated from hydrogenated
amorphous silicon. Of course, the techniques described hercin may be employed with drive
transistors fabricated from other semi-conductor materials. Other circuit components such as
capacitors and transistors (not shown) may be added to the simple driver circuit 200 to allow the
pixel to operate with various enable, select and control signals such as those input by the gate
driver 108 in FIG. 1. Such components are used for faster programming of the pixels, holding
the programming of the pixel during different frames and other functions.

[0023] When the pixel 104 is required to have maximum brightness such as in
applications such as e-mail or web surfing, the gate of the drive transistor 202 is driven so the
transistor 202 is in saturation mode and therefore fully open allowing high current to flow

through the organic light emitting device 204 creating maximum brightness. Lower levels of
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brightness for the light emitting device 204, such as those for lower gray scales, are controlled by
controlling the voltage to the gate of the drive transistor 202 in the lincar region. When the drive
transistor 202 operate in this region, the gate voltage controls the current supplied to the light
emitting device 204 linearly and therefore the brightness of the light emitting device. In a power
saving mode in this example, the power consumption associated with the drive transistor 202 is
reduced because as the drive transistor 202 is driven into saturation mode at a certain threshold
voltage, a lower supply voltage above the threshold voltage will still maintain a level of current
to the light emitting device 204 that produces roughly the same brightness as a higher supply
voltage would.

[0024] FIG. 3 shows four different modes of power consumption that regulate the supply
voltage level 300. A first mode has a relatively high driver voltage level 302 which results in the
highest brightness. A second mode has a relatively lower voltage level 304 as the pixel is not
required to be as bright such as a gray scale requiring a region to allow sufficient gate voltage
control of the necessary brightness. A third mode has a lower voltage level 306 resulting in a
darker shade. A fourth mode reduces the driver voltage to a low level 308. A constant supply
voltage level 310 represents a conventional AMOLED driver circuit where the supply voltage is
kept at one level. The varying of supply voltages to the drive transistor depending on the
brightness requirements of the pixel 104 results in savings in power consumption of around 40%
over a conventional OLED pixel represented by the voltage level 310. It is to be understood that
there may be any number of different power supply levels.

[0025] The level of the supply voltage from the supply voltage input 206 in FIG. 2 is
controlled by the voltage controller 114 in FIG. 1. The control of the supply voltage may be
based on the current required by the display system 100 based on sensed display current
compared to certain threshold levels. One example of measuring display current is determining
the total current from the power supply connected to the display system 100. In this example,
the controller 112 will compare the sensed display current with threshold levels and adjust the
supply voltages supplied by the voltage controller 114 to save power consumption as the
different threshold levels are exceeded. A higher current may indicate that the supply voltages

may be lowered to a level that still achieves the needed brightness. A lower current will allow
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lower voltages to be used in situations where the pixel is largely in darker gray scales not
requiring bright levels.

[0026]  Alternatively, the determination may be made during video processing based on
the amount of overall brightness required in a particular video frame based on the video data
received from the video source 120 in FIG. 1. Such a determination could be made via video
processing software on the device associated with the video source 120 using the display system
100 in FIG. 1 or by the controller 112. For example, in the cases of a smooth gradient image
(gradual transition from black to full white), if the gradient stays the same between frames with
no sudden jumps, contouring effects or color shifts, the controller 112 may determine that the
image quality is not changed and adjustments may be made to the supply voltage. In this
example, the supply voltage is controlled at the same level for each pixel in the display 100 via a
common voltage supply line. However, different segments of pixels may have their supply
voltages controlled independently such as the supply voltages for cach row of pixels or column
of pixels for more precise power saving. The independent voltage control for the drive
transistors of different segments of pixels may be preferably performed for larger displays
having more variation of brightness levels for a given frame over the different pixels.

[0027]  The drive transistor 202 has a saturation region where current is constant against
the voltage applied across the source and the drain such as the supply voltage from the supply
voltage input 206 in FIG. 2. At lower gate voltage levels, the level of current through the
transistor has a linear relationship with the gate voltage. A transition region exists between the
linear region and the saturation region. The saturation region maintains a substantially constant
current for any voltage level above the threshold voltage. Operating in saturation has been
necessary due to the high contact resistance associated with an amorphous silicon thin film
transistor such as the drive transistor 202 in particular.

[0028] Thus, the operating voltage for a pixel should be chosen such that the drive
transistor 202 stays in deep saturation to reduce cross talk stemming from voltage drop on the
supply voltage input 206 in a power saving mode. The pixel 104 is therefore programmed with a
high current to the light emitting device 204 therefore making it become an almost linear

function of the voltage across the drive transistor 202. In this case, the high current required for
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the light emitting device 204 effectively leads to source degeneration, thus reducing the effect of
the voltage drop on the drive transistor 202. Also, during the leakage time, the pixel current is
brought to normal levels, which further compensates for the voltage drop. As a result the display
luminance stays the same. This effect reduces the power of the drive transistor 202 by over 50%
and total power consumption by 40% when the pixel 104 is at the highest brightness levels
required for applications such as ¢-mail and web browsing.

[0029] However, since the drive transistor 202 is shifted toward the linear region of
operation by lower supply voltages in order to maintain the necessary high current for the light
emitting device 204, the image quality is affected by ground bouncing and voltage drop.
However, since the gray scales are further apart in applications requiring primarily bright pixels
such as e-mail, the image quality will not be affected significantly. In order to maintain the same
luminance, the programming voltage input to the gate of the drive transistor 202 may be
controlled by adjusting gamma curves. FIG. 4 shows an alternate driver circuit 400 for a display
pixel such as the pixels 104 in FIG. 1 that may employ the voltage supply control but tolerate
voltage drop and ground bouncing. The driver circuit 400 is capable of operating in the
saturation-linear transition region or even further down in the linear region of the driver
transistor, resulting in significant power reduction without causing any image artifacts.

[0030] The driver circuit 400 includes a drive transistor 402 having a source coupled to
an organic light emitting device 404. A programming voltage input 406 is coupled to the gate of
the drive transistor 402 through a select transistor 408. The sclect transistor 408 has a gate that is
coupled to a select input 410. A select signal on the select input 410 allows a programming
voltage signal on the program voltage input 406 to adjust the current through the drive transistor
402 to the light emitting device 404. The program voltage input 406 is coupled to the drain of
the select transistor 406. The source of the select transistor 408 is coupled to the gate of the
drive transistor 402 and the gate of a bias transistor 412 that is wired in serics to another bias
transistor 414. A source capacitor 416 is charged to the programming voltage when the select
transistor 408 is turned on. A control signal input 420 is coupled to the gate of the bias transistor
414. A controlled supply voltage input 422 is coupled to the drain of the drive transistor 402.

The input supply voltage 422 is controlled via a voltage controller such as the voltage controller
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114 in FIG. 1 to adjust the supply voltage level and therefore save power for the driver circuit
400.

[0031] FIG. 5 is a timing diagram of the signals for the sclect input 410, the control input
420 and the programming input 406 in FIG. 4 during one frame of the pixel powered by the
driver circuit 400. When the sclect signal on the signal input 410 is input to the select transistor
408, the transistor 408 is turned on allowing the programming voltage signal input 406 to charge
the source capacitor 416 to the programming voltage level that will produce the proper current
flow through the drive transistor 402 to the organic light emitting device 404. This part of the
cycle programs the pixel circuit 400 with the proper brightness level based on the programming
voltage signal input 406. The voltage drop and ground bouncing are climinated by the use of the
bias transistors 412 and 414.

[0032] As shown in FIG. 5, the next part of the cycle turns off the select signal on the
signal input 410 and turns on the control signal to the control signal input 420 coupled to the gate
of the transistor 414. When the select signal on the select signal input 410 is strobed low, the
select transistor 408 is turned off causing the programming voltage to be held by the stored
voltage in the capacitor 416. The control signal input 420 turns on the bias transistor 414 on.
The control signal on the control signal input 420 thus enables voltage compensation with charge
leakage. In the next cycle, the control signal on the control signal input 420 is then strobed low
which turns off the transistor 414 causing the programming voltage stored on the capacitor 416
to be coupled between the source and the gate of the drive transistor 402. The data programming
voltage to the gate causes the current to the light emitting device 404 to be regulated by the drive
transistor 402. The pixel is therefore turned on during this period and holds the program voltage
level from the programming voltage input 106. The control signal to the control signal input 420
then goes high again which turns the pixel off and therefore relaxes the current flowing through
the drive transistor 402. Because of the negative bias caused by the bias transistors 412 and 414,
the transistor 402 thus recovers a significant part of the threshold voltage shift and thereby
lengthens the life of the transistor 402.

[0033] The display circuit 400 in FIG. 4 is therefore off for a small part of the frame time

when the control signal input 420 is strobed a second time. Since the circuit 400 is not on for
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most of the frame time, during the off period, the threshold voltage shift may be recovered.
While the circuit is off, the drive transistor 402 is stressed with a high current level via the
supply voltage signal 422. The cycle evens the threshold voltage shift of all the pixels in the
display thereby reducing the effect of differential aging. The drive transistor 402 is negatively
biased during the recovery period, thereby recovering a significant part of the threshold voltage
shift serving to prolong the lifetime of the drive transistor 402 and therefore the pixel. This
reduces the threshold voltage of the drive transistor 402 by nearly a factor of 3. The driver
circuit 400 in FIG. 4 therefore allows the use of lower supply voltage to the drive transistor 402
while compensating for the effects of voltage drop and cross talk.

[0034] The driver circuit 400 in FIG. 4 also allows the compensation for voltage shifts in
the threshold voltage of the drive transistor 402 due to oversaturation from the lower drive
voltage levels. When a lower voltage is applied across the drive transistor 402, it may result in
higher voltage threshold shift stemming from increased carriers of the channel which in turn
leads to faster aging of the transistor 402. Since the voltages in FIG. 4 are relatively higher due
to the bias transistor pair 412 and 414, the drive transistor 402 is not driven in transition for as
much time as using a relative lower voltage therefore stabilizing long term threshold voltage shift
and increasing the lifetime of the transistor 402.

[0035] FIG. 6 is a graph showing the savings in power of an AMOLED pixel display
using adjustable supply voltage control in comparison with a standard AMOLED pixel display
using a constant supply voltage. Significant power savings may be made in applications with
high brightness output. A bar 602 shows the lower power level from an AMOLED display using
the procedures outlined above in comparison to a bar 612 from a standard AMOLED display
when displaying a total white screen. Other applications such as a bright image (¢.g., start menu)
as represented by the bar 608 showing the lower power consumption of an adjustable supply
voltage AMOLED display in comparison to a bar 618 showing the power consumption of a
standard AMOLED display. Bars 604 and 606 show the smaller power savings in cases where
the pixels are darker (less bright) in comparison to bars 614 and 616 representing the power

consumed by a conventional AMOLED display.
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[0036] While particular embodiments and applications of the present invention have been
illustrated and described, it is to be understood that the invention is not limited to the precise
construction and compositions disclosed herein and that various modifications, changes, and
variations can be apparent from the foregoing descriptions without departing from the spirit and

scope of the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

l. A current-biased, voltage-programmed circuit for a pixel of a display, the circuit
comprising:

a controllable supply voltage source outputting a supply voltage;

an organic light emitting device emitting light having a brightness level as a function of
current flow;

a drive transistor having a drain coupled to the controllable supply voltage source and a
source coupled to the organic light emitting device, the drive transistor having a gate input
controlled by a programming voltage input to determine the current flow through the light
emitting device; and

wherein the supply voltage output by the controllable supply voltage source is adjusted to
a level as a function of the brightness of the organic light emitting device required from the
programming voltage input.

2. The circuit of claim 1, wherein the supply voltage source has at least four
different supply voltage levels corresponding to different brightness levels.

3. The circuit of claim 1, wherein the function of the brightness of the light emitting
device is determined as a function of image data including the part of the image displayed on the
pixel.

4. The circuit of claim 1, wherein the function of the brightness of the light emitting
device is determined as a function of the current consumed by the light emitting device.

5. The circuit of claim 1, wherein the pixel is part of a plurality of pixels making up
a display, and the supply voltage level is adjusted based on the brightness of the display.

6. The circuit of claim 1, further comprising:

a source capacitor coupled between the gate and the source of the drive transistor;

a select transistor coupled between the gate of the drive transistor and the programming
voltage input;

an enable input coupled to the gate of the select transistor, the enable input causing the

programming voltage input to charge the source capacitor to the programming voltage level; and
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a pair of bias transistors coupled between the gate and the source of the drive transistor,
onc of the pair of bias transistors being coupled to a control signal input to bias the drive
transistor to compensate for voltage drop and cross talk.

7. An active matrix organic light emitting device display, comprising:

an adjustable supply voltage source;

a plurality of pixels, each coupled to the adjustable supply voltage source, each pixel
including:

an organic light emitting device;

a drive transistor having a source coupled to the organic light emitting device and a drain
coupled to the adjustable supply voltage source;

a plurality of programming voltage inputs coupled to the gates of the drive transistors of
the plurality of pixels, the programming voltage inputs outputting a programming voltage
indicative of a desired brightness of cach of the plurality of pixels;

a supply voltage controller coupled to the adjustable voltage source to regulate the level
of a supply voltage supplied to each of the drive transistors, the supply voltage controller
decreasing the level of the supply voltage for cach drive transistor when the programming
voltage signals require a certain level of brightness output by the pixels.

8. The display of claim 7, wherein the plurality of pixels is a row of pixels in the
display.

9. The display of claim 7, wherein the plurality of pixels is a column of pixels in the
display.

10. The display of claim 7, wherein the supply voltage is adjustable to at least four
different levels.

1. The display of claim 7, wherein the function of the brightness of the light emitting
devices is determined as a function of the current consumed by the pixels.

12. The display of claim 7, wherein the function of the brightness of the light emitting
device is determined as a function of the current required for the brightness of the pixels.

13. A method of conserving energy in an AMOLED display having pixels including a

drive transistor and an organic light emitting device, the method comprising:
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determining the required brightness of the light emitting device;

adjusting the supply voltage to the drive transistor to a lower level based on the required
brightness.

14. The method of claim 13, wherein the brightness is determined by the required
current to the light emitting device.

15.  The method of claim 13, wherein the brightness is determined based on video data

to the display.
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