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DISPLAY HAVING A
TRANSISTOR-DEGRADATION CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Non-Provisional Patent Appli-
cation claiming priority to U.S. Provisional Patent Applica-
tionNo. 61/104,737, entitled “DISPLAY HAVING A TRAN-
SISTOR-DEGRADATION CIRCUIT?, filed Apr. 21, 2008,
which is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to displays
and, in some embodiments, to displays having a transistor-
degradation circuit.

[0004] 2. Description of the Related Art

[0005] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present invention, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0006] Liquid-crystal displays (LCDs) are used in a variety
of electronic devices, such as televisions, computer monitors
for desktop and laptop computers, and specialized equipment
like automated teller machines, medical devices, and indus-
trial equipment. LCD panels are also used frequently in por-
table electronic devices, such as cell phones, global-position-
ing-satellite (GPS) units, and hand-held media players.
[0007] Typically, LCD panels include an array of pixels for
displaying images. The pixels often each include three or
more sub-pixels that each display a color, e.g., red, blue,
green, and in some instances, white light. To display an
image, the appropriate sub-pixels on the display are rendered
transmissive to light, allowing color-filtered light to pass
through each of the transmissive sub-pixels and form the
image. The sub-pixels are often arranged in a grid and can be
addressed, e.g., individually adjusted, according to their row
and column in the grid. Generally, each sub-pixel includes a
transistor that is controlled according to row and column
signals. For instance, the gate of a transistor in a sub-pixel
may connect to a gate line generally extending in the column
direction, and a source of the transistor in the sub-pixel may
connect to a source line generally extending in the row direc-
tion. Often, a plurality of the transistors in the same column
have gates connected to the same gate line, and a plurality of
the transistors in the same row have sources connected to the
same source line. An individual sub-pixel is typically
addressed by turning on its transistor through the gate line,
and transmitting image data relevant to the individual sub-
pixel through its source line. By repeating this addressing
process for each of the pixels in the display, an image may be
formed, and by sequentially displaying changing images,
video may be displayed.

[0008] Some components of LCD panels perform differ-
ently as the LCD panel ages. Each of the gate lines is often
controlled by a number of gate-line transistors disposed at
one end of the gate line. Typically, at least one gate-line
transistor, having a high duty cycle, is employed to pull the
gate line down, as will be described further below. Generally,
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the gate-line transistor is disposed in series between the tran-
sistors in the sub-pixels and a voltage source that tends to turn
off the transistors in the sub-pixels. Accordingly, the gate-line
transistor is typically in a conductive state except when its
associated sub-pixels are being addressed, as the transistors
of non-addressed sub-pixels are typically left in an off state to
preserve the light-transmitting state of the sub-pixels. When
the LCD panel is operating, a given column of sub-pixels is
addressed relatively infrequently, as LCD panels often
include a large number, e.g., several hundred or several thou-
sand, columns of sub-pixels, and one column of sub-pixels (or
some other subset) is addressed at a time. As a result, in some
LCD panels, the gate-line transistors spend a substantial por-
tion of the panel’s life in a conductive state, holding the
transistors on their gate line in an off state. This high duty
cycle often results in the properties of the gate-line transistors
changing during the life of the panel. For instance, the thresh-
old voltage of the gate-line transistors may increase over the
life of the panel.

[0009] The rate of change, however, is difficult to predict.
Thermal variations across the display may affect the rate of
change in the threshold voltage, and process variations during
the manufacture of the display may affect the rate of change
in the threshold voltage. Consequently, it has proven difficult
to estimate the change in the threshold voltage of the gate-line
transistors.

BRIEF SUMMARY

[0010] Systems, methods, and devices are disclosed,
including a device having a liquid-crystal display (LCD)
panel that includes a transistor-degradation circuit. In some
embodiments, the transistor-degradation circuit is configured
to output a signal indicative of a change in a property of a
transistor on the LCD panel over time, such as a change in the
threshold voltage of the transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Advantages of the invention may become apparent
upon reading the following detailed description and upon
reference to the drawings in which:

[0012] FIG. 1 illustrates an example of an LCD in accor-
dance with an embodiment of the present technique;

[0013] FIG. 2 illustrates an example of a transistor-degra-
dation circuit in accordance with an embodiment of the
present technique;

[0014] FIG. 3 illustrates a second example of a transistor-
degradation circuit in accordance with an embodiment of the
present technique;

[0015] FIG. 4 illustrates a third example of a transistor-
degradation circuit in accordance with an embodiment of the
present technique;

[0016] FIG. 5 illustrates a fourth example of a transistor-
degradation circuit in accordance with an embodiment of the
present technique;

[0017] FIG. 6 illustrates a fifth example of a transistor-
degradation circuit in accordance with an embodiment of the
present technique;

[0018] FIGS.7A-7C illustrate examples of voltage traces in
the transistor-degradation circuit of FIG. 6;

[0019] FIG. 8 illustrates an example of a process for moni-
toring an LCD in accordance with an embodiment of the
present technique;
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[0020] FIG. 9 illustrates an example of a process for con-
trolling an LCD in accordance with an embodiment of the
present technique;

[0021] FIG. 10 illustrates an example of a process for dis-
playing information about an LCD in accordance with an
embodiment of the present technique;

[0022] FIG. 11 illustrates a second example of an LCD in
accordance with an embodiment of the present technique; and
[0023] FIGS. 12 and 13 illustrate an example of an elec-
tronic device including the LCD of FIG. 1 or 2 in accordance
with an embodiment of the present technique.

DETAILED DESCRIPTION QOF SPECIFIC
EMBODIMENTS

[0024] One or more specific embodiments of the present
invention will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous iniplementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0025] FIG.1illustrates an example of an LCD 10 having a
transistor-degradation circuit 12. As explained below, the
transistor-degradation circuit 12 may output a signal indica-
tive of a change in the properties of transistors in the LCD 10.
A support circuit 14 receives this signal and produces data
about the state of the transistors in the LCD 10. The transistor-
degradation circuit 12 and the support circuit 14 are described
further below, after describing other aspects of the LCD 10.
[0026] In this embodiment, the LCD 10 includes an LCD
panel 16, a backlight 18, and a driver integrated circuit (IC)
20. The LCD panel may be any of a variety of types of LCD
panels, including a twisted nematic (TN) panel, an in-plane
switching (IPS) panel, a multi-domain vertical alignment
(MVA) panel, a patterned vertical alignment (PVA) panel, or
a super patterned vertical alignment (S-PVA) panel, for
example. In other embodiments, other types of displays may
be used, such as a plasma display, an organic light emitting
diode display, an electronic ink display, or other displays
having transistors with properties that change over time.
[0027] The LCD panel 16 may include a plurality of
devices that are formed on a substrate, e.g., a glass substrate.
In this embodiment, the LCD panel 16 includes the transistor-
degradation circuit 12, an array 22 of sub-pixels 24, and a
plurality of gate-line transistors 26, all formed on a substrate.
The illustrated sub-pixels 24 may be generally arranged in
rows and columns with each sub-pixel 24 in a row coupled to
a source line 28 and each sub-pixel 24 in a column coupled to
a gate line 30. The illustrated sub-pixels 24 are generally
arranged 1in a rectangular lattice, but in other embodiments
they may be arranged differently, e.g., in a hexagonal lattice.
[0028] Each of the illustrated sub-pixels 24 may include an
access transistor 32, a light switch 34, and a capacitor 36. The
access transistors 32 may be formed on the panel 16 by
depositing a semiconductor, such as amorphous silicon or
polycrystalline silicon, on the panel 16 and patterning the
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semiconductive material with lithography, e.g., photolithog-
raphy. The semiconductive material may be selectively doped
to form a source, a drain, and a channel in each of the access
transistors 32, and an insulator, such as silicon dioxide, and a
conductive material may be patterned on the substrate 16 to
form a gate adjacent the channel in each of the access tran-
sistors 32. The light switch 34 may include a liquid crystal
disposed between two conductive transparent or translucent
electrodes and two generally orthogonally-oriented light-po-
larizing layers. Biasing the electrodes may orient the liquid
crystal such that light may be selectively transmitted through
the light-polarizing layers according to the electrical state of
the electrodes. A color filter may be disposed across each
sub-pixel 24 to selectively transmit a particular frequency of
light, e.g., red, blue, or green, such that applying a voltage to
the sub-pixel 24 renders the sub-pixels 34 generally transpar-
ent or translucent to certain frequencies of light. The capaci-
tor 36 may include a plate coupled to one of the electrodes in
the sub-pixel 24 and another plate coupled to a common
voltage source, e.g. ground, or an adjacent gate line 30. The
capacitor 36 may generally maintain a voltage across the
electrodes in the sub-pixel 24 when the sub-pixel 24 is not
being addressed.

[0029] The gates of each of the access transistors 32 may be
connected to one of the gate lines 30, which may be generally
integrally formed with the gate of the access transistors 32, or
it may be formed in a different step. The illustrated gate lines
30 couple to a plurality of sub-pixels 24 disposed in a given
column. In some embodiments, the gate lines 30 are coupled
at one end to a load circuit that tends to render the access
transistors 32 conductive and at the other end to a pull-down
voltage source 38 that tends to render the access transistors 32
nonconductive. The source and drain of the illustrated gate-
line transistors 26 may be coupled in series between the
pull-down voltage source 38 and the gate lines 30, such that
the gate-line transistors 26 control whether the access tran-
sistors 32 on a given gate line 30 are conductive or noncon-
ductive. A gate of each of the gate-line transistors 26 may be
coupled to the driver IC 20. Alternatively, the gate control
signal for the gate-line transistors 26 may be generated on the
LCD, under less direct control from the driver IC 20.

[0030] The sources of the access transistors 32 on a given
row may be connected to a source line 28, which like the other
features on the panel 16, may be formed by deposition, lithog-
raphy, and etching. The source-lines 28 may connect to the
driver IC 20 through a source-line bus 40. Image data, such as
the degree to which a given light switch 34 in a given sub-
pixel 24 should transmit light, may be transmitted from the
driver IC 20 to the sub-pixels 24 via the source-line bus 40 and
the appropriate source line 28. The image data may be in the
form of a voltage that when formed across the electrodes in
the light switch, allows the appropriate amount of light
through the light switch.

[0031] Thetransistor-degradation circuit 12 may be formed
on the LCD panel 16. In some embodiments, the transistor-
degradation circuit 12 may be formed generally simulta-
neously with the access transistors 32 and the gate-line tran-
sistors 26 using the same deposition, lithography, etching,
and doping steps. Several examples of the transistor-degra-
dation circuit 12 are described below with reference to FIGS.
8-10. In these examples, the transistor-degradation circuit 12
may be configured to output a signal indicative of a change in
a property of the gate-line transistors 26, such as their thresh-
old voltage. In other embodiments, the transistor-degradation
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circuit 12 may output a signal indicative of changes in other
transistors, such as the access transistors 32, or changes in
other devices on the LCD panel 16 over time.

[0032] The backlight 18 may be configured to supply light
to one side of the sub-pixels 24. In some embodiments, the
backlight 18 includes one or more fluorescent lights or one or
more light-emitting diodes, e.g. white-light emitting diodes.
A light-guide and a reflective layer may distribute light from
the backlight 18 generally evenly among the sub-pixels 24,
which may selectively transmit this light. In some embodi-
ments, the sub-pixels 24 are transflective sub-pixels that have
a reflective portion that selectively reflects ambient light and
atransmissive portion that selectively transmits light from the
backlight 18.

[0033] The driver IC 20 may include a chip, e.g., an appli-
cation-specific integrated circuit (ASIC), that is configured to
control various aspects ofthe LCD 10. In some embodiments,
the driver IC 20 includes the support circuit 14 and circuitry
configured to address each of the sub-pixels 24 based on
image data. The illustrated embodiment includes a single
driver IC 20 coupled to the LCD panel 16, but other embodi-
ments may include a plurality of driver ICs. For example,
some embodiments may include a plurality of driver ICs
disposed along the bottom and the side of the LCD panel 16,
and each driver IC may control a subset of the gate lines 30 or
the source lines 28. In some embodiments, the driver IC 20
may be mechanically and electrically coupled to the LCD
panel 16 via a tape carrier package or other technique.

[0034] In operation, the driver IC 20 receives image data
and, based on this data, outputs signals that adjust the sub-
pixels 24. The image data may be received from other com-
ponents of an electronic device including the LCD 10. The
image data may indicate which sub-pixels 24 should be ren-
dered transmissive and the degree to which they should be
rendered transmissive to form an image conveyed by the
image data, such as a frame in a video. To display the image,
the driver IC 20 generally individually accesses each column
of sub-pixels 24 and adjusts the voltage across the electrodes
in each of the light switches 34 in those sub-pixels 24. To
access a column of sub-pixels 24, in this embodiment, the
driver IC 20 may turn off] either directly or indirectly, the
gate-line transistor 26 associated with the column of sub-
pixels 24 being addressed. Turning off the gate-line transistor
26 may impede or prevent the pull-down voltage source 38
from holding down the voltage of the gate line 30, and the
voltage of the addressed gate line 30 may rise in response to
the gate-line transistor 26 being turned off; as current flowing
between the gate line 30 and a load circuit may increase the
voltage of the gate line 30. This change in voltage may render
the access transistors 32 on the addressed column conductive.
Image data appropriate for the addressed column may be
transmitted from the driver IC 20 to each of the source lines
28. The voltages of the source lines 28 may drive current
between the source lines 28 and both the capacitor 36 and the
electrodes in the light switches 34, thereby updating the light-
conductive state of the light switches 34 according to the
image data. After the sub-pixels 24 in a column are adjusted,
the gate-line transistor 26 for that column may turn back on,
and the pull-down voltage source 38 may lower the voltage of
the gate line 30 and turn off the access transistors 32 on that
column, thereby impeding the sub-pixels 24 from changing
until the next time that they are addressed. The driver IC 20
may repeat this process for each of the gate lines 30 to pro-
duce an image. In some embodiments, groups of sub-pixels
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24 each having a filter of a different color may together form
a single pixel of the resulting image.

[0035] The illustrated array 22 includes three rows of sub-
pixels and three columns of sub-pixels, but other embodi-
ments may include substantially more sub-pixels. Having a
large number of sub-pixels 24 may increase the duty cycle of
the gate-line transistors 26. Because each gate-line transistor
26 in the present embodiment is generally turned on except
when addressing sub-pixels 24 coupled to its gate line 30,
each of the gate-line transistors 26 may be turned on for
substantial portion of the life of the LCD 10, as there may be
a substantial number of gate-line transistors 26 and the gate-
line transistors 26 are generally turned off one at a time. For
example, the gate-line transistors 26 may be turned on more
than 99% of the time in which the LCD 10 is operating. As a
result, in some embodiments, properties of the gate-line tran-
sistors, such as their threshold voltage, may change over time.

[0036] FIG. 2 illustrates an embodiment of a transistor-
degradation circuit 42 and a support circuit 44, which are
examples of the transistor-degradation circuit 12 and the sup-
port circuit 14 illustrated by FIG. 1. In this embodiment, the
transistor-degradation circuit 42 is integrally formed on the
LCD panel 16, and the support circuit 14 is integrally formed
on the driver IC 20. In other embodiments a portion or all of
the support circuit 44 may also be formed on the LCD panel
16. The illustrated transistor-degradation circuit 42 may
include a high-duty cycle transistor 46 and a low-duty cycle
transistor 48. The sources of the transistors 46 and 48 may be
connected to the pull-down voltage source 38, and the drains
of the transistors 46 and 48 may be connected to a load circuit
50. The load circuit 50 may be generally similar or identical to
the load circuit used to elevate the voltage of the gate lines 30
(FIG. 1). The transistors 46 and 48 may be similar or gener-
ally identical to the gate-line transistors 26 (FIG. 1), and in
some embodiments, may be formed generally simultaneously
with the gate-line transistors 26 (FIG. 1) using the same
photolithography masks, depositions steps, and etches. As a
result, the transistors 46 and 48, when turned on, may expe-
rience similar or generally identical current densities and
electric field intensities as the gate-line transistors 26 (FIG.
1).

[0037] Intheillustrated embodiment, the support circuit 44
may include a comparator 52 and a controller 54. The invert-
ing input terminal of the comparator 52 may be connected to
the drain of the low-duty cycle transistor 48, and the non-
inverting input terminal of the comparator 52 may be con-
nected to the drain of the high-duty cycle transistor 46. The
comparator 52 may receive a control signal 56 from the con-
troller 54 that directs the comparator 52 to compare the volt-
age of its inputs. An output signal 58 may indicate the results
of the comparison, e.g., if V; .15 prapv 15 greater than
V wrer.ps prapy 10 some embodiments, the output signal 58
is stored in a register 60 on the driver IC 20 or elsewhere in the
LCD 10 (FIG. 1) or in the electronic device including the
LCD 10. In other embodiments, the output signal 58 may not
be stored in memory, and immediate action may be taken
based on the output signal 58, such as executing one or more
of the processes described below with reference to FIGS. 8
and 9. The controller 54 may receive a signal 61 from a main
logic board 62 that directs the controller 54 to test the tran-
sistors 46 and 48 for degradation. The main logic board 62
may include a processor that controls the general operation of
the electronic device including the LCD 10 (FIG. 1). In some
embodiments, the output signal 58 may be routed to the main
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logic board 62, and the results of a comparison may be stored
by or acted upon by the main logic board 62. The illustrated
controller 54 may connect to the gates of the transistors 46
and 48 through a V6 ne gure signal and a V; o p: ns gure
signal.

[0038] In operation, the transistor degradation circuit 42
and the support circuit 44 may determine whether the thresh-
old voltage of the gate-line transistors 26 (FIG. 1) is likely to
have changed. During the operation of the LCD 10, the con-
troller 54 may maintain the transistor 46 in a conductive state
by holding V76 ps caze high a substantial portion of the
time, e.g., generally equal to or greater than 99% of the time
the LCD 10is operating. In some embodiments, the controller
54 may maintain the transistor 46 in a conductive state for an
amount of time that is generally equal to the amount of time
that a typical gate-line transistor 26 (FIG. 1) is turned on, or
the controller 54 may hold V ;. 1 .47 high all or substan-
tially all of the time. As a result, the high-duty cycle transistor
46 is believed to age at a rate that is similar to the rate at which
the gate-line transistors 26 age. Thus, when the threshold
voltage of the high-duty cycle transistor 46 changes, it may be
likely that the threshold voltage of the gate-line transistors 26
has also changed by a similar amount. To provide a reference
for comparison, the low-duty cycle transistor 48 may be leftin
a non-conductive state for substantially all of the time in
which the LCD 10 is operating, except during one of the
subsequently described tests. Thus, the low-duty cycle tran-
sistor 48 may have a threshold voltage that is generally equal
to the threshold voltage of a relatively new gate-line transistor
26 (FIG. 1).

[0039] At different points during the life of the LCD 10,
e.g., periodically or during a start-up or shut-down sequence,
the main logic board 62 may output the degradation-check
signal 61 to the controller 54 to initiate a comparison of the
transistors 46 and 48. In response to the comparison-check
signal 61, the controller 54 may turn off both of the transistors
46 and 48 and, then, gradually elevate their gate voltages
Vucr.ps care A4 Vi o s care Until at least one of the
transistors 46 or 48 becomes conductive, e.g., exceeds its
threshold voltage. V e ps care a0d Vi opr ns e may be
generally equal during the ramp-up in voltage, and they may
be adjusted by a generally regular increment at generally
regular intervals, e.g., in a step pattern with 4, 16, 32, 64, 128,
256, or more steps. In some embodiments, the controller 54
may output analog signals that change V;crr s cuze and
Viow.ps care relatively smoothly, e.g., at a generally con-
stant rate of increase. At relatively low voltages, both transis-
tors 46 and the 48 may experience gate voltages V6m s
Ga1E and V; o ns gure below their threshold gate voltage,
and both inputs to the comparator 52 may be generally equal,
e.g., generally equal to the voltage asserted by the load circuit
50. If the transistor 46 has aged, and its threshold gate voltage
has increased, at some point during the increase of V ;77 g
GateEand V; oy s cure the low-duty cycle transistor 48 may
turn on and the high-duty cycle transistor 46 may remain off.
As a result, the low duty cycle drain may be pulled down by
the pull-down voltage source 38 and the inputs to the com-
parator 52 may be different. When the inputs to the compara-
tor 52 become different, the comparator 52 may adjust the
output signal 58 to indicate this difference, and the register 60
may store the changed value. In some embodiments, the
register 60 may store a value indicative of the amount of
change in V. ns care A4V, o5 s c.a e before the output
58 changes, e.g., a number of clock cycles between transmis-
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sion of the degradation-check signal 61 and the change in the
output 58. In other embodiments, the transistors 46 and 48
may be initially turned on during a test, and the V5 1
GareaNd V; 51 oo o May be gradually decreased until the
transistors turn off.

[0040] In certain embodiments, the controller 54 may then
continue to increase the gate voltages V.o o o7 and
V. ow.ps care until the high-duty cycle transistor 46 turns on
and the inputs to the comparator 52 are equal again. When the
inputs to the comparator 52 return to generally the same
voltage, the output signal 58 may change, and this change
may be stored in the register 60. In some embodiments, a
value indicative of the difference in the amount of time or
number of voltage increments of V 7517 no ure @04V op ne
ca7E between when the low-duty cycle transistor 48 turns on
and when the high-duty cycle transistor 46 turns on may be
stored, e.g., anumber of clock cycles between the first change
in the output signal 58 and the second change in the output
signal 58.

[0041] The difference in threshold voltage may be gener-
ally indicative of the amount of ageing of the high-duty cycle
transistor 46 and the amount of ageing of the gate-line tran-
sistors 26 (FIG. 1). Ifthe high-duty cycle transistor 46 has not
substantially aged, and still generally behaves like the low-
duty cycle transistor 48, the transistors 48 and 46 may turn on
at generally the same time, and the comparator 52 may output
a signal indicative of no difference or a relatively small dif-
ference.

[0042] FIG. 3 illustrates another embodiment of a transis-
tor-degradation circuit 64 and a support circuit 66, which are
examples of the transistor-degradation circuit 12 and support
circuit 14 illustrated by FIG. 1. In this embodiment, the tran-
sistor-degradation circuit 54 includes the load circuit 50, the
high-duty cycle transistor 46, and the pull-down voltage
source 38. The illustrated support circuit 66 may include a
controller 68 and an analog-to-digital converter 70. The con-
troller 68 may keep the high-duty cycle transistor 46 in a
conductive state for a substantial portion of time in which the
LCD 10 (FIG. 1) is operating, e.g., generally equal to or
greater than 99%, of the time that the LCD 10 (FIG. 1) is
operating, by elevating V;,c ps care to age the high-duty
cycle transistor 46.

[0043] In response to a degradation-check signal 61 from
the main logic board 62, the controller 68 may turn off the
transistor 46 and, then, test the gate voltage threshold of the
high-duty cycle transistor 46 by gradually increasing V..
s GarE 0 a manner similar to that described above with
reference to FIG. 2. During theincrease in V577 no g the
analog-to-digital converter 70 may produce an output signal
58 that is generally equal to a logic value of 1 until the
high-duty cycle transistor 46 turns on and V g6z ns pramy 18
pulled down by the pull-down voltage source 38, at which
point the analog-to-digital converter 70 may produce an out-
put signal 58 corresponding to a logic value of 0. A value
indicative of the threshold voltage of the high-duty cycle
transistor 46 may be stored in memory. In some embodi-
ments, the threshold voltage of the high-duty cycle transistor
46 may be measured at the beginning of the life of the LCD 10
(FIG. 1), and this value may be compared to subsequent
measurements over the life of the LCD 10 (FIG. 1) to deter-
mine a change in the threshold voltage.

[0044] FIG. 4 illustrates another transistor-degradation cir-
cuit 72 and support circuit 74, which are examples of the
transistor-degradation circuit 12 and the support circuit 14
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illustrated by FIG. 1. In this embodiment, the gate of the
high-duty cycletransistor 46 is selectively coupled to either a
test gate-control signal 76 or an LCD gate-control signal 78
by a multiplexer 80 or other switching device. The multi-
plexer 80 may switch between the signals 76 and 78 in
response to a control signal 82. The LCD gate-control signal
78 may be a signal that controls one of the gate-line transistors
26 (FIG.1), such that, when the LCD gate-control signal 78 is
selected by the multiplexer 80, and the high-duty cycle tran-
sistor 46 turns on and remains on generally as frequently as
one of the gate-line transistors 26 (FIG. 1). In some embodi-
ments, the LCD gate-control signal 78 may be transmitted by
the driver IC 20.

[0045] In the present embodiment, the support circuit 74
may include a controller 84 and a comparator 86. The con-
troller 84 may output the test gate-controls signal 76 and the
control signal 82 to the multiplexer 80. The controller 84 may
also output the V, oy ps gure signal to the low-duty cycle
transistor 48. The controller 84 may receive an output signal
88 from the comparator 86. The inputs of the comparator 86
may be connected to the drains of the high-duty cycle tran-
sistor 46 and the low-duty cycle transistor 48.

[0046] The controller 84 may have two or more modes of
operation: a transistor-ageing mode and a transistor-degrada-
tion test mode. In the transistor-ageing mode, the controller
84 may signal the multiplexer 80 with the control signal 82 to
select the LCD gate-control signal 78. The high-duty cycle
transistor 46 may turn on generally as frequently as the gate-
line transistors 26 (FIG. 1), ageing the high-duty cycle tran-
sistor 46 at generally the same rate as the gate-line transistors
26 (FIG. 1). During the ageing mode, the controller 84 may
maintain the low-duty cycle transistor 48 in an off state,
resulting in relatively little ageing of the low-duty cycle tran-
sistor 48.

[0047] In the transistor-degradation test mode, the control-
ler 84 may signal the multiplexer 80 with the control signal 82
to select the test gate-control signal 76, thereby asserting
control over V6 s gare- During a test, the controller 84
may incrementally and periodically increase Ve s care
and V; oy ns are from a voltage that turns off both of the
transistors 46 and 48 to a voltage that turns on one or both the
transistors 46 and 48. As the controller 84 increases V6 ps
Gare and V; ,p 1o .4, the comparator 86 may compare the
V micrrps pravto V1 oweps prapyaind adjust the output signal
88 based on the comparison, e.g., output a logic value of 0 if
Viow.ns prapvislessthan'V, o oo o0 - and output a logic
value of 1 if V; o ne prany 15 greater than Ver e pram
When the threshold voltage of one of the transistors 46 or 48
is exceeded, the voltages at the input of the comparator 86
may become different, and the controller 84 may detect a
change in the output 88. In some embodiments, the controller
84 may continue to elevate V67 ns are 09V onns gare
until both of the transistors 46 and 48 turn on, and the inputs
to the comparator 86 match again. The value of V ;5 s
Gate and Vo ps gare that cause the output signal 88 to
indicate a difference in the inputs and the value of V557 s
Gate and Vo ps gare that cause the output signal 88 to
indicate that the inputs are the same again may be stored in
memory or transmitted to the main logic board 62 or the
register 60 (FIG. 2).

[0048] FIG. 5 illustrates another embodiment of a transis-
tor-degradation circuit 90, which is an example of the tran-
sistor-degradation circuit 12 illustrated by FIG. 1. In this
embodiment, the transistor-degradation circuit 90 includes a
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ring oscillator 92 having a plurality of inverters 94 with their
inputs coupled to the output of an adjacent inverter 94. The
illustrated embodiment includes three inverters 94, but other
embodiments may include substantially more, e.g., 100 or
more. Control signals 96 may set the initial conditions of the
transistor-degradation circuit 90, e.g.. the starting outputs of
the inverters 94, and a control switch 98 may initiate opera-
tion of the ring oscillator 92. In some embodiments, the
control signals 96 may be set such that one of the transistors
in the inverters 94 are turned on a substantial portion of the
time during which the LCD 10 (FIG. 1) is operating to age
these transistors. The inverters 94 may be formed from tran-
sistors disposed on the LCD panel 16 (FIG. 1), and inverters’
transistors may be generally similar or identical to the gate-
line transistors 26 (FIG. 1). In some embodiments, the tran-
sistor-degradation circuit 90 includes as many or approxi-
mately as many inverters 94 as there are gate-line transistors
26 (FIG.1).

[0049] Inoperation, the inverters 94 may be set to an initial
state, and the output value of each of the inverters 94 may be
propagated around the ring oscillator 92 to age the transistors
in the ring oscillator 92. For example, in some embodiments,
all of the inverters 94 except one may be initially set to output
a value of 0, and the value of 1 may be propagated in a loop
around the ring oscillator 92. In another example, all or sub-
stantially all of the inverters 94 may be set to output an initial
value of 1, and the value 0 may be propagated around the ring
oscillator 92 to age the transistors in the ring oscillator 92.
[0050] During a test, the voltage of the power supply of the
ring oscillator 92 may be gradually decreased until the ring
oscillator 92 ceases to operate. For instance, the voltage sup-
plied to each of the inverters 94 may be incrementally and
periodically stepped down until the value of 1 or O stops
cycling. The voltage at which the ring oscillator 92 stops
operating may generally correspond to the threshold voltage
ofthe gate-line transistors 26 (FIG. 1). In some embodiments,
this threshold voltage may be transmitted to the main logic
board 62 or stored in the register 60 (FIG. 2).

[0051] FIG. 6 illustrates another example of a transistor-
degradation circuit 100 and a support circuit 102. The illus-
trated transistor-degradation circuit 100 and support circuit
102 may operate with relatively few connections between the
LCD panel 16 and the driver IC 20, e.g., 1, 2, or 3 connections
between of the transistor-degradation circuit 100 and the sup-
port circuit 102.

[0052] In this embodiment, the transistor-degradation cir-
cuit 100 may include an array of dummy pixels 104, three
transistors 106, 108, and 110 (M1, M2, and M3), and two
capacitors 112 and 114 (C1 and C2). The transistor-degrada-
tion circuit 100 may connect to the support circuit 102
through a single output signal path 116 or, in other embodi-
ments, through multiple output signal paths, e.g., fewer than
two or three output signal paths. The transistor-degradation
circuit 100 may also connect to a clock signal 118, an inverted
clock signal 120, and a pull-down voltage source 122.
[0053] The dummy pixels 104 may include a plurality of
transistors 124 having gates coupled to the output signal path
116 and sources and drains connected to the pull-down volt-
age source 122. In some embodiments, the number of tran-
sistors 124 among the dummy pixels 104 may be about equal
to the number of rows or columns of sub-pixels in the LCD
panel 16. The gates of the transistors 124 may be connected to
a load circuit (M1, M2 and M3) to pull the gate line up or
down. The dummy pixels 104 replicate the load seen by the
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actual gate-line transistor 26. M1 and M2 are essentially the
same as the gate-line transistor 26, and thus the dummy pixels
104 allow the transistor degradation circuit 100 to experience
the same environment as the gate-line transistors 26.

[0054] Oneofthe terminals (e.g., the source or the drain) of
each of the transistors 106, 108, and 110 may be connected to
the output signal path 116. The gate of the transistor 106 may
be connected to the inverted clock signal 120, and the gate of
the transistor 108 may receive the clock signal 118 through
the capacitor 114. The gate of the transistor 110 may be in
communication with the output signal path 116 across the
plates of the capacitor 112. Alternatively, the capacitors 112
and 114 may be omitted. In accordance with this embodi-
ment, the gates of the transistors 106, 108 and 110, and the
drain of the transistor 110, may be connected to the same gate
drive control signals as the normal gate drive circuits. As will
be appreciated, the transistors 106, 108 and 110 are the subset
of the transistors used to drive the non-dummy gate lines that
are of interest due to aging. This embodiment replicates a
normal, non-dummy row, normal gate driver circuit, normal
gate line (but connected to dummy pixels), and normal con-
trol signals.

[0055] The support circuit 102 may include a switch 126
that is responsive to a sample signal 128, a comparator 130
thatis also responsive to the sample signal 128, a counter 131,
registers 132 and 134, a voltage source 136, and a variable
resistor 138. The switch 126 may be configured to selectively
open and close the output signal path 116. The non-inverting
input of the comparator 130 may be connected to the output
signal path 116 between the switch 126 and the variable
resistor 138, and the inverting input of the comparator 130
may receive a reference voltage V zzrrrenver from the regis-
ter 132. The output of the comparator 130 may be connected
to the counter 131, which may output a count signal to the
register 132. The other register 134 may be coupled to the
variable resistor 138 and may be configured to vary the resis-
tance of the variable resistor 138 in accordance with stored
values. The voltage source 136 may be connected to a termi-
nal of the variable resistor 138 that is opposite the terminal of
the variable resistor 138 connected to the output signal path
116.

[0056] In operation, the transistors 106, 108, and 110 may
age as the LCD panel 16 operates. The clock signal 118 and
the inverted clock signal 120 may turn the transistors 106 and
108, respectively, on and off. The transistor 110 may be
turned on and off as the transistors 124 in the dummy pixels
104 are turned off and on.

[0057] The degree to which the transistors 106, 108, and
110 have aged may be determined by measuring the on resis-
tance of the transistors 106, 108 and 110 and using measure-
ments as an indication of threshold voltage. When a measure-
ment is taken, a resistor divider is formed between one of the
transistors 106, 108 and 110, and the variable resistor 138. As
the on resistance changes from aging, a different value of the
variable resistor 138 will cause the comparator to. The change
in resistance may indicate the degree to which the transistors
106, 108, and 110 have aged. A larger change may correspond
with more aging.

[0058] The transistors 106, 108, and 110 may each be mea-
sured at different times relative to one another. As explained
below with reference to FIGS. 7A-7C, each of the transistors
106, 108, and 110 may output a signal on the output signal
path 116 that is indicative of its threshold voltage. Which of
the transistors 106, 108, or 110 outputs the signal may depend
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on the phase of the clock signal 118, the phase of the inverted
clock signal 120, and the phase of the voltage of the output
signal path 116. The threshold voltage of each of the transis-
tors 106, 108, and 110 may be measured in the suppott circuit
102 by incrementally increasing the reference voltage V-
erevce until the comparator 130 indicates that the reference
voltage V g rrreves 18 greater than the output signal path 116
voltage. While measuring threshold voltages, the counter 131
may increment or decrement a count, and the register 132 may
increase or decrease Vg prrr encre according to this count and
store the final count. The final count may be compared with
previous counts or subsequent counts to determine the degree
to which the transistors 106, 108, and 110 have aged. Alter-
natively, the reference voltage V z - rrreves 15 and the variable
resistor 138 may both be adjusted to increase the measure-
ment range or otherwise enhance the measurement capability.

[0059] FIGS. 7A-7C illustrate timing diagrams that depict
when each of the transistors 106, 108, and 110 may be mea-
sured. FIG. 7A illustrates the clock signal 118 (CK) with
respect to time, FIG. 7B illustrates the inverted clock signal
120 (CBK) with respect to time, and FIG. 7C illustrates the
dummy wave signal 121 (Vpramsy wape) With respect to
time. The time axes of each of these figures may be synchro-
nized, such that features that are vertically aligned occur at
generally the same time. During operation, transistors 106
and 108 (M1 and M2) have approximately 50% duty cycle.
One of the transistors 106 and 108 is almost always on. Thus,
only when the transistor 110 (M3 ) is on are M2 and M1 off. As
illustrated, that is the case when the gate line (Vs rep 0
FIG. 6) is pulled high. M3 has a very low duty cycle, so it can
be used as a reference for an almost unaged transistor, while
M1 and M2 age much more.

[0060] As illustrated in FIGS. 7A-7C, the transistor 106
(M1) is measured when CKB is high, and the transistor 108 is
measured when CK (and the other control signals in the gate
driver circuit) pulls the gate of the transistor 108 (M2) high.
The dummy wave signal Vs ware May be at a low
voltage except for a single-clock cycle step-up in voltage
during which the transistor 110 (M3) is measured. The
dummy wave may have a period that is generally equal to the
number of rows or columns of sub-pixels in the LCD panel
16, e.g., about 480 clock cycles. The dummy wave may be
phase shifted relative to the clock signal by about one half
clock cycle. The dummy wave V001 w4y May be logic
low for substantially its entire period except for about one
clock cycle, two clock cycles, or fewer than five clock cycles,
for example.

[0061] Thetransistor 106 may be measured when the clock
signal cycles low, the inverted clock signal cycles high, and
the dummy wave V5 amsv wave Cycles low. As illustrated by
FIG. 6, during this measurement, current may flow from the
voltage source 136, through the output signal path 116, and
between the source and drain of the transistor 106 to the
pull-down voltage source 122. The amount of current flowing
may depend, in part, on the threshold voltage of the transistor
106, which may also affect the voltage of the output signal
path 116. This voltage may be sensed by the comparator 130,
by comparing the voltage of the output signal path 116 to
Vrererenvcs ¥ rererEvcs 1@y be varied until it exceeds the
voltage of the output signal path. Vg zprpraer may be varied
during a single clock cycle, or it may be once or more than
once during each clock cycle until it is greater than the voltage
of the output signal path. As will be appreciated, the clock
cycle of the support circuit may be different that the clock
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cycle CK. For example, the clock cycle may have a higher
frequency than the clock signal CK. The voltage of Vgprpr-
ence that is greater than the voltage of the output signal path
116 and the corresponding count of the counter 131 may be
indicative of the threshold voltage of the transistor 106.
[0062] Similarly, as illustrated by FIGS. 7A-7C, the thresh-
old voltage of the transistor 108 may be measured when the
clock signal is high, the inverted clock signal is low, and the
dummy wave is low. As with the previous measurement,
current may flow between the voltage source 136 (FIG. 6) and
the pull-down voltage source 122, through the transistor 108.
As current flows, the threshold voltage of the transistor 108
may correspond with the voltage of the output signal path
116, which may be measured by varying Vzzrrazvcr Until
the output of the comparator 130 changes. Other embodi-
ments may employ a dummy wave that is inverted with
respect to the dummy wave illustrated by FIG. 7C.

[0063] As illustrated by FIG. 7C, threshold voltage of the
transistor 110 may be measured when the clock signal is low,
the inverted clock signal is high, and V ;. s sy arz 18 high. As
discussed above, the transistor 110 (M3) is measured when
CK is high, the gate of M3 is pulled high by other devices in
the gate driver circuit, and Vmeasured is pulled high. CKB is
low. Current flows from CK (high), through M3 (pulling
Vmeasured high), through the variable resistor 138, and to the
voltage source 136, which is low for this measurement. Con-
versely, the voltage source 136 is high when M1 and M2 are
measured.

[0064] FIG. 8 illustrates an embodiment of a process for
monitoring an LCD 142. The process 142 may begin with
ageing a transistor on an LCD panel, while leaving a control
transistor substantially idle, as illustrated by block 144. This
may include ageing the transistor by turning the transistor on,
heating the transistor, or otherwise stressing the transistor
during a substantial portion of the time in which to the LCD
panel is in operation.

[0065] Next, the threshold voltage of the aged transistor
may be compared to the threshold voltage of the control
transistor, as illustrated by block 146. Comparing threshold
voltages may include applying a voltage across the source and
the drain of both the aged transistor and the control transistor
and incrementally and periodically raising or lowering the
voltage of the gates of the aged transistor and the control
transistor until one of the transistors conducts an amount of
current greater than or less than a current threshold. In some
embodiments, comparing the threshold voltage may include
determining the difference in threshold voltage or determin-
ing whether the difference in threshold voltage is greater than
some value. Some embodiments may not include a control
transistor (which is not to suggest that any other feature
described herein may not also be omitted), and the transistor
being aged may be measured before and after ageing to quan-
tify the effect of ageing.

[0066] Next, a value indicative of the difference in thresh-
old voltage may be stored in memory, as illustrated by block
148. The value indicative of the difference in threshold volt-
agemay beadigital, e.g., binary, value or an analog value. For
instance, the value may be a 0 if the difference in threshold
voltage is less than some value and a 1 if the difference in
threshold voltage is greater than the value. In another
example, the value indicative of the difference in threshold
voltage may be generally proportional to the difference in
threshold voltage. Insome embodiments, a value indicative of
the threshold voltage of the aged transistor may stored in
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memory, e.g., a binary value indicating whether the threshold
voltage of the aged transistor is greater than or less than some
quantity, or a value proportional to the threshold voltage of
the aged transistor. The value may be stored in memory dis-
posed on an integrated circuit or a printed circuit board
coupled to the LCD panel, for example in a register, or cache
memory.

[0067] FIG. 9 illustrates an embodiment of a process for
controlling an LCD 150. The illustrated process 150 may
begin with the two previously-described steps labeled with
block numbers 144 and 146: ageing the transistor on the LCD
panel, while leaving the control transistor substantially idle;
and comparing the threshold voltage of the aged transistor to
the threshold voltage of the control transistor. Next, a gate
driver voltage may be adjusted in response to the difference in
threshold voltage, as illustrated by block 152. In some
embodiments, this may include increasing the gate driver
voltage to compensate for an increase in the threshold voltage
of the gate-line transistors. In other embodiments, other prop-
erties may be adjusted. For instance, an auxiliary set of gate-
line transistors may be enabled, and a currently operative set
of gate-line transistors may be disabled to rejuvenate the LCD
panel.

[0068] FIG. 10 illustrates an embodiment of a process for
displaying information about an LLCD 154. This process may
begin with the previously described steps illustrated by
blocks 144 and 146 of ageing the transistor and comparing the
threshold voltage of the aged transistor to the threshold volt-
age of the control transistor. The process 154 may include
signaling a user that their panel may need maintenance, as
illustrated by block 156. Signaling the user may include dis-
playing a message on the LCD panel that indicates the panel
may need to be replaced or serviced. In some embodiments,
the result of the comparison performed in step 156 may be
transmitted to a processor, and software executed by that
processor may evaluate whether the difference in threshold
voltage warrants maintenance.

[0069] FIG. 11 illustrates another example of an LCD 158.
The illustrated LCD 158 may be generally similar to the LCD
10 illustrated by FIG. 1, except, in this embodiment, the LCD
158 includes a plurality of transistor-degradation circuits 160
and a support circuit 162 configured to communicate with the
plurality of transistor-degradation circuits 160. The illus-
trated embodiment includes three transistor-degradation cir-
cuits 160, but other embodiments may include more or fewer
transistor-degradation circuits 160. In some embodiments,
the transistor-degradation circuits 160 may be positioned
near portions of the LCD panel 158 believed to have relatively
high temperatures compared to the rest of the LCD panel 158
or near areas of the LCD panel 158 in which the manufactur-
ing process used to produce the LCD panel 158 is known to
form less robust transistors, e.g., areas in which process varia-
tions affect transistor dimensions. The support circuit 162
may be configured to output signals indicative of transistor
degradation in each of the transistor-degradation circuits 160
or a signal that indicates when a certain number, e.g., one, or
substantially all, of the transistor-degradation circuits 160
output a signal exceeding some threshold.

[0070] FIG. 12 illustrates an example of an electronic
device 164 that may include the LCD 10 of FIG. 1 or the LCD
158 of FIG. 11 or may execute one or more of the processes
illustrated by FIGS. 8-10. As will be appreciated, embodi-
ments of the invention may be employed in any electronic
device that includes an LCD, such as laptops, desktops, and
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portable devices. The electronic device 164 may be a portable
media player, such as a portable digital music player or a
portable digital video player. The electronic device 164 may
include the LCD 10, a chassis 166, a user interface 168, a
communication and power port 170, a processor 172, and
memory 174. In addition to the features of the LCD 10 or 158
described above, the LCD 10 may include a layer responsive
to a contact from, or close proximity of, a finger or a stylus,
such as a digitizer. In some embodiments, this layer may be
responsive to multiple areas of contact, e.g., a multi-touch
digitizer. The chassis 166 may generally shield the interior of
the electronic device 164 from electromagnetic noise, mois-
ture, and mechanical contact. The user interface 168 may be
a generally circular user interface that is responsive to contact
from a finger. The processor 172 and the memory 174 may be
disposed on the mainlogic board 62 (FIG. 2) described above.
In some embodiments, the processor 172 is configured to
output the degradation-check signal 61 (FIG. 1), and execute
one or more of the processes described above with reference
to FIGS. 8-10. The memory 174 may include a variety of
types of memory, such as non-volatile flash memory or a hard
drive. In some embodiments, the memory 174 may store
music or video data, such as music or video data encoded in
Advanced Audio Coding (AAC) or other compression for-
mat, such as MP3, MP4, OGG, WAV, FLAC, or Apple Loss-
less format. The memory 174 may also store an operating
system for the electronic device 164.

[0071] Other aspects of the electronic device 164 are illus-
trated by FIG. 13. The processor 172 may also be coupled to
anetwork device 176, an expansion card 178, a storage device
180, and a power source 182. The network device 174 may
include a wired or wireless networking device, such as a wi-fi
module or a Bluetooth module. The expansion card 178 may
include removeable memory media or a slot for removeable
memory media, such as a memory stick, an SD memory card,
or a micro-SD memory card. The storage 180 may include
additional memory for storing media. In some embodiments,
the storage 180 stores video or audio data, and the memory
174 stores an operating system and operational data of the
electronic device 164. The power source 182 may include any
of a variety of types of power sources, such as a DC power
source for connecting to a wall outlet or a battery, e.g., a
lithium ion battery or a nickel-metal hydride battery.

[0072] Other embodiments may include other types of elec-
tronic devices 164. For instance, the electronic device 164
may include a cellular communication module that allows the
electronic device to transmit and receive data, such as voice
data, over a cellular network. In some embodiments, the
electronic device 164 may include a GPS module, and the
memory 174 may store maps for displaying GPS position
data on the LCD 10. The electronic device 164 may also be
one of a variety of types of displays, such as a television, a
dynamically updated photo frame, a monitor of a laptop,
palmtop, or desktop computer, or one of a variety of types of
equipment, such as an automated teller machine, a point-of-
sale terminal, a medical device, or amanufacturing device. In
some embodiments, the electronic device 164 is a hand-held
gaming device, and the memory 174 stores one or more video
games. The electronic device may also be a display module in
a vehicle that displays information about the state of the
vehicle, e.g., position, velocity, or an image from a vehicle-
mounted camera.

1. A device, comprising a liquid-crystal display (LCD)
panel having a transistor-degradation circuit, wherein the
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transistor-degradation circuit is configured to output a signal
indicative of a change in a property of a transistor on the LCD
panel over time.

2. The device of claim 1, wherein the transistor-degrada-
tion circuit comprises a high-duty cycle transistor, and
wherein the transistor-degradation circuit is configured to
hold the high-duty cycle transistor in an on state for a sub-
stantial portion of the time in which the LCD panel is oper-
ating.

3. The device of claim 2, wherein the transistor-degrada-
tion circuit comprises a low-duty cycle transistor, and
wherein the transistor-degradation circuit is configured to
hold the low-duty cycle transistor in an off state for a substan-
tial portion of the time in which the LCD panel is operating.

4. The device of claim 3, comprising a support circuit
configured to compare a threshold voltage of the high-duty
cycle transistor to a threshold voltage of the low-duty cycle
transistor.

5. The device of claim 1, wherein the transistor-degrada-
tion circuit comptises a ring oscillator.

6. The device of claim 1, wherein the transistor-degrada-
tion circuit comprises a multiplexer configured to select
between an LCD gate-control signal and a test gate-control
signal.

7. The device of claim 1, comprising a support circuit
configured to control the transistor-degradation circuit during
a test of transistor degradation.

8. The device of claim 7, wherein the support circuit is
disposed on a driver integrated circuit (IC) that is coupled to
the LCD panel.

9. The device of claim 7, wherein the support circuit com-
prises a comparator configured to receive a signal indicative
of a current through a transistor in the transistor-degradation
circuit and to compare the signal indicative of the current to a
reference signal.

10. The device of claim 9, wherein the transistor-degrada-
tion circuit is configured to output the reference signal to the
comparator.

11. The device of claim 7, wherein the support circuit
comprises an analog-to-digital converter.

12. The device of claim 1, comprising an LCD in which the
LCD panelis disposed, wherein the LCD includes a backlight
and a driver integrated circuit coupled to the LCD panel.

13. The device of claim 12, comprising an electronic device
in which the LCD is disposed, wherein the electronic device
includes memory and a processor coupled to the LCD.

14. The device of claim 13, wherein the electronic device is
a handheld media player.

15. A method, comprising:

ageing a transistor on an LCD panel, while leaving a con-

trol transistor substantially idle; and

comparing a threshold voltage of the aged transistor to a

threshold voltage of the control transistor.

16. The method of claim 15, wherein ageing the transistor
on the LCD panel comprises turning the transistor on for a
substantial portion of the time in which the LCD panel is
operating.

17. The method of claim 15, wherein comparing the thresh-
old voltage of the aged transistor to the threshold voltage of
the control transistor comprises:

turning to both the aged transistor and the control transistor
off; and
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increasing a gate voltage of the aged transistor and a gate
voltage of the control transistor at generally the same
rate.

18. The method of claim 17, comprising determining
whether the control transistor turns on at a lower gate voltage
than the aged transistor.

19. The method of claim 17, comprising determining a
difference in voltage between the threshold voltage of the
aged transistor and the threshold voltage of the control tran-
sistor.

20. The method of claim 17, comprising determining
whether the difference in voltage between the threshold volt-
age of the aged transistor and the threshold voltage of the
control transistor is greater than a value.

21. The method of claim 17, comprising determining
whether the threshold voltage of the aged transistor is greater
than a value.

22. The method of claim 15, comprising storing a value
indicative of the difference in threshold voltage in memory.

23. The method of claim 15, comprising adjusting and
aspect of an LCD including the LCD panel in response to a
result of the comparison.

24. The method of claim 23, comprising increasing a volt-
age applied to a gate of a gate-line transistor in response to a
result of the comparison.

25. The method of claim 23, comprising disabling a first set
of gate-line transistors and enabling a second set of gate-line
transistors in response to a result of the comparison.

26. The method of claim 15, comprising signaling a user
that the LCD panel or an electronic device including the LCD
panel may need maintenance.

27. A device, comprising;

an LCD panel,

a transistor-degradation circuit formed on the LCD panel,

a driver integrated circuit coupled to the LCD panel; and

a support circuit disposed on the driver integrated circuit

and in communication with the transistor-degradation
circuit.

28. The device of claim 27, wherein the transistor-degra-
dation circuit is integrally formed on the LCD panel.

29. The device of claim 27, wherein the LCD panel com-
prises a plurality of gate-line transistors configured to control
avoltage of gate lines in an array of pixels on the LCD panel.

30. The device of claim 29, wherein the transistor-degra-
dation circuit comprises a transistor that is generally identical
to the gate-line transistors.

31. The device of claim 27, wherein the transistor-degra-
dation circuit comprises a control transistor, and wherein the
support circuit is configured to keep the control transistor off
during a substantial portion of the time in which the LCD
panel is operating and turn the control transistor on during a
transistor-degradation test.

32. The device of claim 27, comprising memory coupled to
the support circuit, wherein the memory is configured to store
a value indicative of a threshold voltage of a transistor in the
transistor-degradation circuit.

33. The device of claim 27, wherein the driver integrated
circuit is configured to adjust a voltage of a gate-line transis-
tor in response to a signal from the transistor-degradation
circuit.

34. The device of claim 27, comprising a processor,
wherein the processor is configured signal a user in response
to a signal from the transistor-degradation circuit.
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35. A system, comprising:

a processor;

a driver IC coupled to the processor; and

an LCD panel coupled to the driver IC, wherein the LCD

panel comprises a transistor-degradation circuit.

36. The system of claim 15, wherein the transistor-degra-
dation circuit comprises a first transistor, and wherein the
transistor-degradation circuit is configured to hold the first
transistor in an on state for a substantial portion of the time in
which the LCD panel is operating.

37. The system of claim 35, comprising a support circuit
disposed in the driver IC, wherein the support circuit is con-
figured place the transistor-degradation circuit in an aging
mode and a test mode.

38. The system of claim 35, wherein the processor is con-
figured to store data indicative of a change in the threshold
voltage of a transistor in the transistor-degradation circuit.

39. The system of claim 35, wherein the driver IC is con-
figured to change increase a voltage applied to a gate of a
gate-line transistor on the LCD panel in response to a signal
from the transistor-degradation circuit.

40. The system of claim 35, wherein the processor is con-
figured to signal a user in response to a signal from the
transistor-degradation circuit.

41. A device, comprising:

an LCD panel;

atransistor-degradation circuit disposed on the LCD panel;

a driver IC coupled to the LCD panel; and

a support circuit formed within the driver IC, wherein the

support circuit is coupled to the transistor-degradation
circuit by fewer than three signal paths.

42. The device of claim 41, wherein the transistor-degra-
dation circuit comprises a plurality of transistors.

43. The device of claim 42, wherein the plurality of tran-
sistors are coupled to the support circuit through a single
output signal path.

44. The device of claim 41, wherein the support circuit is
coupled to the transistor-degradation circuit by a single out-
put signal path.

45. The device of claim 44, wherein the support circuit
comprises:

acomparator having aninput terminal coupled to the single

output signal path; and

a counter having an input coupled to an output of the

comparator.

46. The device of claim 45, comprising a register config-
ured to output a reference voltage to the comparator, wherein
the reference voltage is based on a count of the counter.

47. The device of claim 41, wherein the transistor-degra-
dation circuit comprises three transistors each having a ter-
minal coupled to the support circuit by the single signal path.

48. The device of claim 41, wherein the transistor-degra-
dation circuit comprises a plurality of transistors disposed in
series between a voltage source and the support circuit.

49. The device of claim 41, wherein the transistor-degra-
dation circuit comprises a transistor having a first terminal
coupled to the support circuit, a gate in communication with
the support circuit via a capacitor, and a second terminal
coupled to a clock signal.

50. A method, comprising:

measuring a property of a first transistor by conducting a

current through the first transistor and a signal path;
measuring the property of a second transistor by conduct-
ing the current through the second transistor and the



US 2009/0273550 A1l

signal path, wherein the first transistor and the second
transistor are measured during different portions of a
clock cycle.

51. The method of claim 50, comprising aging the first
transistor, the second transistor, or both by turning on the first
transistor, the second transistor, or both while displaying an
image on an LCD.

52. The method of claim 50, wherein the property is a
threshold voltage.

53. The method of claim 50, wherein the property is a
change in threshold voltage.

Nov. 5, 2009

54. The method of claim 50, comprising measuring a prop-
erty of a third transistor by conducting a current through the
third transistor and the signal path.

55. The method of claim 50, wherein measuring the prop-
erty of the first transistor comprises comparing a voltage of
the signal path to a reference voltage.

56. The method of claim 55, wherein measuring the prop-
erty of the first transistor comprises varying the reference
voltage based on a count of a counter.
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