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PIXEL CIRCUIT FOR AN ACTIVE MATRIX
ORGANIC LIGHT-EMITTING DIODE DISPLAY

[0001] This Application claims the benefit of U.S. Provi-
sional Application Ser. No. 60/507,060 filed Sep. 29, 2003.

[0002] The present invention relates to a pixel circuit, and
in particular to a pixel circuit suitable for an active matrix
display.

[0003] Passive matrix organic light-emitting diode
(OLED) displays suffer from a limitation in the number of
lines (i.e. rows) in a display due to activation of one line at
a time thereby to require a high current flow needed to
provide moderate average current to each line. An active-
matrix OLED (AMOLED) display substantially mitigates
these problems because the OLED pixels can operate all the
time. Analog data is written into the AMOLED pixel array
one row at a time, but the OLEDs thereof are operated at
essentially 100% duty cycle. This is accomplished by pro-
viding an analog memory circuit for each pixel using active
devices, i.e. transistors.

[0004] Many existing AMOLED pixels and drive schemes
apply to voltage-programmed displays. A voltage-pro-
grammed display is one in which the analog data that is
applied to the display is applied as a voltage. The alternative
is a current-programmed display, wherein the analog data is
applied to the display as a current.

[0005] All active-matrix liquid-crystal displays (AML-
CDs) are voltage-programmed, because the liquid-crystal is
a voltage-sensitive element. It is like a capacitor whose
electro-optic properties are sensitive to the voltage across it.
But an OLED is different. The brightness of an OLED
element depends primarily on the current through it, and
only secondarily on the voltage that is applied in order to
produce that current. In an AMOLED display there are
transistors in each pixel circuit, and the programming of the
pixel circuit to drive the desired current through the OLED
is accomplished by applying a voltage to the transistors in
the pixel circuit (for a voltage-programmed pixel), or by
applying a current to the transistors in the pixel circuit (in a
current-programmed pixel). Of course, the configuration of
the transistors in the pixel will be different in the two cases.

[0006] In a voltage-programmed display, the data applied
to the data lines, i.e. columns, is a voltage, not a current, and
it is much faster to charge the large capacitance associated
with the column to its steady-state voltage from a voltage
source than from a current source. (Even with current
programming, the column capacitance must be charged to its
steady-state voltage before the pixel can be considered
programmed, because until the capacitance is charged, some
of the programming current is being diverted to charge the
column capacitance rather than to program the pixel.) The
main disadvantage of current-programmed AMOLED pixels
is the difficulty of charging the column within a line time.

[0007] On the other hand, in a voltage-programmed dis-
play pixel the analog data is applied as a voltage, but it must
be converted to a current that will be driven through the
OLED element. This voltage-to-current conversion is per-
formed by a transistor relying on its transconductance, a
small-signal quantity g, =AI/AV that represents the ratio of
current-output to voltage-input at a given bias level, so that
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ductance depends on such factors as the mobility of the
transistor and the gate capacitance, which can vary across
the display thereby creating nonuniformity within a display,
and from display to display, requiring each display module
to be individually adjusted at the factory. In addition, voltage
programmed pixels can also have sensitivity to transistor
threshold voltage, which varies across the display and from
display to display, which also produces similar display
nonuniformity.

[0008] In a current-programmed pixel, however, non-uni-
formity in the transconductance of the transistor does not
necessarily produce non-uniformity in the display. The ana-
log data signal is applied as a current, and this value of
current (or some fixed multiple of it) is applied to the OLED
element and so transistor non-uniformities are not a prob-
lem. However, certain prior-art current-programmed pixels
can have a secondary problem with transistor nonuniformi-
ties because of mismatch between the two transistors form-
ing a current mirror in the pixel circuit.

[0009] FIG. 1 is an electrical circuit schematic diagram of
a prior art pixel circuit 10 which operates as follows. When
the pixel is to be programmed, both select lines A and B are
pulsed high. A programming current I is drawn from the data
line by the column driver circuit. Since all other pixels in this
column are unselected, the current I flows through transis-
tors P1 and N2 (once the column and pixel have been
charged to a stable voltage). Since transistor N1 is on at this
time, transistor P1 self-biases to a gate-to-source voltage
that sets its drain current to equal the programming current
I. Then select lines A and B are turned off, and the voltage
on the gate of transistor P1 is stored there with the help of
capacitor C. Since transistor P2 is matched to transistor P1,
and they share the same gate-to-source voltage, and assum-
ing transistor P2 is kept in saturation, the OLED drive
current is now set to the same value as the programming
current I, or a fixed multiple thereof, depending on the size
ratios of transistors P1 and P2. (This configuration of two
transistors is known as a current mirror, because the current
flowing through transistor P1 is “mirrored” by that flowing
through transistor P2.) This current through the OLED
element continues to flow while transistors N1 and N2 are
off. The overall brightness of the display can be scaled down
by pulsing select line B prior to the time for programming
the pixel again, one frame time later. This turns on transistor
N1 without turning on transistor N2, so that transistor P1
self-biases to zero current, and the current through transistor
P2 and the OLED drops to zero as well for the rest of the
frame time.

[0010] To reduce the disadvantage of longer charging time
of a current-programmed OLED display driven from a fixed
current source, the column charging time may be reduced by
using a programming current I that is larger than the desired
OLED current. The ratio of the channel width of transistor
P1 to that of transistor P2 in the current mirror (e.g., the
“width ratio” of P1 to P2) may be used to scale the
programming current down to the appropriate level. Thus,
transistor P1 might be five times wider than transistor P2,
and the programming current [ is set by the driver chip to be
five times higher than the desired OLED current, so that five
times the program current is available to charge the data line
capacitance.
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two p-channel devices, which can not be made using an
amorphous-silicon (a-Si) thin-film transistor (TFT) technol-
ogy. Amorphous silicon TFT processing is more readily
available and is lower in cost than polysilicon TFT process-
ing, but a-Si TFTs are only available as n-channel devices.
The p-channel devices in this prior art pixel circuit 10 cannot
simply be replaced with n-channel devices, with appropriate
circuit changes, because this will place the OLED (whose
anode is accessible to the transistors) in the source of the
n-channel transistor, and the prior art circuit 10 will not
work.

[0012] Accordingly, it would be desirable to have a pixel
circuit that may utilize only n-channel transistors so as to be
compatible with a-Si TFT processing, €.g., by permitting the
OLED to be in the source of the current mirror transistors,
as well as compatible with polysilicon processing. It would
also be desirable to have an improved pixel circuit that may
utilize n-channel transistors and p-channel transistors that
can be fabricated with polysilicon processing.

[0013] To this end, a pixel circuit for an OLED element
comprises first, second, third and fourth transistors wherein
controllable conduction paths of the first and second tran-
sistors are connected for receiving a data signal current, and
the control electrodes thereof are connected for receiving a
select signal for being enabled thereby. The third and/or
fourth transistors are connected for establishing a current in
the OLED element responsive to the data signal current and
the select signal. Capacitance may be provided by at least
one of the transistors or by additional capacitance.

BRIEF DESCRIPTION OF THE DRAWING

[0014] The detailed description of the preferred embodi-
ment(s) will be more easily and better understood when read
in conjunction with the FIGURES of the Drawing which
include:

[0015] FIG. 1is an electrical circuit schematic diagram of
a prior art pixel circuit;

[0016] FIG. 2 is an electrical circuit schematic diagram of
an example embodiment of a pixel circuit;

[0017] FIG. 3 is an electrical circuit schematic diagram of
an example embodiment of a pixel circuit; and

[0018] FIG. 4 is an electrical circuit schematic diagram of
an example embodiment of a pixel circuit.

[0019] In the Drawing, where an element or feature is
shown in more than one drawing figure, the same alphanu-
meric designation may be used to designate such element or
feature in each figure, and where a closely related or
modified element is shown in a figure, the same alphanu-
merical designation primed. Similarly, similar elements or
features may be designated by like alphanumeric designa-
tions in different figures of the Drawing. It is noted that,
according to common practice, the various features of the
drawing are not to scale, and the dimensions of the various
features are arbitrarily expanded or reduced for clarity, and
any value stated in any Figure is given by way of example
only.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)
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polarity, e.g., only n-channel transistors, which could be
provided using amorphous silicon thin-film transistor (a-Si
TFT) technology, e.g., as used in conventional AMLCD
displays. Alternatively, even though polysilicon processes
can produce both n-channel and p-channel transistors, it
might be desirable to simplify the polysilcon transistor
process by fabricating transistors of only one polarity. Other
pixels described herein use transistors of both polarities, i.e.
both n-channel and p-channel transistors, which could be
provided using conventional CMOS processes, such as a
low-temperature polysilicon CMOS process.

[0021] A current mirror circuit provides a current through
the OLED pixel element that is a predetermined multiple of
the programming current, wherein the multiplier may be
unity or may be greater or less than unity. Good matching is
required of the two transistors in the current mirror, so that
the OLED current is a well-defined function of the program-
ming current. However, in polysilicon it is difficult to get
two transistors to match, even if they are next to each other,
because the random grain structure of the polysilicon mate-
rial produces “random” device variations. As a result, the
OLED element current may have a “random” component,
and the display can be nonuniform.

[0022] The pixels described herein address this need for
matching in two different ways: (a) by using a current mirror
formed of n-channel transistors, which are compatible with
amorphous silicon processing and therefore do not manifest
the random nonuniformities of polysilicon transistors, or (b)
by utilizing the same transistor to both receive the program-
ming current and, after programming, to drive current
through the OLED element, so that no matching problem
arises.

[0023] Plural pixel circuits described are typically
arranged in rows or lines of a scanned display. The time
taken to scan each row (line) is referred to as the line time
or select interval, and the time taken to scan all rows (lines)
of a display is referred to as the frame time. Each pixel
circuit is programed to provide a current that is a scaled
value of a programming or data current applied thereto
during a line time which is a portion of the frame time in a
scanned display. Each pixel is typically “refreshed” or
reprogrammed during the line time and the line time is 1/N
of the frame time where there are N lines in the display.

[0024] FIG. 2 is an electrical circuit schematic diagram of
an example embodiment of a pixel circuit 100. An
AMOLED pixel employs a current-programmed current
mirror N1, N2 in which the OLED element is in the source
of the mirror transistors N1, N2. The circuit 100 shown uses
n-channel transistors, although one skilled in the art could
translate the circuit into an implementation with p-channel
transistors. However, because OLED technology typically
makes the anode of the OLED elements accessible to the
transistors, n-channel transistor technology is more natural.
Circuit 100 is thus compatible with a-Si TFT processing.

[0025] Operation of circuit 100 is as follows. When the
row is selected, the select line S is pulsed high, turning on
transistors N3 and N4, and a programming or data current I
is driven down the row by the column driver circuit via the
data line conductor. After the column line and pixel capaci-
tances are charged, this data current I flows through tran-
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