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(57)  An active matrix pixel within an active matrix
display includes a photodiode (316) that is optically con-
nected to a light emitting diode (312) within the pixel in
order to detect a portion of the luminous flux that is gen-
erated by the light emitting diode. The photodiode dis-
charges excess charge within the pixel in response to
the detected portion of luminous flux. Once the excess
charge is discharged, the light emitting diode stops emit-

Active matrix electroluminescent display

ting light. In an embodiment, the gate of a drive transistor
(308) is controlled by the charge on a storage node
(310). If the charge on the storage node sets a voltage
that exceeds the threshold voltage of the drive transistor
then the drive transistor conducts. The amount of
charge on the storage node above that which is needed
to set the threshold voltage is referred to as the excess
charge.
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Description

[0001] The present invention relates to active matrix
display devices, and more particularly to drive circuitry
that is located within each pixel of an active matrix dis-
play.

[0002] Arrays of organic light emitting diodes
(OLEDs) are being utilized to create two-dimensional
flat panel displays. As compared to conventional light
emitting diodes (LEDs), which are made of compound
semiconductors, the low cost and ease of patterning
OLEDs makes compact, high resolution arrays practi-
cal. OLEDs can be adapted to create either mono-
chrome or color displays and the OLEDs may be formed
on transparent or semiconductor substrates.

[0003] As is known in the art, arrays of OLEDs and
LEDs are typically classified as passive matrix arrays or
active matrix arrays. In a passive matrix array, the cur-
rent drive circuitry is external to the array, and in an ac-
tive matrix array, the current drive circuitry includes one
or more transistors that are formed within each pixel. An
advantage of active matrix arrays over passive matrix
arrays is that active matrix arrays do not require peak
currents that are as high as passive matrices. High peak
currents are generally undesirable because they reduce
the luminous efficiency of available OLEDs. Because
the transparent conducting layer of an active matrix can
be a continuous sheet, active matrix arrays also mitigate
voltage drop problems which are experienced in the pat-
terned transparent conductors of passive matrices.
[0004] Figs. 1 and 2 are depictions of active matrix
pixels that are known in the prior art. It should be under-
stood that although individual active matrix pixels are
shown for description purposes, the individual active
matrix pixels shown in Figs. 1 and 2 are typically part of
an array of pixels that are located closely together in
order to form a display. As shown in Figs. 1 and 2, each
of the active matrix pixels includes an address line 102
and 202, a data line 104 and 204, an address transistor
106 and 206, a drive transistor 108 and 208, a storage
node 110 and 210, and an OLED 112 and 212. The ad-
dress lines allow.the pixels to be individually addressed
and the data lines provide the voltage to activate the
drive transistors. The address transistors control the
writing of data from the data lines to the storage nodes.
The storage nodes are represented by capacitors, al-
though they need not correspond to separate compo-
nents because the gate capacitance of the drive tran-
sistors and the junction capacitance of the address tran-
sistors may provide sufficient capacitance for the stor-
age nodes. As shown, the OLEDs are connected to a
drive voltage (V| gp) and the current that flows through
the OLEDs is controlled by the drive transistors. When
current is allowed to flow through the drive transistors,
the OLEDs give off light referred to as a luminous flux,
as indicated by the arrows 114 and 214.

[0005] Referring to Fig. 1, PMOS transistors are pre-
ferred when the cathode of the OLED 112 is grounded,
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and referring to Fig. 2, NMOS transistorsare preferred
when the anode of the OLED 212 is connected to the
supply voltage (V| gp). Utilizing the PMOS and NMOS
transistors as shown in Figs. 1 and 2 makes the gate to
source voltages of the drive transistors 108 and 208 in-
sensitive to voltage drops across the OLEDs, thereby
improving the uniformity of the light 114 and 214 that is
given off by the OLEDs.

[0006] The operation of the prior art active matrix pix-
els is described with reference to the active matrix pixel
configuration shown in Fig. 2, although the same con-
cepts apply to the active matrix pixel of Fig. 1. The active
matrix pixel shown in Fig. 2 serves as an analog dynam-
ic memory cell. When the address line 202 is high, the
data line 204 sets the voltage on the storage node 210,
which includes the gate of the drive transistor 208. When
the voltage on the storage node exceeds the threshold
voltage of the drive transistor, the drive transistor con-
ducts, causing the OLED 212 to emit light 214 until the
voltage on the storage node drops below the threshold
voltage of the drive transistor, or until the voltage on the
storage node is reset through the address transistor
206. The voltage on the storage node will typically drop
due to leakage through the junction of the address tran-
sistor and through the gate dielectric of the drive tran-
sistor. However, with sufficiently low leakage at the ad-
dress and drive transistors and high capacitance at the
storage node, the current through the OLED is held rel-
atively constant until the next voltage is set on the stor-
age node. For example, the voltage is typically reset at
a constant refresh interval as is known in the art. The
storage node is represented as a capacitor in order to
indicate that sufficient charge must be stored on the
storage node to account for leakage between refresh
intervals. As stated above, the capacitor does not nec-
essarily represent a separate component because the
gate capacitance of the drive transistor and the junction
capacitance of the address transistor may suffice.
[0007] In the active matrix pixel of Fig. 2, the voltage
on the storage node 210 determines the intensity of the
light 214 that is generated by the OLED 212. If the in-
tensity-current relationship of the OLED and gate volt-
age-current relationship of the drive transistor 208 are
known, according to one method, the desired intensity
of light is generated by placing the corresponding volt-
age on the storage node. Setting the voltage on the stor-
age node is typically accomplished by utilizing a digital
to analog converter to establish the voltage on the cor-
responding data line 204. In an alternative method, the
storage node is first discharged by grounding the data
line, and then the data line is set to the CMOS supply
voltage (V4q). Utilizing the latter method, the address
transistor 202 functions as a current source, charging
the storage node until the storage node is isolated by
setting the address line low. The latter method offers the
benefit of not requiring a digital to analog converter on
each data line. However, one disadvantage of the latter
method is that the storage node capacitance within a
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single pixel is a non-linear function of the voltage when
supplied by the gates and junctions of the transistors.
Another disadvantage is that the storage node capaci-
tance of each pixel varies among the pixels in an array.
[0008] As described above, in order to obtain the de-
sired luminous flux from the OLED 212 of Fig. 2, the volt-
age on the data line 204 is adjusted to control the current
through the drive transistor 208. Unfortunately, current
flow through the drive transistor also depends on char-
acteristics of the drive transistor, such as its threshold
voltage and transconductance. Large arrays of drive
transistors, as required to make a high-resolution dis-
play, exhibit variations in threshold voltage and
transconductance that often cause the drive currents of
the OLEDs to differ for identical control voltages, which
in turn causes a display to appear non-uniform. In addi-
tion, different OLEDs emit different intensities of light
even when driven with identical currents. Furthermore,
the light intensity for a specified drive current drops as
an OLED ages and different OLEDs can degrade at dif-
ferent rates, again causing a display to appear non-uni-
form.

[0009] Active matrix pixels are preferably implement-
ed with a silicon substrate instead of a transparent die-
lectric substrate because transparent dielectric sub-
strates require the transistors to be built as thin film de-
vices. It is difficult to obtain a tight distribution of thresh-
old voltages in large arrays of thin-film transistors espe-
cially as more transistors are needed to make the lumi-
nous flux from each pixel insensitive to threshold varia-
tions. With a silicon substrate, addressing, driving, and
other circuit functions, can be easily integrated, partic-
ularly if the substrate and process are compatible with
CMOS technology. Although known active matrix pixel
technology is compatible with older CMOS technology,
OLEDs require higher voltages than dense CMOS can
tolerate, while dense CMOS is desirable for the small
pixels that are required for high-resolution color dis-
plays.

[0010] A technique that has been utilized to produce
a uniform luminous flux in other LED applications in-
volves providing feedback to an LED through the use of
a photosensor. Providing feedback to an LED utilizing
known techniques typically involves amplifiers and com-
parators, which require much more circuitry than can fit
into a single pixel of, for example, a high-resolution color
display.

[0011] As described above, the intensity of light gen-
erated by an OLED is influenced by the voltage supplied
to the storage node and by characteristics of the drive
transistors and OLEDs, which can vary from pixel to pix-
el. The differences in the characteristics of the pixels can
produce non-uniform light intensities. In addition, as
OLEDs age, the degree of non-uniformity may change.
As a result, what is needed is a system and method for
individually driving each pixel in an active matrix array
that provides uniform luminous flux while meeting the
size limitations of active matrix displays.
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[0012] An active matrix pixel within an active matrix
display includes a photodiode that is optically connected
to a light emitting diode within the pixel in order to detect
a portion of the luminous flux that is generated by the
light emitting diode. The photodiode discharges excess
charge within the pixel in response to the detected por-
tion of luminous flux. Once the excess charge is dis-
charged, the light emitting diode stops emitting light. In
an embodiment, the gate of a drive transistor is control-
led by the charge on a storage node. If the charge on
the storage node sets a voltage that exceeds the thresh-
old voltage of the drive transistor then the drive transis-
tor conducts. The amount of charge on the storage node
above that which is needed to set the threshold voltage
is referred to as the excess charge.

[0013] As long as the excess charge is present, the
drive transistor conducts and the light emitting diode
emits a luminous flux. However, when the excess
charge is discharged from the storage node the voltage
on the storage node drops below the threshold voltage
of the drive transistor, the drive transistor stop conduct-
ing, and the light emitting diode stops emitting a lumi-
nous flux. The amount of luminous flux generated by the
light emitting diode can be controlled by controlling the
amount of excess charge that is placed on the storage
node. Because the excess charge on the storage node
is discharged in proportion to the amount of luminous
flux that has been received by the photodiode, the lumi-
nous flux of the pixel is insensitive to the variation in
characteristics of the drive transistor and the light emit-
ting diode. The insensitively to the variation within each
pixel of an active matrix pixel array allows the array to
provide a more uniform luminous flux across the display.
[0014] In an embodiment, the active matrix pixel in-
cludes an address line, a data line, an address transis-
tor, a drive transistor, a storage node, an OLED, and a
photodiode. The address line allows the pixel to be in-
dividually addressed and the data line provides the volt-
age to activate the drive transistor. The capacitor does
not necessarily represent a separate physical compo-
nent, but can represent the capacitance of the gates and
junctions connected to the storage node. The drive tran-
sistor conducts as long as the voltage on the storage
node exceeds the corresponding threshold voltage of
the drive transistor. It should be understood that al-
though a single active matrix pixel is described, the sin-
gle pixel is typically part of an array of pixels that are
located closely together in order to form a display.
[0015] The photodiode is optically coupled to the
OLED so that the photodiode can detect a portion of the
light that is generated by the OLED. The photodiode dis-
charges the excess charge that is present on the stor-
age node at a rate that is proportional to the luminous
flux that is generated by the OLED. Because the photo-
diode discharges the excess charge on the storage
node in proportion to the luminous flux of the OLED, the
drive transistor and the OLED are turned off when the
integrated flux detected by the photodiode has reached
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a value that is equivalent to the excess charge that is
on the data line.

[0016] In operation, the address line of the active ma-
trix pixel is set high for a period of time that charges the
storage node with a desired amount of excess charge.
Once the storage node is sufficiently charged, the ad-
dress line is set low, effectively isolating the storage
node from the data line. The drive transistor begins to
conduct current as soon as the threshold voltage of the
drive transistor is exceeded. Current conducting
through the drive transistor causes the OLED to give off
aluminous flux. A portion of the luminous flux is detected
by the photodiode, and in response, the photodiode dis-
charges the charge on the storage node at a rate that is
directly proportional to the luminous flux that is detected
by the photodiode. At the point where the integrated val-
ue of the detected luminous flux equals the excess
charge on the storage node, the voltage on the storage
node drops below the threshold voltage of the storage
node. Once the voltage on the storage node drops be-
low the threshold voltage of the drive transistor, current
stops flowing through the drive transistor and the OLED
stops generating light.

[0017] In an embodiment, an additional transistor, re-
ferred to as the isolation transistor, is connected to the
logical complement of the address line. Connecting the
isolation transistor to the logical complement of the ad-
dress line, prevents the isolation transistor from turning
on the drive transistor when the storage node is being
written from the data line. With the isolation transistor in
place, the action of the photodiode controls the flow of
current through the drive transistor and the OLED, and
the OLED does not emit light until the address line goes
low.

[0018] In an embodiment, the active matrix pixel may
utilize a bipolar transistor as the drive transistor. The role
of the bipolar transistor is solely to withstand V| gp and
the bipolar transistor does not need to provide high gain
or operate at high frequencies.

[0019] Fig. 1 is a depiction of an active matrix pixel
that utilizes PMOS transistors as known in the prior art.
[0020] Fig. 2 is a depiction of an active matrix pixel
that utilizes NMOS transistors as known in the prior art.
[0021] Fig. 3 is a depiction of an active matrix pixel
that incorporates a photodiode in accordance with an
embodiment of the invention.

[0022] Fig. 4 is a depiction of an active matrix pixel
that incorporates a photodiode, wherein the data line is
separated from the OLED by an additional transistor in
accordance with an embodiment of the invention.
[0023] Fig. 5 is a depiction of an active matrix pixel
that is controlled by a photodiode, wherein the data line
is separated from the OLED by an additional transistor
in accordance with an embodiment of the invention.
[0024] Fig. 6 is a cross-section of part of an active ma-
trix pixel that includes a photodiode as described with
reference to Figs. 3 - 5.

[0025] Fig. 3 depicts an embodiment of an active ma-
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trix pixel that incorporates a photodiode 316. It should
be understood that although a single active matrix pixel
is shown for description purposes, the single pixel is typ-
ically part of an array of pixels that are located closely
together in order to form a display. The active matrix pix-
el includes an address line 302, a data line 304, an ad-
dress transistor 306, a drive transistor 308, a storage
node 310, an organic light emitting diode (OLED) 312,
and the photodiode. As described with reference to Fig.
2, the address line allows the pixel to be individually ad-
dressed and the data line provides the voltage to acti-
vate the drive transistor. The capacitor does not neces-
sarily represent a separate physical component, but can
represent the capacitance of the gates and junctions
connected to the storage node. As with the circuit of Fig.
2, the drive transistor of Fig. 3 conducts as long as the
charge on the storage node is high enough that the volt-
age on the storage node exceeds the corresponding
threshold voltage of the drive transistor. The charge on
the storage node that raises the voltage on the storage
node above the threshold voltage of the drive transistor
is referred to as the excess charge. In an embodiment,
the circuit within each pixel is fabricated with a dense,
low voltage CMOS process.

[0026] The difference between the circuit of Fig. 2 and
the circuit of Fig. 3 is that the photodiode 316 has been
added to the circuit of Fig. 3. The photodiode is optically
coupled to the OLED 312 so that the photodiode can
detect a portion of the light 318 that is generated by the
OLED. The photodiode discharges charge that is
present on the storage node 310 at a rate that is propor-
tional to the luminous flux that is generated by the
OLED. Because the photodiode discharges charge on
the storage node in proportion to the luminous flux of
the OLED, the drive transistor 308 and the OLED are
turned off when the integrated flux detected by the pho-
todiode has reached a value that is equivalent to any
excess charge that has been placed on the data line.
[0027] In operation, the address line 302 of the active
matrix pixel of Fig. 3 is set high for a period of time that
charges the storage node 310 with a desired amount of
excess charge. Once the storage node is sufficiently
charged, the address line is set low, effectively isolating
the storage node from the data line 304. The drive tran-
sistor 308 begins to conduct current as soon as the
threshold voltage of the drive transistor is exceeded.
Current conducting through the drive transistor causes
the OLED 312 to give off a luminous flux, as represented
by the light 314 emanating from the OLED. A portion of
the luminous flux, as represented by the light 318, is de-
tected by the photodiode, and in response, the photodi-
ode begins to discharge the charge on the storage node
at a rate that is directly proportional to the luminous flux
that is detected by the photodiode. At the point where
the integrated value of the detected luminous flux equals
the excess charge on the storage node, the voltage on
the storage node drops below the threshold voltage of
the storage node. Once the voltage on the storage node
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drops below the threshold voltage of the drive transistor,
current stops flowing through the drive transistor and the
OLED stops generating light. With appropriate choices
of drive currents and discharge rates and by controlling
the excess charge on the storage node, the turn off time
of the drive transistor can be set to occur within the re-
fresh interval of the display. If the efficiency of the OLED
or the drive of transistor changes, the amount of excess
charge on the storage node can be adjusted so that a
constant luminous flux is maintained.

[0028] As described, the circuit of Fig. 3 controls lu-
minous flux by controlling the excess charge that is
placed on the storage node 310. In contrast, the circuits
of Figs. 1 and 2 control luminous flux by controlling, with
a digital to analog converter, the voltage that is supplied
to the storage nodes 110 and 210 through the data lines
104 and 204.

[0029] In the embodiment of the active matrix pixel of
Fig. 3, the photodiode 316 begins to regulate the emis-
sion of light from the OLED 312, as described above, at
the moment the address line 302 goes low. However,
during the time that the address line is high and current
is flowing through the data line 304 to the storage node
310, the OLED emits light that is unregulated by the
feedback action of the photodiode. The unregulated
emission of light may be insignificant if the address time
is a small fraction of the refresh interval.

[0030] Fig. 4 is a depiction of an embodiment of an
active matrix pixel that minimizes the unregulated emis-
sion of light during the time that the address line is high.
The components in the active matrix pixel of Fig. 4 are
the same as the components in the active matrix pixel
of Fig. 3 except that the active matrix pixel of Fig. 4 in-
cludes an additional transistor 420 and an additional re-
sistor 422. Components in Fig. 4 that coincide with com-
ponents in Fig. 3 are numbered similarly. In an embod-
iment, the additional transistor, referred to as the isola-
tion transistor, is connected to the storage node 410 by
its gate and to the logical complement of the address
line 424 at its source. In another embodiment, the iso-
lation transistor may be connected to V44 at its source.
In the active matrix pixel of Fig. 4, the charge on the
storage node controls the gate of the isolation transistor.
When the charge on the storage node is sufficient to
raise the voltage on the storage node above the thresh-
old voltage of the isolation transistor, the isolation tran-
sistor can conduct. Connecting the isolation transistor
to the logical component of the address line prevents
the isolation transistor from turning on the drive transis-
tor 408 when the storage node is being written from the
data line 404. With the isolation transistor implemented
as shown in Fig. 4 the photodiode 416 controls the flow
of current through the drive transistor and the OLED
412, and the OLED does not emit light until the address
line 402 goes low. That is, when the excess charge on
the storage node has been discharged by the photodi-
ode, the isolation transistor stops conducting and the
gate of the drive transistor goes low. Connecting the re-
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sistor to ground as shown in Fig. 4 is necessary so that
the drive transistor can turn off after the isolation tran-
sistor is open. Although shown as a resistor in Fig. 4,
the component may alternatively be a MOS transistor
configured to provide the appropriate resistance accord-
ing to methods known to those skilled in the art.
[0031] The voltage (V| gp) needed to drive the OLEDs
312 and 412 in the circuits shown in Figs. 3 and 4 typi-
cally exceeds the maximum voltage allowed in dense
CMOS processes. As a consequence of the high volt-
age, when the OLEDs are off, V| gp may appear at the
drain of each drive transistor 308 and 408. In an embod-
iment, the adverse effects of the high V| g may be mit-
igated by lengthening the channel of the drive transistor
and/or increasing the spaces between the drive transis-
tor drain and other devices. In another embodiment,
when a higher V| gp is needed, an additional boron im-
plant in the drive transistor may be useful to reduce the
depletion length of the drive transistor, thereby permit-
ting dense packing of transistors without punch through.
In another embodiment, when an even higher V gp
causes gate oxide breakdown, a thicker oxide layer may
be necessary. The negative effects of the high V| g may
also be mitigated by fabricating the drive transistors in
a thin film of amorphous or poly-crystalline silicon, rather
than the underlying silicon substrate. Because V| gp is
isolated on the drain of the thin-film device, the density
of the remaining circuitry need not be reduced to accom-
modate V| gp.

[0032] Inthe active matrix pixel of Fig. 3, the threshold
voltage of the drive transistor sets the lower limit of the
dynamic range of the circuit. However, in the active ma-
trix pixel of Figure 4, the threshold of the isolation tran-
sistor 420 sets the lower limit of dynamic range of the
circuit. Because the isolation transistor sets the lower
limit of the dynamic range, there is no need to increase
the threshold voltage of the isolation transistor to ac-
commodate any voltage higher than V4. The active ma-
trix pixel of Fig. 4 may provide a wider dynamic range
than the active matrix pixel of Fig. 3 when itis necessary
to use a drive transistor with either higher thresholds or
greater variability.

[0033] Fig. 5 depicts an embodiment of an active ma-
trix pixel that incorporates a photodiode 516 and an iso-
lation transistor 520 similar to the active matrix pixel of
Fig. 4. Components in Fig. 5 that coincide with compo-
nentsin Figs. 3 and 4 are numbered similarly. The active
matrix pixel of Fig. 5 differs from the active matrix pixel
of Fig. 4 in that a bipolar transistor is utilized as the drive
transistor 508. The bipolar transistor of Fig. 5 replaces
the NMOS transistor and resistor combination of Fig. 4.
The bipolar transistor is easily added to a CMOS proc-
ess. As with the active matrix pixels of Figs. 3 and 4,
excess charge placed on the storage node 510 controls
the luminous flux that is generated by the OLED 512.
Current gain and other variables associated with the bi-
polar transistor have negligible effects on the luminous
flux. The role of the bipolar transistor is solely to with-
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stand V| gp and the bipolar transistor does not need to
provide high gain or operate at high frequencies. The
lack of demand for either high performance or tight con-
trol makes it advantageous to add a bipolar transistor to
a CMOS process. In an embodiment, the n-well of the
drive transistor is used as a collector and the emitter is
formed with the NMOS source and drain implants. The
only additional processing steps may include an implant
to form the base.

[0034] The use of photodiodes 316, 416, and 516 to
control the luminous intensity of each pixel in an array
of pixels as described with reference to Figs. 3 - 5 re-
quires that each photodiode collect light from its corre-
sponding OLED, but not light from other pixels in the
array. Furthermore, it is preferable to minimize the
amount of light needed by the feedback circuit and max-
imize the collection efficiency of the display. Fig. 6 is a
cross-section of part of an active matrix pixel that in-
cludes a photodiode as described with reference to Figs.
3 -5. The cross-section includes an OLED 602, a trans-
parentinsulator 604, a reflective metal layer 606, a pho-
todiode, and an address transistor. The OLED sits on
the transparent insulator over the layer of reflecting met-
al. Small openings 608 are patterned in the metal layer
to allow light from the OLED to pass to the photodiode
formed by an n+ diffusion 610 and a p substrate 612. As
shown in the Fig. 6, the photodiode may be a simple
extension of the address transistor 306, 406, and 506.
The gate 614 and interconnection 616 to the address
transistor are shown in Fig. 6. The ratio of the thickness
of the reflective metal layer to the diameter of the open-
ing can be chosen to confine the illumination of the sub-
strate to the photodiode. The reflective layer and open-
ings serve to block light from adjacent pixels, and to pre-
vent light from affecting operation of the transistors in
the pixel. In the case of color displays employing, for
example, red, green, and blue OLEDs, different opening
sizes may be selected for different colors. Because the
opening sizes determine the fractions of total luminous
flux collected by the photodiodes, different sizes for dif-
ferent colors may compensate for differences in quan-
tum efficiency of the OLEDs and photodiodes. In this
manner, the same circuit design and voltage levels are
suitable for pixels of each color, in spite of the different
efficiencies of the OLED materials and wavelength de-
pendencies of the photodiodes.

[0035] Fig. 7 is a process flow diagram of a method
for controlling the light that is emitted from each pixel in
an active matrix array. According to the method, a stor-
age node is charged with a charge that sets a voltage
on the storage node that exceeds the threshold voltage
of a transistor (Step 702). Next, luminous flux is gener-
ated from a light emitting diode that is part of the pixel.
The luminous flux is generated while the charge on the
storage node maintains a voltage that exceeds the
threshold voltage of the transistor (Step 704). Next, a
portion of the luminous flux that is generated by the light
emitting diode is detected (Step 706). The charge on the
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storage node is then discharged in response to the de-
tected portion of the luminous flux (Step 708). Once the
charge on the storage node sets a voltage that drops
below the threshold voltage of the transistor, the gener-
ation of the luminous flux from the light emitting diode is
ceased (Step 706). In an additional step, the charge on
the storage node is discharged in proportion to a value
that is representative of the detected portion of the lu-
minous flux (Step 712).

[0036] Although the active matrix pixels of Figs. 3 - 6
are described as utilizing OLEDs, other types of LEDs
can be implemented in the manner described with ref-
erence to Figs. 3 - 6. It should be understood that the
active matrix pixel described with reference to Figs. 3 -
6 could be implemented in a configuration such as the
configuration of Fig. 1 where the cathode of the OLED
is grounded.

[0037] The active matrix pixels as described with ref-
erence to Figs. 3 - 6 allow an OLED to be driven at ap-
proximately 3 - 10 volts by adding either thin-film MOS
transistors or bipolar transistors to a CMOS process that
operates down to approximately 1.5 volts. The active
matrix pixels, as described with reference to Figs. 3 - 6,
also allow the regulation of luminous flux from each pixel
by adding a photosensor to the driving circuit of each
pixel. The photosensors compensate for the variation of
luminous flux in each pixel and for variations in some
characteristics of the driving elements, which would oth-
erwise make the luminous flux non-uniform. In particu-
lar, the photosensors make the luminous flux generated
by the OLEDs insensitive to the transconductance of the
thin film MOS transistor or the current gain of the bipolar
transistor added to solve the voltage problem. The in-
sensitivity and the lack of need for high frequency re-
sponse allow bipolar transistors to be utilized with min-
imal extra processing and cost.

Claims

1. A method of controlling light emitted from each pixel
in an active matrix array comprising steps of:

charging (702) a storage node with a charge
that sets a voltage on the storage node that ex-
ceeds the threshold voltage of a transistor, said
storage node and said transistor being incorpo-
rated into a pixel of said active matrix array;
generating (704) luminous flux from a light emit-
ting diode that is part of said pixel while said
charge on said storage node maintains said
voltage that exceeds said threshold voltage of
said transistor;

detecting (706) a portion of said luminous flux
that is generated by said light emitting diode;
discharging (708) said charge on said storage
node in response to said detected portion of
said luminous flux; and
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ceasing (710) said generation of said luminous
flux from said light emitting diode once said
charge on said storage node sets a voltage on
said storage node that drops below said thresh-
old voltage of said transistor.

The method of claim 1 wherein said step of charging
(702) said storage node includes a step of setting
an address transistor to high for a measured time
interval.

The method of claim 1 wherein said step of dis-
charging (708) said charge is a step of discharging
(712) said charge in proportion to a value that is rep-
resentative of said detected portion of luminous
flux.

The method of claim 3 wherein said step of ceasing
(710) includes a step of ceasing said generation of
said luminous flux from said light emitting diode
when a value that is representative of said dis-
charged charge is exceeded by a value that is rep-
resentative of said detected portion of said lumi-
nous flux.

An active matrix pixel within an active matrix display
comprising:

an address line (302; 402; 502);

a data line (304; 404; 504);

a storage node (310; 410; 510) for storing an
electrical charge;

an address transistor (306; 406; 506) having a
gate that is activated from said address line, a
source that is connected to said data line, and
a drain that is connected to said storage node;
a drive transistor (308; 408; 508) having a gate
that is responsive to said storage node;

alight emitting diode (312; 412; 512) connected
to a circuit that includes said drive transistor,
wherein said light emitting diode emits a lumi-
nous flux when said drive transistor completes
said circuit; and

a photodiode (316; 416; 516) that is optically
connected to said light emitting diode in order
to receive a portion of said luminous flux that is
emitted from said light emitting diode, and that
is electrically connected to said storage node
in order to discharge said electrical charge on
said storage node in proportion to said portion
of said luminous flux that is received by said
photodiode.

The active matrix pixel of claim 5 wherein said gate
of said drive transistor (308; 408; 508) is directly

connected to said storage node.

The active matrix pixel of claim 5 further including
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an isolation transistor (420; 520) having a gate that
is connected to said storage node and a drain that
is connected to said gate of said drive transistor.

The active matrix pixel of claim 7 wherein said iso-
lation transistor (420; 520) has a source that is con-
nected to a complement of said address line (402;
502).

The active matrix pixel of claim 5 wherein said drive
transistor (308; 408; 508) is a bipolar transistor.

The active matrix pixel of claim 5 wherein said drive
transistor (508) is a thin film MOS transistor.
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